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Fluorescence  m icroscopy has been re g u la r ly  used b y  us since  1954 fo r 
th e  cy to d iag n o stic  ex am in a tio n  of v ag in a l sm ears. O ur re su lts , o b ta in e d  
w ith  a co m b in a tio n  o f th e  fluorochrom e dyes th io flav in e  S an d  th ia z in e -red , 
w ere p u b lish ed  in  1957 [9]. Since 1957 we h a v e  been w orking w ith  ac rid in e  
o range. A ccord ing  to  th e  m od ifica tion  o f one  o f  us (D o náth), we t r e a t  ou r 
sam ples in  a w et cham ber. A crid ine o range h as  been  used for th e  p u rp o ses  
o f ex fo lia tiv e  cy to logy  b y  B e r t a l a n ffy  e t a l. in  th e  M ount S inai H o sp ita l 
o f Los A ngeles: ap p ly in g  i t  exclusively  to  f ix e d  sm ears, th ey  o b ta in e d  sa tis ­
fa c to ry  re su lts  [1, 2, 3].

O u r p re se n t experim en ts h ad  th e  fo llow ing  ob jec ts: a)  to  o b ta in  — w ith ­
o u t th e  use of f ix a tiv e s  — quick  and  re liab le  in fo rm a tio n  regard ing  th e  ce llu la r 
e lem en ts o f  th e  v ag in a l sm ear; b) to  e s ta b lish  th e  cytological p a t te r n  o f th e  
d iffe ren t k in d s o f  ho rm o n al insu ffic iency ; c)  to  s tu d y  th e  c y to c h e m is try  of 
th e  v ag in a l ep ith e liu m  w ith  a view  to  co llec tin g  d a ta  regard ing  th e  cy toche- 
m ical p ro p ertie s  o f pa tho log ica l cellu lar e lem en ts  encountered  in  th e  v ag in a l 
secre tio n .

C y to to p o ch em is try , one of th e  re c e n t b ran ch es of cy to logy , w hile  n o t 
d is reg a rd in g  m orphological c rite ria , e n d e a v o u rs  to  go beyond  th e  lim its  of 
cy to m o rp h o lo g y  b y  d e te rm in in g  and  d if fe re n tia tin g  th e  chem ical su b stan ces  
o f  th e  cells.

P a p a n ic o la o u ’s tech n iq u e  — so fa r  th e  b e s t colpocytological p ro ced u re  — 
d em an d s  m uch  tim e , needs g rea t p ro fessio n a l sk ill and  is based  on  m o rp h o ­
logy . O f recen t, cy tochem ical m eth o d s h a v e  gained ground, e sp ec ia lly  as 
reg a rd s  d iffe ren tia tio n  betw een  ben ign  a n d  m alig n an t cells [5, 7 , 8].

A crid ine o range NO (G urr) was f i r s t  u sed  b y  Strugger  an d  —  in d e p e n d ­
e n tly  o f  h im  — b y  B uk a sc h  and  H a it in g e r  in  1940 [14]. A ccord ing  to  recen t 
d a ta  th e  dye has a specific  a ffin ity  to  nuc le ic  acids and reac ts  w ith  th e m  w ith  
in ten s iv e  fluorescence [11, 12, 15]. R ib o n u c le ic  acid (RNA) p ro d u ces  orange- 
red , desoxyribonucleic  acid (DNA) green  fluorescence. In  th e  cou rse  o f  v ita l 
an d  su p ra v ita l  ex am in a tio n s i t  was fo u n d  th a t ,  while living cells ta k e  u p  b u t 
l i t t le  ac rid ine  o range an d  show  a green  fluorescence, dead cells b in d  large
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a m o u n ts  of th e  dye an d  g ive, consequen tly , f la m e -re d  fluorescence (S t r u g g e r ’s 
c o n c e n tra t io n  effect, 13). T h is classic o b se rv a tio n  m ade on p la n t  cells has 
b e c o m e  a lite ra ry  b a ttle g ro u n d  of c o n tro v e rsy  in  its  ap p lica tio n  to  an im al 
c e l ls .  A crid ine  o range is v e ry  sensitive to  p H  ch an g es: the  h igher th e  p H  th e  
m o re  o f  th e  dye is a b so rb ed  b y  th e  cells.

F o llow ing  St r u g g e r ’s in s tru c tio n s , w e to o k  g rea t care a d e q u a te ly  to  
a d j u s t  th e  p H  o f th e  dye  an d  to  use i t  in  a d e q u a te  co n cen tra tio n s .

Material and m ethod

T he vaginal discharge o f  hea lthy  young w om en in  different phases o f  the m enstrual 
c y c le  w a s studied in addition to  th e  vaginal discharge o f  sexually  mature w om en suffering  
from  horm onal insufficiency and o f wom en at the beginn ing or in a later phase o f  the m eno­
p au se .

T he studies were m ade in  the wet cham ber. V aginal secretion was taken  from  the  
posterior  fornix by means of a spatula, transferred to  a slid e , delicately m ixed w ith  a 1 : 10000  
d ilu tio n  o f  acridine orange and em bedded in paraffin. T he dye dilution was m ade o f  a stock  
so lu tio n  o f 0.1 per cent acridine orange in distilled w ater and a buffer com posed o f  80 per 
c en t 1/15 M primary potassium  phosphate and 20 per cen t 1/15 M secondary sodium  ph osp hate  
(p H  6 .3 6 ). Fluorescence m icroscopy was done betw een  th e  3rd and the 60th m inutes so as 
t o  a v o id  overstaining. W et-cham ber preparations m ay deteriorate after an hour.

W e  adjusted the pH  o f th e  dye solution in  som e cases to 3.51, 5.81, 7.63 and 8.22. 
G ly co g en  w as dem onstrated by th e  com parative use o f L ugol’s reaction and Cattor’s m ethod .

Sim ultaneously  w ith  the w et-cham ber preparations sm ears were fixed  in  ethyla lcohol- 
ether an d  stained w ith acridine orange 1 : 10 000 according to Papanicolaou and m eth ylen e  
blue.

A  larger Zeiss fluorescence un it was used. Four percent copper sulphate served for the  
a b so rp tio n  o f  heat rays, a Schott UG1 filtre of 1.5 m m  for induction  and GG9 or GG1 ocular 
su pp ression  filtre for the elim ination  of UV rays. An E x a c ta  Varex camera and A gfacolor  
d a y lig h t n egative  (17/10 D in) film  were em ployed for colour photography; exposure tim e  varied  
b etw een  2 and 10 m inutes according to the desired degree o f  m agnification.

R esults

O n  t r e a tm e n t w ith  ac rid in e  orange th e  flu o rescen ce  of th e  e p ith e lia l 
cells v a r ie s  accord ing  to  th e  la y e r  from  w hich  th e y  o rig inate .

T h e  cy top lasm  of su p e rfic ia l cells w ith  p y k n o tic  nuclei u su a lly  g ives 
a v e ry  f a in t  or no fluo rescence. Such cells show  som etim es b rillian t re d  f lu o ­
re scen ce : h ig h  m ag n ifica tio n  rev ea ls  i t  to  be due  to  a g rea t num ber o f D öder- 
le in ’s b a c ill i  a tta c h e d  to  th e  cell surface. O range-co lou red  cytoplasm ic g ra n u la ­
tio n  is o b se rv ab le  in  cells free  from  b ac te ria . T h e  sm all pykno tic  nu c leu s 
show s a b r il l ia n t green fluo rescence  w hich in  o th e r  ty p es  is m uch w eak e r 
a lth o u g h  th e y  do n o t d iffer m orpho log ically  f ro m  th e  cells u n d er rev iew . 
T h ere  o c c u rre d  also cells in  th e  superfic ia l lay e r w h ich  h ad  a sw ollen n u c leu s  
show in g  a v iv id  red  fluo rescence.

T h e  cy top lasm ic  fluorescence of su p erfic ia l cells (w ith n o n -p y k n o tic  
nuclei) is  g reen  w ith  a sm alle r num ber of co arse  o range-sta ined  g ran u les . 
T he n u c le u s  is su rro u n d ed  b y  a zone w hich  c o n ta in s  no granu les a n d
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Fluorescence o f  the elements o f  vaginal discharge stained with acridine orange ( p H  6,3)  
(Number of crosses indicate in tensity  o f fluorescence)

Nucleus Cytoplasm
Granules,

colour
Granules, 

number and size Observations

Superficial cells with 
pyknotic nuclei I.

green
+  +

0 0 0 Advanced
pyk-
nosis

Superficial cells with  
pyknotic nuclei II.

light green

+  +  +

greyish-
green

+

orange-
yellow

+

few-small R ecent
pyk-
nosis

Superficial cells with  
non-pyknotic nuclei

green

+  +

dark-green

+

orange-
yellow

+  +

few-coarse

Interm ediary cells green

+  +

greenish-
yellow

+  +

orange-
yellow

+

few-small

Parabasal cells yellowish

+  +

orange or 
green

+  +

orange-
yellow

-j.

many-small

-------- -------
Basal cells orange-

yellow
+  +

orange or 
green

+  +

orange-
yellow

+  +

many-coarse

Endocervical cells orange-
yellow

+  +  +

orange-
red

+  +

orange-
yellow

+

few-small

Leukocytes I. green

+  +

dark green

+

orange-
yellow

+

few-small Fresh

Leukocytes II. red

+  +  +

orange-
yellow

_L

red

+  +  +

many-coarse Necrosed

H istiocytes greenish-
yellow

-}- -j-

brownish
grey

+

orange-
yellow

4 +

few — coarse

—
Trichomonas orange-

yellow
+  +

yellowish
orange

+

red

+  +

many-small

Döderlein’s bacilli orange-red
+  +  +

jM u c u s light-green
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show s no  fluorescence. N e ith e r  does th e  cell m em b ran e  show flu o rescen ce . 
N u c le a r  fluo rescence  is g reen .

Cells o f  th e  m id d le  la y e r  reveal a m o re  v iv id  fluorescence th a n  th o se  
o f th e  u p p e r  la y e r: th e ir  co lour is greenish  yellow  w hile nuclear fluo rescence  
is g reen . T h e  p a ra b a s a l a n d  b asa l cells h a v e  a g ra n u la te d  and  b r il l ia n tly  re d  
c y to p la sm  a n d  an  o range-co lou red  nucleus. A  few  p a ra b a sa l cells h a d  a g reen  
c y to p la sm  a n d  an  o ran g e  o r g reenish-yellow  nuc leu s.

L eu k o cy tes  in  th e  w e t-ch am b er p re p a ra tio n s  w ere clearly  d is tin g u ish ed  
b y  th e i r  b r ig h t g reen  n u c lea rch ro m a tin , th e  fa in t  green fluorescence o f th e ir  
n u c le a r  m em b ran e , a n d  th e  d a rk  green c y to p la sm  w ith  red  g ranu les. I n  case 
o f  in f la m m a tio n  th e re  ap p ea red  in  a d d itio n  leu k o cy tes  d isp lay in g  a red  
n u c le a r  fluo rescence  a n d  leukocy tes in  w h ich  th e  en tire  p ro to p lasm  w as filled  
w ith  re d  g ranu les.

T h e  fluo rescence  o f D öderle in ’s b ac illi is a ch a rac te ris tic  o range re d  o r ,  
a t  a  low  p H  (3.1), g reen . M ost o f th ese  b ac illi are a tta c h e d  to  th e  s u p e r ­
f ic ia l cells show ing  n u c le a r  pyknosis. S u b se q u e n t tre a tm e n t w ith  L u g o l’s 
so lu tio n  b lo tte d  o u t th e  fluorescence of th e  su p e rfic ia l cells w ith o u t a ffec tin g  
t h a t  o f  o th e r  cells.

Trichom onas  show  orange-yellow  n u c le i a n d  a red  cy top lasm ic  g ra n u la ­
tio n :  th e y  a re  w ell d is tin g u ish ab le  from  o th e r  e lem ents, from  le u k o c y te s  
w ith  g reen  n u c lea r  fluo rescence  in  p a r tic u la r .

D iscussion

O u r w e t-c h a m b e r te ch n iq u e  an d  th e  em p lo y ed  m eth o d  of s ta in in g  h a v e  
th e  a d v a n ta g e  o f b e in g  qu ick , sim ple an d  o f  p re v e n tin g  cellu lar d am ag e  a n d  
m o rp h o lo g ica l changes (change of size, sh rin k ag e ) associated  w ith  f ix a tio n . 
I t  a llow s a su b v ita l e v a lu a tio n  of th e  cells in  th e ir  o rig inal size a n d  s tru c tu re . 
F ix a t io n  — even  w ith  e th er-a lco h o l, th e  b e s t f ix a tiv e  for sm ears — is a 
c ru d e  o p e ra tio n  w h ich  causes gross s t ru c tu ra l  changes in  th e  cy to p la sm  (th e  
cells lose h a lf  th e ir  size) so th a t  fix ed  sm ears a re  u su a lly  su itab le  for n u c lea r  
o b se rv a tio n s  on ly  [16], w hile  our p ro ced u re  m ak es i t  possible to  follow  c y to ­
p la sm ic  changes a n d  so to  note cy top lasm ic  b asoph ilia , to  observe  m o r­
pho log ica l d ifferences b e tw een  th e  cells o r ig in a tin g  from  d iffe ren t ep ith e lia l 
la y e rs  a n d  th u s  to  o b ta in  a tru e  p ic tu re  o f  th e  d is tr ib u tio n  o f nucleic  
ac id s .

I t  h as  been h is to ch em ica lly  p ro v ed  t h a t  a c rid in e  orange, as also  o th e r  
d ia m in o ac rid in e  d e r iv a tiv e s , have  an  a f f in ity  to  nucleic acids an d  a re  co n ­
s e q u e n tly  w ell su ite d  fo r  th e  d e m o n s tra tio n  o f  th e se  acids and  fo r th e  d iffe ­
r e n t ia t io n  o f  R N A  a n d  D N A . A cridine o ran g e  h a s  m oreover been fo u n d  useful 
fo r th e  d e te rm in a tio n  o f th e  degree of p o ly m e riz a tio n  of in tra c e llu la r  D N A .



Fig. ].  The picture shows three superficial epithelial cells. Bright green nuclear fluorescence. 
Only orange-coloured granules produce fluorescence in the cytop lasm . Between the three cells  
a segm ented leukocyte w ith green nucleus and brilliant red cytoplasm ic granulation. L ack ing  
cytoplasm ic granules, only the nucleus o f the other superficial ep ithelia l cells shows flu o res­

cence, X 400
Fig. 2. M enopause. M ostly superficial cells w ith  non-pyknotic nuclei. Shape and arrangem ent 
of the cells illustrate the superiority o f  the wet-cham ber m ethod over the smear tech n iq u e  
which injures the cells and makes them  shrink. A ffin ity  o f Döderlein’s bacilli to cells o f  th e  
uppermost epithelial layer. Nucleus o f parabasal cell shows yellow ish  fluorescence, X 200





Fig. 3. The picture shows principally cells from  the interm ediary layer. F luorescence o f  
cytoplasm  is dark green; o f  nucleus, intensive yellowish green. O range-yellow fluorescence of  
inter- and intracellular bacterial flora covering the cytoplasm  o f som e cells w ith a pyknotic 
nucleus. In the course of control experim ents m ade w ith  Lugol’s solution , the iodine reaction  
blotted  out the fluorescence o f these superficial cells w ithout affecting that o f the others.

Leukocytes show  a bright green nuclear fluorescence X 400 
Fig. 4. Trichomonas vaginalis  and leukocytes above the two epithelial cells. The large yellow - 
coloured nucleus and the red cytoplasm ic granules o f the flagellates distinguish them  sharply  
from the surroundings, especia lly  from the leukocytes w ith their green nuclear fluorescence,

900
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N uclear fluorescence in  th e  cells from  th e  u p p e rm o st lay e r o f  th e  e p ith e ­
lium  was o f th ree  k inds. T he m a jo r p a r t  o f th e  nuclei gave a hom ogeneous 
a n d  sh a rp  fluorescence  in d ic a tiv e  o f condensing  D N A  an d  in c ip ien t p y k nosis . 
Som e o f th e  nucle i show ed a con sid erab ly  w eaker flu o rescen ce: th e se  w ere 
p y k n o tic  w ith  com plete ly  depo lym erized  D N A . T he cy to p la sm  o f su ch  cells 
w as acidophilic  w hich exp la in s w h y  only v e ry  l i ttle  a lk a lin e  dye w as ab so rb ed  
b y  th em . W e observed  occasional sw ollen nuclei w ith  a b r il l ia n t re d  f lu o re s ­
cence: we reg a rd ed  th is  as a sig n  n o t of pyknosis b u t  k a ry o ly s is ; th e  red  f lu o ­
rescence m u st he due to  S tru g g e r’s effect, i. e. to  th e  a c c u m u la tio n  a n d  co n ­
seq u en t h igh  co n cen tra tio n  o f  th e  dye.

P rogressive  cy top lasm ic  b aso p h ilia  w as observed  as we re a c h e d  cells 
o f  th e  deeper lay ers . I t  m a n ife s te d  itse lf  w ith  g rad u a l change o f  g reen  in to  
o range and  o range-red  cy to p la sm ic  fluorescence. T his change in  co lo u r in d i­
ca tes  a considerab le  increase  in  th e  nucleic acid c o n te n t o f th e  c y to p la sm  
( B e r t a l A n f f y  e t al.). T he cy to p la sm ic  fluorescence  o f cells from  th e  in te r ­
m ed ia ry  lay e rs  w as in v a ria b ly  s tro n g er th a n  th a t  o f  th e  su p erfic ia l cells, 
only  a few p a ra b a sa l cells show ed  a green cy top lasm ic  fluorescence. I n  su m m ary , 
we th i  nk  th a t  th e  in te n s ity  o f  fluorescence p ro d u ced  b y  ac rid in e  o ran g e  is 
in  d irec t ra tio  to  cy to p lasm ic  basoph ilia .

T h a t D öderle in ’s b ac illi show  a m ark ed  a ff in ity  to  su p e rfic ia l cells, is 
in  o u r op in ion  due to  th e  h ig h  glycogen c o n te n t o f these  cells, since o n ly  th e ir  
fluorescence an d  n o t th a t  o f  th e  o th e r cells w as d is tin g u ish ed  o n  t re a tm e n t 
w ith  L ugol’s so lu tion . O ur p re se n t o b serv a tio n s in  th is  re sp e c t w ere  b u t  an  
a d d itio n a l co n firm a tio n  o f s im ila r  conclusions d raw n  from  th e  re su lts  of 
ea rlie r ex p erim en ts  in  w hich  C a tto r ’s m e th o d  h a d  been  used  [6].

T he fa c t, th a t  leu k o cy tes  give tw o m ark ed ly  d iffe ren t k in d s o f  flu o re s­
cence m u st in  o u r op in ion  b e  d u e  to  d ifferences in  th e ir  age an d  co n d itio n : 
o ld  necrosed  leukocy tes g ive a b r illia n t red  nu c lea r flu o rescen ce , w hile the  
nucleus of fresh  leukocy tes t h a t  h av e  passed  in to  th e  v ag in a l d isch arg e  qu ite  
re c e n tly , show  a green co lour.

W hile th e  u su a l dyes do  n o t  b rin g  o u t th e  n o rm al b a c te r ia l f lo ra , w ith  
acrid ine  orange th is  d isp lays an  in ten siv e  fluorescence. Trichomonas vaginalis  
is easily  recogn izab le. The p resen ce  of m a n y  leu k o cy tes  does n o t  im p a ir  th e  
accu racy  o f  cy tod iagnosis . Cells o f th e  v ag in a l ep ith e liu m  can  b e  s tu d ied  
u n d is tu rb e d  in  sm ears c o n ta in in g  blood because  fluo rescence  o f  th e  e ry th ro ­
cy tes is ex tin g u ish ed  b y  th e ir  haem oglob in . O ne o f th e  p re se n t a u th o rs  [4] 
has e lab o ra ted  a tech n iq u e  w h ich  m akes i t  possible to  in d u ce  a ch an g e  in  th e  
chem ical s tru c tu re  of haem o g lo b in  so th a t  e ry th ro c y te s  can  — i f  so d esired  — 
be m ade v isib le  b y  m eans o f  fluo roch rom es.
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Summary

W et-cham ber preparations o f  the cellular elem ents o f the vaginal discharge were ex ­
am ined  subvitally under th e  fluorescence microscope after staining w ith  acridine orange. The  
procedure is simple, quick and g ives a reliable picture in  which it  is easy to distinguish betw een  
d ifferen t cell types. The d ifferent fluorescence of the different types o f  cells is attributed to 
differences in nucleic acid co n ten ts. The intensity o f  fluorescence was dependent on cytoplasm ic  
basoph ilia . It is recom m ended th a t  in colpocytological exam ination  not only m orphological 
ch a n g es occurring in nucleus and cytoplasm  but also changes in  cytochem istry should be 
stu d ied .

Döderlein’s bacilli were found to have an a ffin ity  to  cells o f certain types.
T he method described m akes it  possible to conclude the degree o f pyknosis from  the  

degree o f DN A  polym erization and to distinguish live from  dead leukocytes on the evidence  
o f  fluorescence. Bacterial flora and Trichomonas vaginalis  are clearly distinguished.
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Н О В Ы Е  ДАННЫЕ К К А РТ И Н Е  ЭПИТЕЛИАЛЬНЫХ КЛЕТОК ВЛАГАЛИЩА 
ПРИ ФЛУОРЕСЦЕНТНОЙ МИКРОСКОПИИ

Т . Д О Н А Т , Д Ь .  О Р Б А Н  и Р . Г И М Е Ш

Под флуоресцентным микроскопом были исследованы субвитально окрашенные 
(в влаж ной камере) при помощи АО клеточные элементы выделений из влагалища, соот­
ветственно отдельным фазам. Данный метод быстрый, простой и предоставляет верную 
картину, позволяющую легко обособлять отдельные клетки. Встречающиеся у отдельных 
типов клеток разницы в цвете флуоресценции объясняются отклонением содержания 
нуклеиновой кислоты. Полученная окрашиванием АО интенсивность флуоресценции 
параллельна базофилии клеточной структуры. На основании данного метода, предоста­
вляющего одновременно дифференцированное окрашивание ядер, предлагается, при
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колпоцитологической оценке, наряду с морфологическими изменениями ядер и плазмы 
обратить внимание также на цитохимические изменения. В исследованиях приписывается 
большая роль сродству влагалищных палочек Дедерлейна к определенным типам клеток. 
При помощи данного метода демонстрируется на основании степени полимеризации 
ДНК ранняя и поздняя фазы ядерного пикноза, далее разница в флуоресценции живых 
и омертвелых лейкоцитов. Под флуоресцентным микроскопом прекрасно обослоьяются. 
бактериальная флора и трихомонасы.

N E U E R E  B E IT R Ä G E  ZUM FL U O RESZ ENZM IK RO SK O PISCH EN B IL D  
D E R  E P IT H E L Z E L L E N  D E R  SC H EID E

T. DONÁTH, GY. O RBÁN  und  R . GIM ES

D ie m it Akridinorange gefärbten Z ellenelem ente des Scheidenausflusses w urden den  
einzelnen Phasen entsprechend in Feuchtkam m erpräparaten m ittels (subvital) F luoreszenz- 
m ikroskopes untersucht. Das Verfahren ist schnell, einfach und gibt ein getreues B ild , die Zellen  
können leicht differenziert werden. D ie bei den verschiedenen Zelltypen erscheinenden F arben­
differenzen in der Fluoreszenz werden m it dem  unterschiedlichen N ukleinsäuregehalt erklärt 
Die m ittels Akridinorange-Färbung erhaltene F luoreszenzintensität ist der B asophilie  der 
Zellstruktur proportional. A uf Grund der angew andten M ethode, die gleichzeitig auch eine  
differenzierte Kernfärbung erm öglicht, wird bei der kolpozytologischen A usw ertung, neben  
den m orphologischen Veränderungen der Zellkerne und des Plasm a, auch die B eobachtung  
der zytochem ischen Veränderungen em pfohlen. Der A ffin ität der Döderleinschen B azillen  
zu gewissen Zelltypen wird eine Rolle zugeschrieben. M ittels der angewandten M ethode w er­
den auf Grund des Polym erisationsgrades des D N S die frühe und späte Phase der K ernpyknose, 
sowie die Fluoreszenzdifferenz zwischen den abgestorbenen und lebenden L eukozyten d em on ­
striert. Im fluoreszenzm ikroskopischen Bild können Bakterien und Trichom onas hervor­
ragend differenziert werden.

D r. T ibor D onáth

D r. G yörgy  O r b á n  ] B u d a p e s t, IX . T űzo ltó  u . 58., H u n g ary  
D r. R ezső G im e s
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