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Classical h isto logy  has been  en riched  w ith  new h is to to p o ch em ica l fea tu res 
b y  th e  in tro d u c tio n  o f fluorescence m icroscopy . T he use o f th e  fluorescence 
m icroscope covers a w ide ran g e , an d  a special fie ld  consists o f  th e  u tiliza tio n  
o f  flu o re scen t dyes fo r th e  in v es tig a tio n  o f tissue  s tru c tu re s . W hile  a great 
n u m b e r o f fluo roch rom es is know n, o n ly  a few  o f these  dyes a re  b e in g  em ployed. 
T h is  m u s t be a t t r ib u te d  to  th e  fa c t t h a t  th e  s ta in in g  an d  physico-chem ical 
p ro p e rtie s  o f m an y  flu o re scen t dyes h av e  n o t been  p ro p erly  e lu c id a te d  an d  we 
are  s till ig n o ran t o f th e  possib ilities concern ing  th e  d iffe re n tia tio n  o f  fluoro ­
ch ro m es; nor do we know  tho se  b iochem ical s tru c tu re s  w hich  — fo rm in g  p h y s­
ica l connections o r chem ical reac tions w ith  th e  dye m olecules — e m it specific 
ray s  o f lig h t if  exposed  to  u ltra v io le t ir ra d ia tio n .

A crid ine o range is th e  m ost ex ten s iv e ly  used  flu o ro ch ro m e . L ite ra tu re  
c o n ta in s  v e ry  co n tro v e rs ia l rep o rts  on i ts  s ta in in g  p ro p ertie s . C onsidering  th a t  
c o n tra d ic to ry  in te rp re ta tio n s  o f th e  m echan ism  of s ta in in g  lead  to  d ifferen t 
e v a lu a tio n s  of th e  re su lts  o b ta in ed , we h av e  designed ex p e rim en ts  w ith  a view  
to  a rr iv in g  a t  de fin ite  conclusions reg a rd in g  th e  h istochem ica l reac tio n s  of 
ac rid in e  orange. I t  w as h o p ed  th a t  th e y  w ould  enable us to  fa c il i ta te  an  u n eq u i­
v o ca l in te rp re ta tio n  o f th e  m icroscopic p ic tu re  o f p re p a ra tio n s  s ta in e d .

I t  is cla im ed b y  B ritish  an d  N o rth  A m erican  au th o rs  (A r m s t r o n g , B e r - 
t a l a n f f y , D e  B r u y n , H e n d l e y , M o r t i i l a n d , St e i n e r - B e e r s ) t h a t

(i) on acco u n t o f its  a d e q u a te ly  lo ca ted  am ino groups, ac rid in e  orange 
m a y  be  b o u n d  to  an y  tissu e  s tru c tu re  o f free ac id  c h a rac te r;

(ii) in  a m ed ium  w ith  an  a d e q u a te  p H , D N A  an d  R N A  em it d ifferen t 
co lou rs;

(iii) th e  b in d in g  o f  acrid ine  orange to  s tru c tu re s  o f an  ac id  c h a ra c te r  is 
n o t m ere ly  due to  th e  in te ra c tio n  b e tw een  acid  an d  basic  rad ica ls  b u t  also, and 
in  th e  f irs t p lace, to  com plex  fo rm atio n ;

(iv) th e  re a c tiv ity  o f acrid ine  dyes to  nucleic acids is co n sid e rab ly  dim in­
ish ed  b y  th e  en zy m atic  d eg rad a tio n  o f  th e  la t te r ;

(v) i t  is th e  n a tu re  o f th e  re a c tio n  w hich  de te rm ines th e  co lou r of th e  
d isso lv ed  dye.
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G e r m a n  a u th o r s  ( K r i e g , K r e b s -G i e r l a c h , S c h u l e r , S c h ü m m e l f e d e r , 
St r u g g e r , Z e i g e r ) o n  t h e  o t h e r  h a n d  dec la re  t h a t

(i) a p a r t  from  nucle ic  ac id s , i t  is only to  m uco p o ly sacch arid es  th a t  a c r i­
d in e  o ran g e  displays a f f in i ty ;

(ii) of th e  nucleic ac id s , D N A  and  R N A  s ta in  d iffe ren tly  in  a m ed ium  
w ith  a n  ad eq u a te  p H ;

(iii) th e  b ind ing  o f  th e  d y e  is p a r tly  e le c tro s ta tic , chem ical, an d  p a r t ly  
a d s o rp tiv e , physical;

(iv ) depolym erized a n d  p o o rly  po lym erized  nucleic  acids are s ta in in g  
s im ila r ly  to  RN A ;

(v) th e  colour of th e  d y e  so lu tio n  is d e te rm in ed  b y  its  co n cen tra tio n  an d  
th e  d eg ree  o f its d isso c ia tio n .

W e in s titu te d  th e  fo llo w in g  experim en ts w ith  th e  o b jec t to  reconcile 
th ese  d iffe rin g  opinions.

Method

U sin g  th e  vaginal sec re tio n  o f  w om en  betw een 20 a n d  30 y e a rs  o f age who w ere in  th e  
sam e h o rm o n a l cycle (fo llicu lar p h a se ) , we perform ed o u r e x p e rim e n ts  on  m orpholog ically  
u n ifo rm  ep ith e lia l cells w ith  n o n -p y c n o tic  nuclei, from  th e  second  superfic ia l layer.

1. T h e  dye was d isso lved  in  d is tilled  w ater resp . 96 p e r  c e n t e th y l alcohol, a t  p H  7. 
T h e  l ig h t  e m itte d  by  v arious c o n c e n tra tio n s  (1 :100, 1 :1000 , 1 :1 0 ,0 0 0 , 1 : 100,000, 1 : 1,000,000) 
o f th e  so lu tio n  in  u ltrav io le t re sp . b lu e  lig h t was s tu d ied  in  vitro. E s tim a tio n  was perfo rm ed  
in  100 m l cu v e tte s  w ith  a Zeiss s ta n d a r d  arc  lam p  as th e  sou rce  o f  lig h t, 5 p e r cen t acid  copper- 
s u lp h a te  as th e  h ea t filtre  a n d  a n  1.5 m m  UG1 (Schott) f i l t r e  fo r u ltra v io le t  ray s  resp . a  4 m m  
B G 4 f i l t r e  fo r blue ligh t. T h e  co lo u r o f  th e  em itted  l ig h t  w as co m p ared  w ith  th e  n ak ed  eye 
to  a  s ta n d a r d  colour scale in  in c id e n t  lig h t.

2. U n fix ed  cells o f th e  v a g in a l  ep ith e liu m  as also cells f ix e d  in  e ther-a lcoho l in  a w et 
s ta te  w e re  s ta in ed  w ith  each  o f  th e  sa id  solutions. T im e o f s ta in in g  w as 3 m in u tes  in  ev ery  
case, fo llo w ed  b y  rinsing w ith  d is til le d  w a te r  or alcohol.

3. W e stud ied  th e  l ig h t e m it te d  b y  th e  aqueous a n d  alcoholic  so lu tion  (c o n cen tra tio n  
1 : 1 0 ,000 , p H  from  2 to  9) o f th e  d y e  u n d e r  exposure to  u l tra v io le t  ra y s  an d  blue lig h t. So lu­
tio n s  o f  so d iu m  te tra b o ra te  re sp . o x a lic  acid  and p o tass iu m  h y d ro c a rb o n a te , m ixed  in a d e ­
q u a te  p ro p o rtio n s , served as b u ffe r . T h e  p H  of th e  b u ffe re d  d y e  so lu tions w as d e te rm in ed  
b y  m e a n s  o f  an  electric a p p a ra tu s  a d ju s te d  to  an  accu racy  o f ;; 0.05.

4. U n fix ed  vaginal e p ith e lia l cells an d  cells fix ed  in  a  w e t s ta te  in  e ther-a lcoho l w ere 
s ta in e d  sim u ltan eo u sly  w ith  each  o f  th e  above solutions. U n fix e d  cells w ere ex am ined  in  a 
w e t c h a m b e r . A buffer so lu tio n , a d ju s te d  to  th e  sam e p H  a s  th e  dye  so lu tion , w as used  fo r 
c o v e rin g  th e  p repara tio n s. F ix e d  sm e a rs , a fte r  hav ing  b een  r in se d  w ith  a b u ffer so lu tio n  of 
a d e q u a te  p H ,  were left to  d ry  a t  ro o m  tem p era tu re .

5. T o  ascertain  th e  sp e c if ic ity  o f  acridine orange fo r nucle ic  acids, we observed  th e  
s ta in in g  o f  f ix ed  and u n fix ed  e p ith e lia l  cells by  an  1 : 10,000 aq u eo u s dye so lu tion

(a ) a f te r  th e  d igestion o f  D N A ,
(b ) „  „  „  „  R N A ,
(c) ,, ,, ,, ,, b o th  D N A  an d  RNA ,
(d ) „  resyn thesis a n d  re p o ly m eriz a tio n  by  m ean s o f a c tiv e  A T P , su b seq u en t to  e n ­

z y m a tic  d eg rad a tio n .

E n z y m a tic  d eg rad a tio n  o f  D N A  w as achieved b y  fre sh ly  d isso lved  c rysta lline  deso x y - 
r ib o n u c le a se  applied for an  h o u r  in  a  c o n cen tra tio n  of 0.005 p e r  cen t, a t  37° C. T he desoxy- 
r ib o n u c le a se  was dissolved in  a  v e ro n a l-a c e ta te  buffer o f  p H  7.4, w h ich  co n ta in ed  0.01 pe r 
c e n t g e la t in  a n d  0.003 m olar m a g n e s iu m  su lphate . Follow ing d ig es tio n , th e  p re p a ra tio n s  w ere 
s ta in e d  w ith  acridine orange 1 : 10 ,000 , a t  p H  2, 6.7 a n d  9.



1— 4. F ixed cells o f v ag in a l ep ith e liu m  sta ined w ith  acrid ine  orange  so lu tions
a t  p II  2, 5, 6 and 9

5. F ix ed  vag inal sm ear. S ta in ing  a t  pH  6
6. F ixed  vag inal sm ear. S ta in in g  a t  pH  6 follow ed by  a lcoholic  e x tra c tio n



7. F ix e d  epithelial cells s ta in e d  a t  p H  7
8. U n fix e d  w e t-cham ber p re p a ra tio n  s ta in ed  a t  p H  7

9. P re p a ra tio n  s ta in e d  a t  p H  2 a fte r  d ig es tio n  b y  desoxyribonuclease
10. P re p a ra t io n  s ta in e d  a t pH  9 a f te r  d ig es tio n  b y  ribonucléase

11. P rep a ra tio n  s ta in e d  a t  p H  6.7 after co m p le te  d ig es tio n  b y  desoxyribonuclease
12. P re p a ra tio n  s ta in e d  a t  p H  6.7 a fte r p a r t ia l  d igestion  b y  desoxyribonuclease



13. D igestion  w ith  desoxyribonuclease  and  re sy n th es is  w ith  A T P. pH  of dye so lu tio n , 6.7
14. D igestion  w ith  ribonucléase  and  tre a tm e n t w ith  ATI*. p H  o f dye so lu tion , 6.7
15. S ta in in g  of liv ing , dy ing  an d  dead  ep ithe lia l cells

(a) G reen  fluorescence: ch ro m atic  su b stan ce ; red  fluo rescence: nucleolus. No c y to p la s ­
m ic fluorescence. T he m a jo rity  o f red g ran u les  is dye  s to red  by th e  liv in g  cell; som e 
o f  th e  cy to p lasm ic  red  g ranules consist o f R N A

(b) G reen  cy top lasm ic  fluorescence due to  d iffu se ly  sp read  dye in  low co n ce n tra tio n . 
Id ie  few red granu les in th e  cy top lasm  re p re se n t R N A

(c) A t h igh  c o n cen tra tio n , th e  dye is p h y sically  adso rb ed  to  dead  cells. B r ill ia n t red 
cy to p lasm ic  and  n u c lear fluorescence w ith  a non-fluo resc ing  p lasm ic zone a ro u n d  
nucleus. R N A  granu les b lo tte d  by in ten siv e  p lasm ic  fluorescence
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A 0.02 pe r c e n t rib o n u cléase  e x tra c t,  p re p are d  fro m  hom ogenized  sm all in te s t in e  
ap p lied  in  th e  above c o n ce n tra tio n s  and  u n d e r th e  sa id  c o n d itio n s, se rved  for th e  en zy m atic  
d e g rad a tio n  of R N A .

B o th  enzym e so lu tio n  —  f i r s t  th e  one and  th e n  th e  o th e r  —  w ere applied  for th e  com ­
b in ed  sp littin g  of D N A  a n d  R N A . T he tech n iq u e  w as as d escribed  abo v e , and th e  p re p a ra ­
tio n s  w ere p laced  in to  a n  enzym e-free  stock  so lu tion  (v e ro n a l a c e ta te , p H  7.4) for 3 m in u te s  
b e tw een  th e  tw o d igestions.

D igestion  o f  D N A  o r R N A  or o f b o th  hav in g  b een  co m p le ted , th e  p re p ara tio n s  w ere 
k e p t  in  an  ac tiv e  A T P  so lu tio n  (20 m g of A T P per m l) fo r 3 h o u rs  a t  37° C, and th e n  sta in ed .

A crid ine  orange  NO G u rr (C. I . No. 788) was used  in  th e  ex p erim en ts.

R esults
A d  1 and 3

I n  vitro, all aqueous so lu tions of acrid ine  o range  b e tw een  th e  d ilu tio n s of 
1:100 (lim it of so lu b ility ) a n d  1 :1000 give p u rp le , or re d  a n d  o range-red  f lu o ­
rescence in  u ltra v io le t  or b lue  lig h t. A t d ilu tio n s  ab o v e  1:1000 fluorescence

Colour Degree of acridine orange dissociation

D iagram m . C urve 1 ----------------- : fluorescence o f  dye  in  v itro
C urve  2 ..................... : d o m in an t colours o f  th e  m icroscopic p ic tu re
C urve 3 ----------------- : n u m b er o f  d isso c ia ted  acrid in e  orange m olecules

tu rn s  in to  a ye llow ish  green . A ssum ing v a rio u s sh ad es o f green an d  g reen ish  
g rey , th e  colour becom es p a le r an d  paler w ith  in c reas in g  d ilu tions.

T he dye d isso lves considerab ly  less re a d ily  in  a lcoho l (lim it, 1 :10,000). I t s  
fluorescence in  u ltra v io le t  an d  b lue lig h t is likew ise yellow ish  green, g reen  an d  
g reen ish  grey acco rd in g  to  th e  degree o f d ilu tio n .
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T h e  colour o f th e  1 :10,000 aqueous an d  alcoholic so lu tio n s depends 
g re a t ly  on  th e  p H  o f th e  so lv e n t. I t  is pa le  green  or yellow ish  g reen  in  th e  pH  
ra n g e  o f  2 —3, greenish  yellow  in  t h a t  o f  4 —7, an d  is sh ifted  to w a rd s  o range 
re d  in  th e  range  o f 8 —9.

A d  2

F ix e d  an d  u n fix ed  p re p a ra tio n s  give m ore or less th e  sam e fluorescence  
w ith  d iffe re n t co n cen tra tio n s  o f th e  dye . S ta in ed  w ith  a so lu tio n  o f 1:1000, 
th e  e p ith e lia l  cells em it a hom ogeneous re d  colour. A d iffe ren tia l p a t te rn  resu lts  
o n  s ta in in g  w ith  acrid ine  o ran g e  d ilu te d  a t  1:10,000; n u c lea r fluorescence  is 
y e llo w ish  green, cy top lasm ic  fluorescence  is d a rk  green w ith  re d  g ran u les  (in 
u n f ix e d  p rep a ra tio n s). A t co n c e n tra tio n s  o f 1 :100,000 an d  1:1,000,000 f lu o ­
re sc e n c e  is an  un ifo rm  green .

T re a tm e n t w ith  an  alcoholic so lu tio n  o f  1:100 resu lts  in  an  u n ifo rm  green 
f lu o re scen ce  and  only  su p erfic ia lly  s itu a te d  D öderle in ’s b ac illi a n d  th e  nuclei 
o f  c e r ta in  leucocytes give a re d  fluo rescence. A t 1:1000 even  th is  re d  f lu o ­
re scen ce  d isap p ears , w hile th e  h u e  of th e  green  fluorescence becom es deeper. 
O n ly  d a rk  green an d  g reen ish  g rey  fluorescence  is o b serv ab le  b ey o n d  th e  
d ilu tio n  o f  1:10,000.

A d  4

I t  is up  to  p H  5 th a t  1:10 000 aqueous so lu tions of th e  d y e  y ie ld  d iffe ren ­
t i a t e d  a n d  re liab le  p ic tu res . T h e  nucleus o f  th e  ep ith e lia l cells gives a m o d era te  
p a le  g re e n  fluorescence, th e  cy to p la sm  is d a rk  green w ith  re d  g ra n u la tio n s , 
su p e rf ic ia l D oderlein’s b ac illi show  a b r il l ia n t red  fluorescence. R ed  becom es 
d o m in a n t a t  p H  6: th e  n ucle i em it a pa le  re d , w hile th e  cy to p lasm  o f th e  e p ith e ­
lia l ce lls  a greenish  b row n co lour. I n  th e  p H  ran g e  o f 6.9 on ly  red  fluo rescence , 
th e n  a deep en in g  of th is  co lour a n d  an  increase  in  th e  in te n s ity  o f fluo rescence  
o ccu r.

W ith  alcoholic so lu tions, th e  sequence o f th e  e m itte d  co lours is s im ila r 
b u t  s h if te d  b y  tw o p H  degrees to w ard s  a lk a lin ity  in  fav o u r o f  g reen . B y  using 
a 20 p e r  c e n t alcoholic so lu tio n  of p H  7 or an  aqueous b u ffe r o f ac id  p H , i t  is 
p o ss ib le  to  d iffe ren tia te  th e  excess dye  from  p rep a ra tio n s  s ta in e d  a t  s tro n g ly  
a lk a lin e  p H . No such e lim in a tio n  is possib le in  th e  reverse case, i. e. in  t h a t  o f 
p re p a ra t io n s  sta in ed  a t  an  ac id  p H .

A d  5

O n  th e  d igestion  o f d eso x y rib o n u c lease , th e  green fluo rescence  d isap p ea rs  
a lm o s t co m p le te ly  even below  p H  6: b o th  n u c lea r  an d  cy to p lasm ic  fluo rescence  
a re  p a le  re d . A bove p H  6 th e  in te n s i ty  o f red  fluorescence in creases . In  case o f
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in co m p le te  desoxyribonuclease  d igestion  (i . e. one o f 45 m inutes) th e  cy to p lasm  
is  pa le  red  a t  a tim e  w hen th e  nucleus s till  g ives green fluorescence. I t  does n o t 
becom e pale  red  u n til  a f te r  com plete  d ig estio n , i. e. in  a b o u t 90 m in u te s . 
T re a tm e n t w ith  ribonuclcase  gives u n ifo rm ly  green  fluorescence a t  p H  6 .7: th e  
nucleus an d  D öderle in ’s bacilli s ta in  lig h t, th e  cy to p lasm  d ark  g reen , a n d  i t  is 
o n ly  ab o v e  th e  in v ersio n  zone, n ear th e  n e u tra l  p o in t, th a t  a red  f lu o rescen ce  
ap p e a rs . C om bined d igestion  w ith  deso x y rib o n u c lease  and  rib o n u c léase  red u ces  
th e  in te n s i ty  o f fluorescence an d  th e  m o rpho log ica l p a tte rn  also becom es in ­
d is t in c t .  A hom ogeneous red  fluorescence com es to  dom inate  th e  p ic tu re  a t 
va lu es  above P H  7-

O ur a t te m p ts  a t  resy n th esis  b y  m ean s of A T P  resu lted  in  t h a t  b o th  
n u c lea r  an d  cy top lasm ic  fluorescence becam e  green again an d  b r i l l ia n t  red  
g ran u les  ap p ea red  in  th e  cy to p lasm  a f te r  d ig estio n  w ith  d e so x y rib o n u c lease , 
w hile a fte r  ribonucléase  d igestion  a re d  fluo rescence  was o b se rv ed . T h e  re ­
ap p e a rin g  colours w ere m uch m ore b r il l ia n t th a n  before re sy n th es is , in  o th e r  
w ords, th e  in te n s ity  of fluorescence w as in c reased .

Discussion

A d  1

I t  follows from  our f irs t  ex p erim en t t h a t  th e  sp ec tru m  e m itte d  b y  ac rid in e  
o ran g e  in  u ltra v io le t or b lue lig h t v a rie s  acco rd in g  to  th e  p ro p o rtio n  o f  d is ­
so c ia te d  an d  non-d issoc ia ted  dye m olecules p e r  u n its  o f th e  so lv e n t. A t low 
c o n c e n tra tio n s  th e  n u m b er o f dye m olecules p er u n it is sm all a n d  th e y  a re  
d isso c ia ted . Ion ized , d issocia ted  dye so lu tio n s give a green fluo rescence .

B eyond  a ce rta in  degree of c o n c e n tra tio n , d issociation  is m u tu a lly  in h i­
b ite d  b y  th e  m olecules co n ta in ed  in  th e  so lu tio n . I n  o th e r w ords, th e re  ex is ts  a 
lim it  c o n c e n tra tio n  a t  w hich th e  n u m b e r o f  d issociated  m olecules p e r  u n it  
reaches a peak .

In c rea s in g  th e  co n cen tra tio n s, th e  n u m b e r o f  dissociated  m olecu les b e ­
com es less an d  less n o t only  in  p ro p o rtio n  to  th e  num ber o f n o n -d isso c ia ted  
m olecules b u t  abso lu te ly  as well. A t th e  c o n c e n tra tio n  of 1:1000 th e  d isso lved  
ac rid in e  o range is in  th e  no rm al m o lecu la r s ta te .  M olecular dye so lu tio n s  show  
a red  fluorescence.

A d  3

W e exam ined  th e  connection  b e tw een  p H  an d  fluorescence a t  a g iven  
dye  c o n c e n tra tio n . One m em ber o f th e  b u ffe red  dye solu tion  w as th e  so lv e n t, 
th e  o th e r  th e  dye. A ccording to  th e  law  re g a rd in g  th e  d issoc ia tion  o f  b u ffe r  
sy s te m s , ac id ly  buffered  so lven ts p ro m o te  th e  d issociation  o f th e  a c rid in e  
o range m olecules, these  being  of an  a lk a lin e  c h a ra c te r  and  th e  flu o rescen ce  is.
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green  in  such  cases. O n th e  o th e r h an d , so lv en ts  t r e a te d  w ith  a lkaline b u ffe rs  
in h ib it  d issocia tion  o f  th e  likew ise a lkaline d y e , a n d  th e  fluorescence is red  
in  su ch  cases.

T h u s , th e  co lour o f  fluorescence of a c rid in e  o range in  vitro depends on 
th e  d issoc ia tion  of th e  m olecules, since th e  deg ree  o f co n cen tra tio n  a n d  th e  
chan g es in  p H  are b o th  affec ting  d issociation .

A d  2 and  4

O u r fu r th e r  e x p e rim e n ts  had  th e  o b je c t to  ex am in e  th e  b in d in g  o f  a c r i­
d ine  o range b y  liv ing , n ec ro tiz in g  an d  necrosed  cells, a t  various c o n cen tra tio n s  
an d  d iffe ren t p H v a lu e s . C onsidering th a t f ix a t io n  s tab ilizes  ag iven  h is to ch em ica l 
s ta te ,  i t  is n o t u n essen tia l in  w hich v ita l p h ase  th e  cells have  been f ix e d . P e r ­
m e a b ility  being  d iffe ren t in  liv ing , dying a n d  d e a d  cells, th e y  tak e  up  d iffe ren t 
a m o u n ts  o f dye from  so lu tio n s  of id en tica l c o n c e n tra tio n  and  p H .

L iv in g  cy to p la sm  does n o t s ta in  a n d  g ives no fluorescence. A crid ine  
o ra n g e , being  a lk a lin e , ap p e a rs  in th e  cy to p la sm  o f th e  liv ing cell in  th e  form  
o f  m asses and  its  re d  fluo rescence  is m is le a d in g ly  sim ilar to  th a t  o f  R N A  
g ran u le s .

E x am in ed  in  a  w e t ch am b er, n ec ro tiz in g  e p ith e lia l cells show  a green  
cy to p la sm ic  fluo rescence. W e th in k  th a t  th e  d y e  w h ich  sta in s th e  c y to p la sm  
o f th e se  cells a d iffuse  g reen  is q u a n tita tiv e ly  e q u a l to  th e  ag g reg a ted  dye  
o b se rv ed  in  liv ing  cells.

T h e  cy to p lasm  o f  necrosed  cells d isp lays a d iffuse  red  fluorescence.
I t s  su b stan ce  b e in g  D N A , th e  nucleus o f  l iv in g  cells gives a green  f lu o ­

rescence  in  th e  p H  ra n g e  o f 2 — 6, an d  a re d  one  ab o v e  p H  6. Since th e  se lec tiv e  
p e rm e a b ility  of th e  cell m em b ran e  .d isappears w ith  th e  d ea th  o f th e  cell. 
S tru g g e r’s co n c e n tra tio n  e ffec t causes th e ir  n u c leu s  to  fluoresce red  a lread y  
a t  p H  6.

A d  5

A m ix tu re  c o n sis tin g  p rin c ip a lly  o f m o n o n u c leo tid es  and , to  a sm alle r 
e x te n t , o f o ligonucleo tides is form ed from  th e  ribonuc le ic  acids u n d e r  th e  
p ro lo n g ed  ac tion  o f rib o n u c lé a se  w hich causes th e  decom position  of th e  3 '-p h o s­
p h a te  b o n d  of p y rim id in e  nuc leo tides. P ro lo n g ed  a c tio n  of desoxyribonuclease  
on  th e  o th e r h a n d  in d u ces  th e  fo rm atio n  o f  o ligonucleo tides co n sisting  of 
sev e ra l m em bers. B eing  o f  a lka line  ch a rac te r , th e se  p ro d u c ts  possess no a f f in ity  
to  ac rid in e  orange. T h e  p a u c ity  in  colour o f  th e  m icroscopic p ic tu res  o b served  
a f te r  com bined  d ig es tio n  w ith  b o th  enzym es m a y  b e  due to  th is  c ircu m stan ce .

A  p a r tia l  d is in te g ra tio n  of th e  po lym eric  s t ru c tu re  of nucleic acids occurs 
i f  desoxyribonuc lease  is  allow ed to  ac t fo r a s h o r t  tim e  only. A d is ru p tio n  of 
th e  sequence  o f lin k ed  long  basic  chains seem s to  a ffec t th e  h y d ro g en  b o n d s ,
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w hich s tab ilize  th e  re la tiv e  p o sitio n  o f th e  chains, in  such  a m an n er as to  p ro ­
m ote th e ir  read iness fo r d isso c ia tio n . This acid ifies th e  en tire  sy s tem  so th a t  
its  a ff in ity  to  acrid ine  o ran g e  is increased , its  s ta in in g  p ro p ertie s  becom e sim ila r 
to  those  o f  R N A  and  its  fluo rescence  becom es re d . T h is w ould w ell ex p la in  
w hy  desoxyribonuclease  w as seen in our e x p e rim e n ts  to  cause th e  d is­
ap p earan ce  o f  green an d  th e  in ten sifica tio n  o f  re d  fluorescence. A p a rt 
from  th e  ex is tin g  R N A  s tru c tu re s , depolym erized  D N A  m olecules to o , give 
a red  fluorescence.

The f i r s t  to  lose its  a ff in ity  to  acrid ine o range  is th e  R N A  in  th e  nucleo li 
while R N A  in  th e  cy to p lasm  is m uch  more re s is ta n t to  enzym atic  a c tio n . T his 
w ould con firm  th e  co rrec tn ess  o f observations th a t  seem  to  p o in t to  a d ifference  
in  th e  m o lecu lar s tru c tu re  o f nuc leo la r and  cy to p lasm ic  R N A .

As reg a rd s  our a t te m p ts  a t  rep o ly m eriza tio n , we re fe r to  th e  s ta te m e n t 
o f  G r u n b e r g  and  M a n a g o  w ho claim  th a t  p o ly n u c leo tid e  p h o sp h o ry la se  
perform s th e  d eg rad a tio n  a n d  sy n th esis  of nucleic ac id s in  a reversib le  m a n n e r  
w ith  th e  a id  of th e  co rresp o n d in g  nucleo tide d ip h o sp h a te . R eac tio n  te n d s  
to w ard s th e  syn th esis  o f  nucle ic  acids w hen p h o sp h a te  is sp lit off an d  to w ard s  
decom position  wrhen p h o sp h a te  is ta k e n  up . W h a t occurs in  th e  co u rse  of 
reac tio n  is n o t m erely  a sim p le  re sy n thesis , a re u n io n  o f sp lit nucleic  acids, 
b u t  rep o ly m eriza tio n  as w ell. I t  is safe to  suppose  t h a t  — if  th e  re a c tio n  is 
capab le  o f p ro duc ing  from  a n y  nucleo tide d ip h o sp h a te  th e  p o lym er o f  th e  
co rrespond ing  nucleic acid  — also h igh  nucleic ac id  p o lym ers or, possib ly , even 
nucleic acids w ith  a d iffe ren t basic  chain  sequence m a y  be fo rm ed. T h is w ould  
exp la in  t h a t  ch a rac te ris tic  b rig h ten in g  of colours w hich  occurred  in  a ll o u r 
resy n th esis  ex p erim en ts .

W hen in te rp re tin g  o u r re su lts  o f resy n th esis  th e  possib ility  o f a sim p le  
a d so rp tio n  o f A T P  m olecules to  th e  sp lit nucleic ac id s m ig h t arise . T h is  w as, 
how ever, d isp ro v ed  b y  th e  o b se rv a tio n  th a t  th e  s ta in in g  cap ac ity  o f  a c rid in e  
o range w as n o t in ten sified  b y  ra is in g  the  c o n c e n tra tio n  o f A T P.

*

O ur ex p erim en ta l re su lts  allow  to  d istin g u ish  th re e  com ponen ts in  th e  
s ta in in g  effect o f acrid ine  o range .

(I) T h e  dye, if  ap p lied  in  an  alkaline m ed ium  or in  a m olecular s ta te  in 
co n c e n tra ted  so lu tions is a d so rb ed  to  any  m orpho log ica l e lem ent. T he b o n d  so 
form ed is o f  a physical n a tu re , an d  th e  fluorescence is re d  in  colour.

( I I )  T he dye, if  ap p lied  in  an  acid m edium  o r in  an  ionized s ta te  in  so lu ­
tions o f low  co n cen tra tio n , c an  be linked  w ith  a n y  m orphological e lem en t of 
ac id  c h a ra c te r . G reen fluo rescence  resu lts from  th is  non-specific  sa lt lin k ag e . 
T he red  fluorescence seen in  th e  p rep ara tio n s  is d u e  to  a com plex h a v in g  been  
form ed b e tw een  dye a n d  R N A .
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( I I I )  A fter th e  d is ru p tio n  o f th e  sa id  p h y s ica l and  sa lt lin k ag es , or in  
s tro n g ly  acid m edia, a co m p lex  is form ed b e tw een  th e  d issocia ted  d y e  m olecules 
a n d  th e  D N A  and  R N A  m olecules. This p rocess is in fluenced  b y  th e  e x te n t o f  
n u c le ic  acid d ep o ly m eriza tio n . No o th e r ch em ica l s tru c tu re s  are  s ta in e d  any  
lo n g e r  in  th is  case, a n d  th e  fluorescence g iv en  b y  D N A  is g reen , th a t  by  
R N A  red .

Sum m ary

T h e  sta in ing  effec t o f  ac rid in e  orange b o th  in  v itro  a n d  in  ex fo lia ted  f ix e d  a n d  u n fix ed  
v a g in a l  ep ithe lia l cells h a s  b e en  in v es tig a te d  w ith  spec ia l re g a rd  to  th e  h is to ch e m ic a l reac tio n s 
o f  t h e  d y e . T he d e m o n s tra b ility  o f  nucleic acid b y  m ea n s  o f acrid ine  o range  is c la im ed  on th e  
e v id e n c e  o f experim ents w i th  en zy m atic  d eg rad a tio n . D ifferences in  th e  re a c tio n  o f liv in g , 
n e c ro tiz in g  and  necrosed cells to  acrid ine  orange a t  d iffe re n t co n cen tra tio n s  a n d  p H  v a lu es 
a re  d iscussed . The p ra c tic a lly  co m p le te  b ib lio g rap h y  on  acrid in e  orange is p re se n te d .
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А Н А Л И З  А К Р И Д И Н -О Р А Н Ж Е В О Г О  О К РА 1П И В А Н 11Я  НА Э П И Т Е Л И А Л Ь Н Ы Х
КЛЕТКАХ

Т. ДОНАТ и И. ЛЕНДЬЕЛ

Авторы исследовали эффект окрашивания акридин-оранжевым в опытах in  v itro  
и на отслоенных фиксированных и нефиксированных эпителиальных клетках влагалиша, 
и высказывают свое мнение в связи с гистохимическими реакциями данного красителя.

На основе экспериментов энзиматическим перевариванием демонстрируется выяв- 
ляемость нуклеиновых кислот при помощи акридин-оранжевой краски. Обсуждаются 
резко отклоняющиеся друг от друга реакции связывания краски живых, отмирающих 
и омертвелых эпителиальных клеток, при изменении химической реакции и концентрации. 
Приводится полная доступная литература относительно акридин-оранжевого краси­
теля.

A N A LY SE D E R  A K R ID IN O R A N G E F Ä R B U N G  VON E P IT H E L Z E L L E N

T. DONÁTH und I. LENGYEL

Es w urde an  ex fo liie rten  u n fix ie rten  und  fix ie rten  vag inalen  E p ith e lz e llen  de r F ä rb u n g s ­
e ffek t von A krid ino range  u n te rsu c h t.

A uf G rund de r E n z y m v erd a u u n g  wird die N ach w eisb ark e it v o n  N u k le in säu ren  m it 
H ilfe von A krid inorange d e m o n s trie rt. Die versch iedenen  F a rb s to ffb in d u n g s-R e ak tio n e n  von 
leb en d en , ab sterb en d en  u n d  ab g esto rb en en  E p ithe lzellen  bei v ersch iedenen  R eak tio n en  und 
K o n zen tra tio n sän d e ru n g  w erd en  d e m o n s trie rt und  die gesam te zugän g lich e  L ite ra tu r  ü b er 
A krid ino range  ang efü h rt.

I)r. T ibor D o n á t h  
D r. Im re  L e n g y e l

B u d a p e s t IX . T űzo ltó  u. 58. H u n g a ry
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