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M i t  d e n  b e i d e n  M e t h o d e n ,  d e r e n  L e i s t u n g s f g h i g k e i t  
b e k a n n t  war ,  ist kein Piezoe//eht nachweisbar. Die Ver-  
s u c h e  y o n  HETTICH u n d  STEINMETZ 1 u n d  MASON u n d  
OWSTON * g e b e n  dasse lbe  E r g e b n i s .  D a g e g e n  h a b e n  sich 
die R e s u l t a t e  v o n  I~OSSMANN 3 n i c h t  bes t i t t i g t ,  w i ew oh l  
de r  y o n  i b m  b e h a u p t e t e n  E x i s t e n z  y o n  e l e k t r i s c h e n  
Zwi l l ingen  A u f m e r k s a m k e i t  g e s c h e n k t  w o r d e n  w a r  u n d  
tel ls  seine e igene  V e r s u c h s f t i h r u n g  4 r e p r o d u z i e r t  w u r d e .  
Aus  ROSSMANNS zah l enm i t s s i ge r  A n g a b e  ffir d e n  P iezo-  
m o d u l  (E f fek t  10mal  grSsser  als  T u r m a l i n  in  de r  M e t h o d e  
yon  BERGMANN) wf i rde  s ich  e ine  e l e k t r o m e c h a n i s c h e  
K o p p l u n g  yo re  u n w a h r s c h e i n l i c h  h o h e n  W e r t  0,1 er- 
geben .  Aus  d i e s e m  E r g e b n i s  d a r f  n o c h  n i c h t  o h n e  wei-  
t e res  ge fo lge r t  we rden ,  dass  E i s  e ine  n i c h t p o l a r e  S t r u k t u r  
hAtte ,  i n d e m  nAml ich  e ine  Aussers t  k le ine  K o p p l u n g  auf  
G r u n d  de r  s eh r  l o c k e r e n  S t r u k t u r  des  E ises  m 6 g l i c h  is t .  

S. STEINEMANN 

Eidg. Institut liar Schnee- und Lawinen/orschung, 
Weissfluh~och-Davos, den 10. Februar 7953. 

Summary 

P i e z o e l e c t r i c i t y  of ice was  i n v e s t i g a t e d  b y  t w o  m e t h o d s  
whose  s e n s i t i v i t y  was  d e t e r m i n e d  s e p a r a t e l y .  No ef fec t  
h a s  b e e n  f o u n d .  A n  e l e c t r o m e c h a n i c a l  c o u p l i n g  of 10 -a  
or  a c o r r e s p o n d i n g  p iezoe lec t r ic  m o d u l u s  of 1-5 × 10 -~ 
(s tar .  cl.bs, d y n  -1) wou ld  h a v e  b e e n  t h e  lower  l i m i t  for  
d e t e c t i n g  p iezoe lec t r i c i ty .  Specia l  a t t e n t i o n  was  g i v e n  to  
t h e  se lec t ion  of  h o m o g e n e o u s  c r y s t a l s  for  t h e s e  tes t s .  

I A. HETTICH und H. STEINMETZ, Z. l~hys. 76, 700 (1932). 
B. J. MASON und P. G. OWSTON, Phil. Mag. 43, 1911 (1952). 

3 F. ROSS~ANN, Exper. 6, 182 (1950). 
4 Mitteilung yon F. ROSSMANN und F. JoNn, Phys. Inst. ETH., 

Ziirich (April 195.~). 

Chemical Components of Plant Cuticle, with 
Special Reference to the Triterpenoid 

Constituents 

T h e r e  h a s  b e e n  no  r e p o r t  on  t h e  c h e m i c a l  c o m p o n e n t s  
of p l a n t  cu t i c l e  s ince  t h e  w o r k  of LEE a n d  PRIESTLEY 1 
a n d  of LEGG a n d  WHEELER 2. F u r t h e r ,  t h e  t r u e  c h a r a c t e r  
of  c u t i n  h a s  s ca r ce ly  b e e n  s t u d i e d .  W e  h a v e  e x a m i n e d  
m i c r o c h e m i c a l l y  t h e  l eaves  of some  600 k i n d s  of J a p a n e s e  
p l a n t s  a n d  r e a c h e d  t h e  c o n c l u s i o n  t h a t  n e a r l y  300 con-  
t a i n  t r i t e r p e n o i d s  s u c h  as ursol ic  acid,  e tc .  

T h e  m i c r o c h e m i c a l  p r o c e d u r e  is as fo l lows:  Procedure I. 
A d r o p  of  ace t i c  a n h y d r i d e  is p l a c e d  on  a p l a n t  leaf ,  
w h i c h  is h e a t e d  f r o m  be low b y  a s m a l l  f l a m e  for  few 
seconds  u n t i l  t h e  s u b s t a n c e  c o n t a i n e d  in  t h e  cu t ic le  of a 
leaf  h a s  d i s so lved  in  t h e  l iqu id .  I t  is t h e n  s u c k e d  i n t o  a 
c a p i l l a r y  t u b e  of ca. 1 m m  d i a m e t e r .  To  t h i s  is a d d e d  a 
v e r y  s m a l l  q u a n t i t y  of conc.  s u l p h u r i c  acid ,  t o  w h i c h  t h e  
r ed  c o l o r a t i o n  of LIEBERMANN'S r e a c t i o n  occurs  if  some  
t r i t e r p e n o i d s  ex i s t  in  t h e  leaf.  

Procedure II.  A d d  a c r y s t a l  of t r i c h l o r o - a c e t i c  ac id  to  t h e  
m i c r o s u b l i m a t e  of p l a n t  leaf  in  a s m a l l  t e s t  t u b e ,  a n d h e a t  
u p  to  l l 0°C ,  a v io le t  or  r ed  c o l o u r  occurs  in  genera l ,  
wh i l e  in  t h e  case  of p h y t o s t e r o l s ,  cho l e s t e r o l  or  r e l a t e d  
s u b s t a n c e s  t h e  d i s c o l o r a t i o n  b e g i n s  b e t w e e n  r o o m  t e m -  
p e r a t u r e  a n d  60°C. B y  t h i s  m e a n s ,  t h e  t r i t e r p e n o i d  
s u b s t a n c e s  d e t e c t e d  b y  t h e  p r o c e d u r e  I .  c a n  be  p r o v e d  
to  be  t r i t e r p e n o i d s .  

1 B. LEE and J. PRIESTLEY, Anal. Bot. 38, 525 (1924); 39, 755 
(1925). 

V. LEGG and R. WHEELER, J. Chem. Soc. 1929, 2444. 

A m o n g s t  t h e  p l a n t s  e x a m i n e d ,  t h e  fo l lowing  families 
were  f o u n d  t o  h a v e  a h i g h  c o n t e n t  of t r i t e r p e n o i d s :  
Capri]oliaceae, Scrophulariaceae, A pocynaceae, Gentiana- 
ceae, Oleaceae, Piloraceae, Ericaceae, Araliaceae, Corna- 
ceae, Myrtaceae, Eleagnaceae, Thymelaeaceae, Theaceae, 
Ulmae, Aquifoliaceae, Rosaceae, Trochodendraceae, Be- 
tulaceae, Myricaceae. W e  also f o u n d  t h a t  mel i s sy l  alcohol  
is w i d e l y  d i s t r i b u t e d ,  a c c o m p a n y i n g  t h e  t r i t e rpeno id s .  
S ince  t h e  cu t ic le  of t h e  l eaves  of Ilex lati]olia R.  Br .  was 
t h e  t h i c k e s t  a m o n g  t h e  h u n d r e d s  of p l a n t s  e x a m i n e d ,  
t h e s e  l eaves  were  bo i led  w i t h  60 % zinc ch lo r ide  so lu t ion  
ac id i f i ed  w i t h  h y d r o c h l o r i c  ac id  a n d  w a s h e d  w i t h  water .  
F ina l l y ,  t h e  cu t i c l e  was  pee l ed  off. W e  o b t a i n e d  the  
fo l lowing  a n a l y t i c a l  d a t a  of  t h e  cu t i c l e  : 

P a r t  so lub le  in  m e t h a n o l  a n d  c a r b o n  t e t -  
r a c h l o r i d e  . . . . . . . . . . . . . .  29-0 % 

P a r t  s a p o n i f i a b l e  b y  5 % m e t h a n o l i c  c aus t i c  
p o t a s h  . . . . . . . . . . . . . . .  24.6 % 

Cellulose,  u ron ides ,  l ignin ,  e tc  . . . . . . .  60.4 % 
Ash  . . . . . . . . . . . . . . . . . .  6.0 % 

T o t a l  . . . . . . . . . . . . . . . . .  100 % 

T h e  r e su l t s  of  a n a l y s i s  in  d e t a i l  a r e :  
Urso l ic  ac id  . . . . . . . . . . . . . .  
Mel issy l  a l coho l  . . . . . . . . . . . . .  
L i g n i n  1 . . . . . . . . . . . . . . . .  
Cel lulose . . . . . . . . . . . . . . . .  
R e s e n e  . . . . . . . . . . . . . . . .  
F a t t y  ac id  . . . . . . . . . . . . . . .  
P o l y m e r  of f a t t y  ac id  2 . . . . . . . . . .  
U r o n i d e  s . . . . . . . . . . . . . . .  
G lyce ro l  4 

0 .68% 
0.32% 

38.0 % 
1e.2 % 
10.2 % 
12.0 % 
11.0 % 

2.0 % 
. . . . . . . . . . . . . . .  t r a c e  

T h e  s i m i l a r i t y  of t h e  r e su l t s  t o  t h o s e  o b t a i n e d  wi th  
t h e  c o r k  of Quercus Saber ~ is n o t e w o r t h y .  

TATSUO KARIYINE a n d  Y6HEI HASHIMOTO 

Institute of Pharmacy, Faculty of Medicine, University 
o I Kyoto, Japan, and Institute o/ Phytochemistry, tfobe 
College o/ Pharmacy, Kobe, Japan, January 10, 1953. 

Zusammen/assung 

Die T a t s a c h e ,  dass  T r i t e r p e n o i d  e in  a l l g e m e i n e r  und  
w i c h t i g e r  B e s t a n d t e i l  de r  p f l a n z l i c h e n  K u t i k u l a  sein 
muss ,  w u r d e  n a c h g e w i e s e n .  

x Only 1.5% of methoxy group could be estimated. 
2 On acidifying the saponified liquid, there separated at once a 

solid, insoluble in any solvent, which became a black hard mass upon 
drying. 

3 Estimated by LEF~VRE'S method. In addition glucose and the 
derived glucosazone were found to exist by paper chromatography, 
using the solvent, Collidine: Phenol:Acetic acid:Water = 4:2:3:1. 

4 Detected by the method of F. FEIGL : ~ Qualititative Analyse mit 
Hiife yon Tfipfelreaktion~. 

6 H .  E .  FIERZ-DAvID, Exper. 1, 160 (1945). - DRAKE, J. Amer. 
Chem. Soc. 57, 1570 (1935). 

Swollen Starch Grains and Osmotic Cells 

S u r v e y i n g  t h e  s t a t u s  of s t a r c h  c h e m i s t r y ,  MEYER x 
s i m p l y  s t a t e s  t h a t  " t h e  swol len  s t a r c h  g r a i n s  behave  
l ike l i t t l e  o smo t i c  ceils w h i c h  s h r i n k  in  a h y p e r t o n i c  

I K.H. MEYER and G. C. GIBBONS, Adv. Enzymol. 12, 341 (1951). 
- K. H. MEYER, Exper. 8, 405 (1952). 
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m e d i u m " .  FREY-WYSSLING 1 also conc ludes  t h a t  t h e  
wall of t h e  sac  m u s t  be  s e m i p e r m e a b l e ,  becaus e  " i n  
h y p e r t o n i c  so lu t i ons  t h e  sacs c o n t r a c t  a n d  in h y p o t o n i c  
solut ions  t h e y  swel l" .  T h e  s e m i p e r m e a b i l i t y  wou ld  be  
caused b y  a s u b m i c r o s c o p i c  r e t i c u l a r  s t r u c t u r e  of t h e  
amylopec t in .  T h i s  s t r u c t u r e ,  howeve r ,  cou ld  n o t  be  
d e m o n s t r a t e d  u n a m b i g u o u s l y  in p i c t u r e s  t a k e n  w i t h  t h e  
e lectronic  mic roscope .  

Years  ago  o smo t i c  processes  were  also he ld  r e spons ib le  
for t he  d e v e l o p m e n t  of t h e  sac  d u r i n g  t h e  swel l ing  of t h e  
s ta rch  gra in ,  u n t i l  i t  was  d e m o n s t r a t e d  b y  t h e  a u t h o r *  
t h a t  t h e  f o r m a t i o n  of t h e  sac  is exc lus ive ly  due  to  a 
process of t a n g e n t i a l  swel l ing,  as c o n f i r m e d  l a t e r  b y  
BEAR a n d  SAMSA 3. T h e r e  a re  a n u m b e r  of c o n s i d e r a t i o n s  
which a p r i o r i  m a k e  i t  u n l i k e l y  t h a t  t h e  s t a r c h  m e m -  
branes  are  s e m i p e r m e a b l e .  

F i r s t  of all  i t  m a y  be  r e m a r k e d  t h a t  t h e  a b o v e  m e n -  
t ioned  gene ra l i z ed  s t a t e m e n t s  re fer  to  p o t a t o  s t a r c h  
grains only ,  w h e r e  u s u a l l y  no  r u p t u r e  of t h e  walls  t a k e s  
place d u r i n g  swel l ing.  F o r  ce rea l  s t a r c h  g ra ins  e.g. w h i c h  
behave  in a d i f f e r en t  w a y  ~ i t  wou ld  be  d i f f icu l t  f r om 
the  f i r s t  t o  a s s u m e  t h e  ex i s t ence  of s e m i p e r m e a b i l i t y .  

Secondly ,  we k n o w  t h a t  t h e  wal ls  of swel l ing  p o t a t o  
s t a rch  g ra ins  (to w h i c h  t h e  p r e s e n t  d i scuss ion  f u r t h e r  
will be l imi ted )  b e c o m e  p e r m e a b l e  to  amylose ,  as t h e  
l inear  f r a c t i o n  di f fuses  o u t  d u r i n g  t h e  l a t e r  s t ages  of 
swelling. T h e r e f o r e  s e m i p e r m e a b i l i t y  of t h e  wal ls  c a n  
only  be  a t r a n s i e n t  f e a t u r e  w h i c h  g r a d u a l l y  d i s a p p e a r s .  

Since d i f f e r e n t  s t a r c h  g ra ins  do  n o t  swell  a t  t h e  s a m e  
t ime  u n d e r  t h e  s a m e  cond i t i ons ,  t h e  b igger  ones  a l w a y s  
first, t h e y  s h o u l d  show d i f f e r en t  s t ages  of s e m i p e r m e -  
abi l i ty .  G e n e r a l l y  i t  wou ld  be  imposs ib l e  to  se lec t  t h e  
sacs showing  t h e  co r r ec t  s t age  for  s t u d y .  

On t o p  of t h i s  i t  is e a sy  to  d e m o n s t r a t e  t h a t  s u c h  
s tages  of s e m i p e r m e a b i l i t y  c a n  n o t  ex i s t  for  t h e  s t a r c h  
grain  as a whole .  E a c h  l a y e r  of t h e  g r anu l e  of n e c e s s i t y  
has  a g r e a t e r  swel l ing  p o w e r  t h a n  t h e  l aye r  i t  s u r r o u n d s  
and,  t he re fo re ,  wil l  e x t e n d  t h e  l a t t e r  whi le  swel l ing.  As 
a resu l t  t h e  l aye r s  s i t u a t e d  n e a r  t h e  h i l u m  will  be  m o s t  
e x t e n d e d  a n d  t h e i r  s t r u c t u r e  wil l  b r e a k  d o w n  a t  a n  
earl ier  s t age  t h a n  t h a t  of t h e  more  p e r i p h e r a l  l ayers .  
The layers  of a s t a r c h  g r a i n  do  n o t  s h o w  f u n d a m e n t a l  
d i f ferences  in  s t r u c t u r e  s . T h e r e f o r e  a t  e a c h  s t age  of 

.swelling a g r a d u a l  t r a n s i t i o n  of s t r u c t u r a l l y  m o r e  
d i s t u r b e d  l aye r s  to  less d i s t u r b e d  l aye r s  will  ex i s t  f r o m  
the  ins ide  t o w a r d s  t h e  ou t s ide .  T h i s  is one  of t h e  r ea sons  
why  in t h e  b e g i n n i n g  a m y l o s e  a c c u m u l a t e s  ins ide  t h e  
cav i ty  f o rmed .  

Now i t  will  be  c lea r  t h a t  a poss ib le  s t age  of s e m i p e r -  
m e a b i l i t y  m a y  occu r  in  p e r h a p s  on ly  one  or  t w o  l aye r s  a t  
a t ime.  E a c h  l a y e r  will  t h e n  pass  t h r o u g h  t h a t  s tage ,  
first  of all  t h e  m o s t  c e n t r a l  layer ,  t h e n  t h e  l aye r  sur -  
r o u n d i n g  it,  a n d  so on.  O n l y  w h e n  t h e  m o s t  p e r i p h e r a l  
layer  wou ld  pa s s  t h e  s t age  of s e m i p e r m e a b i l i t y  cou ld  
we c o m p a r e  t h e  swol len  s t a r c h  g r a i n  to  a n  o s m o t i c  cell. 
This  s t age  wil l  be  of s h o r t  d u r a t i o n  a n d  i t  is h i g h l y  
i m p r o b a b l e  t h a t  we w o u l d  be  ab le  to  se lec t  a sac  w h i c h  
exac t ly  m e e t s  t h e  r e q u i r e m e n t s .  

Las t ly ,  t h e  gene ra l  s t a t e m e n t  a b o u t  t h e  ac t ion  of 
h y p e r t o n i c  s o l u t i o n s  cou ld  refer  o n l y  to  s u b s t a n c e s  
which  do n o t  cause  swel l ing  b y  b r e a k i n g  h y d r o g e n  b o n d s  
be tween  a d j a c e n t  s t a r c h  molecules ,  b u t  of t hose  sub-  
s tances  t h e r e  a re  n o t  m a n y .  A m o n g s t  t h e  e l ec t ro ly t e s  
c o n c e n t r a t e d  s o l u t i o n s  of sa l t s  l ike s u l p h a t e s  a n d  chlo-  

I A. FREY-WYSSLIN6, Exper. 8, 101 (1952). 
s N. P. BADENHUIZEN, Rec. Trav. Bot. n~erl. 35, 559 (1938). 
s R. S. BEAR and E. G. SAMSA, Ind. Eng. Chem. 35, 721 (1943). 
4 N. P. BADENHUIZEN, Baker's Digest 25, 1 (1951). 
5 N. P. BADE~HUXZEN, Transact. Faraday Sue. [B] 42 255 (1946). 

r ides,  a n d  also a s a t u r a t e d  s o l u t i o n  of N a O H  or HaPO 4 
will n o t  cause  swel l ing  of s t a r c h  g r a i n s L  Suga r s  a re  c lass ic  
e x a m p l e s  of o rgan ic  s u b s t a n c e s  i n h i b i t i n g  swel l ing.  

There fo re ,  c o n s i d e r a t i o n s  b a s e d  on  o u r  k n o w l e d g e  of 
t h e  swel l ing  of a s t a r c h  g ra in  lead  us to  t h e  c o n c l u s i o n  
t h a t  we c a n n o t  e x p e c t  t h e  sacs  to  b e h a v e  l ike o s m o t i c  
cells. E x p e r i m e n t s  c o n f i r m  t h i s  conc lus ion .  

P o t a t o  s t a r c h  g ra ins  were  h e a t e d  in a 3 3 %  g lucose  
s o l u t i o n  a t  a t e m p e r a t u r e  of 90°C, w h e n  t h e y  f o r m e d  
well  d e v e l o p e d  p e r s i s t e n t  sacs*. Swel l ing  is l i m i t e d  u n d e r  
t h e s e  c o n d i t i o n s  due  to  t h e  l i m i t e d  a m o u n t  of w a t e r  
a v a i l a b l e .  A f t e r  r e p e a t e d  w a s h i n g  a n d  c e n t r i f u g i n g  in  
d i s t i l l ed  w a t e r  no  t r a c e  of g lucose  cou ld  be  f o u n d  ins ide  
t h e  sacs.  

Be fo re  i t  is c o n c l u d e d  t h a t  t h e  wal ls  of t h e  sacs a re  
p e r m e a b l e  to  glucose,  we h a v e  to  p r o v e  t h a t  t h e  s u g a r  
h a d  e n t e r e d  t h e  sacs  before  t h e y  were  w a s h e d  out ,  as 
we k n o w  s t h a t  n a t i v e  s t a r c h  does  n o t  a b s o r b  s u g a r  f r o m  
a w a t e r y  so lu t ion .  H o w e v e r ,  t h e  o r ig ina l  p re sence  of 
g lucose  ins ide  t h e  sacs  is eas i ly  d e m o n s t r a t e d  b y  a d d i n g  
FEHLING'S s o l u t i o n  to  t h e  h o t  su spens ion .  

As t h e  a u t h o r  h a d  no  k n o w l e d g e  of a c t u a l  m e a s u r e -  
m e n t s  p e r f o r m e d  on  sacs  in  d i f f e r e n t  so lu t ions ,  a n u m b e r  
of s u c h  m e a s u r e m e n t s  were  d o n e  w i t h  t h e  a id  of a DE 
FONBRUNE m i c r o m a n i p u l a t o r  a n d  us ing  p h a s e  c o n t r a s t .  
One  d i f f i cu l ty  in  t h i s  t y p e  of e x p e r i m e n t  is t h e  p l a s t i c  
d e f o r m a t i o n  sacs  m a y  u n d e r g o  d u r i n g  t r a n s p o r t  f r om 
one  d r o p l e t  to  a n o t h e r .  T h e  oil c h a m b e r  of DE FONBRUNE 
h o w e v e r  c o n s i d e r a b l y  d e c r e a s e d  t h i s  dange r ,  as i t  was  
e a s y  to  h a v e  i so l a t ed  sacs  a l w a y s  s u r r o u n d e d  b y  a suf-  
f i c i en t  q u a n t i t y  of wa te r .  Also  d i f f e r en t  o r i e n t a t i o n s  
m a y  s i m u l a t e  c o n t r a c t i o n  or  e x p a n s i o n .  

Sacs  of d i f f e r e n t  sizes, a n d  also f r a g m e n t s  of t h e  walls  
o b t a i n e d  w i t h  t h e  a id  of a W a r i n g  B lendo r ,  were  i so l a t ed  
a n d  t r a n s p o r t e d  i n t o  c o n c e n t r a t e d  s o l u t i o n s  of MgCI,, 
NaC1, KC1, (NH4)sSO 4, Th(NOs)  * a n d  N a O H ,  w h i c h  d id  
n o t  cause  swel l ing  of t h e  n a t i v e  s t a r c h  gra ins .  I n  al l  
cases  n o  c o n t r a c t i o n ,  b u t  a l w a y s  a s l i gh t  swel l ing  was  
f o u n d .  T h e  f ac t  t h a t  a v e r y  s m a l l  a d d i t i o n  of NaC1 
g ives  a s h a r p  d r o p  in v i s cos i t y  4 will h a v e  t o  be  e x p l a i n e d  
in  a n o t h e r  way .  

C o n t r a c t i o n  h o w e v e r  t o o k  p lace  in g lucose  so lu t ions .  
W h e n  t h e  sacs  were  b r o u g h t  b a c k  i n t o  w a t e r  t h e y  
r e s u m e d  t h e  o r ig ina l  s h a p e  a n d  d imens ions ,  a n d  t h i s  
p rocess  cou ld  be  r e p e a t e d  a d  l i b i t u m ,  s eve ra l  c h a n g e s  
b e i n g  poss ib le  w i t h i n  a few seconds .  

I t  is i m p o r t a n t  t h a t  t h e  s a m e  c o n t r a c t i o n  is d e m o n -  
s t r a t e d  b y  f r a g m e n t s ,  e.g. t h e  two  h a l v e s  of a sac  w h i c h  
h a d  b e e n  c u t  l eng thwise ,  or  W a r i n g  B l e n d o r  f r a g m e n t s .  
T h e r e f o r e  c o n t r a c t i o n  of t h e  sacs  in  g lucose  s o l u t i o n s  is 
n o t  due  to  o s m o t i c  b e h a v i o u r .  

M o r e o v e r  a n  o r ig ina l l y  s m o o t h  sac  m a y  s h o w  r u m p l e s  
a f t e r  c o n t r a c t i o n .  These  r u m p l e s  do  n o t  d i s a p p e a r  a f t e r  
swel l ing  in  wa te r ,  as we wou ld  e x p e c t  w h e n  o s m o t i c  
p r e s su re  was  i n v o l v e d .  Once  a sac  shows  a local  d e f o r m -  
a t i o n  t h i s  is m a i n t a i n e d .  T h e  r u m p l e d  sacs  s t i l l  m a i n t a i n  
t h e i r  ful l  e l a s t i c i ty .  

I t  is a w e l l - k n o w n  f ac t  t h a t  swol len  s t a r c h  g r a i n s  c a n  
be  s t a i n e d  w i t h  congo  red.  I t  was  f o u n d  t h a t  t h e  s t a i n  
r e m a i n s  a b s o r b e d  e v e n  a f t e r  s t r o n g  c o n t r a c t i o n  in  
c o n c e n t r a t e d  g lucose  so lu t ions .  Th i s  i n d i c a t e s  t h a t  t h e  
s u g a r  molecu les  r ep lace  free w a t e r  mo lecu le s  a n d  t h a t  
c o n t r a c t i o n  is c a u s e d  b y  a c loser  a s s o c i a t i o n  of t h e  s t a r c h  

1 N. P. BADENHUIZEN, De Chemic en de Biologie var~ bet aetmeel 
(Oosthoek, Utrecht, 1949), p. 221. 

s R.T. WmTTENBERGER and G. C. NOTTXNG, Ind. Eng. Chem. 40, 
1407 (1948). 

s A. LEULIER and A. COEUR, J. Pharm. Chim. [8] 27, 241 (1938). 
4 K. H. MEYER, Adv. Coll. Sci. 1, 143 (1942). 



138 Br~ves communications - Brevi Comunicazioni [EKPERIENTIA VoL. IX/l] 

molecules .  T h e  e las t i c i ty  of t h e  c o n t r a c t e d  sacs fu r the r  
po in t s  to  the  presence  of w a t e r m a n t l e s  round  the  l iber-  
a t e d  OH-groups ,  a cond i t ion  which  e v i d e n t l y  is necessa ry  
for t he  absorp t ion  of  congo red.  

F ina l ly ,  s e d i m e n t  v o l u m e s  were  m e a s u r e d  in a n u m b e r  
of so lu t ions  of d i f fe ren t  subs tances .  3 g s ta rch  was 
s t i r red  w i t h  72 ml  wa te r  and  the  suspension h e a t e d  on 
a w a t e r b a t h  unt i l  a t e m p e r a t u r e  of 63°C was reached.  
Af te r  cen t r i fug ing  the  s ed imen t  v o l u m e  was 40 ml.  
The  s ed imen t  (conta in ing  a b o u t  93% of water )  was 
m i x e d  w i t h  120 ml  of water ,  38% glucose so lu t ion  o r  
s a t u r a t e d  NaC1 solut ion.  Af t e r  24 h t he  s e d i m e n t  v o l u m e  
was  m e a s u r e d  and  expressed  in pe rcen t age  of  t o t a l  
vo lume .  The  same  va lue  (35 %) was found  in al l  cases, so 
t h a t  e v e n t u a l  con t r ac t ions  could  no t  be d e m o n s t r a t e d  
b y  th is  me thod .  

The de Fonbrune micromanipulator used in the experiments was 
generously placed at our disposal by a grant from the South African 
Council for Scientific and Industrial Research. 

N. P. BADENHUIZEN 

Department o/Botany, University o/the Witwatersrand, 
Johannesburg, January 20, 1953. 

Zusammen/assung 

Es  wird  gezeigt ,  dass  die Wi~nde gequo l l ene r  St~rke-  
kGrner n ich t  s e m i p e r m e a b e l  s ind und  dass demzufo lge  
die Blasen n ich t  m i t  o smot i schen  Zel len verg l ichen  wer-  
den  kGnnen. Que l lung  und  S c h r u m p f u n g  der  Blasen  
u n t e r  d e m  Einf luss  ve r sch iedener  Subs t anzen  sind die 
Folge  ko l lo id -chemischer  S t ruk tur~ inderungen  in der  
B l a s e n w a n d  selber,  

Untersuchungen fiber chemische Zusammen-  
setzung und Aufbau des Htrschgeweihes 

l~ber den  A u f b a u  und  die G e s t a l t u n g  des Hi r schge-  
weihes  w u r d e n  zahl re iche  in te ressan te  B e o b a c h t u n g e n  
mi tge te i l t ,  so dass  W a c h s t u m s b e g i n n ,  Ausdehnung ,  
A b w u r f  usw. gu t  b e k a n n t  s ind  1. D u r c h  die Arbe i t en  yon  
WISLOCKI und  Mi ta rbe i te rnZs ind  wir  auch  in ana tomisch -  
h is to logischer  H i n s i c h t  fiber den Gewe ihau fbau  often-  
t ie r t .  H o r m o n a l e  Bee inf lussungen  desselben k o n n t e n  
z u m  Beispiel  du rch  Ve rab re i chung  yon  T h y r o x i n  gezeigt  
werden,  welches  das G e w e i h w a c h s t u m  an reg t  s. 

1 H. BRUHIN, Physiol. comp. oecol. (im Druck). 
G. B. WlsLocgI, Amer. J. Anat. 71, 371 (1942). - G. B. WIs- 

LOCRI, H. L. WEATHERFORD und M. SINGER, Anatom. Ree. 99, 265 
(1947).- C. M. WALDO, G. B. WISLOCKI und D. W. FAWCETT,Anatom. 
Ree. 84, 27 (1949). 

a N. G. LEBEDINSKY, Acta biol. Latvig. (1939). 

U m  die chemische  Z u s a m m e n s e t z u n g  des konsolidier-  
t e n  Geweihes  m i t  de r j en igen  der  grossen NGhrenknochen 
verg le ichen  zu kGnnen, h a b e n  wi r  e inige U n t e r s u c h u n g e n  
durchgef i ih r t ,  de ren  R e s u l t a t e  aus  der  Tabe l l e  I he rvor -  
gehen .  

Der  Q u o t i e n t  C a / P  be t r i ig t  s o m i t  1,63 bis 1,75, im 
Mi t te l  1,64, und  en t sp r i ch t  d e m  theo re t i s chen  We'rt 
(1,665) fiir H y d r o x y l a p a t i t  3Caa(PO4)2.Ca(0H)v Es  be- 
s t eh t  ke in  Zweifel,  dass konsolidier. tes Geweih  und  Kno- 
chert chemisch  we i t gehend  iden t i sch  a u f g e b a u t  s ind und 
die ana tomisch -h i s to log i schen  Befunde ,  welche  darauf  
h inweisen,  yon  dieser  Sei te  her  eine Bes t~ t igung  erfuh- 
ten.  Unse re  Ergebnisse  f iber  die Z u s a m m e n s e t z u n g  der 
be iden u n t e r s u c h t e n  Geweihe  s t i m m e n  m i t  e iner  yon 
~VEISKE t pub l i z i e r t en  Ana lyse  eines Hi rschgeweihes  
i iberein,  welche  gleichfal ls  e inen  C a / P - Q u o t i e n t e n  you 
1,66 ergab.  

W i r  u n t e r s u c h t e n  ferner  den  s o g e n a n n t e n  Bast ,  der 
b e k a n n t l i c h  als lebende,  behaa r t e  H a u t  das Hirschge-  
weih  w/i.hrend der  D a u e r  seines W a e h s t u m s  u m g i b t  und 
spAter e in t rockne t ,  abs t i rb t  und  abgefeg t  wird.  Die  Re- 
su l t a t e  der  chemischen  Pr f i fung  zweier  lu f t t rockener  
P roben  sind aus der  Tabe l le  I I  e rs ich t l ich :  

Tabette II 
Analyse yon Bastproben 

Probe 

A 
B 

Feuchtigkeits- 
gehalt 

% 

49,0 
49,8 

in % des Troekengewiehtes 

I Asche Gesamt-N P Ca 

3,14 11,73 0,21 9,25 
3,04 11,76 0,25 ),17 

Die W e r t e  zeigen,  m i t  A u s n a h m e  de r j en igen  fiir  das 
Ka l z ium,  eine gu te  l~be re ins t immung .  

W e n n  das  Ske l e t twachs tu rn  schon l~ngst  beende t  ist, 
e r r e i ch t  im  sp/ i teren Al t e r  das  Geweih  seine grGsste Aus- 
dehnung .  Wie  wir  zeigen konn ten ,  is t  de r  in 3-4  Monarch 
er fo lgende  A u f b a u  m i t  e iner  in t ens iven  Be t e i l i gung  am 
Phospha t s t o f fwechse l  begle i te t .  W i r  hubert e inem zwei- 
j / ihr igen D a m h i r s c h  (geboren a m  15. 8. 1949) m i t  im 
W a c h s t u m  be f ind l i chem Geweih  a m  27. 7. 1951 Phos-  
pha t ,  e n t h a l t e n d  r a d i o a k t i v e n  Phosphor ,  in j i z ie r t  und 
das  Tier  nach  1 3 ~  h ge tGte t  2. E i n  zwei te r  e in j~hr iger  

x H. WEISKE, Landwirtschafttiche Versuchsstation 20, 35 [siehe 
auch Tabulae Biologicae III, S. 371 u. 381 {1926)]. 

2 K. BERNHARD und G. BRUBACHER, Z. physiol. Chem. 290, 237 
(1952). 

Tabelle I 
Analyse yon Skeletteilen und Geweihproben eines Damhirsches 

Tibia 
Metatarsus 
Femur 
Metacarpus 
Ulna 
Humerus 
Geweih 1 
Geweih 2 

Feuchtigkeits- 
gehalt 

% 

13,3 
18,2 
28,4 
23,9 
18,6 
24,2 

7,8 
6,2 

in % 
des Trocken- 

gewiehtes 

in % 
des Frisch- 
gewichtes 

Ca-Gehalt 
der Asche 

% 

P- Gehalt 
der Asche 

% 

54,6 
49,4 
42,5 
44,8 
46,6 
39,3 
46,4 
47,3 

Asehe 

63,0 
60,3 
59,4 
58,8 
57,3 
51,8 
50,3 
50,4 

40,6 
40,9 
40,6 
40,3 
40,3 
39,0 
40,3 
40,6 

17,9 
18,7 
19,3 
18,4 
18,9 
18,4 
19,5 
18,9 

Quotient 
ca/P 

1,75 
1,69 
1,63 
1,69 
1,65 
1,64 
1,60 
1,66 


