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T h e  E f f e c t  o f  C o u m a r t n  D e r i v a t i v e s  o n  O r g a n o g e n e s i s  a n d  C a l l u s  G r o w t h  o f  Cichorium lntybus 
R o o t s  a n d  Helianthus tuberosus T u b e r s  i n  v i t r o  

C o u m a r i n s  a r e  w i d e l y  d i s t r i b u t e d  i n  t h e  p l a n t  k i n g d o m ,  
e v e n  i f  t h e y  a r e  e s p e c i a l l y  c o m m o n  i n  t h e  C o m p o s i t a e ,  
U m b e l l i f e r a e  a n d  R u t a c e a e .  T h e s e  c o m p o u n d s  h a v e  q u i t e  
d i f f e r e n t  p h y s i o l o g i c a l  e f f e c t s :  i n  s o m e  c a s e s  t h e y  a c t  a s  
i n h i b i t o r s  o f  p l a n t  g r o w t h  a n d  s e e d  g e r m i n a t i o n ,  a n d  
s o m e t i m e s  a s  s t i m u l a t o r s  L 

U n t i l  n o w  t h e  e f f e c t s  of  i n h i b i t i o n  or  s t i m u l a t i o n  of 
g r o w t h  w e r e  o b s e r v e d  o n l y  on  t h e  e x t e n s i o n  of  e p i c o t y l s ,  
h y p o c o t y l s  a n d  c o l e o p t i l e s  of  d i f f e r e n t  p l a n t s  ~-* a n d  on  
e l o n g a t i o n  of r o o t s  ~,s. T h e r e  a r e  v e r y  f ew  r e p o r t s ,  a n d  
o n l y  fo r  t h e  p a r e n t  c o m p o u n d  7, s, on  t h e  a c t i o n  of n a t u r a l  
c o u m a r i n s  on  c a l l o g e n e s i s  of  p l a n t s  t i s s u e s  c u l t i v a t e d  in  
v i t r o .  

F o r  t h i s  r e a s o n ,  w e  t h o u g h t  i t  w o u l d  b e  i n t e r e s t i n g  to  
i n v e s t i g a t e  t h e  e f f e c t  of  c o u m a r i n s  on  c e l l u l a r  d i v i s i o n  a n d  
o r g a n o g e n e s i s  o f  p l a n t  t i s s u e s  g r o w n  in  v i t r o ,  i n  v i e w  of  
t h e  s t u d y  of  p o s s i b l e  r e l a t i o n s h i p  b e t w e e n  c h e m i c a l  
s t r u c t u r e  a n d  a c t i v i t y  of  c o u m a r i n s  a n d  i t s  d e r i v a t i v e s .  

Mater ia l s  and  methods. E x p l a n t s  of  Cichor ium in tybus  
( c h i c o r y )  r o o t s  a n d  d o r m a n t  t u b e r s  of  H e l i a n t h u s  tubero- 
sus ( J e r u s a l e m  a r t i c h o k e )  v a t .  O B 1 ,  w e r e  u t i l i z e d .  P r i s -  
m a t i c  c h i c o r y  e x p l a n t s  (1.5 c m  h e i g h t )  w e r e  p l a c e d  in  
v i t r o  a s  p r e v i o u s l y  d e s c r i b e d  9. C y l i n d r i c a l  e x p i a n t s  
(9 m m  d i a m . ,  1 c m  h e i g h t )  of a n  h o m o g e n e o u s  m e d u l l a r y  
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Table I. Effect of different coumarins (CM) on growth of Helianthus tuberosus dormant  tuber and Cichorium intybus root explants in vitro 

Helianthus tuberosus Cichorium intybus 

Coumarins Concentration Dry weight Dry wt. Dry wt. Fresh wt. Dry wt. Dry wt. Dry w t  Fresh wt. 
(M) (rag) (%) of control of control (rag) (%) of control of control 

(%) (°/o) (%) (%) 

CM 0 146 -t- 2 11.4 100 I00 358 -4- 9 13.9 I00 100 
CM 2 x 10 .4 154 4. 2 ~ 9.9 105 121 371 4. 22 11.7 103 123 
CM 5 x 10 .4 144 i 2 12.0 98 92 332 + 14 10.6 93 120 
CM 10 -3 I10 4. 1 ~ 15.0 75 56 262 4. 6 ~ 10.2 73 99 

3 CH3-CM 0 147 10.7 100 100 295 11.1 100 100 
3 CHa-CM 2 x 10 -4 134 14.6 91 67 
3 CH3-CM 3 × 10 -4 276 10.7 93 97 
3 CH3-CM 5 × 10 -4 127 15.7 86 59 
3 CH3-CM 7 × 10 .4 262 11.6 89 85 
3 CH3-CM 10 .8 115 16.2 78 52 233 11.9 79 73 

30H-CM 0 155 4- 2 11.2 100 100 406 15.3 100 100 
3 0 H - C M  10 -4 338 15.9 83 80 
3 0 H - C M  2 x 10 -4 147 4- 2 • 11.8 95 91 
30H-CM 5 x 10 -4 135 4- 24 11.9 87 82 353 15.3 87 87 
3 0 H - C M  10 -3 129 + 24 14.9 83 64 334 14.9 82 84 

3 COOH-CM 0 166 4. 5 12.8 100 100 344 ± 11 12.2 100 100 
3 COOH-CM 2 x 10 .4 164 -I- 3 18.2 99 69 261 4- 43 • 12.8 76 73 
3 COOH-CM 5 x 10 .4 154 4- 3 18.2 93 65 266 4- 12- 11.4 77 82 
3 COOH-CM 10 -s 109 ! 4 ~ 16.4 66 51 . . . . . . . . .  

4 0 H - C M  0 199 4- 5 15.5 100 100 306 t3.0 100 100 
4 0 H - C M  10 -4 170 4. 8 ~ 21.2 85 62 301 13.8 98 94 
4 0 H - C M  5 × 10 -4 119 4- 12 ~ 18.1 60 51 252 13.0 82 82 

6 C1-CM 0 199 4. 5 15.5 100 100 250 4. 7 11.1 100 100 
6 CI-CM 10 -4 154 4- 8 ~ 21.3 77 56 270 --I- 8 • 11.0 108 109 
6 C1-CM 5 x 10 -4 103 4- 10 ~ 19.t 52 47 192 4- 6 ~ 10.2 77 83 
6 CI-CM 10 -3 73 4- 104 13.4 37 42 212 4- 6" 10.2 85 92 

6 NH2-CM 0 161 12.5 100 100 355 -4- 14 12.4 100 100 
6 NH2-CM 2 x 10 -4 157 12.0 98 101 397 -1- 14 11.6 111 119 
6 NH,-CM 5 x 1 0  -4 154 12.7 96 94 361 4- 19 11.4 101 110 
6 NH~-CM 10 -3 146 12.3 91 92 342 4. 11 11.8 96 99 

6,7 OH-CM 0 233 -I- 23 13.3 100 100 291 -b 19 11.3 100 100 
6,7 OH-CM 10 -4 231 -4- 15 15.8 99 83 290 4- 13 11.4 100 98 
6 ,70H-CM 5 x 10 -4 238 -t- 9 15.1 102 89 294 -t- 20 11.4 101 100 
6 , 7 0 H - C M  10 .3 250 4- 3 14.6 107 97 321 4- 18 12.0 110 104 

Control of Helianthus tuberosus = nutr i t ive medium + IAA 2 × 10-~M. Control of Cichorium intybus = nutr i t ive medium without tAA. 
Average values 4- SE were made on about 20 explants  of 20 days old. ~ The difference of each average with its control is significant a t  least 
at  5% (Student 's  t-test). 4 0 H - C M  10-3M does not allow the gelification of medium. 3 COOH-CM 10-aM makes the gelification of medium 
difficult. 
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Table II. Effect of different eoumarins (CM) on bud neoformation in Ciehorium intybus root explants in vitro 

EXPERIENrIA 27/10 

Coumarins Concentration No. of neoformed No. of buds Max. height of leaves 
(M) buds (%) (ram) 

Max height of leaves 
(%) 

CM 0 4.8 i 0.5 100 20.0 4- 6.2 100 
CM 2 x 10 -4 3.0 4- 0.7 • 63 10.7 4- 2.4 54 
CM 5 x 10 -4 2.9 -t- 0.7 • 60 6.1 -4- 1.5~ 31 
CM 10 -3 1.3 4- 0.8 • 27 3.3 4- 0.6 ~ 17 

3 CHa-CM 0 12.5 -I- 0.8 100 15.5 100 
3 CHa-CM 3 × 10 .4 13.5 4- 0.6 108 13.3 86 
3 CH3-CM 7 X 10 -4 11.6 4- 0.6 94 11.8~ 76 
3 CH~-CM 10 -a 9.2 4- 0.6 • 74 9.3 ~ 60 

3 0H-CM 0 13.9 4- 0.8 100 12.2 100 
30H-CM 10 -4 12.0 -V 0.7 86 10.5 86 
30H-CM 5 x 10 -4 12.6 4- 0.8 90 10.2~ 84 
30H-CM 10 -3 12.2 4- 0.6 88 9.9 ~ 81 

3 COOH-CM 0 6.1 -4- 0.9 100 38.4 ± 6.2 100 
3 COOH-CM 2 x 10 -~ 6.5 4- 0.9 106 37.2 4- 3.4 96 
3 COOH-CM 5 × 10 -~ 6.5 + 0.8 106 33.9 4- 3.7 88 

4 0H-CM 0 8.2 4- 0.6 100 -- --  
40H-CM 10 -4 8.4 4- 0.8 102 -- -- 
40H-CM 5 x 10 -4 6.7 q- 0.5 • 82 -- --  

6 C1-CM 0 10.5 4- 0.5 100 -- -- 
6 C1-CM 10 -4 10.5 4- 0.6 100 -- --  
6 C1-CM 5 × I0 -4 8.6 4- 0.5 • 82 -- -- 
6 CI-CM 10 -8 8.2 -4- 0.6 a 78 -- --  

6 NH2-CM 0 4.1 -4- 0.6 100 39.4 4- 3.8 100 
6 NH~-CM 2 x 10 -4 3.7 -t- 0.8 * 90 40.5 ~ 5.3 103 
6 NHz-CM 5 x 10 -4 5.0 ± 0.7 121 40.2 4- 4.2 102 
6 NH2-CM 10 -s 4.8 -¢- 0.8 117 36.1 4- 5.1 92 

6,7 0H-CM 0 8.4 4- 1.0 100 48.1 4- 3.9 100 
6,70H-CM 10 -4 10.2 4- I.i 121 53.5 4- 3.3 112 
6, 7 0H-CM 5 × 10 -4 6.0 4- 0.8 71 41.9 4- 4.3 87 
6,70H-CM 10 ~3 7.4 -4- 0.8 88 35.8 -k 3.4 ~ 74" 

Average values + SE were made on about 15 explants of 20 days old. ~ The difference of each average with its control is significant at least 
at 5% (Student's t-test). 40H-CM 10-3M does not allow the gelifieation of medium. 3 COOH-CM 10-SM makes the gelification of medium 
difficult. 

p a r e n c h y m a  of H. tuberosus t u b e r s  we re  p l aced  in v i t r o  in  
a n u t r i t i v e  m e d i u m  x° w i t h  g lucose  4 % ,  indo l -3 -ace t i e  ac id  
( IAA)  2 × 10-6M a n d  pu r i f i ed  a g a r  1% (F luka) .  T h e  cul-  
t u r e s  were  r a n d o m i z e d  in a c u l t u r e  r o o m  a t  24 °C in a l t e r -  
n a t i n g  l igh t  (1,800 lux)  or  in t h e  da rk .  T h e  c o u m a r i n s ,  
u s e d  a t  c o n c e n t r a t i o n s  b e t w e e n  0.1 m M  a n d  1 r a M ,  w e r e :  
p a r e n t  c o m p o u n d  (CM), 3 - m e t h y l c o u m a r i n  (CH3-CM), 3- 
h y d r o x y c o u m a r i n  (3OH-CM),  c o n m a r i n - 3 - c a r b o x y l i c  ac id  
(3 C O O H - C M ) ,  4 - h y d r o x y c o u m a r i n  (40 I - t -CM) ,  6-chloro-  
c o u m a r i n  (6 C1-CM), 6 - a m i n o c o u m a r i n  (6 NH2-CM ) a n d  
6, 7 - d i h y d r o x y c o u m a r i n  (esculet in)  (6, 7 0 H - C M ) .  T h e  
p u r i t y  of t h e s e  c o m p o u n d s  w a s  ver i f ied  b y  m e a n s  of  
p a p e r  c h r o m a t o g r a p h y n ,  12. C h l o r o p h y l l  e x t r a c t i o n  a n d  
d e t e r m i n a t i o n  in ch i co ry  w a s  m a d e  a c c o r d i n g  to  SMITH 
a n d  BENITEZ 13. T h e  e x p e r i m e n t s  w e r e  r e p e a t e d  a t  l eas t  
tw ice  a t  d i f f e r en t  t i m e s  w i t h  s i m i l a r  resu l t s .  

Results and discussion. T h e  r e s u l t s  s h o w  (Tab les  I a n d  
I I ) ,  o n  t h e  whole ,  t h a t  t h e  c o u m a r i n s  s tud i ed ,  a m o n g  0.1 
a n d  i m2]// c o n c e n t r a t i o n s ,  e x e r t  g e n e r a l l y  a n  i n h i b i t i o n  
e i t he r  o n  n a t u r a l  ce l lu lar  p r o l i f e r a t i o n  a n d  o r g a n o g e n e s i s  
of  Cichorium intybus, or  on  ce l lu lar  p r o l i f e r a t i o n  i n d u c e d  
b y  I A A  in e x p l a n t s  of  Helianthus tuberosus d o r m a n t  t u b e r s .  
O n l y  c o u m a r i n  o n  H. tuberosus, a n d  6 - c h l o r o c o u m a r i n  on  
C. intybus r e s p e c t i v e l y  a t  0.2 o r  0.1 m M  conc. ,  s h o w e d  a 
v e r y  w e a k  g r o w t h  effect .  O n l y  t h i s  d a t u m  o n  c o u m a r i n  
ag rees  w i t h  t h e  r e s u l t s  of DUVLESSY-GRAILLOT 7, w h i c h  
are  h a r d l y  c o m p a r a b l e  w i t h  ours .  

T h e  r a n g e  level  of s u c h  i n h i b i t i o n s  c h a n g e s  a c c o r d i n g  to  
p l a n t  t e s t ed ,  t o  t h e  c o u m a r i n  used ,  to  i t s  c o n c e n t r a t i o n s  
a n d  s o m e t i m e s  to  t h e  c o n d i t i o n s  of l i gh t  o r  da rk .  A n  ex-  
a m p l e  of  c o m p l e t e  i n h i b i t i o n  w a s  s h o w n  b y  6 C1-CM a t  
m M  c o n c e n t r a t i o n  w h i c h  c o m p l e t e l y  b locked  t h e  s t i m u l a -  
t i o n  of  H. tuberosus by  I A A :  t h e  e x p l a n t s  a r e  e q u a l  to  a 
c o n t r o l  w i t h o u t  I A A .  T h e r e  a re  n e v e r  nec ros i s  a n d  t h e  
v i t a l i t y  of  i n h i b i t e d  e x p l a n t s  w a s  also s h o w n  b y  a n  
e v i d e n t  s y n t h e s i s  of c h l o r o p h y l l ,  e v e n  t h o u g h  r educed ,  in  
r e s p e c t  to  t h e  con t ro l ,  a t  t h e  m o s t  of  50%.  

Bes ides  i t  w a s  pos s ib l e  t o  d e m o n s t r a t e  t h a t  a c o u m a r i n  
d e r i v a t i v e  exerc i ses  a r e v e r s i b l e  i n h i b i t i o n  of  g r o w t h  a n d  
t h a t  i t  c a n  a lso  i n h i b i t  a t i s sue ,  p r e v i o u s l y  s t i m u l a t e d  b y  
I A A ,  v e r y  s t r o n g l y .  F o r  t h i s  p u r p o s e  2 s o r t s  of  c o n t e m p o -  
r a n e o u s  e x p e r i m e n t s  we re  ca r r i ed  o u t  (Tab le  I I I ) .  

B u d  f o r m a t i o n  is g e n e r a l l y  i n h i b i t e d  in C. intybus ex-  
p l a n t s  b y  c o u m a r i n s ,  e i t h e r  as  a v e r a g e  of b u d  n u m b e r  for  
e x p l a n t ,  or  as  h e i g h t  of  l eaves  (Tab le  l I ) .  T h e  b u d  inh ib i -  
t i o n  w a s  m a i n t a i n e d  a lso  36 d a y s  a f t e r  t h e  b e g i n n i n g  of 
t h e  e x p e r i m e n t .  

lo B. K. TRIPATm, C. r. Acad. Sci., Paris 266, 1123 (1968). 
11 K. RIEDL and L. NEUGEBAUER, Monatsh. Chem. 83, 1083 (1952). 
1~ j .  GRUjIC-VAsIC, Monatsh. Chem. 92, 236 (1961). 
ta j .  H. C. SM1TH and A. BENITEZ, in Modern Methods o] Plant Ana- 

lysis (Ed. K. PEACH and M. V. TRACEY; Springer-Verlag, Heidel- 
berg 1955), vol. 4, p. 142. 
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Table I t i .  Control of 3-methylcoumarin inhibition on Hetianthus tu- 
berosus dormant tuber explants in vitro 

Experiment I 

28 mg l* 58 mg 
(3 CH3CM + IAA) (IAA) 

Experiment II 

37mg ~] I* 87gm (IAA) 

(IAA) ] l~ 50 mg 
(3CH3CM + IAA) 

Each datum is dry weight average (rag) of 20 explants grown first for 
21 days and after another 26 days. Concentrations are: 3CH~CM 
10-3M and IAA 2 x 104M. 

Table IV. 3-hydroxycoumarin effect on root neoformation in Cicho. 
rium intybus explants in vitro 

30H-CM (M) No. neoformed No. roots 
roots (%) 

0 7.1 :/= 0.7 100 
10 -4 5.1 ± 0.4 • 72 

5 x 10 -~ 5.4 =k 0.6 ~ 76 
I0 -3 0.5 :t: 0.1 ~ 7 

Average values ± SE were made on 28 explants, 25 days old, growing 
in continuous light. • The difference of each average with its control 
is significant at least at 5% Student's t-test. 

T h e  r e su l t s  were  also e x a m i n e d  to  d i scover  a poss ib le  
r e l a t i onsh ip  b e t w e e n  t h e  t y p e  a n d  pos i t ion  of s u b s t i t u t i n g  
rad ica l s  in t he  molecule  a n d  i ts  ac t ion .  The  c o u m a r i n  (CM) 
genera l ly  i nh ib i t s  t h e  cal logenesis  to  t h e  s ame  degree  as 3 
CH3-CM a n d  t h e  o rganogenes i s  more  t h a n  t h e  o t h e r  cou- 
m a r i n s  essayed.  T h e  m e t h y l  s u b s t i t u t i o n  in  pos i t i on  3 ha s  
a g r e a t e r  i n h i b i t o r y  effect,  a t  m M  c o n c e n t r a t i o n s ,  t h a n  
h y d r o x y l a t i o n  a n d  c a r b o x y l a t i o n  in t he  s ame  pos i t i on  on  
b u d  f o r m a t i o n  in C. intybus. The  h y d r o x y - g r o u p s  in posi-  
t i on  3 a n d  4 cause  a s imi la r  effect  on  chicory,  whi le  t h e  4 
OH-CM e x e r t s  a g rea t e r  i n h i b i t i o n  on  H. tuberosus. T h e  
s u b s t i t u t i o n  in  pos i t ion  6 w i t h  a m i n o  or  6, 7 w i t h  h y d r o x y -  
g roups  h a s  v e r y  l i t t l e  effect  on  cat logenesis  of H. tuberosus 
a n d  C. intybus, while  6-ch loro-group s u b s t i t u t e d  c o u m a r i n  
is more  i nh ib i t i ng .  

P r o b a b l y  t he  p l a n t s  do n o t  m e t a b o l i z e  c o u m a r i n s  s imp ly .  
b y  d e t a c h i n g  t h e  rad ica l s :  in  f ac t  t he  effects  of va r ious  
d e r i v a t i v e s  a re  o f t e n  ve ry  d i f f e ren t  f rom those  of p a r e n t  
c o m p o u n d .  G e n e r a l l y  H. tuberosus a p p e a r s  to  be  m o r e  
sens i t ive  t h a n  C. intybus to  c o u m a r i n  ac t ion ,  especia l ly  
expressed  as f resh  weight .  Bes ides  ch ico ry  does n o t  show 
s ign i f i can t  v a r i a t i o n s  of d r y  w e i g h t  pe rcen tage .  I t  is k n o w n  
t h a t  t h e  I A A  a c t i v a t i o n  of d o r m a n t  t i s sues  as  H. tuberosus 
ra ises  i t s  h y d r a t i o n .  I n  s u c h  exp lan t s ,  t r e a t e d  w i t h  in-  
c reas ing  c o u m a r i n  c o n c e n t r a t i o n s ,  t h e  d r y  w e i g h t  pe rcen-  
tage  genera l ly  grows paral le l .  Th i s  fac t  could  ind ica t e  
t h a t ,  in  a d d i t i o n  to  t he  i n h i b i t o r y  effect  on  cal logenesis ,  
these  c o m p o u n d s ,  a t  su i t ab l e  concen t r a t i ons ,  p r o b a b l y  
exercise some  i n h i b i t i o n  also on  e x t e n t i o n  g r o w t h  as con-  
f i rmed  b y  n u m e r o u s  a u t h o r s  ~, 4 -e  p e r h a p s  m o d i f y i n g  t h e  
cel lu lar  p e r m e a b i l i t y  15. 

In  conclus ion,  t he  i n h i b i t o r y  effect  on  g r o w t h  a n d  or- 
ganogenes i s  of c o u m a r i n s  essayed  are  obv ious ly  d i f fe ren t  
accord ing  to  t h e  t i ssues  ut i l ized,  b u t  overa l l  t h e y  a re  de- 
p e n d e n t  on  pos i t ion  a n d  t y p e  of s u b s t i t u t i n g  r ad i ca l s  1~. 

R o o t  n e o f o r m a t i o n  in  ch ico ry  is i n h i b i t e d  (more  t h a n  
90%)  p a r t i c u l a r l y  b y  m M  3 OH-CM (Table  IV).  Also 3 
CH3-CM causes  a s imi la r  effect.  T he  r hyzogene t i c  a c t i v i t y  
also of H. tuberosus e x p l a n t s  was  ver i f ied  acco rd ing  to  
TRIPATH110 a n d  TRIPATHI a n d  GAUTHERET 14. U n f o r t u n a -  
t e ly  ou r  e x p l a n t s  were  n o t  ab le  to  fo rm roo t s  on  TRIPATHI 
m e d i u m  p r o b a b l y  because  t h i s  p h e n o m e n o n  is r e l a t ed  to 
va r i e ty .  

Two para l l e l  e x p e r i m e n t s  were m a d e  in a l t e r n a t i n g  
l i gh t  or  in  t h e  da rk ,  w i t h  3 CH,-CM a n d  ¢ OH-CM, a t  con-  
c e n t r a t i o n s  b e t w e e n  0.1 a n d  1 m M ,  on  C. intybus a n d  H.  
tuberosus. Tile d a t a  show, re fe r red  to  t h e  cont ro l s ,  no  
s ign i f i can t  d i f ferences  of g r o w t h  e x c e p t  for  C. intybus cul-  
t i v a t e d  on  3 CHz-CM in t h e  dark ,  w h i c h  is more  inh ib i t ed .  
3 CH3-CM shows a g rea t e r  effect  on  b u d  f o r m a t i o n  in t h e  
d a r k  t h a n  in t he  l ight ,  whi le  4 0 H - C M  exer t s  t h e  s ame  
effect  in  b o t h  cases.  However ,  t he  n u m b e r  of b u d s  fo rmed  
b y  e x p l a n t s  g rown  on  t h e  s ame  e o u m a r i n  concen t r a t i ons ,  
was  c o n s t a n t l y  lower  in  t hose  g rown  in t he  d a r k  ( a b o u t  
33%).  

Riassunto. La  c u m a r i n a  ed  a l cun i  suoi  d e r i v a t i  (3 me- 
tiN, 3 idrossi-,  3 carbossi - ,  4 idrossi-,  6 amino- ,  6 cloro- e 
6,7 d i id ross i - cumar ina ) ,  spec i a lmen te  a l la  c o n c e n t r a z i o n e  
m M ,  h a n n o  e f fe t to  in ib i to r io  sia  su l la  cal logenesi  di t u b e r i  
d i  Helianthis tuberosus che  su l la  o rganogenes i  (neoforma-  
z ione d i  g e m m e  e radic i )  e cal logenesi  di  r ad ic i  di  Cichorium 
intybus co l t i va t i  in  v i t ro ,  I t  g rado  di in ib iz ione  d ipende  da l  
t ipo  di  rad ica le  so s t i t uen t e  del la  c u m a r i n a  e da l la  p i a n t a  
u t i l i z za t a  come test .  
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A n t i m i c r o b i a l  A c t i v i t y  of  C y c l a c i l l i n  a g a i n s t  Escherichia coli i n  v i v o  a n d  i n  v i t r o  

Cyclaci l l in  [6- ( 1 - a m i n o c y c l o h e x a n e c a r b o x a m i d o ) p e n i -  
c i l lanic  acid] is a s e m i s y n t h e t i c  penic i l l in  w i t h  a wide  an t i -  
bac t e r i a l  s p e c t r u m ;  i t  r e sembles  ampic i l l i n  in  b e i n g  effec- 
t ive  a g a i n s t  a wide  r a n g e  of g r am-pos i t i ve  a n d  g ram-ne -  
ga t ive  pa thogens ,  bu t ,  un l ike  ampic i l l in ,  is also ef fec t ive  
aga in s t  t h e  pen ic i l l i nase -p roduc ing  s taphylococci1-8 .  

However ,  in  l a b o r a t o r y  e x p e r i m e n t s  in  wh ich  cyclaci l l in  
was  t e s t e d  a g a i n s t  a n u m b e r  of g r am-pos i t i ve  a n d  g ram-  
nega t i ve  p a t h o g e n s ,  a n  incons i s t ency  was e n c o u n t e r e d  be-  
tween  t he  in v i v o  a n d  in v i t ro  suscep t ib i l i t y  4. I n  vi t ro ,  
cyclaci l l in  was  less ac t ive  t h a n  ampic i l l in  aga in s t  b o t h  
g r a m - n e g a t i v e  a n d  g ram-pos i t i ve  bac te r i a ,  whi le  in vivo,  


