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un te rsuchung mi t  2n = 48 angegeben worden. E r  z~hlte 
aber  aueh 45, 42 und 40 Chromosomen,  hiel t  diese Zalllen 
jedoch fiir Z~hlfehler. Es  scheint  n icht  ausgeschlossen, 
dass in seinem Mater ia l  mehrere  Chromosomenzahlen  
vorlagen.  Alle vier  yon ~AINER1 unte rsuchten  Tiere  hat-  
t en  haploid  30 Chromosomen.  In  dem yon ihm abgebil-  
de ten  Chromosomensa tz  gibt  es ein sonst  bei C. hortensis 
nicht  vorhandenes  kleines Chromosom. Das 1. Chromo- 
som ist  nur  wenig l~nger als das 2. im Gegensatz zum 
1. Chromosom bei haploid  22 Chromosomen.  Von 5 
Untersuchern  haben  2, vie l le icht  3, VerXnderungen am 
Chromosomensa tz  yon  C. hortensis gesehen, die sicher alle 
auf  Bruchereignisse zuriickgehen. Cepaea scheint  re la t iv  
unempfi l ld l ich  gegen Ver/ inderungen des Karyo typs  zu 
sein 6. 

8 out  of 9 animals,  the longest chromosome had all a rm 
rat io of 1.2. One an imal  showed a ra t io  of 4.9. This  
aberra t ion  is t hough t  to have  arisen by a per icentr ic  
inversion. Because bo th  the  normal  and the  aber ran t  
chromosome coexisted in the  same populat ion,  a chromo- 
somal polymorpt l i sm seems to be present.  
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Summary. The ka ryo type  of 9 Cepaea hortensis were 
analyzed.  Tile haploid chromosome number  was 22. 
2 types  of longest  chromosomes were encountered.  In  
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T h e  Effect of  A l k y l a t i o n  on the  A n t i m i c r o b i a l  Act iv i t i e s  of 7 - H y d r o x y -  and 4 - H y d r o x y c o u m a r i n s  

Although  i t  has been repor ted  t h a t  some na tura l  
coumar ins  possess an t ibac te r ia l  or  ant i fungal  proper-  
ties 1, 3, the  effects of s t ruc tura l  var ia t ions  on microbial  
inhibi t ion  are no t  welI established. In  the  case of bacteria,  
some relat ions be tween  s t ructure  and ant ibac ter ia l  
ac t iv i ty  were recent ly  proposed by  DADAK and H6DXK 3 
on the  basis of the  effects of 15 na tura l  coumar ins  and 
der iva t ives  on bacter ia l  growth.  All were inact ive  against  
Gram-nega t ive  microorganisms (Escherichia coli, Aero- 
bacter aerogenes and Serratia marcescem). However ,  
growth of Gram-pos i t ive  organisms belonging to the  
genera staphylococcus, Micrococcus and Bacillus were 
inhibi ted  by ammores inol  I, d icoumarol  II, and os t ru th in  
III,  I being 2-5 t imes  more effect ive than  I I  or I n .  
I)AD2{K and I-I6D_~K pointed  out  t h a t  the  ac t iv i ty  of 
ammores inol  is dependent  on the  presence of the  free 
hydroxyls  a t  posit ions 4 and 7, since the  d ime thy l  
de r iva t ive  of I was complete ly  inact ive.  The  par t icular  
impor tance  of the  free hydroxy l  a t  posi t ion 4 for anti-  
bacter ia l  ac t iv i ty  was also indicated by  the  inhibi tory  
effect of d icoumarol  I I .  The ant ibac ter ia l  ac t iv i ty  of 
os t ru th in  appears  to require  bo th  the  free 7-hydroxyl  
group and the  carbon-l inked,  unsa tu ra ted  geranyl  group, 
since me thy la t ion  of the  hydroxy l  and remova l  of the  
side chain (to give 7-hydroxycoumarin)  resulted in par t ia l  
or complete  loss of act ivi ty .  

We  have  now inves t iga ted  the  effects of O-alkylat ion 
and O-benzoylat ion on the  inh ib i tory  effects of simple 
monohydroxy-coumarin~s on microbial  growth.  W i t h  the  
except ion  of Byssochlamys/ulva 7-hydroxycoumar in  I V a  
was inac t ive  against  the  va r i e ty  of molds and yeasts  
shown in Table  I. I n  contras t  to the  inac t iv i ty  of IVa ,  
the  me thy l  e ther  IV b s t rongly inhibi ted  the  growth of 
5 Aspergillus species, of Byssochlamys [ulva, and of 8 of 
the  9 species of yeasts  examined.  The  ac t iv i ty  of 7-ethoxy- 
coumar in  I V c  was similar  to t h a t  of 7 -methoxycoumar in  
and i t  s t rongly inhibi ted growth of all of these fungi. 

7 -Benzyloxycoumar in  I V I  inhibi ted growth of Candida 
chalmersi and Saccharomyces mellis. W i t h  these two excep- 
t ions t i le ant i fungal  propert ies  of 7-geranyloxy- IVd ,  
7-allyloxy- IVe ,  7-benzyloxy- IVf ,  and 7-benzoyloxy- 
coumar in  I V g  were s imilar  to those of the  paren t  
7 -hydroxycoumar in  IVa ,  i.e. t h e y  inhibi ted Byssochlamys 
/ulva but  were ineffect ive against  Aspergillus species and 

yeasts.  Groupings such as allyloxy-,  benzyloxy-,  and 
geranyloxy-  are s t ruc tura l ly  a n d  chemical ly  re la ted in 
that ,  being e, E-unsaturated,  t h e y  are much  more readi ly  
hydrolyzed or hydrogenolyzed than  stable me thoxy-  or 
e thoxy-groups.  The  inac t iv i ty  of these der iva t ives  t V d - g  
m a y  be due, therefore,  to their  facile enzymic  hydrolysis  
or hydrogenolysis  to the  inact ive  7-hydroxycoumar in .  
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Table I. Effect of coumarins on growth of fungi 
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IVa - -  - -  - -  + - -  - -  - -  
IVb + + + + + + + 
IVc + + + + + + 
IVd . . . . . .  
IVe - -  - -  - -  + - -  - -  - -  
IVf . . . . . .  
IVg - -  - -  - -  + - -  - -  - -  
VII a - -  - -  - -  + - -  - -  - -  
VI Ib  + + + + - -  - -  + 
VlIe  + . . . . .  
Vl Id  - -  - -  - -  + - -  - -  + 

+ + + - -  + + + + 
+ + + + + + + + 

. . . .  + - -  + - -  

+ + + - -  + + + + 

+ + + + + + + + 

(+),  effective inhibition of growth. (--), no growth inhibition. 

T h e  m e c h a n i s m  of i n h i b i t i o n  of f unga l  g r o w t h  b y  7 -me th -  
oxy -  a n d  7 - e t h o x y c o u m a r i n  is n o t  k n o w n .  I t  h a s  been  
r e p o r t e d  t h a t  p s o r a l e n  a n d  o t h e r  m e t h o x y l a t e d  p s o r a l e n s  
exe r t  a p h o t o s e n s i f i z i n g  effect  on  fung i  a f t e r  e x p o s u r e  to  
l igh t  ~. W e  h a v e  d e t e r m i n e d ,  h o w e v e r ,  t h a t  7 - m e t h o x y -  
c o u m a r i n  is effect ive a g a i n s t  Aspergillus glaucus a n d  
A spergillus flavus in b o t h  d i f fuse  l igh t  a n d  in c o m p l e t e  
d a r k n e s s .  

On t h e  ba s i s  of  t he se  o b s e r v a t i o n s  i t  w o u l d  a p p e a r  t h a t  
t h e  a n t i f u n g a l  a c t i v i t y  of  a 7 - h y d r o x y c o u m a r i n  d e r i v a t i v e  
is i nc reased  s u b s t a n t i a l l y  w h e n  t h e  pheno l i c  g r o u p  a t  
pos i t i on  7 is p r o t e c t e d  b y  a s t a b l e  e t h e r  g r o u p i n g .  T h e  
a c t i v i t y  of n a t u r a l  c o u m a r i n s  s u c h  as p s o r a l e n  V a n d  
x a n t h y l e t i n  V I  a g a i n s t  Curvularia lunata a n d  Aspergillus 
niger ~ m a y  be  a c c o u n t e d  for  b y  th i s  genera l i za t ion ,  s ince 
t h e  cyclic a l k o x y  g r o u p i n g s  ( the f u r a n o -  a n d  c h r o m e n o -  
r ings)  p r e s e n t  in  t he se  c o m p o u n d s  are  s t ab le  to  h y d r o l y t i c  
r i ng  f ission.  

T h e  a n t i f u n g a l  a c t i v i t y  of 4 - h y d r o x y c o u m a r i n  V I I  a 
w a s  s imi l a r  to  t h a t  of 7 - h y d r o x y c o u m a r i n  I V a .  I t  
i n h i b i t e d  g r o w t h  of Byssochlamys [ulva b u t  w a s  inef fec t ive  
a g a i n s t  t h e  5 Aspergillus species  a n d  t h e  9 yeas t s .  
4 - M e t h o x y c o u m a r i n  V I I b ,  on  t h e  o t h e r  hand ,  i n h i b i t e d  
t h e  g r o w t h  of 12 of  t h e  15 fung i  e x a m i n e d .  4 -Al ly loxy-  
c o n m a r i n  V I I  c i nh ib i t ed  Aspergillus glaucus. W i t h  th i s  
e x c e p t i o n  V I I  c w a s  inef fec t ive  a g a i n s t  o t h e r  fungi .  T h e  
effect  of a l k y l a t i o n  on  4 - h y d r o x y c o u m a r i n ,  the re fo re ,  
c losely para l le l s  t h e  a l k y l a t i o n  effects  o b s e r v e d  w i t h  
7 - h y d r o x y c o u m a r i n .  I t  is n o t e w o r t h y ,  h o w e v e r ,  t h a t  
b e n z o y l a t e d  4 - h y d r o x y c o u m a r i n  differs  f r o m  the  cor-  
r e s p o n d i n g  7 - b e n z o y l o x y c o u m a r i n  in t h a t  i t  i n h i b i t e d  
t h e  g r o w t h  of  all 9 yea s t s .  

T h e  p r o n o u n c e d  a n d  c o n s i s t e n t  c o n t r a s t  in  t h e  inhi -  
b i t o r y  effects  on  t h e  g r o w t h  of m o l d s  a n d  y e a s t s  b y  
7 - m e t h o x y -  a n d  4 - m e t h o x y c o u m a r i n s  as  c o m p a r e d  w i t h  
7 - h y d r o x y -  a n d  4 - h y d r o x y c o u m a r i n s  h a s  n o t  been  ob-  
s e rved  w i t h  bac te r i a .  T h u s ,  w h e r e a s  7 - h y d r o x y c o u m a r i n  
a n d  i t s  g e r a n y l  I V d ,  al lyl  I V e ,  benzy l  I V f  a n d  be nz oy l  
I V g  d e r i v a t i v e s  p r o v e d  inef fec t ive  a g a i n s t  all of  t h e  
b a c t e r i a  s h o w n  in T a b l e  I I ,  i ts  m e t h y l  I V b  a n d  e t h y l  I V c  
d e r i v a t i v e s  i n h i b i t e d  t h e  g r o w t h  of  a t  l eas t  s o m e  of t he se  
o r g a n i s m s ,  i nc lud ing  t h e  G r a m - n e g a t i v e  b a c t e r i a  Aca- 
ligenes /aecalis a n d  Escherichia coli. I n  a g r e e m e n t  w i t h  

t h e  f ind ings  of DADiK a n d  HODs howeve r ,  t h e  h y d r o x y l  
g r o u p  a t  pos i t i on  4 of 4 - h y d r o x y c o u m a r i n  V I I e  a p p e a r s  
to  b e  n e c e s s a r y  for  a n t i b a c t e r i a l  ac t ion ,  s ince m e t h y l a t i o n  
or  a l ly l a t ion  of t h i s  h y d r o x y l  r e su l t ed  in c o m p l e t e  loss  
of a n t i b a c t e r i a l  a c t i v i t y .  A l t h o u g h  4 - h y d r o x y c o u m a r i n ,  

Table 2. Effect of eoumarins on growth of bacteria 

IVa . . . . . . . . .  
IVb + + - -  - -  + . . . . .  
IVc + - -  - -  + + + - -  + - -  
IVd . . . . . . . . .  
IVe . . . . . . . . .  
IVf - -  . . . . . . . . .  
IVg . . . . . . . . . .  
V l Ia  + + + + + . . . .  
Vl Ib  . . . . . . . . .  
VIIc . . . . . . . . .  
VI Id  + + + + + - -  - -  + - -  

(+) ,  effective inhibition of growth. (--), no growth inhibition. 
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as ind ica ted  in Table  I, is general ly  ineffect ive agains t  
fungi,  it  inhib i t s  a n u m b e r  of bacter ia .  In  these  respects  
i t  is s imilar  to  t he  ant ib io t ic  novobiocin  (a 4-hydroxy-  
coumar in  der ivat ive) ,  which  is act ive agains t  bac te r ia  
b u t  has  no act ion on fungi  1, 6. 

Tile an t imic rob ia l  effect iveness  of these  coumar ins  was 
de t e rmined  by  compar i son  of pour  p la tes  con ta in ing  
abou t  200 bacter ia l  or yeas t  cells and  500 p p m  of the  
coumar in  agains t  cont ro l  p la tes  w i t h o u t  added  coumarin ,  
a f te r  incuba t ion  at  28~ for 1-4 days.  Mold g rowth  
inh ib i t ion  was observed  by  spo t  inocula t ion  of tile sur- 
face of the  p r e p a r e d  medium.  Bac te r ia  were grown on 
p la te  count  agar, and  yeas ts  and  molds  on po ta to  dext rose  
agar.  LEDERBI~RG'S replica p la t ing  t echn ique  7 was also 
employed,  mas t e r  p la tes  of bac ter ia  and  yeas t s  being 
used to  inocula te  the  ve lve teen  cloth f rom which  tile 
t e s t  p la tes  were t hen  p repared  s. 

Zusammenfassung. Es wird  der  Einf luss  einer Alkylie- 
rung auf die ant imikrobie l le  Wi rkung  yon  7 -Hydroxy-  
und 4 -Hydroxy-Cumar in  dargestel l t .  
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7-geranyloxy coumarin. 

PRO EXPERIMENTIS 

T i s s u e  S o d i u m  a n d  P o t a s s i u m :  D i r e c t  D e t e c t i o n  in t h e  E l e c t r o n  M i c r o s c o p e  

Previous  a t t e m p t s  to  localize sodium or po tas s ium in 
biological t issue have  usual ly depended  on electron his to-  
chemical  t echn iques  ~, 2. These m e t h o d s  are unsa t i s fac to ry  
for two  reasons.  F i r s t  i t  is reasonable  to  expec t  t h a t  most ,  
if no t  all, of the  sod ium and  po tas s ium ions would be 
washed  ou t  dur ing  the  t issue p repa ra t ion  techniques .  
Secondly  there  are doub t s  abou t  the  specif ic i ty  of the  
h i s tochemica l  reac t ion  a. 

We  have  uti l ized a m e t h o d  which  is more  di rect  and 
should be capable  of a d a p t a t i o n  to  a quan t i t a t i ve  tech-  
nique.  We  cut  u l t r a th in  frozen sect ions t h rough  corneal  
s t r om a  and  s tored  t h e m  freeze dried as descr ibed pre- 
viously  4. The sect ions were t r a n s p o r t e d  to  the  high 
resolut ion analyt ica l  e lectron microscope,  A.E.I .  EMMA-4 
and  ana lyzed  for sod ium and  potass ium.  EMMA-4 opera tes  
in the  following mode.  Higtl  energy  electrons in the  micro- 
scope b e a m  str ike the  a toms  in the  spec imen section and 

a f rac t ion  undergo  inelast ic collisions which  exci te  or 
ionize the  a toms.  As electrons drop  back  into the  e m p t y  
orbi ta ls  t h e y  emi t  charac ter i s t ic  X-rays .  These emi t t ed  
X- rays  are analyzed i n  2 spec t romete r s  m o u n t e d  on the  
side of the  column. Scanned X - r a y  spec t ra  for the  K lines 
(quanta  emi t t ed  due to  the  re laxa t ion  of electrons f rom 
the  L shell into the  K shell) of sodium and  po tas s ium 
emana t ing  f rom our frozen sect ions are shown in Figures  1 
and  2. A represen ta t ive  area of f rozen sect ion t h ro ugh  
corneal  s t roma  is shown in Figure 3. Similar analysis  of 
u l t r a th in  sect ions t h ro u g h  corneal  s t roma  convent iona l ly  
processed for e lectron microscopy 5 and e m b e d d e d  ill 
Araldi te  showed no de tec tab le  quant i t i es  of sodium or 
potass ium.  

S t romal  sodium and po tas s ium concen t ra t ions  are 
measured  af ter  acid ex t rac t ion  a t  172 m M  and  22 m M  
respect ively  6. I t  is reasonable  to  p resume  t h a t  as the  
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Fig. 1. Emission spectrum of the potassium Ks-line emanating 
from frozen sections through non-fixed corneal stroma. Section 
thickness estimated at 150 nm; probable potassium concentration 
in the stroma is 22 mM. Emitted X-rays were analyzed by a lithium 
fluoride crystal set at the appropriate Bragg angle, through a 3 [xm 
thick Mylar window. Energy of electrons bombarding the section, 
40 keV; probe size 0.8 ~m. Verticallines represent twice the standard 
error on the mean of each reading. 

/ , k +  
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1.18 1.19 1. 

Wawleng~h (nrn) 

Fig. 2. Emission spectrum of the sodium Ks-line counted simulta- 
neously with that in Figure 1. Probable sodium concentration in 
corneal stroma is 172 raM. Detecting crystal, potassium ammonium 
phthalate. Vertical lines represent twice the standard error on the 
mean of each reading. 
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