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A c r i d i n e  O r a n g e  A c t i o n  o n  the  B i o c h e m i c a l  
M e t a b o l i s m  of  the  Leaf  T i s s u e s  of  the  T o b a c c o  

P l a n t  

The research work reported in this note was under- 
taken for the purpose of connecting it up with a series 
of investigations, not  yet  completed (ScARASelA) on 
the possible mutagenic action of acridine compounds 
on Nicot iana tabacum. 

In the F 1 of "17/51 s t ra in"  obtained from a plant  of 
Bright (line No. 5) whose flower bud was submit ted  to 
a t r ea tment  with acridine orange, absorbed through an 
incomplete  incision on the stem, close to some normal  
plants (n), cases were noted on whose leaves some anom- 
alies peculiar to a virus disease became visible (plant 
an). These anomalies proved susceptible of transmission 
to other  plants through inoculation. In spite of numerous 
genetic and cytogenet ic  controls, it has not  ye t  been 
possible to determine if the anomalies observed were 
due to absorption of acridin orange solution by the to-  
bacco plant, or to a common infection. I t  should, however, 
be remarked tha t  in repeated cultures of F~ of "17/51 
s t ra in" ,  sown both under  glass and in the open air (and 
in the la t te r  case in soils of different s t ructure and topo- 
graphic exposure) during the winter  and spring seasons, 
care always being taken to disinfect the seeds with a 
1°/00 solution of silver nitrate,  plants with symptoms 
of virus disease were noted in each case. 

The leaf tissues of an-plants, of "17/51 s t ra in"  were 
submit ted  to analysis in order to determine by mano- 
metric methods the ac t iv i ty  of the polyphenol oxidase 
(using cathecol and ascorbic acid as the substratum, 
buffered at pH 5), catalase and carbonic anhydrase 1 
The leaves of n-plants of the "17/51 s t ra in"  and those 
of plants of line No. 5 were used for tests. The deter- 
minat ion of enzyme activit ies has always been made on 
leaves placed between the 14 TM and 20 th knots of plants 
at the flower stage, in order to obtain values comparable 
with one another,  in view of the very  great  var iabi l i ty  of 
the enzyme systems during the plant ' s  physiological 
cycle. 

The first groups of our experiments  show the following 
results (Table I) : 

(a) catalase and carbonic anhydrase act ivi t ies in leaf 
tissues of an-plants of "17/51 s t ra in"  gave values 
slightly below those of the tes t ;  

(b) polyphenol  oxidase ac t iv i ty  in an-plant  leaves of 
"17/51 s t ra in"  was found to have doubled, and more 
than doubled, when compared to tha t  obtained 
from the test  plants. This result may probably 
represent one of the numerous effects of an irregu- 
lari ty tha t  occured in the respiration of the tobacco 
plant. 

Since recently BRACtlET g and EPHRUSSI a, working 
respectively on fragments  of Arbacia ova and on colonies 
of Saccharomyces, observed in those organisms a de,  
ter iorat ion of the enzyme oxidizing system due to an 
acridine compound (trypaflavin), I deemed it  advisable 
to make some experiments  to demonstra te  the effect of 
acridine orange acting in vitro and in vivo on polyphenol 
oxidase, catalase and carbonic anhydrase of tobacco 
leaf tissues. 

For  the test  in vitro, the acridine orange was used on 
the homogenised leaf of a Bright  (line No. 5) plant.  The 
result  was a slight inhibit ion of catalase and polyphenol  

1 G.T. SCARASCIA et M. E. VENEZXAN, It Tabaeco 649, 272 (1953). 
S j .  BRACItl~T, Arch. inter. Physiol. 60, 187 (1951). 
a B. EPHRUSSI, Pubbl. Staz. Zool. Napoli, suppl, v. 22 (1950). 

oxidase activities,  whereas the carbonic anhydrase was 
slightly increased (Table II ,  col. 1). 

The test  in vivo was made, allowing the leaves of 
al ternate  knots of several Bright  (line No. 5) plants to 
absorb a 20/o0 solution of acridine orange through an in- 
cision made in the principal nervure at the base of the 
leaf stalk. The control  test  was made on leaves al ternat-  
ing on the same plant  with those tha t  had been treated.  
The result  of the  test  in vivo is given in Table i I ,  col. 2. 
We consider of special interest  the results obtained for 
the polyphenol oxidase ac t iv i ty ;  they may  be summed 
up as follows: 

(1) after five days of t rea tment ,  the enzyme ac t iv i ty  was 
found to be below normal ;  

(2) after eight days of t rea tment ,  it appeared to be ap- 
proximately- of the same degree as normal ;  

(3) af ter  20 and more days of t rea tment ,  the enzyme 
ac t iv i ty  was more than double the normal.  

The inhibit ing action exercised by acridine orange on 
polyphenol  oxidase act ivi ty,  as observed after 5 days 
t rea tment ,  agrees with the results of the in vitro tes t ;  
it may be assumed tha t  as the acridine molecule has a 
s t ructure  similar to tha t  of riboflavin, it takes the place 
of the latter,  exercising an inhibit ing action on tissue 
respiration ~. 

I t  would also seem to us worthy of notice tha t  after 
absorbing acridine orange solution, for 20 days the leaf 
tissues show a polyphenol  oxidase ac t iv i ty  which has 
doubled and more than  doubled, when compared to the 
test  trial, This is very  interesting, more especially if we 
consider tha t  these values agree with those obtained by 
analysis of the leaf tissues belonging to an-plants of 
"17/51 s t ra in" .  In both cases, it would seem tha t  the 
anomaly  of the process of oxidation originates from the 
t r ea tment  with acridine orange, carried out in the case 
of the in vivo test  on tobacco leaves, and, in the second 
case, probably on sex cells of the mother  plant  of the 
"17/51 s train",  the F 1 of which  presented many an- 
plants with symptoms of virus disease. I t  may  be of 
interest  to review this behaviour  on the basis of the 
following considerations: the existence of stechiometric 
compounds demonstra ted exper imenta l ly  has been 
among acridines and the adenilyc acid and ATP ~, the 
two last being considered essential for the formation of 
energy-rich bonds containing phosphorous ( ,~ ph);  the 
s tabi l i ty  of the  ~ ph bonds producing system is notable 
inferior to tha t  of the oxidizing system a, and many 
agents (and acridines are among them) tha t  disturb the 
former system will cause the disjunction of the reactions 
of phosphorylat ion from those of oxidation,  often with 
a subsequent  s t imulat ing effect on tile oxidat ion reac- 
tions ~. F rom the results referred to in this note, it would 
appear tha t  acridine orange has a s t imulat ing effect on the 
oxidations oI the leaf tissues of the tobacco plant.  
]~RACI-IET also, as a conclusion to his researches on 
Arbacia ova *, was of the opinion tha t  both enucleation 
and acridine t r ea tmen t  would hinder the production by 
the nucleus of adenylic acid. 

To conclude this note, we consider tha t  we have very 
probably met  in the case described with a deterioration 
of the protein synthesis p rocess  occurring in the plant  
cells; we may a t t r ibute  this to the hyper-ac t iv i ty  oI the 

1 M. G. SEVAG, Advances in Enzymology 6, 114 (1946). 
2 TH. WAONER-JA~JREGC, Z. Physiol. Chem. 188, 239 (1936). - 

D. SILVERMANN, Biochem. J. 31, 423 (1937). 
3 NATHAN O. KAPLAN, Enzymes 2, 78 (1953). 
4 NATHAN O. KAPLAN, Enzymes 2, 9°, (1953). 
5 j .  BRACHET, Ann. Soe. roy. Zool. Belg. 1950, 81. 
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Enzyme activity 

Catalase in cm 302  developed in 3' a t  
25°C and pH = 8 

Carbonic anhydrase in mm 3 CO z de- 
veloped in 2'  a t  15°C and pH = 6-8 

Polyphenol  oxidase in m m  3 02 ab- 
sorbed in 10' a t  25 ° C and pH = 5 . 

Table I 

I Date of analysis 

25-7- '52 
4 -8- '52  

12-8- '52 

n-plants of 
"17[51 strain" 

13"75 
14'50 
12'60 

550 
660 

an-plants of 
"17[51 strain" 

10"35 
14"00 

9"50 

380 
600 

17-7- '52 
12-8- '52 

4 -8- '52  
I I - 8 - ' 5 2  
12-8- '52 

3-8- '53  

1800 
880 

1070 

2400 
1850 
2030 
1550 

plants of line No. 5 

1030 
450 

Table I I  

Enzyme activity 

Catalase in cm s O z developed in 2'  a t  25°C and 
p H  = 8 

Carbonic anhydrase  in mm 3 CO z developed in 2'  
a t  15°C and pH = 6.8 

Polyphenol oxidase in m m  3 02 absorbed in 10" 
a t  25°Cand  pH = 5 

i~ vitro 
treatment 

essa; ' blank 

15"5 22"5 

470 300 

360 460 

a~ter 1 
5 days 

23"2 

610 

900 

test 

25 

410 

1000 

in vivo treatment 

after after 
8 days test 20 days 

14"2 15"2 

510 470 

1290 1150 1250 

after 
test 30 day~ test 

400 1000 550 

p o l y p h e n o l  ox idase  a n d  t o  success ive  a c c u m u l a t i o n  of 
h y d r o g e n  p e r o x i d e  due  t o  a n  i n s u f f i c i en t  c a t a l a s e  ac t i -  
v i t y  1, O r to  s o m e  d i so rde r  o c c u r r i n g  in  t h e  s y s t e m  t h a t  
p r o d u c e s  t h e  e n e r g y  e m p l o y e d  in  t h e  p rocesses  of 
s y n t h e s i s  t h e m s e l v e s .  

M. E. SCARASCIA VENEZIAN 

I sHtu to  di  Fru t t i co l tura  e di Elettrogenetica, Roma,  
J u l y  12, 7954. 

Z u s a m m e n J a s s u n g  

B l £ t t e r  y o n  T a b a k p f l a n z e n  w u r d e n  in  vivo u n d  i n  vitro 
m i t  200/00 A c r i d i n o r a n g e - L 6 s u n g  b e h a n d e i t  u n d  d a n a c h  
die A k t i v i t £ t e n  y o n  K a t a l a s e ,  P o l y p h e n o l o x y d a s e  u n d  
K o h l e n s ~ t u r e a n h y d r a s e  b e s t i m m t .  N a c h  zwanz ig t£g i -  
ger  I n - v i v o - B e h a n d l u n g  m a c h t e  s ich  e ine  S t 6 r u n g  de r  
O x y d a t i o n s p r o z e s s e  b e m e r k b a r .  A h n l i c h e  B e f u n d e  er- 
g a b e n  s ich  bei  P f l a n z e n ,  we lche  das  Bi ld  e ine r  Vi rus -  
k r a n k h e i t  ze ig t en  u n d  v o n  e ine r  M u t t e r p f l a n z e  s t a m m -  
t en ,  d e r e n B l i i t e n k n o s p e n  m i t  20 /o0Acr id ino range -L6sung  
b e h a n d e l t  w o r d e n  w a r e n .  

1 K. YAMAFUJI, Enzymologia 15, 223 (195~). 

P r e l i m i n a r y  S t u d i e s  on  the  M e t a b o l i s m  of  
V a c u o l a t e d  C e l l s  F o l l o w i n g  H y p o x i a  

R e s e a r c h e s  o n  t h e  m e t a b o l i s m  of v a c u o l a t e d  cells a re  
s t i l l  in  p rogress  in  t h i s  l a b o r a t o r y .  T h e  p r e s e n t  p a p e r  is 
a n  a c c o u n t  of e x p l o r a t o r y  e x p e r i m e n t s .  

S o m e  d i f f icu l t ies  h a v e  b e e n  e n c o u n t e r e d  in  p r o d u c i n g  
e x p e r i m e n t a l l y  a s a t i s f a c t o r y  a n d  we l l - r ep roduc ib l e  cel l  

v a c u o l a t i o n  in r a t  t issues.  The  use of s u b s t a n c e s  w h i c h  
d i r e c t l y  i n t e r f e r e  w i t h  some  e n z y m a t i c  s y s t e m s  h a s  b e e n  
i n t e n t i o n a l l y  avo ided ,  owing  to  t he  d i f f i cu l ty  of dis-  
c e rn ing  t h e  c h a n g e s  due  to  t h e  d i rec t  ac t ion  of t h e  d r u g  
f rom t h o s e  c o n n e c t e d  w i t h  cell v a c u o l a t i o n .  T h e  u r e t e r  
l iga t ion ,  succesfu l ly  used  b y  VERNONI 1 on  r a b b i t s ,  in-  
d u c e d  in  t h e  r a t  k i d n e y  a mi ld  v a c u o l a t i o n  a n d  a m a r k e d  
necros is .  On  t h e  o t h e r  h a n d ,  a s l igh t  s t ea tos i s  t o o k  p lace  
in t h e  l ive r  t o g e t h e r  w i t h  v a c u o l a t i o n  a f t e r  p a r t i a l  he-  
p a t e c t o m y  acco rd ing  to t h e  t e c h n i q u e  of PRICE a n d  
LARD a. A t  l e a s t  for  our  purposes ,  t h e  m o s t  s a t i s f a c t o r y  
l iver  cell v a c u o l a t i o n  was  o b t a i n e d  b y  e x p o s i n g  t h e  
r a t s  to  h y p o x i a .  Soda l ime  (TROWELL a) or d e c o m p r e s s i o n  
(PICHOTKA 4) d id  n o t  p e r m i t  a w e l l - a d j u s t a b l e  deg ree  of 
h y p o x i a ,  as s h o w n  b y  t he  nec ro t i c  a reas  t h a t  c o m p l i c a t e d  
t h e  cy to log ica l  p ic ture .  I n  our  s t u d y ,  t h e  l iver  cell  v a c u o -  
l a t i o n  was i nduced  by  keep ing  t he  r a t s  in  a c o n t i n u o u s l y  
r e n e w e d  a t m o s p h e r e  of n i t r o g e n  (97 %) a n d  o x y g e n  (3 %) 
for  2 h, a cco rd ing  to PICHOTKA'S t e c h n i q u e  4. I t  s h o u l d  
be  n o t e d  t h a t  even  w i th  t h i s  m e t h o d  t h e  cell  v a c u o l a t i o n  
d id  n o t  a p p e a r  u n i f o r m  no r  v e r y  t y p i c a l .  A p a r t  f r o m  a 
n u m b e r  of p la in  v a c u o l a t e d  cells,  m a n y  o t h e r  e l e m e n t s  
were  p r e s e n t  showing  a p a r t i c u l a r  a p p e a r a n c e .  T h e s e  cells  
p r e s e n t e d  wel l -def ined  l im i t s ;  t h e i r  c y t o p l a s m  c o n s i s t e d  
of h y p e r c h r o m i c  a reas  a l t e r n a t e d  b y  s m a l l  a n d  pa le  zones  
i r r egu la r ly  bo rde red .  All  t h e  cells  d id  n o t  d i f fe r  in  size f r o m  
t h e  n o r m a l  ones.  T h e  m e a n i n g  of  t h i s  c e l l u l a r  a p p e a r a n c e  
is a t  p r e s e n t  u n d e r  s t u d y ,  b u t  p r e s u m a b l y  t h e  c h a n g e  
r e p r e s e n t s  a n  ea r ly  s t a g e  of  cell  d a m a g e  p r e c e d i n g  t h e  
f o r m a t i o n  of t r u e  vacuo les .  

I G. VERNOm, Bios 1, 77 (1913). 
2 G. M. PRICE and A. K. LARD, Cancer Res. 10, 650 (t950). 
8 O. A. TROWELL, J. Physiol. 10a, 268 (1946). 
4 j .  PICHOrKA, Beitr. path. Anat. 107, 117 (1942). 


