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V¢ir s ind  de r  Auffassung ,  dass  m i t  d iesem A u s d r u c k  das  
R e i z m e n g e n g e s e t z  fiir die R e a k t i o n s h o l z b i l d u n g  ange-  
w a n d t  w e r d e n  k a n n .  Bei  Ze l l enzah l  = 3 i s t  die Reiz-  
schwel le  angedeu t e t ,  das  he i s s t  d ie  Re izmenge ,  die zu r  
U m s t i m m u n g  d e r  K a m b i u m z e l l e n  n o t w e n d i g  ist.  Sic 
l iegt  in  de r  G r 6 s s e n o r d n u n g  y o n  I × 10 e c m  x sec-L 

Unse re  Ve r suche  zeigen die M6gl i chke i t  auf, m i t  Hi l fe  
de r  M a s s e n b e s c h l e u n i g u n g  die Di f fe renz ie rung  de r  Holz-  
zellen g e r i c h t e t  zu bee in f lussen  u n d  d a m i t  e inen  E i n b l i c k  
in die K a m b i u m p h y s i o l o g i e  u n d  d e n  W u c h s s t o f f h a u s h a l t  2 
zu gewinnen .  

Summary. I n  l ean ing  s tems,  r e a c t i o n  wood  can  b e  
fo rmed  as  a r e sponse  to  g r a v i t a t i o n  s t imulus .  I n  seedl ings  
of Aesculus hippoeastanum, r e a c t i o n  wood  f o r m a t i o n  
could  l ikewise be  s t i m u l a t e d  b y  cen t r i fuga t ion .  T h i s  

p r o v e d  t h e  d i f f e r en t i a t i on  of wood  cells to  b e  a f fec ted  b y  
m a s s  acce lera t ion .  T h e  r e a c t i o n  wood  f o r m a t i o n  is r e l a t ed  
q u a n t i t a t i v e l y  to  m a s s  acce le ra t ion  b a n d  t i m e  t, t h e  
f o r m a t i o n  of r e a c t i o n  wood  b e i n g  desc r ibed  b y  q u a n t i t a -  
t i ve  s t imu l i  l aw as ~/b-× t. T h e  t h r e s h o l d  of s t i m u l a t i o n  
lies in  t h e  d i m e n s i o n  ~ / b × l =  l x l 0  e c m  X see - x . T h e  
a r r a n g e m e n t  of t h e  e x p e r i m e n t s  p e r m i t s  a d i r ec t  a p p r o a c h  
to  c a m b i u m  phys io logy  a n d  t h e  fol lowing d i f f e r en t i a t i on  
of  wood cells. 
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I s o l a t i o n  a n d  Antiviral Activity of the Gymnemic Acids 

Of c u r r e n t  i n t e r e s t  in  ou r  p r o g r a m  1,2 in t h e  ident i f ica-  
t i on  of b io logica l ly  a c t i v e  c o m p o u n d s  f rom Gymnema 
sylvestre R.Br .  (Asclepiadaceae)  leaves  is ' g y m n e m i c  ac id ' ,  
t h e  a n t i s w e e t  p r inc ip le  of t h e  p l a n t  a,4. T h e  p r e s e n t  r e p o r t  
descr ibes  t h e  i so la t ion  of c o m p o u n d s  w i t h  s ign i f i can t  an t i -  
v i r a l  a c t i v i t y  f rom th i s  pr inciple .  These  f ind ings  a s s u m e  
a d d e d  s ignif icance b a s e d  u p o n  t h e  r ecen t  a d v a n c e  in t h e  
c h e m i s t r y  of g y m n e m i c  acid p r e s e n t e d  f rom Professor  
REICHSTEIN'S l abo ra to r i e s  s. 

Crude  g y m n e m i c  ac id  m i x t u r e  was  o b t a i n e d  b y  m i n e r a l  
ac id  p r e c i p i t a t i o n  3 f rom t h e  aqueous  e x t r a c t  of t h e  leaves.  
T h e  p re fe r r ed  p r o c e d u r e  to  reso lve  t h i s  ac id  m i x t u r e  was  
t o  p l a t e  i t  f r om a m e t h a n o l  so lu t ion  o n  sil ica gel, a n d  
e x t r a c t  w i t h  ch lo ro fo rm a n d  e t h y l  a c e t a t e  in  a S o x h l e t  
e x t r a c t o r .  T h e  e t h y l  a c e t a t e  e x t r a c t i v e  was t h e n  chro-  
m a t o g r a p h e d  ove r  sil ica gel w i t h  e lu t ion  b y  inc reas ing  
p r o p o r t i o n s  of a ce tone  in e t h y l  ace ta te .  F o u r  p r inc ipa l  
acids  h a v e  b e e n  i so la ted  b y  t h i s  p rocedu re  a n d  n a m e d  
g y m n e m i c  acids  A - D  b a s e d  u p o n  t h e i r  o rde r  of e lu t ion .  

I n  o rde r  to  e x a m i n e  g y m n e m i c  ac id  f r ac t ions  a n d  to  
m o n i t o r  t h e i r  sepa ra t ions ,  4 sil ica gel t h i n - l a y e r  c h r o m a t o -  
g r aph i c  (TLC) sy s t ems  ~ were  deve loped .  G y m n e m i c  acids  
A-C,  h o m o g e n e o u s  in  t h e  4 T L C sys tems ,  were  o b t a i n e d  
b y  i n d i v i d u a l  r e c h r o m a t o g r a p h y  ove r  sil ica gel e m p l o y i n g  
e t h y l  a c e t a t e  for  e lu t ion  a n d  r ec rys t a l l i z a t i on  f rom e t h y l  
a ce t a t e .  H o m o g e n e o u s  ac id  D was  secured  b y  reve r sed  
p h a s e  c h r o m a t o g r a p h y  ove r  Tef lon-6  a t  17 °C w i t h  e lu t ion  
b y  t h e  aqueous  p h a s e  of n - b u t a n o l - w a t e r - m e t h a n o l  
(10: 10 : 1) whi le  t h e  organic  l aye r  s e rved  as t h e  s t a t i o n a r y  
phase .  As a n  a v e r a g e  of 20 d e t e r m i n a t i o n s ,  R f  va lues  
for t he se  g y m n e m i c  acids  in  T L C  s y s t e m  I were :  A, 
0.60 4- 0.07; B, 0.49 ~ 0.04; C, 0.30 ~ 0.01 a n d  D, 
0.25 4- 0.02. 

G y m n e m i c  acid A, i so la ted  b y  ST6CKLm, WEISS a n d  
REmHSTEIN s, cons i s t s  of 4 acids  A1-A 4 b a s e d  u p o n  silica 
gel T L C  in  b u t y l  f o r m a t e - m e t h y l  e t h y l  k e t o n e - f o r m i c  
a c i d - w a t e r  (5 : 3 : 1 : 1) ( sys t em V). D i r e c t  T L C c o m p a r i s o n  
of o u r  g y m n e m i c  acids  A - D  w i t h  ac id  A (A1-A4) i so la ted  
b y  t h e  Swiss i n v e s t i g a t o r s  v e s t ab l i s hed  t h a t  in  T L C  sys-  
t e m s  I - V  o u r  acids  A a n d  B are  iden t i ca l  to  t h e i r  acids 
A~ a n d  A,.  However ,  ac ids  C a n d  D do n o t  co r r e spond  to  
acids A s a n d  A,. Our  acids A a n d  B,  in  a g r e e m e n t  w i t h  
g-ymnemic acid A (A1-A4) i so la ted  b y  REICHSTEIN'S 
group,  c o n t a i n  g lucuron ic  acid as t h e  sole s u g a r  res idue.  

I n  con t r a s t ,  o u r  g y m n e m i c  acids  C a n d  D c o n t a i n  b o t h  
g tucu ron ic  ac id  a n d  glucose  as  s h o w n  b y  ac idic  hydro lys i s ,  
c h r o m a t o g r a p h y  s a n d  i so la t ion  9. Fe ru l i c  ac id  h a s  b e e n  
i n d i c a t e d  in  ou r  s tud ies  in  a lka l ine  h y d r o l y s a t e s  of ac id  C 

Table I. Effects of gyannemic acids against influenza (A~lAnn 
Arbor/6/60) virus in vitro 

Sample Virus yield Inhibition 

Hemagglutinin Infectivity 

Control 256 7.3 none 

Crude acid mixture 64 5.0 some 
Ethyl acetate acids 8 4.5 moderate 
Gymnemic acid A 0 2.5 good 

B 8 4.3 moderate 
C 256 7.0 none 
D 512 7.5 none 

1 p. E. MANNI and J, E. SINSHEIMER, J. Pharm. Sci. 54, 1541 (1965). 
2 j .  E. S~NSHEIMER and H. M. MCILHENNY, J. Pharm. Sci. 56, 732 

(1967). 
s D. HOOPER, Pharm. J. 17, 867 (1887). 
4 R. M. WARREN and C. PFAFFMANN, J. appl. Physiol. 14, 40 (1959). 
5 W. STOCKLIN, E, WEISS and T. REICHSTEINj Helv. chim. Aeta 50, 

474 (1967); W. ST6CKLIS, Helv. claim. Acta 50, 491 (1967). 
e The TLC systems: I, chloroform-formic acid-methanol-t-butanol 

(4:1:1:1, aged for 3 h at 27°C); II, chloroform-acetic acid- 
methanol (5 : 1 : 1) ; III, iso-amyt alcohol-ammonium hydroxide- 
chloroform-t-butanol (5:2:1:I)  and IV, iso-amyl alcohol-am- 
monium hydroxide-iso-propanol {3 : 2 : 1). A modified LIEBERMANN- 
BURCHARD spray reagent [I. BELIe, Nature 178, 538 (1956)] was 
used as the chromogen. 
We are grateful to Prof. T. REmHSTEXN and Dr. W. ST6CKM~, 
University of Basel, for these reference samples. 

s I. SMITH, Chromatographic and Electrophoretic Techniques (Inter- 
science, New York 19601, vol. 1, p. 245. 

9 H. M. MClLHENNr, Ph.D. Dissertation, University of Michigan 
(1966). 
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Table II. Effect of gymnemic acids against PR8 influenza A ~rus  in mice 
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Sample Dose Injection Average lung lesion score % decrease in 
(mglkg/day ~) route Treated Control lung Iesion score 

Crude acid mixture 250 x 1, 100 x 2 b, 75 x 1 i.p. 1.1 1.5 27 

Ethyl acetate acids 250 X 1,100 X 2% 75 × 1 i.p. 0.6 1.5 60 
75 s.c. 2.8 3.9 28 

1.9 2.2 14 

75 i.p. 2.5 3.8 34 
75 s.c. 1.8 2.2 18 

Gymneinic acid A 

Starting day (D + 1) after virus administration, continuing through (D + 4). ~ Daily dose reduced because of toxicity, 

in  2 si l ica gel T L C  s y s t e m s  1°. However ,  ac id  C, m.p .  
215-220 ° (decomp.) ,  U V  (me thano l )  2raax 201 n m  (a 8.18), 
(Ana l . -Found11:  C, 49.4;  H,  6 .7%)  a n d  ac id  I) ,  m.p .  
210-220 ° (decomp.) ,  U V  (me thano l )  2raax 201 n m  (a 9.69), 
(Anal . -Found11:  C, 57.5; H,  7 .7%) p roduce  I R - s p e c t r a  
r e m a r k a b l y  s imi la r  to  t h a t  p r ev ious ly  r e p o r t e d  ~ for 
g y m n e m i c  acid A v 

T a b l e  I shows g y m n e m i c  acid f r ac t ions  t e s t e d  a g a i n s t  
i n f luenza  v i ru s  in  v i t ro .  T u b e  cu l tu res  of p r i m a r y  ch ick  
k i d n e y  cells were  t r e a t e d  i m m e d i a t e l y  before  i nocu l a t i on  
w i t h  t h e  A n n  A r b o r  6/60 s t r a i n  of As i an  in f luenza  v i rus  
a t  a n  e s t i m a t e d  m u l t i p l i c i t y  of 10:1  in o r d e r  to  o b t a i n  a 
s ingle  cycle  of v i r a l  g rowth .  P r e l i m i n a r y  t e s t s  s h o w e d  t h a t  
n o n e  of t h e  g y m n e m i c  ac id  p r e p a r a t i o n s  h a d  d i r e c t  v i ru -  
c ida l  a c t i v i t y  a t  t h e  levels  used.  All  ac id  f rac t ions ,  as t h e y  
were  n o t  s ign i f i can t ly  d i f f e ren t  in  tox ic i ty ,  were  a d d e d  a t  
a f ina l  c o n c e n t r a t i o n  of 0.5 mg /ml ,  t h e  m a x i m u m  toler -  
a ted .  Af te r  48 h,  m e a s u r e m e n t s  were  m a d e  of t h e  yie ld  
of v i r a l  h e m a g g l u t i n i n  a n d  in fec t iv i ty .  H e m a g g l u t i n i n  
yie ld  is expres sed  as t h e  rec iproca l  of t h e  h i g h e s t  d i l u t ion  
g iv ing  a pos i t ive  p a t t e r n  w i t h  ch i cken  e r y t h r o c y t e s ,  
whi le  i n f e c t i v i t y  is g iven  as t he  n e g a t i v e  lOglo of t h e  50% 
infec t ious  dose in eggs. Some  i n h i b i t i o n  was  d e m o n s t r a b l e  
in  t h e  c rude  g y m n e m i c  ac id  f r ac t i on  w i t h  m o d e r a t e  inh ib i -  
t i ons  o b t a i n e d  w i t h  e t h y l  a c e t a t e  e x t r a c t  a n d  w i t h  
g y m n e m i c  ac id  B.  Good  i n h i b i t i o n  was seen  w i t h  gym-  
n e m i c  ac id  A whi le  n o n e  was  o b s e r v a b l e  w i t h  acids  C 
a n d  D. 

S ince  g y m n e m i c  ac id  A s h o w e d  t h e  g r e a t e s t  a c t i v i t y ,  i t  
was  s t u d i e d  f u r t h e r  in  v i t ro .  W h e n  t h e  m u l t i p l i c i t y  of t h e  
v i rus  chMlenge  was  r educed ,  t h e  e f fec t iveness  of t h e  inh i -  
b i t i o n  increased,  as  j u d g e d  b y  b o t h  c y t o p a t h o l o g y  a n d  
h e m a g g l u t i n i n  yield.  I n  a s t u d y  of t i m e  of t r e a t m e n t ,  
g y m n e m i c  ac id  A was equa l ly  effect ive  w h e n  a d d e d  im- 
m e d i a t e l y  before  or  1 h a f t e r  v i ru s  inocu la t ion .  D r u g  
a d d e d  2 h a f t e r  v i ru s  was  s o m e w h a t  less effect ive,  whi le  
d r u g  a d d i t i o n  a t  3 h was  n o t i c e a b l y  less e f fec t ive  b u t  st i l l  
i n h i b i t o r y  in  t e r m s  of all  3 p a r a m e t e r s .  Thus ,  a t  l eas t  1 
s i te  of ac t ion  of g y m n e m i c  acids  is a ssoc ia ted  w i t h  
r e l a t i v e l y  ea r ly  e v e n t s  in  t h e  v i rus  in fec t ious  cycle.  I n  
t h i s  regard ,  t he se  n i t r ogen - f r ee  c o m p o u n d s  a re  s imi la r  to  
t h e  a n t i p e n e t r a n t  a n t i v i r a l  a m i n e s  12. T h e  a n t i v i r a l  spec-  
t r u m  of g y r a n e m i c  acid A was  s o u g h t  b y  f u r t h e r  t e s t ing .  
W h e n  ac id  A a t  a f ina l  c o n c e n t r a t i o n  of  0.5 m g / m l  was  
a d d e d  to  L L C  MK~ ceils i m m e d i a t e l y  before  a h i g h  m u l t i -  
p l i c i ty  of E C H O  28 (or r h i n o - v i r u s  1) to  m i n i m i z e  t h e  
effect  of a s e c o n d a r y  g r o w t h  cycle of t h e  v i rus ,  t h e r e  was  
a 1.6 log i n h i b i t i o n  of v i ru s  yield.  No a c t i v i t y  was  seen 
a g a i n s t  po l iov i rus  in  p r i m a r y  m o n k e y  k i d n e y  cells. 

P r e l i m i n a r y  t e s t s  were  c o n d u c t e d  to  e v M u a t e  t h e  d r u g ' s  
e f fec t iveness  in  t h e  whole  a n i m a l  to  assess p r o p e r l y  i ts  
p o t e n t i a l  as a n  a n t i v i r a l  agen t .  D e t e r m i n a t i o n  of t o x i c i t y  

for  mice  i n d i c a t e d  a n  a c u t e  LDso of a p p r o x i m a t e l y  500 
m g / k g  g iven  as  a s ingle  i.p. dose. A n t i - i n f l u e n z a  a c t i v i t y  
of g y m n e m i c  ac id  f r ac t i ons  in  mice  is s h o w n  in  T a b l e  I I .  
F o r  in  v ivo  s tud ie s  A / P R S ,  a s t r a i n  of i n f l uenza  v i ru s  
m o s t  h igh ly  a d a p t e d  to  mice,  was  used.  Swiss W e b s t e r  
mice  in g roups  of 10 were  exposed  to  aerosols  of P R S -  
in fec ted  mouse  lungs  a t  a cha l l enge  level  e q u i v a l e n t  to  
a p p r o x i m a t e l y  10 LDs0's.  T r e a t m e n t  was  s t a r t e d  t h e  d a y  
a f t e r  v i ru s  inocu la t ion ,  t h e  r o u t e s  a n d  da i ly  dose r a t e s  as 
i nd ica t ed .  Con t ro l  mice  were t r e a t e d  w i t h  equa l  v o l u m e s  
of buf fe red  saline,  a lone  or  c o n t a i n i n g  10% e thano l .  On  
t h e  f i f th  day ,  mice  were  sacr i f iced a n d  e v a l u a t e d  for  l u n g  
damage ,  w i t h  scores of + 1 for  e a c h  25% of conso l ida t ion  
a n d  + 5  for  s p o n t a n e o u s  d e a t h .  S ign i f i can t  a c t i v i t y  
( > 25% decrease  in  in f luenza l  l ung  les ion score c o m p a r e d  
to  s i m u l t a n e o u s l y  exposed,  p l a c e b o - t r e a t e d  cont ro l s )  13 
was  seen  w i t h  i.p. a d m i n i s t r a t i o n ;  s.c. t r e a t m e n t  a p p e a r e d  
less e f fec t ive  14. 

Zusammen[assung. Aus d e n  B l i i t t e r n  y o n  Gymnema syl- 
vestre w u r d e n  4 G y m n e a s ~ u r e n  (A, 13, C u n d  D) isoliert .  
Die  A n t i v i r u s a k t i v i t A t  de r  S~turen A u n d  13 w u r d e  
gepr i i f t .  
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