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cyc looc tene  x, cyc lononene  2, and cyc lodecene  3. F r o m  the  
publ i shed  phys ica l  cons t an t s  t he  rule predic ts  t h a t  wi th  
the  e i g h t - m e m b e r e d  r ing the  cis i somer  would  be the  
more stable,  whi le  the  reverse  would  be t rue  in the  ten-  
m e m b e r e d  r ing and  the  isomers  in the  n i n e - m e m b e r e d  
ring would  have  nea r ly  equa l  s tabi l i t ies .  The  same orders  
of s t ab i l i t y  were  found  by  chemica l  methods .  

I t  is to  be no ted ,  however ,  t h a t  appl ica t ions  of t he  rule  
to otefins can  be m a d e  w i t h  c e r t a i n t y  on ly  wi th  mono-  
olefinic hyd roca rbons .  The  reason  for th is  l im i t a t i on  is 
t h a t  a double  bond  possesses e lec t ronic  proper t ies  n o t  
sha red  b y  t h e  o the r  r ing  c o m p o u n d s  and, in t he  pres- 
ence of  ce r ta in  func t iona l  groups,  in te rac t ions  can  occur  
which  will  ove r s hadow t h e  differences in t h e  dispers ion 
forces. As  an  example ,  2-alkenoic  acids are, as a class, 
known  to  be  e x a c t l y  r eve r sed  f rom the  h y d r o c a r b o n s  
wi th  respec t  to  t h e  proper t ies  p r ev ious ly  men t ioned .  

l-~q. L. ALLINGER 

D e p a r t m e n t  o[ Chemis t ry ,  Un iver s i t y  o[ Cal i fornia ,  
Los  Ange les  2d, Cal i /ornia ,  F e b r u a r y  26, 195d. 

Z u s a m m e n [ a s s u n g  

Eine  Neufassung  der  v o n - A u w e r s c h e n  Rege l  is t  vor -  
geschlagen worden.  Die  neue  Rege l  is t  auf  cis- und  t rans-  
I someren  gew6hnl iche r  zykl i scher  S y s t e m e  sowie auch  
auf  m e h r f a c h  subs t i t u i e r t e  zykl ische  Verb indungen ,  
po lyzykl i sche  Y e r b i n d u n g e n  und  Olef ine anwendba r .  
Das Bes t ehen  e iner  solchen Rege l  is t  begrf indet ,  u n d  
ihre B eg renzungen  u n d  p rak t i s chen  A u s w e r t u n g e n  s ind 
un t e r  B e t r a c h t  gezogen worden.  
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On the C h e m i c a l  N a t u r e  
of A c e r i n  and the  Viruc ida l  and Ant iv i ra l  Effects  

of S o m e  V e g e t a b l e  T a n n i n s  ~ 

In  a search  for v i ruc ida l  and  an t iv i r a l  subs tances  in 
na ture ,  one of us (G.F.) in 1952 ~ found t h a t  wa t e r  ex-  
t r ac t s  of severa l  p lan ts  exe r t ed  a def in i te  v i ruc ida l  
effect,  the  ma in  e x p e r i m e n t s  being pe r fo rmed  wi th  a 
bac te r ia l  v i rus  and  its hos t  cell, Eseherichia  coli X P .  
Ou t  of 300 d i f fe ren t  p l an t  species inves t iga ted ,  the  
m a j o r i t y  y ie lded  no ac t iv i ty ,  whereas  fa i r ly  ac t ive  
ex t r ac t s  were  ob t a ined  f rom some of t hem.  

In  his n e x t  c o m m u n i c a t i o n ,  FISCHER3 r epo r t ed  on the  
v i ruc ida l  and  an t iv i r a l  effect  of map le  f ru i t  p repara t ions .  
25 g of map le  frui ts  gave  1 g of a subs tance ,  which  in a 
d i lu t ion  of 1 :64  des t royed  the  bac te r i a l  v i rus  in 5 min .  
The  subs tance  was g iven  the  n a m e  acerin. 

Acer in  also des t royed  vacc in i a  v i rus  in 5 m i n ;  its 
e f fec t  on the  S t aphy lococcus  T w o r t  v i rus  was m u c h  less 
p ronounced .  

1 While this paper in print,  our a t tent ion was called to a recent 
publication in J. Bact. (66, 572 1953) by  CARSON and FRISCli about 
the growth inhibi t ing action of tannic acid on influenza virus in ovo. 
We were ignorant  of this work and of the previous publication from 
1948 by GREE.W, Proc. Soc. Exptt .  Biol. Med. 67, 483 (1948). 

2 G. FISCHER, Prdsence de substances antivirotiques clans di//drentes 
parties de plantes, Ann. Pasteur  No. 1480, 82, 119 (1952). 
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phage and Vaccinia Virus, Acta Pathol. Mierobiol. Stand.  31, 4 (1952). 

A f t e r  fu r the r  pur i f i ca t ion  (FISCHER 1) w h e r e b y  100 g 
of map le  f rui ts  y ie lded  0.75 g, the  pur i f ied  p roduc t  
des t royed  the  bac te r ia l  v i rus  wi th in  5 min  in a d i lu t ion  
of 1 : 50,000, a concen t r a t i on  which  a l lowed an a b u n d a n t  
d e v e l o p m e n t  of the  coli organisms.  The  lowes t  concen t ra -  
t ion  of acer in  which  exe r t ed  a s l ight  co l i s ta t ic  effect  was 
1 : 200. Accr in  was ac t ive  only on the  ex t r ace l lu l a r  virus.  
A good an t iv i r a l  effect  on the  v i rus  hos t  cell  s y s t e m  was 
ob t a ined  in b r o t h  cul ture  and even  on solid media .  

I t  was found t h a t  the  ac t ive  pr incip le  p r ec ip i t a t ed  
w h e n  increas ing  a m o u n t s  of sod ium chlor ide  were  added  
to  t he  solut ion.  I t s  v i ruc ida t  effect  was neu t r a l i zed  w h e n  
i t  was exposed  to  s e rum di lu ted  1 : 2-32.  In  a concen t r a -  
t ion  of  1 : 800 i t  also g a v e  a p rec ip i t a t e  wi th  n o r m a l  se rum.  

In  discussing the  possible  chemica l  na tu re  of  t he  
ac t ive  pr inc ip le  in t h e  acer in  prepara t ions ,  we were  
s t r u c k  by  the  s imi l a r i t y  in t he  proper t ies  of acer in  to  
those  of t he  v e g e t a b l e  tannins .  The  genera l  occurrence  
of t ann in s  in f ru i t s  and  p l an t  ju ices  also c o n t r i b u t e d  to  
our  suppos i t ion  t h a t  t h e  ac t ive  pr incip le  m i g h t  be a 
t ann in .  I t  s eemed  t e m p t i n g  to  ascr ibe t he  v i ruc ida l  
ac t ion  of t he  acer in  p r epa ra t i ons  to  a t a n n i n g  ef fec t  on 
the  v i rus  p ro te in .  The  pecul ia r  d e n a t u r a t i o n  of t he  
p ro te in  molecu le  caused b y  the  t a n n i n g  subs tances  
would  p rov ide  a s a t i s f ac to ry  e x p l a n a t i o n  of  t he  inac t iva -  
t ion  o f - t h e  vi rus .  F u r t h e r m o r e ,  t he  non-d ia lyzab le  
t ann ins  c a n n o t  reach  the  inside of  t he  cell  wal l  on the  
bac te r i a  and  would  the re fore  ac t  on ly  on ex t r ace l lu l a r  
v i rus  par t ic les ,  as was the  case wi th  t he  acer in  p repa ra -  
t ions,  Moreover ,  t he  ac t ive  pr inc ip le  could  be p rec ip i t -  
a t ed  wi th  s o d i u m  chlor ide  as can  the  tannins .  I t s  
neu t r a l i za t ion  in the  presence  of  s e r u m  is also to  be 
e x p e c t e d  when  s e r u m  pro te ins  r eac t  w i t h  the  t a n n i n g  
pr inciple .  As found b y  FISCHER, the  s t ronges t  acerin 
p r e p a r a t i o n  had  a r edd i sh -b rown colour,  in s imi la r i ty  to 
tannins ,  a f te r  t r e a t m e n t  w i th  a lkal i  and  subsequen t  
o x i d a t i o n  in air. T h e y  also gave  a g reen i sh -b rown precip-  
i t a te  wi th  ferr ic chloride.  

The v i ruc ida l  e][ect oJ some vegetable tann ins .  I t  was 
found t h a t  severa l  of the  v e g e t a b l e  t ann ins  e x e r t e d  a 
v i ruc ida l  ac t ion  s imi lar  to  t h a t  of t he  s t ronges t  acer in  
p repara t ions .  E i g h t e e n  na tu r a l  t ann ins  were analyzed*.  
In  a b o u t  ti le s ame  concen t r a t i on  as the  pu re s t  acer in  
prepara t ions ,  1:25,000,  six of t hem,  i.e., commerc i a l  
t ann i c  acid, Mimosa,  g round  Canaigre  root ,  powdered  
Canaigre  ex t r ac t ,  Quebracho  and B a b u l  bark ,  ki l led the  
bac te r ia l  v i rus  wi th in  5 min.  

E x p e r i m e n t a l .  B o t h  the  pure  t a n n i c  acid and the  c rude  
t a n n i n  p repa ra t i ons  were  d isso lved  in wate r .  A n y  
insoluble  res idue was r e m o v e d  and  the  so lu t ion  d ia lyzed  
for 48 h a t  r o o m  t e m p e r a t u r e  aga ins t  dis t i l led water ,  the  
ou t e r  l iquid  be ing  e x c h a n g e d  severa l  t imes.  The  c o n t e n t  
of t he  bags  was then  freeze-dried.  The  d ry  powder  was 
ana lyzed  for v i ruc ida l  and  bac te r ic ida l  ac t ion  as describ-  
ed  ear l ier  3. 

1 G. FISCHER, Further investigations on the virucidal and anti- 
virotic eHect o/ a maple-#uit preparation-Acerin (Acao), per]ormed 
with acoli culture and its bacterial virus, Acta Pathol. Microbiol. Stand. 
NO. la81 (1954) (in Korrektur). 

2 We wish to express our thanks to Mr. K. H. GUSTAVSON, 
Doctor of Technology, of The Research Institute of the Swedish 
Tanning Industry, Stockholm, for his assistance and valuabel 
advice, as well as for his kindness in placing all the tannin prepara- 
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Substance 

Acerin 
Mimosa 
Myrobalans 
Spruce bark extract  (Piceu exeelsa) . . 
Sumac (Rhus coriaria) 
Oakwood extract  (Quercus robur) . , 
Gambier 
Chestnut wood extract  (Aesculus) . . . 
Valonia extract  
Ground Canaigre root 
Quebracho 
Sulphited quebracho 
Konnan bark extract  (Cassia Pistula) . 
Divi Divi extract  (Caesalpina coriaria) . 
Avaram bark extract  (Cassia A uriculata 
Babul bark extract  
Powdered Canaigre extract  
Tannic acid 
"Desivon" (Astra) 
Hg CI~ 

Bacterial virus 
(Exposed for 5 rain) 

Non- Virueidal virueidal in cone. in cone. 

1:25,600 1:51,200 
1:25,600 1:51,200 
1 : 3,200 1 : 6;400 
1:6,400 1:12,8001 
1:6,400 1:12,800 
1:3,200 1:6,400 
1 : 800 1 : 1,600 
1:6,400 1:12,800 
1 : 1,600 1 : 3,200 
1:51,200 1 : 102,400 
1 : 25,600 1 : 51,200 ! 
1:12,800 1:25,600 
1 : 1,600 1 : 3,200 
1 : 400 1 : 800 
1 : 1,600 1 : 3,200 
1 : 51,200 1 : 102,400 
1:25,600 1:51,200 
1:25,600 1:51,200 
1 : 800 1 : 1,600 
1 : 800 1 : 1,600 

E, coli 
(Exposed for 5 rain) 

Bacteri- Nou-bac- 
eidal terieidal 

in cone. in cone. 

1:100 
1:100 
1:100 
1:100 
1:100 
1:100 
1:100 
1:100 
1:100 
1:100 
1:100 
1:100 
1:100 
1:100 
1:100 
1:100 
1:100 
1:100 

i:12,800 1:25,600 
1:12,800 1:25,600 

E. coli 
(Exposed for 3 h) 50% serum 

Bacteri- Non-bac- Precip. Not precip. 
tidal tericidal by cone. by cone. 

in cone. in cone. 

1:100 1:200 1:400 
1:100 1:200 1:1,600 1:3,200 

1:100 1:200 1:400 
1:100 1:100 
1:100 1:800 1:1,600 
1:100 1:100 1:200 
1:100 1:100 
1:100 1:100 1:200 
1:100 1:100 
1:100 1:800 1:1,600 
1:100 1:800 1:1,600 
1:100 1:200 1:400 

1:100 1:200 1:400 1:800 
1:100 1:800 1:1,600 

1:400 1:800 1:800 1:1,600 
1:200 1:400 1:400 1:800 

1:100 1:800 1:1,600 
"1:100 1:800 1:1,600 

1:3,200 1:6,400 
1:'400 1:800 

Results. As s h o w n  in t h e  Table ,  all t he  t a n n i n s  in ves t i -  
g a t e d  h a d  a cons ide rab le  effect  on the  bac te r i a l  virus.  
D e a t h  o c c u r r e d  a f t e r  exposu re  for 5 rain to  t a n n i n s  in 
c o n c e n t r a t i o n s  b e t w e e n  1 : 50,000 and  1 : 400. 

On t h e  o t h e r  h a n d ,  none  of t h e  t a n n i n s  h a d  a bac -  
t e r i c ida l  e f fec t  on the  h o s t  cell a f t e r  exposu re  fo r  5 rain. 
W i t h  an  e x p o s u r e  t i m e  of 3 h t h e  g r e a t  m a j o r i t y  of t h e  
t a n n i n s  h a d  no  bac t e r i c ida l  e f fec t  in  a d i lu t ion  of 1 : 100, 
w h i c h  was  t h e  lowcs t  c o n c e n t r a t i o n  t e s t e d .  

T h e  t a n n i n s  t h u s  c o m b i n e d  a s t r ong  l e tha l  e f fec t  on the  
bac t e r i a l  v i rus  w i th  a s l ight  bac t e r i c ida l  ac t ion ,  or  none  
a t  all, on t h e  h o s t  cell. In  s imi l a r i t y  to  acer in ,  a pa r t i c -  
u la r ly  p o w e r f u l  v i ruc idM ef fec t  was  e x h i b i t e d  b y  some  
of the  t a n n i n s ,  i.e., Mimosa,  g round  Canaigre  root ,  
p o w d e r e d  Canaigre  e x t r a c t ,  Queb racho ,  B a b u l  b a r k  
e x t r a c t  a n d  t a n n i c  acid.  

Discussion.  In  r ev i ewing  the  l i t e r a tu r e  on the  ac t ion  
of d i s i n f e c t a n t s  a n d  o t h e r  s u b s t a n c e s  on phage ,  one of us 
(G.F.) p o i n t e d  o u t  t h a t  D'HERELLE had  long since found  
q u i n i n e - c o n t a i n i n g  cu l tu re  m e d i a  to  h a v e  a de f in i t e  
phag ic ida l  effect ,  r i d d i n g  t h e  h o s t  s t r a i n  g rowing  on 
t h e m  of i ts  phage .  T h e  s a m e  goal  can  a p p a r e n t l y  b e  
r e a c h e d  w i t h  t h e  use of c e r t a i n  v e g e t a b l e  t a n n i n s  in low 
c o n c e n t r a t i o n s  i n s t e a d  of qu in ine .  Consequen t l y ,  f u r t h e r  
de t a i l ed  t e s t s  are  i n d i c a t e d  tc¢ a sce r t a in  w h e t h e r  or  n o t  
v e g e t a b l e  t a n n i n s  can be  used  to  d e s t r o y  p h a g a l  con-  
t a m i n a t i o n s  in bac t e r i a l  cu l tu res .  

I t  is also i n t e r e s t i n g  to  specu la t e  on t h e  e x t e n t  to  
wh ich  t h e  v e g e t a b l e  t a n n i n s  are  ab le  to  e x e r t  a pro-  
t ec t ive  ac t ion  aga ins t  vi ra l  in fec t ions  in t h e  p lan t s ,  
s imi la r  to  t h e  v i ruc ida l  e f fec t  on  the  E .  coli p h a g e  
d e m o n s t r a t e d  in t he  p r e s e n t  e x p e r i m e n t s .  

G. FlSCHI~R, S. GARDELL, and  E. JoR1,ES 

Department  o[ Hygiene  and the Chemistry Department,  
Karol insha Instituter, Stockholm, February  23, 195d. 

Zusamrnenlassung 

Die v i ruz ide  W i r k u n g  y o n  E x t r a k t e n  aus A h o r n s a m e n  
auf  C o l i - B a k t e r i o p h a g e n  i s t  d u r c h  T a n n i n e  bed ing t .  
V e r s c h i e d e n e  Gerbs to f fe  zeigen e inen  z u m  Tell  sehr  
s t a r k e n  v i r u s h e m m e n d e n  E f f ek t ,  wobe i  n u r  das  e x t r a -  
zellulAre Vi rus  angegr i f fen  wird.  Vv'ahrscheinlich h a n d e l t  

es sich t im eine  G e r b w i r k u n g  auf  das  P r o t e i n  des Virus .  
Die p f l anz l i chen  Gerbs to f fe  t r a g e n  v e r m u t l i c h  dazu 

bei, die Pf lanzens 'gf te  v i rusf re i  zu ha l t en .  

Ergebnisse der Flimmer-Elektroretinographie: 

Das  B e s t r e b e n ,  zu U n t e r s u c h u n g s m e t h o d e n  zu ge lan-  
gen,  die  u n a b h ~ n g i g  von  den  A n g a b e n  ode r  d e m  Verba l -  
t e n  des V e r s u c h s o b j e k t e s  den  Re ize r fo lg  au fzuze i chnen  
g e s t a t t e n ,  h a t  bei  de r  N e t z h a u t  dazu  gef t ihr t ,  die  auf-  
t r e t e n d c n  A k t i o n s p o t e n t i a l e  zu reg is t r i e ren .  Von  d e n  
h ierzu  e n t w i c k e l t e n  V e r f a h r e n  e r l a u b t  die  be i  p]Stz l icher  
B e l i c h t u n g  bzw.  V e r d u n k l u n g  ab l e i t ba r e  Ver ' ande rung  
des k o r n e o - r e t i n a l e n  R u h e p o t e n t i a l s  e inen  E i n b l i c k  in 
die r e t ina le  Durchschn i t t s ak t iv i t~ t t ,  w~thrend bei Ab-  
l e i tung  y o n  F a s e r n  des Nervus opticus 2 oder  yon  R e t i n a -  
gangl ienze l len  ~ d a s  V e r h a l t e n  e inze lner  N e t z h a u t e l e -  
m e n t e  s t u d i e r t  w e r d e n  kann .  D a  b e i m  Me n s c h e n  n u r  die 
e r s t g e n a n n t e  Met t lode  a n w e n d b a r  ist ,  k o n n t e n  h ie r  bis-  
he r  n u r  solche F u n k t i o n e n  geprf i f t  we rden ,  die die  E r -  
r e g u n g e n  grOsserer Teile  der  N e t z h a u t  w iede rgeben .  
G e n a u e r e  U n t e r s u c h u n g e n  des Ges ich t s fe ldes  ode r  de r  
Sehsch~rfe  g e s t a t t e n  s ich d a h e r  m i t  d ieser  M e t h o d e  
r e c h t  schwier ig ,  wXhrend  s ich z u m  Beispie l  de r  Ver lau f  
de r  D u n k e l a d a p t i o n  seh r  woh l  da r s t e l l en  l~sst  4. T r o t z  
d ieser  E i n s c h r i i n k u n g e n  e r s c h e i n t  die  M e t h o d e  des 
E l e k t r o r e t i n o g r a m m s  (ERG. )  d u r c h a u s  noch  erwei -  
t e rungs fah ig .  So l~sst  s ich bei  V e r w e n d u n g  i n t e r m i t t i e -  
r e n d e r  L ich t re i ze  zeigen, dass  die S t ~ b c h e n -  u n d  Zapfen-  
a k t i v i t ~ t  de r  SXuge t i e rne t zhau t  sowohl  q u a l i t a t i v  (an 
der  F o r m  der  a u f t r e t e n d e n  A k t i o n s p o t e n t i a l e )  als auch  
q u a n t i t a t i v  (durch  B e s t i m m u n g  der  V e r s c h m e l z u n g s -  
f requenz)  u n t e r s c h i e d e n  w e r d e n  k a n n L  

1 Auszug aus der vonder  Med. Fakult~t der Universit/it Frei- 
burg i. Br. angenommenen tIabilitationsschrift. 

2 H. K. HARTLIN~, Amer. J. Physiol. 11a, 59 (1935). 
3 R. GRAmT, Sensory Mechanisms o~ the Retina (Oxford Univer- 

sity Press, New York 1947). 
4 G. KAR~E und K. TANSLEY, J. Physiol. 107, 272 (1948). 

E. DODT, Nature 168, 738 (t951). - E. Doo~ uud L. WADENSTEN, 
Acta Ophthahn. 32, 165 (1954). 


