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An ima l s  (all female) were sacrif iced 2 weeks af te r  inocula-  
t ion.  Homogen i zed  left  k idneys  were e x a m i n e d  bac te r io-  
logically. The  in fec t ion  r a t e  in  severa l  e x p e r i m e n t s  is 
d e m o n s t r a t e d  in Tab le  I. 

F r o m  these  results ,  i t  is conc luded  t h a t  k i d n e y  in fec t ing  
dose 6 (KID100) in  whole  t he  an i m a l s  of our  E. coli s t r a in  
to  be  2 . . .  3 • 105 bac t e r i a  in  t he  cond i t ions  descr ibed.  The  
r ep roduc ib i l i t y  of t he  resul t s  a t  va r ious  t i m e s  over  t he  
yea r  was  v e r y  good. There  was no  l e t h a l i t y  in  a b o u t  400 
ra t s  in fec ted  in t h e  same  m anne r .  

F u r t h e r  e x p e r i m e n t s  were pe r fo rmed  to get  i n f o r m a t i o n  
a b o u t  d u r a t i o n  of t he  in fec t ion  b y  t he  use of g rea te r  
a m o u n t s  of b a c t e r i a  t h a n  t he  KID100. W e  w a n t e d  to  be  
sure t h a t  a g rea t  p a r t  of t he  an i m a l s  should  get  a longer-  
l a s t ing  infec t ious  process  in  t h e i r  k idneys .  R a t s  of e i the r  
sex were u n d e r  e x a m i n a t i o n .  A t  var ious  in t e rva l s  d i f fe rent  
groups  of an ima l s  were sacr i f iced and  the i r  k idneys  checked 
for infect ion.  Bac te r i a l  s t r a ins  were ident i f ied  by  haemo-  
lysis, f e r m e n t a t i o n  p a t t e r n ,  a n d  serologically.  I n  all  t h e  
bac ter io logica l ly  pos i t ive  cases we found  pure  cul tures  of 
our  E. coli s t ra in .  Sal ine in jec ted ,  and  suspens ions  of 
g round  sand  in sal ine i n t r a r e n a l l y  inocula ted ,  male  a n d  
female  r a t s  in groups  up  to 15 an ima l s  served as controls .  
T h e y  were sacrif iced w i t h i n  a r ange  f rom 2 weeks up  to 
8 mon ths .  I n  these  an ima l s  we neve r  obse rved  k idney  
infect ion.  

Tab le  I I  shows t h a t  t he re  are no grea t  dif ferences  be t -  
ween  male  and  female  r a t s  up  to  4 or 5 weeks. 5 m o n t h s  

a f te r  infect ion,  nea r ly  ha l f  t he  female  an ima l s  h a d  posi- 
t i ve  bac ter io logica l  cu l tu res  f rom the i r  in fec ted  kidneys ,  
whereas  the  k i d n e y  of on ly  I ma le  r a t  ou t  of 13 exh ib i t ed  
bac te r i a l  g rowth .  

Because  of t he  r e l a t ive ly  smal l  n u m b e r  of an ima l s  
ava i l ab le  for s t a t i s t i ca l  eva lua t ion ,  we are no t  able  to  
decide w h e t h e r  t he  obse rved  sex di f ference was poss ib ly  
p r e sen t  a t  an  ear l ier  s tage of the  infect ious  process  in  the  
k idneys .  Ne,~ertheless, i t  m u s t  be  s t a t e d  f rom our  resul t s  
t h a t  p l a n n i n g  a n d  i n t e r p r e t a t i o n  of s imi la r  e x p e r i m e n t s  
h a v e  to cons ider  t he  sex of t he  an ima l s  used. 

Zusammen[assung. L e b e n d e  E. coli-Bakterien w u r d e n  
bei  R a t t e n  d i rek t  in  die Niere  inj izier t .  F i i r  die In f ek t i on  
war  eine b e s t i m m t e  M i n d e s t - K e i m m e n g e  erforderl ich.  
Bei  I n j e k t i o n  h6he re r  Dosen  (Chronizi t~t)  i i be r s t anden  
die m~tnnlichen Tiere  die t n f e k t i o n  o f fenbar  schnel ler  und  
le ichter  als die weibl ichen.  
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Sensitivity of some Plant Pathogenic Fungi Towards Plant Metabolites: Antifungal 
Activity of some Chalcones, Dihydrochalcones and Flavanones 

As a p a r t  of our  p r o g r a m m e  on t he  chemica l  cons t i t -  
uen t s  occur r ing  in some p l a n t s  bea r ing  a n t i f u n g a l  
propert ies1.2,  we were able  to  isola te  and  cha rac te r i ze  
2 new  compounds ,  f l e m i c h a p p a r i n - B  (I) a n d  f lemich-  
appa r in -C  (II) ~ f rom t he  roots  of Flemingia chappar 
(Faro:  Leguminosae)  which  were found  to  show a n t i f u n g a l  
a c t i v i t y  4 aga in s t  3 p l a n t  pa thogens ,  Heiminthosporium 
oryzae, Curvularia lunata a n d  Alternaria solani. Besides  
these  2 modi f ied  isof lavonoids ,  2 new n a t u r a l l y  occur r ing  
cha lcones  of u n u s u a l  a r o m a t i c  s u b s t i t u t i o n  p a t t e r n ,  
flemichapparin- (III) 5 and  f l e m i c h a p p a r i n - A  (vii) ~, along 
w i t h  2 ' , 4 ' - d i h y d r o x y c h a l c o n e  (IV)~, were isola ted f rom 
the  aer ia l  p a r t s  of F. chappar. The  a n t i f u n g a l  a c t i v i t y  
of these  chalcones  and  the i r  co r re spond ing  de r iva t i ve s  
(d ihydrocha leones  an d  f lavanones)  h a v e  now  bee n assayed  
b y  s t u d y i n g  the i r  effects on 4 g r o w t h  s tages  of fungi,  viz., 
spore ge rmina t ion ,  germ t u b e  growth ,  v e g e t a t i v e  g r o w t h  
in colony, and  sporu la t ion .  T he  c o m p o u n d s  (III-X) h a v e  

also been  s tud ied  w i t h  a n u m b e r  of fungi  r ep re sen t ing  
d i f fe ren t  classes, a n d  the i r  m i n i m u m  i n h i b i t o r y  concen t r a -  
t ion  ha s  been  d e t e r m i n e d  aga ins t  a selected t e s t  organism.  
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Table I. Effect of chalcones and their derivatives at 105 [zg/ml concentration on spore germination of 3 plant pathogenic fungi 

Compounds pH of the 
solutions 

Germinat ion  (%) of spores of 

H. oryzae A. solani C. lunata 

Flemichapparin (III) 
2% 4'-Dihydroxychalcone (IV) 
Dihydroflemiehapparin (V) 
2', 4'-Dihydroxy-dihydrochalcone (VI) 
Flemiehapparin-A (VII) 
Tetrahydroflemichapparin-A (VIII) 
6-Methoxy-7-hydroxyflavanone (IX) 
7-Hydroxyflavanone (X) 
Control 

8.5 80 20 0 
8.5 100 59 60 

10.0 0 90 0 
10.0 0 0 0 

9.8 0 0 0 
10.0 0 0 0 

9.5 100 0 0 
8.5 100 0 0 
7.0 100 95 70 
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Table II. Effect of different chaleones and their derivatives at 105 ~xg/ml on germ tube growth of 1 plant pathogenic fungus, H. oryzae 

Compounds Effect on germ tube growth 

Length after 24 h Morphology after 24 h Spore germination 
(~m) (%) 

Flemichapparin (III) 

2', 4'-Dihydroxyehalcone (IV) 
Dihydroflemichapparin (V) 
2', 4'-Dihydroxydihydrochaleone (VI) 
Flemiehapparin-A (VII) 
Tetrahydroflemichapparin-A (VIII) 
6-Methoxy-7-hydroxyflavanone (IX) 
7-Hydroxyfiavanone (X) 

Control 

48-80 Very short, swelling and excessive 80 
branching type 

96-160 Short and swelling type of germ tube 100 
Nil Nil 0 
Nil Nil 0 
Nil Nil 0 
Nil Nil 0 
480-800 Smooth slightly short germ tube 100 
160-320 Smooth but some what short 100 

germ tube 
800-1000 Smooth walled long germ tube 100 

H3Co-~O~ R A 

I:R-H 2 
]I:R=O 

0 
V:R~ R'OCH 3 
VI:R.OH, R'H 

%OHo..- ~ 
0 

V~ 

0 
111:R=OH, R'OCH 3 
iV: R=OH, R'--H 

O• O H O . -  ~ 
0 

0 

IZ:R=OH, R'-- OC H 3 
X: R=OH RSH 

Materials and methods. The foIlowing 5 t e s t  organisms 
were used in th is  work:  Helminthosporium oryzae, 
Alternaria solani, Curvularia lunata, Aspergillus niger 
and Rhizopus nig*icans. Spore suspensions  f rom 12-day- 
old cul tures  on P D A  wi th  cold (5~ sterile dist i l led 
water  were used in the  ge rmina t ion  tes t s  by  cavi ty-s l ide  
me t h o d  s, mak ing  observa t ions  af ter  4 12 h incuba t ion  at  
28~ The compounds ,  (III),  (VII) and  (IV), as well as 
the i r  cor responding  d ihydro  and f lavanone  der iva t ives  
(V, VI, V I I I - X ) ,  were assayed.  The solut ions of these  
compounds  in 1% aqueous  N a O H  were p repa red  at  
double  the  required s t rength .  Ef fec ts  on g rowth  and  
sporula t ion  were s tudied  by  adding  requis i te  q u a n t i t y  of 
solut ions of these compounds  to  P D A  m e d i u m  in pe t r i  
dishes so as to get  50 ~g/ml concen t ra t ion  of the  compounds  
in t he  med i u m;  g rowth  was e s t ima ted  by  d iamete r  of 
colony;  spo ru l a t ion  was measured  f rom the  spore sus- 
pensions  f rom the  plates.  The m i n i m u m  inh ib i to ry  
concen t ra t ion  (MIC) of the  compounds  ( V I - V I I I )  
against  H. oryzae was de te rmined .  

Results and discussion. The compounds  (VII), (VIII)  
and  (VI) were found to  be h ighly  successful inhib i tors  of 
all the  th ree  t e s t  fungi. The spore ge rmina t ion  of the  
fungi, H. oryzae, A .  solani and  C. lunata were inh ib i ted  

s N. MUKHERJEE and B. KUNDU, Phytopathology 78, 89 (1973). 

Table III. Effect of compounds (50 ~zg/ml) on growth and sporulation of some plant pathogenic fungi 

Compounds H. oryzae A. niger 

Growth 

Rh. nigricans 

Sporulation Growth Sporulation Growth Sporulation 

Flemichapparin (III) 1.5 
2', 4'-Dihydroxy chaleone (IV) 1.2 
Dihydroflemichapparin (V) 3.0 
2', 4'-Dihydroxy dihydroehaleone (VI) 2.0 
Flemichapparin-A (VII) 0.6 
Tetrahydroflemiehapparin-A (VIII) 3.0 
6-Methoxy-7-hydroxy flavanone (IX) 0.5 
7-Hydroxy flavanone (X) 0.5 
Control 6.0 

0 0.9 4 0.0 NG 
4 3.0 4 2.0 2 
0 1.0 4 5.0 2 
2 2.5 4 3.8 0 
2 0.4 4 0.0 NG 
0 0.0 0 0.0 NG 
1 1.5 4 5.0 3 
3 3.6 4 5.0 0 
5 3.6 5 5.0 5 

Growth measurement: Diameter of colony in cm; NG, no growth; Sporulation grade: 0, no; 1, very scanty; 2, slight; 3, low; 4, medium; 5, high. 
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respec t ive ly  b y  t he  c o m p o u n d s  [ (V-VIII)~,  [(III) ,  
( V I - X ) ]  a n d  [(III) ,  (V-X)] .  All these  c o m p o u n d s  save  (IV) 
showed some i n h i b i t o r y  a c t i v i t y  aga ins t  a n y  of t he  3 t e s t  
fungi.  However ,  t he  c o m p o u n d s  (IX),  (X) a n d  (V) 
showed specif ici ty  in t he i r  i n h i b i t o r y  ac t ion  (Table  I). The  
c o m p o u n d s  (III) ,  (IV) and  (X) i n h i b i t e d  or d i s t u r b e d  t he  
g r o w t h  of ge rm t u b e s  of t h e  same  fungus,  a l lowing 80-  
100~ g e r m i n a t i o n  of spores  of H. oryzae. Germ t u b e  
g r o w t h  was s ign i f ican t ly  r educed  b y  these  3 compounds .  
Moreover, (III) a n d  (IV) resu l ted  in swellings of germ 
tubes  (Table  II). T he  c o m p o u n d s  (vii), (III) a n d  (viii) 
were found  to be  h igh ly  p o t e n t  g r o w t h  inh ib i t o r s  of 
all  t h e  fungi  t e s t ed  (Table  I I I )  Two of t h e m  (vii a n d  
vii i )  appea red  to  be good g e r m i n a t i o n  inh ib i to r s  
(Table  I). F u r t h e r ,  t he  c o m p o u n d  (X) was found  to  be  a 
specific i n h i b i t o r  for H. oryzae alone. Dif ferent ia l  g r o w t h  
i n h i b i t o r y  a c t i v i t y  was shown  b y  (V) and  ( IX) ,  be ing  
i n h i b i t o r y  to  all excep t  Rh. nigricans, and  b y  (IV), be ing  
i n h i b i t o r y  to  all excep t  A. niger. Sporu l a t i on  i n h i b i t o r y  
ac t i v i t y  t o w a r d s  H. oryzae a n d  A. niger was obse rved  ill 
only (VIII). The  c o m p o u n d s  (III) and  (V) showed 
a n t i s p o r u l a n t  a c t i v i t y  for H. oryzae while  (VI) a n d  (X) 
exh ib i t ed  t h e  same  p r o p e r t y  for R. nigricans (Table  I I I )  
This  is a v e r y  useful  obse rva t ion ,  since the  i m p o r t a n c e  of 
spo ru l a t i on  in seconda ry  sp read  of such  p a t h o g e n s  is 
v e r y  we l l -known 9. T he  MIC for (VI) and  (viii) was 

found  to be  25 ~g/ml  and  t h a t  for (VII)  was  30 ~g/ml.  
The  h igh  a n t i f u n g a l  a c t i v i t y  of these  3 con lpounds  a t  such  
a low c o n c e n t r a t i o n  is v e r y  promis ing .  The  c o m p o u n d s  
( I I I - X )  a p p e a r  to  be s o m e w h a t  b r o a d  s p e c t r u m  in t he i r  
a c t i v i t y  t owards  d i f fe ren t  t ypes  of p l a n t  p a t h o g e n i c  fungi.  
Fu r the r ,  these  types  of cha lcones  and  the i r  co r respond ing  
d ihydro  a n d  f l a v a n o n e  de r iva t i ve s  show fungi tox ic  
p r o p e r t y  since m o s t  of t h e m  i n h i b i t e d  t he  fungi  in 
d i f fe ren t  g r o w t h  phases .  F u r t h e r  work  in th i s  area  is now 
u n d e r w a y  ~0. 

Rdsumd. Act ion  an t i fong ique  et  a n t i s p o r u l a n t e  de 
d6riv6s cha lcones  et  f lavones.  
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H + Secret ion and Na+-K+-Dependent  A T P a s e  S y s t e m  in the H u m a n  Gastric  Mucosa  

H+ secre t ion b y  t he  h u m a n  s t o m a c h  is one of t he  
ac t ive  ca t ion  t r a n s p o r t  processes  ~, 2. D u r i n g  secre t ion  t he  
H+ is c o n c e n t r a t e d  106 t imes  aga ins t  i ts  c o n c e n t r a t i o n  
g r ad i en t  in  t he  s tomach .  I t  is well  k n o w n  t h a t  t he  H+ 
secre t ion  is a n  A T P - d e p e n d e n t  process2. Two e n z y m a t i c  
ways  are p r e sen t  for t he  hydro lys i s  oE A T P  a t  t he  level  
of t he  cell m e m b r a n e :  m e m b r a n e  A T P a s e  sys tem3,  ~ and  
adeny l  cyclase s y s t e m 5  A l t h o u g h  b o t h  of t he  2 sys t ems  
were o b t a i n e d  in t he  h u m a n  gas t r ic  mucosa  a-~2, t h e  
i m p o r t a n c e  of these  sys tems  is u n k n o w n  in  t he  H+ 
secret ion.  

I n  th i s  paper ,  a pos i t ive  and  m a t h e m a t i c a l l y  s ign i f ican t  
co r re l a t ion  ha s  been  p r o v e d  to be  p r e s en t  b e t w e e n  t he  H + 
secre t ion  and  t he  N a + - K + - d e p e n d e n t  A T P a s e  a c t i v i t y  
f rom h u m a n  fundic  gast r ic  mucosa.  

Material and methods. I n  45 p a t i e n t s  w i t h  pep t ic  ulcer  
(20 p a t i e n t s  w i t h  gas t r ic  and  25 p a t i e n t s  w i t h  duodena l  
ulcers), the H+ secretion by the stomach was measured 
without application of any drug (basal acid output). The 
H + secretion was expressed in mEq/h. These patients 
underwent resection of stomach because of peptic 
ulceration. During operation a piece was cut out from the 
fundic part of the stomach. The gastric mucosa and the 
muscular layer were separated from each other and the 
membrane ATPase was prepared from fundic gastric 
mucosa  w i t h  d i f fe ren t ia l  c en t r i f uga t i on  (20,000 •  and  
40 ,000•  a n d  t r e a t m e n t  w i t h  2.0 M N a I  so lu t ion  
accord ing  to t he  m e t h o d  p rev ious ly  descr ibed  6. The  
m e m b r a n e  A T P a s e  a c t i v i t y  was m e a s u r e d  in an  i n c u b a t i o n  
sys t em a t  37 ~ b y  l i be ra t ion  of inorganic  p h o s p h o r u s L  

ATPase activity of membrane fraction from human fundic gastric 
m U c o s a  

~g2+-dependent ATPase 

Total/Mg2+-dependent and 

Na +- K+-dependent/ATPase 

Na+- K+-dependent ATPase 

Total + ouabain (10 4 M) 

Ouabain (10 -~ M) inhibition 

0.81 • 0.13 

2.95 ~_ 0.10 

2.14 i 0.11 

0.77 • 0.13 

2.18 • 0.12 

The ATPase activity was determined ill presence of 2 mM 1Via 2+ 
(Mg2+-dependent part) and of 2 mM Mg 2+, 80 mM Na + and 33 mM 
K + (total ATPase). Na+-K+dependent ATPase was calculated as the 
difference between the total and Mg~+-dependent part alone. Ouabain 
was dissolved in the same salt solution (2 mM Mg 2+, 80 mM Na + 
and 33 mM K+). ATPase activity was expressed as means =t- SEIV[ 
of 10 patients, in b~moles of inorganic phosphorus (Pi) liberated by the 
transformation of ATP into ADP/mg membrane protein/h. 
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