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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,  
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cyclacillin and  ampici l l in  were a b o u t  equal ly  ac t ive  
aga ins t  Streptococcus pyogenes, Diplococcus pneumoniae 
and  penici l l in-sensi t ive  staphylococcus aureus. In  addi t ion ,  
cyclacillin was  clearly and  cons i s t en t ly  super ior  to  ampi-  
cillin in mice  in fec ted  w i t h  mul t ip les  of t h e  s t a n d a r d  LDg~ 
dose ol  S. aureus and  Strep. pyogenes. 

Quan t i t a t i ve  t e s t s  have  shown t h a t  m a n y  organ i sms  
which  a p p e a r  r e s i s t an t  to  cyclacil l in in  v i t ro  are  qu i t e  sus- 
cept ib le  in v ivo  4. An  example  is t h e  prev ious ly  s t a t ed  sus- 
cep t ib i l i ty  of t he  penic i l l in- res is tan t  s taphylococc i ;  w h e n  
t e s t ed  aga ins t  infec t ion  wi th  graded  n u m b e r s  of these  bac-  
teria,  cyclacill in was cons i s t en t ly  super ior  to  ampicil l in.  
Thus,  the  high level of t he rapeu t i c  ac t iv i ty  exh ib i t ed  b y  
cyclacil l in could no t  have  been  p red ic ted  by  the  in v i t ro  
suscept ib i l i ty  da ta .  

Al though  the re  is no sa t i s fac to ry  exp l ana t i on  for th is  
d iscrepancy,  i t  is widely  recognized t h a t  m a n y  factors  in- 
f luence the  a p p a r e n t  suscept ib i l i ty  of bac ter ia  in vivo. Many  
of t hese  fac tors  m a y  be absen t  unde r  in v i t ro  condi t ions .  
The e x p e r i m e n t s  p re sen ted  here  were u n d e r t a k e n  to  clari- 
fy t he  a p p a r e n t  dif ferences  be tween  the  in vivo and  in 
v i t ro  an t ibac te r ia l  resul ts  w i th  cyclacillin.  The effect ive-  
ness of th is  ant ib io t ic  was  compa red  wi th  t h a t  of ampici l l in  
in mice  infected wi th  Escherichia toll, and  the  in vivo d a t a  
on b o t h  an t ib io t ics  were compa red  wi th  t h e  resul ts  of in 
v i t ro  suscept ib i l i ty  assays.  

Adul t  N I H  r a n d o m - b r e d  Albino A mice were  used as t he  
e x p e r i m e n t a l  animals .  They  were ob ta ined  f rom a com- 
mercial  dealer  in t he  Ph i l ade lph ia  a rea  and  weighed  
approximate ly ,  20-25 g a t  t he  t ime  of tes t ing.  E.  cell iso- 
l a t ed  f rom a b lood  spec imen  of an  infec ted  p a t i e n t  was  
used as t he  t e s t  organism.  The  bac te r ia  were  cu l tu red  on 
b ra in  h e a r t  infusion agar  for  18 h, and  washed  cell sus- 
pens ions  were  p r e p a r e d  wi th  steri le  saline. The  n u m b e r  of 
o rgan i sms  per  nfi was  s t a n d a r d i z e d  by  rou t ine  bacter io lo-  
gic pour  p la te  assay,  a n d  a p p r o x i m a t e l y  5 × 10 ~ organisms,  
in 0.1 ml  saline, were in jec ted  i.v. by  the  tai l  vein in to  
groups  of 20-30 mice. Some of t he  mice were  t r e a t e d  by  
i.p. in ject ion of 100 Izg of e i ther  cyclacil l in or  ampici l l in.  

The ant ib io t ics  were ob ta ined  f rom commerc ia l  lots  pre-  
pa red  a t  W y e t h  Labora tor ies .  S tock solut ions  were  pre-  
pa red  in sterile saline a t  a concen t r a t ion  of 1000 b~g of each 
an t ib io t ic  per  ml  saline. The solut ions were ster i l ized by  
f i l t ra t ion  and  s tored  in 5 ml  a l iquots  a t  -20  °C unt i l  used. 

To t e s t  t he  effect  of an t ib io t ic  on c learance  of  bac te r ia  
f rom t h e  circulat ion,  0.1 mt  vo lumes  of b lood were  ob-  
ta ined,  by  e i ther  r e t roorb i t a l  venous  p lexus  p u n c t u r e  or 
f rom the  ta i l  vein,  a t  closely spaced  in terva ls  dur ing  the  
f i rs t  6-10 h a f te r  in jec t ion  of t h e  bac ter ia .  A t  g iven in ter-  
vals  4 to  5 mice were killed and  the i r  spleens and  l ivers 
r e m o v e d  asept ical ly .  The organs  were  homogen ized  w i t h  
10.0 ml steri le  saline, using asept ic  procedures .  The n u m -  
ber  of viable  bac te r ia  in each  organ was  de t e rmined  by  a 
s t a n d a r d  pour  p la te  procedure ,  using n u t r i e n t  agar  plates .  

Fo r  in v i t ro  suscept ib i l i ty  tes ts ,  a conven t iona l  t ube  
di lu t ion t echn ique  was used. Two-fold  serial d i lu t ions  of 
each  ant ib io t ic  were m a d e  in 0.5 nfi vo lumes  of steri le 
b ra in  h e a r t  b r o t h  in smal l  glass tubes.  To each d i lu t ion  was 
added  0.1 ml  of an 18 h b r o t h  cul ture  d i lu ted  so as to  con- 
t a in  a p p r o x i m a t e l y  5 × 10" viable  o rgan isms  per  ml. The 
tubes  were  incuba ted  at  37°C for 18 h and  t h e  MIC was  
recorded as t h a t  concen t r a t i on  of an t ib io t ic  wh ich  pre-  
v e n t e d  g r o w t h  of t he  bacter ia .  

As is ev iden t  in Table  I, t he re  was  a rapid  c learance of 
E. cell f rom the  blood of u n t r e a t e d  as well  as t r ea ted  mice. 
Few if any  bac te r ia  were de t ec t ed  in the  blood a f te r  6-8 h, 
even  w i t h o u t  ant ib iot ics .  On the  o the r  hand ,  t he re  was  a 
r ap id  increase in t he  n u m b e r  of E.  coli in t he  spleen and  
l iver  of all mice,  t he  larges t  n u m b e r  occurr ing in t he  liver.  
Much  grea te r  n u m b e r s  of bac te r i a  were  recovered  t r o m  
the  u n t r e a t e d  mice;  for example ,  t he re  were  over  2000 E .  
cell per  ml  of spleen or l iver  hornogena te  8 h a f t e r  injec-  
t ion  of bac te r i a  in cont ro l  mice, whereas  less t h a n  200 
were p r e s e n t  in equ iva len t  t i ssue  samples  f rom the  ant i -  
b io t i c - t r ea ted  groups.  

As shown in Table  II ,  ampiei l l in  was a b o u t  6-8 t imes  
more  effect ive t h a n  cyclacil l in aga ins t  E. coll. This  differ-  
ence is s imilar  to t h a t  r epo r t ed  in o the r  s tud ies  ~ and  con- 

Table I. Blood clearance and tissue localization of E. cell in untreated 
and treated mice 

Treatment b 

Test Time after None Cyclacillin Ampicillin 
sample • injection 

(h) 

Blood 0 >2000 >2000 >2000 
2 504- 19 70=t= 31 80=f= 22 
4 1054- 26 1204- 68 98-t- 37 
8 <5 <5  <5  

12 <5 <:5 <:5 
Spleen 0 <100 <100 <100 

2 8504-360 240~ 43 2104- 39 
4 11504-630 300_-t_- 52 6004-130 
8 >2000 <100 2384- 52 

Liver 0 <:100 <100 <100 
2 >2000 515~ 65 480:t: 70 
4 >2000 800-.1= 93 1000-~ 21 
8 >2000 1020:L130 11504-360 

"Groups of 30 mice each injectcd i.p. with E. cell (approximately 
1.0 × 10 s organisms) after treatment with indicated antibiotic; 4-6 
mice were tested per group at indicated time interval (0 time = within 
10 rain of injection of bacteria) for number of E. cell per 0.1 ml test 
sample, b 100 [zg of indicated antibiotic injected into each test mouse 
1 h before challenge injection. 

Table II. Minimal inhibitory concentrations for in vitro inhibition of 
growth of E. coli in presence or absence of homogenate of normal 
mouse liver or spleen 

Antibiotic Mouse tissue added, MIC with test bacteriab 
(~g]ml) 

Cyclacillin None 6.7 
Spleen 6.7 
Liver 6.7 

Ampicillin None 0.8 
Spleen 0.8 
Liver 0.8 

~Equal volume of 10% homogenate (v/v) of indicated normal mouse 
tissue added to antibiotic dilution before testing for MIC. bMIC de- 
termined after 18-24 h incubation at 37°C. 
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Agents Chemother. 1967, 597 (1968). 
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* J .A.  YURCHENCO, M. W. HOPPER, T, D. VINCE and G. H. WAR- 
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t r a s t s  m a r k e d l y  w i t h  t h e  in v ivo  resul ts .  Thus ,  in  a n  addi -  
t i o n a l  series of e x p e r i m e n t s ,  t h e  a d d i t i o n  of 10% (v/v) 
sal ine h o m o g e n a t e s  of l ive r  a n d  spleen cells f rom n o r m a l  
mice  h a d  no  s ign i f i can t  ef fec t  on  t h e  MIC of e i t he r  an t i -  
b io t ic  (Table  I I ) .  

T h e  re su l t s  of t he se  e x p e r i m e n t s  con f i r m  t h e  m a r k e d  
d i f ference  b e t w e e n  t h e  in  v i t r o  a n d  in  v ivo  suscep t ib i l i t y  of 
E. coli t o  cyclaci l l in .  \Vhe rea s  t h e r e  was  l i t t l e  d i f ference  
b e t w e e n  t h e  effects  of cyclac i l l in  a n d  ampic i l l in  in  r i c o ,  
t h e r e  was  a m a r k e d  d i f fe rence  in  t h e  MIC tes ts .  T h e  rea-  
son  for  t h e s e  d i f ferences  is n o t  clear.  

F u r t h e r  s tudies ,  n o w  in  progress ,  o n  t h e  in  v i t r o  effect  
of t i s sue  h o m o g e n a t e s  f rom n o r m a l  a n d  a n t i b i o t i c - t r e a t e d  
mice  shou ld  p rov ide  r e l e v a n t  i n f o r m a t i o n  c o n c e r n i n g  t h e  
c o m p a r a t i v e  eff icacy of eyclaci l l in  a n d  o t h e r  s e m i s y n t h e -  
t ic  penici l l ins .  T h e  in v ivo  vs  in  v i t r o  p a r a d o x  is a lso be ing  
i n v e s t i g a t e d  b y  d e t e r m i n i n g  t h e  effects  of cyclac i l l in  on  

R E  cell fun t ion ,  a n t i b o d y  f o r m a t i o n  a n d  nonspeci f ic  re- 
s i s tance .  

Rdsumd. Chez la  souris,  l ' e f fe t  de  la cyclaci l l ine  diff6re 
peu  de  celui de l ' ampic i l l ine ,  en  ce qui  conce rne  la  concen-  
t r a t i o n  ou loca l i sa t ion  de  E. coli d a n s  le sang,  la  r a t e  e t  la  
foie. U n e  dif f6rence i m p o r t a n t e  es t  c e p e n d a n t  no t6e  d a n s  
les c o n c e n t r a t i o n s  m i n i m a  inh ib i t r i ce s  (MIC) de  ces d e u x  
a n t i b i o t i q u e s  p o u r  les bac t6 r ies  g ram-n6ga t ives .  
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Nifurpipone ,  a N e w  Ni trofuran wi th  a Large  Ant imicrob ia l  S p e c t r u m  

Since t he  low w a t e r  so lub i l i t y  of n i t r o f u r a n s  is a l im i t i ng  
f a c t o r  for  p h a r m a c e u t i c a l  f o r m u l a t i o n  a n d  for some t h e r a -  
peu t i c  uses, we s y n t h e s i z e d  a ser ies  of 5 -n i t ro -2- fura lde-  
h y d e  a m i n o a c e t h y d r a z o n e s  to  o b t a i n  new  n i t r o f u r a n s  w i t h  
a b e t t e r  w a t e r  so lub i l i ty .  A m o n g  t h e s e  t h e  5-ni t ro-2-  
f u r a l d e h y d e  N ' - m e t h y l - N - p i p e r a z i n o a c e t h y d r a z o n e  (Rec 
15-0122 n i fu rp ipone )  showed  a v e r y  good a n t i m i c r o b i a l  
a c t i v i t y  in  v i t r o  a n d  in  r i c o ,  a n d  also a h i g h  u r i n a r y  ex- 
c re t ion ,  so t h a t  t h i s  c o m p o u n d  a p p e a r s  as a p o t e n t i a l  d r u g  
for  u r i n a r y  t r a c t  in fec t ions  ~-*. 

a b s o r p t i o n  m a x i m a  a t  360 a n d  252 nm.  ~EI% ~ 582 a t  k 1Cil l  

360 nm) .  The  s u b s t a n c e  is v e r y  soluble  in  m e t h a n o l ,  a n d  
ch loroform,  so luble  in  e thano l ,  ace tone ,  a n d  benzene ,  
s l igh t ly  so lub le  in  w a t e r  (0 .2%).  I t s  sa l t s  are  v e r y  soluble  
in  wa te r .  T h e  m o n o a c e t a t e  a n d  t h e  d i h y d r o c h l o r i d e  a re  
m i c r o c r y s t a l l i n e  p o w d e r s  w i t h  m.p .  a t  126-129 ° a n d  a t  
250 respec t ive ly .  

The  in  v i t r o  a n t i m i c r o b i a l  a c t i v i t y  was  t e s t e d  b y  con-  
v e n t i o n a l  m e t h o d s  a n d  t h e  resu l t s  are  r e p o r t e d  in T a b l e  I. 
N i t r o f u r a n t o i n  was  i n v e s t i g a t e d  for  compa r i son .  
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nifurpipone 

N i f u r p i p o n e  is a m ic r oc r y s t a l l i ne  yel low p o w d e r  w i t h  
m.p.  167-168 o (dec.). I t s  U V - s p e c t r u m  in w a t e r  shows 2 
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Table I. Antimicrobial activity in vitro 

Minimal inhibitory concentrations ([zglml) 

Compound 
~ ~ ~ .~ ~ 0 

~ hX 

Nifurpipone 

Nitrofurantoin 

20 40 20 160 160 160 
10~ 10~ 160 L 80~ 

10 40 20 80 160 80 
1 0  • 20 * >160 ~ 80 a 

10 5 20 160 >160 >160 
10 a 2.5 L 

10 2.5 10 160 160 >160 
10~ 2.5 • 

>160 

> 160 

• With 10% bovine serum. 


