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In  earlie r ex perim en ts (9), we s tud ied  th e  m orphological changes occurring  
in  th e  o rgans of th e  r a t  on acu te  an d  chronic n itrogen  m u s ta rd  tre a tm e n t. We 
described  th e  d ev e lopm en t o f  th e  effec t, an d  gave an  accoun t o f th e  im p a ir
m en t caused  in  d iv id ing  an d  restin g  cells. T he ex perim en ts described  in  th is  
p ap er w ere m ade on an im als  w ith  tu m o u r. T he tu m o u r used  w as o f  th e  E hrlich  
ty p e , p a r t ly  because  th e  m e th o d  applied  called  fo r a tu m o u r suspension , and  
p a r tly  because n itro g en  m u s ta rd  ex e rts  a m ark ed  g row th  re ta rd in g  an d  des
tru c tiv e  effect on E h rlich  asc ites tu m o u r (10), w hich h as  a t t r a c te d  increasing  
a t te n tio n  in  ex p erim en ta l s tud ies concerning th e  ch em o th erap y  o f  m alignan t 
g row ths.

F ir s t  we exam ined  th e  effect o f single, su b le th a l doses o f  n itrogen  m u sta rd , 
an d  a tte m p te d  to  observe how  th e  v ita l a c tiv ity  o f tu m o u r cells changes on 
exposure to  th e  cy to to x ic  effect, by  tre a tin g  w ith  su p ra v ita l dyes th e  surviving 
tu m o u r suspension a n d  b y  d e te rm in ing  th e  q u a n tita tiv e  an d  q u a lita tiv e  v a ri
a tio n s in  th e  s ta in  b in d in g  cap ac ity  o f th e  tu m o u r cells.

F ro m  am ong th e  v ita l  fluorochrom e dyes, acrid ine  o range was 
applied .

Strugger (6) a n d  — in d ep en d en tly  — Bukatsch an d  Haitinger (1) in 
1940 w ere th e  f irs t  to  use acrid ine  orange for s tu d y in g  liv ing  an d  dead  p lan t 
cells. KÖLBEL (3) w orked  ou t a q u a n tita tiv e  d e te rm in a tio n  o f  th e  acrid ine  orange 
u p ta k e  o f  y eas t cells, an d  s ta te d  th a t  b y  m eans o f fluorescence m icroscopy the  
dye is d em onstrab le  up  to  an  in trace llu la r co n cen tra tion  of 1 to  50 000. Strugger 
(7, 8) found  th a t  th e  fluorescence o f liv ing  an d  dead  p ro top lasm  d iffers in  colour, 
as fa r  as th e  liv ing  cy top lasm  show ed a green fluorescence, w hile th e  necrotic 
one fluoresced  in  a copper-red  hue ; to  accoun t for th is  phenom enon , he has 
in tro d u ced  th e  no tion  o f th e  concen tra tion  effect. T h is deno tes a connection 
betw een  th e  co n cen tra tio n  o f dye an d  th e  colour developed. In  s tro n g  d ilu tion , 
acrid ine  orange is foliage green , and  w ith  th e  co n cen tra tio n  increasing  its 
fluorescence tu rn s  from  yellow  to  copper red . T he co n cen tra tio n  effect thus 
expresses th e  change in  colour as a function  o f th e  co n cen tra tio n . T h is  is im por
t a n t  since it  allow s to  conclude from  th e  colour to  th e  am o u n t o f dye  tak en  ud
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Ъ у th e  cells. W hen d isso c ia ted  (a t 7 pH ), acrid ine  orange behaves like a basic 
k a t io n  ; th is  can be re a d ily  p ro v ed  by  L iesegang’s cap illa ry  f ilte rin g  p ap e r te s t.

M aterial and m ethods

I n  th e  ex p erim en ta l series w ith  K ö lbe l’s (3) m e th o d , a 36 h o u r cu ltu re  o f a Saccharo 
m y c e s  cerevisiae  s tra in  w as u sed . D ye ad so rp tio n  was m easu red  on liv ing  y e a s t cells and  on 
y e a s t  cells destro y ed  in  10 m in u te s  in  a 100’C w a te r b a th .

I n  th e  second series, tu m o u r  suspensions from  E h rlic h  asc ites tu m o u rs  o f  m ice were 
e x a m in e d . F o r th is  p u rp o se  a n ew  m eth o d  was e la b o ra te d  fo r q u a n ti ta t iv e  d e te rm in a tio n  
o f  th e  acrid ine  orange u p ta k e  b y  asc ites tu m o u r. 3 to  5 m illions tu m o u r cells were in jec ted  
in tra p e r i to n e a lly  to each  o f 34 w h ite  m ice of 25 to  30 g b o d y  w eigh t. 10 of th em  were se t aside 
fo r  c o n tro l and  were k illed  10 to  14 d ay s a fte r t r a n s p la n ta t io n . T he re s t  o f th e  m ice was 
in je c te d  in tra p e rito n ea lly  300 y  o f  n itro g e n  m u s ta rd  p e r 100 g of b o d y  w eigh t on th e  te n th  
d a y  fo llow ing  tra n s p la n ta tio n . T h e  asc ites flu id  was w ith d raw n  a n d  th e  an im als w ere sacri
f ic e d  6, 10, 11, 12, 13, 24 a n d  72 h o u rs  a f te r  a d m in is tra tio n  o f th e  n itro g e n  m u s ta rd , re sp ec tiv e 
ly . Q u a n tita tiv e  d e te rm in a tio n  o f  th e  acrid ine  orange u p ta k e  b y  t r e a te d  an d  co n tro l tu m o u r 
cells w as  perform ed as follow s. 0,5 m l o f sodium  c itra te  a n d  1 m l o f R in g e r’s so lu tion  were 
a d d e d  to  0,5 m l of ascites f lu id , a n d  th e  cell co u n t of th e  suspension  was d e te rm in ed  in  a 
B i irk e r  ch am b er. I t  was fo u n d  to  be  a b o u t 400 to  8 0 0 -105 p e r 0,5 m l o f  asc ites  f lu id , b u t  in  
som e cases i t  am oun ted  to  m a n y  tim e s  t h a t  value . I t  w as necessa ry  to  co u n t th e  cells, because  
th e  a m o u n t of dye ta k e n  u p  w as re fe rred  to  cell u n ity . A fte r  th e  cell c o u n t, th e  asc ites flu id  
d i lu te d  to  2 m l was fü led  u p  to  50 m l b y  add ing  5 m l o f 7 p H  p h o sp h a te  b u ffe r  an d  43 m l o f 
a c r id in e  orange  d ilu ted  1 to  10 000. S u p rav ita l sta in in g  la s te d  10 m in u te s , a f te r  w hich  tim e  
liv in g  cells to o k  u p  no m ore  o f th e  dye. N ex t, th e  acrid in e  orange  so lu tion  w as cen trifuged  
a n d  th e  d y e  con ta ined  in  th e  s u p e rn a ta n t  was d e te rm in ed  p h o to m e tric a lly  in  a  S tan k o  ty p e  
p h o to -e le c tr ic  colorim eter. B y  d iv id in g  b y  th e  cell c o u n t th e  q u a n ti ty  o f dye m issing  from  th e  
c e n tr ifu g e d  solu tion , th e  q u a n ti ty  o f  acrid ine  orange p e r one tu m o u r cell w as o b ta in ed . Two 
p a ra lle l  d e te rm in a tio n s w ere m ad e  in  each  anim al.

I n  o rder to  o b ta in  c o m p le te ly  destroyed  tu m o u r cells, th e  tu m o u r  suspension  was 
p la c e d  in to  a 100°C w a te r b a th  fo r  10 m in u tes . The asc ites f lu id  p ro te in  p re c ip ita te d  b y  boiling  
w as re m o v e d  by rep ea ted  w ash in g , a n d  th e re a f te r  w ere s ta in in g  a n d  q u a n ti ta t iv e  d e te rm i
n a tio n  o f  th e  dye u p tak e  u n d e r ta k e n . One d rop  of th e  w ashed  sed im en t o f th e  s ta in e d  y e as t and  
tu m o u r  cells was p laced on a  slide, co vered  by  a coverslide a n d  ex am in ed  u n d e r  a  fluorescence 
m ic ro sco p e  (Zeiss) in  blue lig h t. F ro m  b o th  th e  con tro l tu m o u r  a n d  th e  sed im en t o f th e  n i tro 
gen  m u s ta r d  tre a te d  ascites tu m o u r ,  p a ra ff in  em bedded  sec tious w ere m ade  and  sta in ed  w ith  
h a e m a lu n  eosin, or w ith  H e id e n h a in ’s iro n  haem ato x y lin .

Results

T h e  d a ta  on dye u p ta k e  w ere com piled in  tw o  tab le s  an d  tw o figures. 
F ig . 1 is a d iagram  of th e  ac rid in e  orange adso rp tion  o f a liv ing  s tra in  o f S accharo
m yces cerevisiae. Tw o d e te rm in a tio n s  were m ade from  each  cu ltu re , th e  results 
o f  w h ich  were in p refec t ag reem en t. The value o f  each colum n show n on the  
o rd in a te  refers to  100 g o f  y e a s t ,  th e  q u a n tity  of acrid ine  orange is given in  m g. 
N o te  t h a t  in ta c t y eas t cells h a v e  sto red  380 to  460 m g o f acrid ine orange per 
100 g o f  d ry  substance (b lack -an d -w h ite  chequered colum ns), w hile cells destroyed  
b y  b o ilin g  890 to  1430 m g (ob liquely  shaded  colum ns). T ak in g  m ean  values, it 
m a y  be  s ta te d  th a t  th e  liv ing  cell stores on th e  average  2,8 tim es m ore th a n  the  
h e a t d estro y ed  cell. T hese re su lts  essen tially  agree w ith  K ö l b e l v  ( 3 )  d a ta , 
a cco rd in g  to  w hich th e  dye  b in d in g  capac ity  of d estro y ed  y e a s t cells is th ree  
t im e s  t h a t  o f living cells.
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T h e fluorescence m icroscopic p ictu re  of liv ing  y e a s t cells is conform  to  
S t r u g g e r ’s (8) descrip tion , th e ir  cytoplasm  is a deep green. N ecro tic  yeast 
cells show  a copper-red fluorescence and have a fo am y  cy toplasm .

F ig . 1. A crid ine orange u p ta k e  of y e a s t cells. The b lack  a n d  w hite  chequered  co lum ns show 
th e  d y e  adsorbed  by  liv ing  cell suspensions, obliquely sh a d e d  colum ns ad so rp tio n  b y  necro tic  

cell suspensions. A verage values are in d ic a te d  on th e  r ig h t

F ig . 2. Acridine orange u p ta k e  o f E hrlich-ascites tu m o u r  cells. T he d o tte d  co lum ns show 
t h e  dye u p tak e  of n itro g e n  m u sta rd - trea ted  tu m o u r cells 10 to  14 hours a f te r  th e  in jec tion , 
th e  b lack  and w hite  ch eq u e red  colum ns record th e  u p ta k e  of u n tre a te d  (c o n tro l)  cells, the  
o b liq u e ly  shaded colum ns t h a t  o f tu m o u r cells d e s tro y ed  by h ea t. A verage v a lu e s  are given

on th e  r ig h t

On th e  left o f  F ig . 2 is shown the  dye u p ta k e  of th e  asc ites tu m o u r of 
an im a ls  sacrificed 10 to  14 hours a fte r a single dose o f n itrogen  m u sta rd . (D otted  
colum ns.) The cen tra l d iag ram  shows the  u p ta k e  o f  th e  contro l, u n tre a te d  ascites 
tu m o u r  suspension (b lack-and-w hite  chequered  colum ns). The n u m b er on the 
o rd in a te  ind ica tes th e  q u a n tity  of acrid ine o ran g e  adsorbed  b y  a single cell

2 Actu Morphologie» VI 1.
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in  10 8 y . Mean sca tte rin g  fro m  th e  m ean va lu e  (x),  according to  th e  form ula

c 2 _  (X i — X )
— 1

, was 144 • 10 8 y.  T um our cells o f  u n tre a te d  an im als ta k e  up o f

th e  d y e  from  799 to  1332 • 10“ 8 y(s =  135 • 10~8 y). The m ean  va lu e  o f th e  
a c r id in e  orange adsorbed  b y  a single cell of th e  co n tro l anim als w as 1073 • 10~8 y v 
w h ile  th e  average u p ta k e  p e r  cell of th e  n itro g en  m u sta rd - tre a ted  tu m o u r cells 
w as  563 • 10-8  y, i. e. th e  d y e  u p ta k e  of n itro g en  m u sta rd  tre a te d  tu m o u r cells 
sh ow s a significant decrease o f  48 per cent on th e  average.

T h e  acridine orange u p ta k e  o f tu m o u r cells destroyed  b y  h e a t is shown 
on  th e  r ig h t of Fig. 2 (o b liq u e ly  shaded  colum ns). T he u p tak e  of a single cell wa 
f ro m  1417 to  1452 • 10—8 y,  w ith  an  average o f  1441 • 10-8  y. C om pared  w its  
th e  m e a n  up take  of liv ing  c o n tro l cells, 1073 • 10~8 y , i t  will be found  th a t  h eah  
d e s tro y e d  tum our cells a d so rb  34 p er cent m ore o f th e  dye.

Table I

A crid ine  orange uptake o f  untreated (control) Ehrlich ascites tum our cells o f  mice

Stain : acridine
orange in  Ringer solution, at room 

temperature

Stain : acridine orange in Ringer 
solution at 37° C

Stain : acridine orange in isotonic 
buffer solution at room temperature

Cell
count, 0,5 ml

Acridine 
orange 
uptake 

in y

Acridine 
orange/cell 

10—« y

Cell
count/0,5 ml

Acridine 
orange 
uptake 
in y

Acridine 
orange/cell 

IO—« y

Cell
count/0,5 ml

Acridine 
orange 

uptake 
in y

Acridine 
orange/celb 
IO—« y

1211 • 105 967,6 799 800 • 10s 907 1134 660 • 105 567 859
772 • 10 5 709,5 919 800 • 105 909,5 1137 760 • 105 697 917
772 • 10 5 719,5 932 800 • 105 909,5 1137 660 • 105 612 927

1248 • 1 0 4  1208 968 800 • 105 924,5 1155 760 • 105 709 934

710 • 10 5 744,1 1048 760 • 105 737 970
710 • 105 754 1062 760 • 105 737 970,
694 • 10 5 739,8 1066

694 • 10 5 739,8 1066

760 • 10 5 837,5 1102

760 • 10 5 844,4 1111

736 • 1 0 5 821 1116

736 • 1 0 5 832 1130

800 • 1 0 5 924 1155

606 • 10 r> 709 1170

480 • 10 5 579,4 1207

560 • 10 5 689,4 1231

560 • 10 5 694,4 1240

540 • 10> 719,3 1332

540 • 10 5 719,3 1332
'
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N ext, th e  acrid ine  o range u p ta k e  of tu m o u r cells w as exam ined from  th e  
beg inning  of th e  n itro g en  m u s ta rd  effect u n til its  supposed  te rm in a tio n . The 
colum ns o f Tables I  an d  I I  in d ica te  th e  to ta l  cell co u n t per 0,5 m l o f  ascites 
flu id  a t each d e te rm in a tio n , besides th e  to ta l q u a n tity  o f  acrid ine orange adso rbed  
b y  these  in  y, and  th e  q u a n ti ty  o f dye per cell, in  10~8 y.

T able I . co n ta in s th e  d a ta  for th e  u n tre a te d  (contro l) tu m o u r cells. M ost of 
th e  d e te rm ina tions w ere ca rried  ou t w ith  acrid ine o range in R inger so lu tion , 
a t  room  tem p era tu re , as in  experim en ts w ith  t r e a te d  cells. A com parison o f th e  
end resu lts  — i. e. th e  q u a n ti ty  o f acrid ine orange p e r cell — of T ab le  I  a n d  of 
T ab le  I I  (th is la t te r  c o n ta in in g  d a ta  for n itro g en  m u sta rd  tre a te d  an im als) 
w ill show th a t  6 hours a f te r  in trap e rito n ea l a d m in is tra tio n  of n itrogen  m u s ta rd  
th e re  was no change in  th e  u p ta k e  of th e  tu m o u r cells. The effect reach ed  its  
p eak  betw een 10 an d  14  hours. A fter 24 hours i t  w as s till present in  one an im al, 
b u t  in  th e  o th e r i t  w as a lre a d y  ab sen t. The sam e observ a tio n  was reco rd ed  a fte r 
48 hours, while a fte r  73 hou rs  th e  effect expired .

Table II

Acrid ine orange uptake o f  treated Ehrlich ascites tum our cells o f  mice

Nitrogen mustard treated cells Cells destroyed by heat

6 hours 24 hours

Cell
count/0,5 ml

Acridine Acridine
Cell

count/0,5 ml

Acridine Acridine
orange 
uptake, y

orange 
per cell
IO—» y

orange 
uptake, y

orange 
per cell
10—8 y

Cell
count/0,5 ml orange 

uptake, y
orange 
per cell
IO—» y

826 ■ 10s 804,5 974 400 • 10r> 314,5 786 628 • 105 890 1417
826 • 105 839,5 1116 400 • 105 269,6 674 628 • 105 895 1425
748 • 105 729,5 975 440 • 105 504,5 1147 640 • 105 929,3 1452
748 • 105 789,5 1055 440 • 10> 444,5 1010 640 • 10> 929,3 1452

640 • 105 929,3 1452

640 • 10r> 929,3 1452

10 — 14 h o u rs 48 hours

2062 • 10s 1427 692 480 • 105 279,5 582

1370 • 105 478,1 349 480 • 105 279,5 582

363 • 105 165,8 457 408 ■ 105 469,5 1150
810 • 105 260,8 322

©r-4coо

460,2 1128
840 • 105 562 670

72 hours
840 • 10r> 592 705

646 • 105 435,4 674 486 • 105 419,9 864
646 • 105 429,5 664

О©СО■e* 434,9 895
776 • 105 437,4 563 500 • 105 459,5 919
776 ■ 10'1 414,3 534 500 • 105 489,5 979

2 *
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U nder the  fluo rescence  microscope, th e  ch ro m atin  su b stan ce  o f tu m o u r 
ce ll n ucle i gave a b r ig h t g reen  fluorescence, w hile  th e  nucleolus a n d  th e  nuclear 
m e m b ra n e  a red one (F ig . 3 /b). In  m ost o f th e  cells, the  pale g reen  cytoplasm  
w a s  filled  w ith g ranu les fluorescing  in  a copper-red  hue. W hen th e  n itrogen  
m u s ta rd  effect was m o st m ark ed , and  cell im p a irm e n t a t  its  h ig h es t, th e  dye 
u p ta k e  d im in i s h e d .  T h e  fluorescence m icroscopic p icture  w as also  changed.

F ig . 3 . a ) U n trea ted  asc ites tu m o u r  cells (H E  s ta in in g ), b )  U n tre a ted  asc ites  tu m o u r  cells 
(a c r id in e  orange sta in , f lu o rescen ce  m icropho tograph), c) Im p a ired  ascites tu m o u r  cells 12 
h o u rs  a f te r  n itrogen m u sta rd  t r e a tm e n t  (H . E  s ta in in g ), d) Im p aired  ascites tu m o u r  cells 
12 h o u rs  a f te r  n itrogen m u s ta rd  tr e a tm e n t  (acridine o range  sta in ,flu o rescen ce  m ic ro p h o to g rap h ).

M agnification: X 650

T h e  n u c leu s d isin teg ra ted  in to  t in y  ch rom atin  g lobules, w hich p rese rv ed  th e ir 
g reen  fluorescence. Also th e  p a le  green fluorescence of th e  cy top lasm ic  borders 
w as p reserv ed  (Fig. 3/d). T h e  crucial difference as ag a in s t no rm al tu m o u r  cells 
w as th e  m arked  d isap p earan ce  o f red  granules from  th e  cy top lasm . In  m ost o f 
th e  cells w ith  d is in teg ra tin g  nucle i hard ly  a n y  o r no granules cou ld  be seen. 
T h e re  w ere few cells t h a t  w ere  n o t im paired  b y  n itro g en  m u sta rd .
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The presence or absence o f th e  red  granules is n o t visib le in the  b la c k -a n d - 
w hite  p ictures i l lu s tra tin g  th is  repo rt, b u t w as clearly  d em o n stra ted  in coloured 
p h o tog raphs.

P ara ffin  em b ed d ed  sections sta ined  w ith  iron  a lu m  eosin and  H eid en h a in ’s 
iron  haem ato x y lin  show ed very  severe im p a irm en t o f  th e  tu m o u r cells (F ig . 
3/c). The ch rom atin  h a d  d is in teg ra ted  in to  g lobules a n d  in  m ost of th e  cells th e  
orig inal nuclear s tru c tu re  w as no t recognizable. A fte r d isin teg ra tion  of th e  cell, 
m an y  chrom atin  g lobules were surrounded  by  a th in  p lasm a  border. A t th e  on se t 
o f th e  effect and  d u rin g  th e  re s titu tio n  phase, th e  a sp ec t o f th e  tum our cells w as 
found  to  v a ry  in  accordance  w ith  the  in te n s ity  o f th e  ac tion . The n u m b er o f  
im paired  cells w as considerab ly  lower in tho se  phases th a n  a t  abou t th e  10 th  
to  13th hour a fte r  ad m in is tra tio n , and  th e  ap p earan ce  o f  m ost tum our cells w as 
sim ilar to  th e  w ell-know n p ic tu re  o f th e  con tro l cells. A fte r 24 hours th e  n u m b e r 
o f am itoses w as m ark ed ly  increased.

The fluorescence m icroscopic p ictu re  o f tu m o u r  cells destroyed b y  h e a t 
w as found to  be d iffe ren t from  th a t  of the  co n tro l a n d  n itrogen  m u sta rd - tre a ted  
tu m o u r cells. R ed  g ranu les were no t visible in  th ese  cells e ither, w hile th e ir  
cy toplasm  and  nuclei show ed an  in tensive greenish-yellow  fluorescence, in d ic a t
ing  th a t  th e y  h a d  b o u n d  a considerable q u a n tity  o f th e  dye. T he s tru c tu re  o f  th e  
cy top lasm  and  o f th e  nucleus was in d is tin c t.

In  T able I ,  co m p ara tiv e  values o b ta in ed  on chan g in g  th e  cond itions o f 
s ta in ing  are g iven. T here  w as no change in  th e  re su lt w hen u n trea ted  tu m o u r  
cells were sta in ed  w ith  acrid ine orange dissolved in  iso ton ic  buffer in stead  o f  in  
R inger so lu tion  co n ta in in g  little  potassium . N or has i t  m ade an y  difference w hen 
s ta in ing  was p erfo rm ed  w ith  a solution of 37°C in a th e rm o s ta t  of 37°C in s te a d  o f  
a t  room  tem p era tu re .

Discussion

A cridine o range w as f irs t  em ployed fo r su p ra v ita l fluorochrom e s ta in in g  
o f  h u m an  cancer tissue  an d  o f E hrlich  ascites tu m o u r  cells b y  Sc h ÜMMELFEDER 
(4, 5). He observed th a t  h u m an  tum our cells to o k  up  m ore o f the  dye th a n  a n y  
o th e r cell ; th e ir  cy to p lasm  an d  nuclei show ed a yellow ish-copper-red f lu o res
cence. The ascites carcinom a cells of th e  m ouse co n ta in ed  red  granules.

The in tensive  acri ine u p tak e  of tu m o u r  cells Was confirm ed b y  ou r 
experim ents. R ed  fluorescence is no t in v a ria b ly  in d ica tiv e  of a degenera tive  
process. On th e  c o n tra ry , in  tu m o u r cells i t  is an  ev idence o f u n d is tu rb ed  m e ta 
bolism . W e is s m a n n  (11) observed th a t  u n d e r th e  effect o f chem icals, lig h t, or 
h e a t or m echan ical in ju ry , th e  red  granules p resen t in  th e  in ta c t cells o f A m phib ia  
la rvae  d isappeared , leav ing  behind the  greenish  fluorescence of th e  cy to p lasm .

There is a ce rta in  parallelism  betw een th e  fluorescence microscopic p ic tu re  
a n d  th e  dye u p ta k e  o f tu m o u r cells sub jec ted  to  d iverse  trea tm en ts . U n d er th e
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e ffec t o f  n itrogen  m u sta rd , th e  acrid ine  o range  b inding c a p ac ity  o f  th e  cells is 
d ec rea sed , th e  red  fluorescence fails to  a p p e a r ; when exposed to  h e a t, th e  cell 
show s a  yellowish fluorescence, or a sign o f  increased adso rp tio n . T he q u a n ti
ta t iv e  d e te rm ina tions con firm ed  th ese  observations.

A s fa r  as th e  cause o f th e  above p henom ena is concerned, we are  reduced  
to  m ere  assum ptions. A ccord ing  to  SchÜmmelfedee (4), th e  n o rm a l u p ta k e  of 
a c rid in e  orange is connected  w ith  glycolysis ; narcotics b locking  glycolysis 
(e th y lu re th a n e , hep ty lalcohol) reduce th e  acrid ine  orange ad so rp tio n  o f y east 
cells b y  14 to  25 per cen t. I t  is w ell-know n th a t  n itrogen  m u sta rd , like a num ber 
o f  o th e r  cy to toxic  su b stan ces, in h ib its  glycolysis by  b locking  th e  enzym es 
c a ta ly z in g  th is  process. I f  a co rre la tion  ex is ts  betw een s ta in  u p ta k e  a n d  glyco
ly sis , th e  para lyz ing  effect o f n itro g en  m u s ta rd  should d im in ish  th e  u p ta k e  of 
a c r id in e  orange, th is  being a process assoc ia ted  w ith  cellu lar a c tiv ity . A p a rt 
fro m  b lo ck in g  glycolysis, n itro g en  m u s ta rd  is supposed to  im p a ir  th e  s tru c tu re  
o f  th e  cy to p lasm  an d  to  a ffec t th e  chem ical an d  e lec tro sta tic  cond itions of 
b in d in g  th e  dye.

Som e au tho rs (&ÖSSNER [2], Zeigte a n d  Haedees [12] ; Zeigeb, Haeders 
a n d  M tT L L E B  [13]) co n ten t t h a t  acrid ine  o ran g e  is bound b y  th e  ribonucleo- 
p ro te in  of. th e  cell. N itrogen  m u sta rd  possib ly  affects nucleop ro te in  syn thesis  
a n d  th is  m ig h t account for th e  d im in u tio n  o f acrid ine orange u p ta k e . N ecro tic  
p la n t  cells, y east cells or b a c te ria  are  capab le  o f b ind ing  su b s ta n tia lly  m ore of 
th e  d y e  th a n  living cells. In  th e  necro tic  cell, a considerable n u m b e r o f  an ions 
are  n a m e ly  libera ted  from  cy top lasm ic an d  nu c lea r pro tein , w hich  b in d  th e  dye 
c a tio n  b y  e lectro-adsorp tion . T h is m ig h t acco u n t for th e  increased  dye u p ta k e  
o f  a sc ite s  tu m o u r cells d estro y ed  b y  h e a t.

O u r experim ents disclosed a q u a lita tiv e  difference betw een th e  com plete ly  
d e s tro y e d  cell and  th e  one im p a ired  b y  n itro g en  m ustard . T he acrid ine  orange 
s to re d  b y  th e  nitrogen m u sta rd -im p a ired  tu m o u r cell averaged  563 • 10~8 y, 
a g a in s t  1073 • 10~8 y  s to red  b y  th e  co n tro l tu m o u r cell, an d  1441 • 10~8 y  
s to re d  b y  th e  cell destroyed  b y  h ea t. In  o th e r  w ords, th e  tu m o u r cell d estroyed  
b y  h e a t  ad so rb ed  2,5-tim es as m uch  o f th e  dye  as th e  cell tre a te d  w ith  n itro g en  
m u s ta rd .

T h e  question arises, w h a t becom es o f  th e  cells im p a ired  b y  n itro g en  
m u s ta rd ?  P a r t  of them  p ro b ab ly  d is in teg ra tes . In  previous ex p erim en ts  we h ad  
e x a m in e d  th e  effect of n itrogen  m u s ta rd  on th e  organs of th e  r a t  a n d  h a d  found  
t h a t  in  th e  duodenum  an d  th e  ly m p h a tic  sy stem  th e  m orphological e ffec t is 
m o st m a rk e d  abou t 12 hours follow ing ad m in is tra tio n  of th e  su b stan ce . The 
p e a k  o f  th e  effect is follow ed b y  ra p id  re s ti tu tio n . In  our p resen t ex p erim en ts  in  
w h ich , besides the  m orphological changes o f  th e  E hrlich  ascites tu m o u r  cells, 
th e  c h a n g e s  in  th e ir  dye b in d in g  c a p ac ity  w as also recorded, we observed  a 
s im ila r i ty  in  th e  developm ent o f  th e  ac tio n  a n d  th e  d u ra tio n  o f im p a irm e n t an d  
re s t i tu t io n . T he rap id  rea rran g em en t o f th e  m orphologic p ic tu re , a n d  th e  early
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norm alisa tio n  of th e  dye u p ta k e  prov ide ad d itio n a l evidence su p p o rtin g  th e  
a ssu m p tio n  th a t  th e  s tru c tu ra l elem ents an d  substances resu lting  fro m  d is in teg 
ra tio n  p lay  a p a r t  in  th e  process of re s titu tio n .

T h e  fac t th a t  b y  our m eth o d  th e  effect o f a well-known a n d  clin ically  
app lied  chem otherapeu tic  agen t could  in v a riab ly  be dem onstra ted  suggests  th e  
necessity  o f te s tin g  th e  m ethod  in  connection  w ith  o ther cy to tox ic  substances 
an d  carcinogenic hydrocarbons. T he q u a n tita tiv e  an d  qualita tiv e  e v a lu a tio n  of 
d y e  u p ta k e  is a com parative ly  sim ple m e th o d , m ak ing  v ita l p rocesses m ore 
closely accessible. To decide w h e th e r or n o t a substance  exerts an  e ffec t on the  
tu m o u r is often d ifficult. O ur experim en ts m a y  have th e  added p ra c tic a l signi
ficance  o f  tak in g  us a step  nearer to  de term in ing  th e  efficacy o f chem othera- 
p eu tica l agents.

Sum m ary

A  m eth o d  h as been w orked o u t fo r q u a n ti ta t iv e  d e te rm in a tio n  of th e  s u p ra v ita l  acrid ine  
n ra n g c  u p ta k e  of E h rlich  ascites tu m o u r cells.

10 to  14 hours a fte r  a single dose o f in tra p e rito n e a lly  adm in istered  n i tro g e n  m u sta rd , 
th e  a sc ites  tu m o u r cells of th e  poisoned  an im a l ad so rb ed  48 per cen t less o f th e  s ta in  th a n  
u n tr e a te d  con tro l tu m o u r cells do.

W hile a f te r  6 hours follow ing a  single dose o f n itro g en  m u sta rd  th e re  w as no  change 
in  th e  dye  u p ta k e , th is  decreased  s ig n ifican tly  a t  a b o u t th e  12 th  hour, to  be no  lo n g er m arked  
a f te r  24 to  48 h ours. A fter 72 hours th e  s itu a tio n  w as again  th e  sam e as in  th e  c o n tro ls .

T h e  p re p a ra tio n s  s ta in ed  w ith  acrid in e  o range  were found  to  c o n ta in  m asses o f  dis
in te g ra te d  tu m o u r cells. T heir n u c lear su b s tan ce  d is in te g ra te d  in to  globules w h ich  re ta in ed  
th e ir  g reen  fluorescence. In  th e  cy to p la sm  th e  red  g ra n u la tio n  c h a rac te ris tic  o f in ta c t  cells 
fre q u e n tly  d isap p eared . Severe cell im p a irm e n t w as found  also in  p a raffin  e m b e d d ed  sections.

T u m o u r cells destro y ed  by  h e a t w ere o b se rv ed  to  b ind  34 per c en t m o re  of th e  dye 
th a n  th e  con tro l tu m o u r cells. T heir c y to p la sm  an d  nucleus fluoresced in  a  yellow ish-green 
h ue . T h ere  is, accordingly , an  essen tia l d ifference be tw een  cells im paired  b y  n i tro g e n  m u sta rd  
a n d  com ple te ly  d estroyed  cells.
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ДЕЙСТВИЕ ГОРЧИЧНОГО АЗОТА НА ПРИЕМ АКРИДИН-ОРАНЖЕВОГО 
АСЦИТИЧЕСКОЙ ОПУХОЛЬЮ ЭРЛИХА

Я. ШУГАР и Э. ВИГ

Авторы разработали количественную методику для приема суправитального кра
сителя акридин-оранжевого клетками асцитической опухолью Эрлиха.

Клетки асцитической опухоли животного, отравленного однократным внутри- 
брюшинным введением горчичного азота, принимают 10—14 часов после подачи послед
него на 48% меньше красящего вещества, чем клетки опухолей необработанных кон
трольных животных.

6 часов после однократного введения горчичного азота не обнаруживется изме
нения в приеме красящего вещества, 12 часов спустья это количество сигнификантно 
уменьшается, через 24 -  48 часов это уменьшение уже незначительное, и по истечению 
72 часов получаются одинаковые с контролями величины.

В препаратах, окрашенных акридин-оранжевым красителем, обнаруживается 
большое количество распавших клеток опухолей. Распавшее на шарики ядерное веще
ство сохраняет свою зеленую флуоресценцию. В цитоплазме часто изчезает характер
ная для невредимых клеток красная зернистость. На срезах, изготовленных заливкой в 
параффин, наблюдается также тяжелое повреждение клеток.

Умерщвленные теплотой клетки опухолей связывают на 34% больше краситель- 
ного вещества, чем клетки опухолей контрольных животных ; цитоплазма и ядро флуо
ресцируют в желтовато-зеленом цвете. Следовательно, имеется значительная разница 
между поврежденными горчичным азотом и совершенно омертвленными клетками.

W IR K U N G  VON S E N F N IT R O G E N  A U F D IE  A C R ID IN O R A N G E A U F N A H M E  
D E R  E IIR L IC H S C IIE N  A S Z IT E S T U M O R Z E L L E N

J. Su g á r  u n d  E d it  V íg

D ie A u to ren  h ab en  e ine  q u a n ti ta t iv e  M ethodik  zu r U n te rsu ch u n g  der A u fnahm e von  
s u p ra v ita le m  A crid inorange d u rc h  d ie E hrlichschen A szites tu m o rze llen  ausg earb e ite t.

D ie  A szites tu m o rze llen  d e r  d u rch  einm alige in tra p e r ito n e a le  E in fü h ru n g  v o n  S enf
n itro g e n  v e rg if te te n  T iere n e h m e n  10— 14 S tunden  n a ch  V erab fo lg u n g  von Senfn itrogen  48%  
w en iger F a rb s to f f  au f als die T u m o rze llen  der u n b e h an d e lte n  K o n tro lltie re .

6 S tu n d e n  nach  e in m a lig e r V erabfo lgung  von S e n fn itro g e n  erschein t noch kein  U n te r 
sch ied  in  d e r F a rb sto ffau fn a h m e , n a c h  12 S tunden  v e rm in d e r t  sich die aufgenom m ene F a r b 
s to ffm en g e  s ign ifikan t, n a ch  A b la u f  von  24— 48 S tu n d e n  i s t  d ie V erm inderung  n ic h t m eh r 
b e d e u te n d , u n d  nach  72 S tu n d e n  i s t  die Lage die gleiche, w ie b e i den  K ontro llen .

I n  d en  m it A crid ino range  g e fä rb te n  P rä p a ra ten  sind  m a sse n h a ft  zerfallene T u m o rzellen  
v o rh a n d e n . D ie zu K ugeln zerfa llen e  K ern su b stan z  b e h ä lt  se ine  g rü n e  Fluoreszenz. D ie fü r  d ie 
n o rm a len  Z ellen ch ara k te ris tisch e  ro te  T üpfelung h ö rt im  Z y to p la sm a  o ft auf. An m it P a ra ff in 
e in b e ttu n g  hergeste llten  S c h n itte n  s in d  auch  schwere Z ellsch ad en  w ahrnehm bar.

D ie m it W ärm e a b g e tö te te n  T um orzellen  b in d en  3 4 %  m e h r  F a rb s to ff  als die K o n tro ll-  
tu m o rz e llen . D as Z y to p lasm a  u n d  d e r  K e rn  fluoreszieren  g rü n d lich g e lb . Es k an n  d em n ach  eine 
w esen tlich e  D ifferenz zw ischen  d e n  m it Senfnitrogen g e sc h äd ig te n  und  den v o llkom m en  
a b g e s to rb e n e n  Zellen fe s tg e s te llt  w erden .

J á n o s  S u g á r , B u d a p e s t, X I I .  R á th  Gy. u . 5. H u n g a ry .
E d i t  V í g , D ebrecen, 12. K özegészségtani I n t .  H ungary .
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