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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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14, 633 (1971). 
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(1971). 

4 L. DEGEN, M. SALVATERRA, S, VELLA, D. NARDI and E. MASSA- 
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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. 
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T a b l e  I I .  D e v e l o p m e n t  of res i s tance  to  n i f u r p i p o n e  a n d  to n i t r o f u r a n -  
to in  

Strains Nifurpipone Nitrofurantoin 

0" 10~ 0* 10" 

St. aureus SG 511 2.5 10 5 10 
E. coli I00 20 40 10 :> 20 
Proteus morganii 40 >80  80 9 160 
S. typhimurium 1086 20 40 20 40 

Minimal inhibitory concentrations (txg/ml). ~ Number of transfers. 

Table III. Acute toxlcities of nifurpipone and nitrofurantoin 

Animal species Route LD~0 mg/kg 

Fig.  1. Suscep t ib i I i ty  of v a r i o u s  b a c t e r i a l  species to  i n c r e a s i n g  con-  Mouse  
centrations of nifurpipone (full columns) and to nitro-furantoin Mouse 
(empty columns). Rat 

Rabbit 

~M/m: 

== 
,,o 

x:: 

o 

0.01 
6 7 apH 

Fig.  2. E f f ec t  of  p H  o n  the  a n t i m i c r o b i a l  a c t i v i t y  of n i f u r p i p o n e  (full 
dots) and nitrofurantoin (circles) against St. aureus SG 511. 

The  resu l t s  of e x p e r i m e n t s  on  poss ib le  d e v e l o p m e n t  of 
r e s i s t ance  aga in s t  4 b a c t e r i a l  s t r a i n s  are  s u m m a r i z e d  in 
Table.  I I .  

T h e  in v i t ro  a c t i v i t y  a g a i n s t  70 bac te r i a l  s t r a i n s  i so la ted  
f rom infec ted  h u m a n  ur ines  is r e p o r t e d  in F igure  1. 

I n  v ivo  n i fu rp ipone  e x h i b i t e d  some  a c t i v i t y  in sy s t emic  
i n f ec t i on  of :n ice  w i t h  Streptococcus pyogenes C 203 a n d  
w i t h  Salmonella t yph imur ium 1086 a n d  in i n t r a m u s c u l a r  
i n fec t ion  of mice  w i t h  StaphiIococcus aureus 742. I n  ex-  
p e r i m e n t a l  u r i n a r y  t r a c t  in fec t ions  of r a t s  w i t h  Proteus 
vulgaris 2 G/4, n i fu rp ipone  p r e v e n t e d  t h e  a s c e n d i n g  in-  
fec t ion  a n d  b l a d d e r s t o n e  fo rmat ion .  I n  b l a d d e r  in fec t ion  
of r a b b i t s  w i t h  Staphilococcus aureus 742, n i fu I~ ipone  
lowered v i a b l e  bac t e r i a l  c o u n t  a f t e r  ora l  a d m i n i s t r a t i o n .  

Af t e r  s ingle  ora l  a d m i n i s t r a t i o n  of 20 m g / k g  to  ra ts ,  of 
20-100 m g / k g  to  r abb i t s ,  a n d  of 5 -10  m g / k g  to  dogs, t h e  
u r i n a r y  exc re t ion  of n i f u r p i p o n e  was a b o u t  20, 10 a n d  
10% respec t ive ly .  U r i n a r y  exc re t ion  of n i f u r p i pone  was  
also s t ud i ed  in  men .  A f t e r  s ingle  ora l  a d m i n i s t r a t i o n  of 

Nifu rp ipone  N i t r o f u r a n t o i n  

Dog 

Ora l  1125 370 
i,p. 252 96 
Ora l  960 2500 
0 r a l  400 

VD~0~ 
Oral 6.9 1.6 

Vomiting dose in 50% of the animals. 

100-150 rag, a b o u t  27% was  exc re t ed  in t h e  f i r s t  6 h a n d  
t h e  c o n c e n t r a t i o n  was  a lways  a b o v e  c h e m o t e r a p e u t i c a l l y  
ac t ive  levels  ( > 5 0  txg/ml). 

Af te r  r ec t a l  a d m i n i s t r a t i o n  of 20 m g / r a t s  to  ra ts ,  a b o u t  
18% of t h e  dose was e l i m i n a t e d  in ur ine.  

The  effect  of p H  on  a n t i m i c r o b i a l  a c t i v i t y  differ  for 
n i fu rp ipone  a n d  for  n i t r o f u r a n t o i n e  (Figure  2). 

T a b l e  I I I  shows t h a t ,  in  acu te  t o x i c i t y  expe r imen t s ,  
n i f u r p i p o n e  seems usua l ly  b e t t e r  t o l e r a t e d  t h a n  n i t ro -  
f u r a n t o i n .  

I n  chron ic  t ox i c i t y  s tud ies  n i fu rp ipone  was  well  to-  
l e r a t ed  up  to  oral  doses .of 50 m g / k g / d a y  for  130 d a y s  in  
r a t s  a n d  of 12 m g / k g / d a y  for  242 d a y s  on  dogs  ( v o m i t i n g  
b e i n g  in  t h e  l a t t e r  t i le  l i m i t i n g  f ac to r  for  dosing) .  F u r t h e r -  
more  t h e  d r u g  was f o u n d  w i t h o u t  t e r a t o g e n i c  p rope r t i e s  
up  to  50 m g / k g / d a y  o ra l ly  in  r a t s  a n d  r abb i t s .  

Bes ides  v o m i t i n g  n i fu rp ipone  does n o t  deve lope  signifi-  
c a n t  p h a r m a c o d y n a m i c  act ions .  

I n  conc lus ion  t h e  a n t i m i c r o b i a l  a n d  t h e  p h a r m a c o k i n e -  
t ic  p rope r t i e s  of n i fu rp ipone  a n d  t h e  absence  of i m p o r t a n t  
p h a r m a c o d y n a m i c  effects  ou t l i ne  t h e  d r u g  as a p o t e n t i a l  
new t h e r a p e u t i c  a g e n t  for t h e  t r e a t m e n t  of u r i n a r y  t r a c t  
infec t ions .  I t s  w a t e r  so lubi l i ty ,  t he  b e t t e r  gas t r ic  to l e rance  
a n d  t he  poss ib i l i ty  of r ec ta l  a d m i n i s t r a t i o n  m a y  r e p r e s e n t  
a d v a n t a g e s  over  t h e  c o m m o n l y  used  n i t r o fu r ans .  Clinical  
t r i a l s  are  in progress  a n d  a re  c o n f i r m i n g  these  conclusions .  

Riassunto. I1 n i f u r p i p o n e  (5-n i t ro -2- fura lde ide  N ' -me t i t -  
N-p ipe raz ino -ace t id r azone )  ~ u n  n u o v o  n i t r o f u r a n i c o  a 
largo s p e t t r o  a n t i b a t t e r i c o ,  escre to  con  le u r ine  e qu ind i  
p o t e n z i a l m e n t e  i nd i ca to  nel le  infez ioni  delle vie ur inar ie .  
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