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s l ight ly  modif ied  to make  it sui table for hemolysa tes .  The 
G S H  c o n t e n t  of red  cells was e s t ima ted  according to  
BEUTLER e t  al. xT. 

Whole  blood f rom a no rma l  subject ,  washed  red cells 
f rom the  same  sample  of Mood suspended  in saline + glu- 
cose 2%,  t h e  same red cells suspended  in saline, and  whole  
blood f rom a G-6-PD def ic ient  indiv idual  were incuba ted  
for 2 h w i t h  and  w i t h o u t  A P H .  The tes t s  l is ted above  
were t h e n  pe r fo rmed  on  hemolysa te s  prepared  f rom these  
d i f fe ren t  mix tures .  Resu l t s  are shown in the  Table  and  
the  Figure.  

I t  is clear  t h a t  in the  two mix tu res  in which a decrease 
of t h e  G S H  was  ob ta ined ,  t he  modif icat ions  of H b  and  
acid p h o s p h a t a s e  referred to above  also occurred.  

As far as we know th is  is t he  first  observa t ion  of a 
qua l i t a t ive  as well as a q u a n t i t a t i v e  modif icat ion of an 
e ry th rocy t i c  enzyme  associa ted wi th  the  decrease of the  
red cell GSH.  

The  analogies be tween  wha t  has jus t  been described 
and w h a t  h a p p e n s  to  H b  in the  same exper imenta l  condi-  
t ions  are s t r ik ing:  therefore  the  p resen t  results  can be 
expla ined  b y  assuming  t h a t  the  GSSG formed by the  
d rug- induced  ox ida t ion  of t he  G S H  could combine  wi th  
acid p h o s p h a t a s e s  p roduc ing  molecules of the  t ype  
' p ro te in  S-SG'  which  would show an increased anodic 
mobi l i ty .  

E x p e r i m e n t s  are being carr ied out  in order  to ascer ta in 
w h e t h e r  t he  ac t iv i ty  of t he  molecules wi th  higher  anodic 
mobi l i ty  is d i f fe ren t  f rom t h a t  of the  na t ive  enzyme,  as 

some of our  d a t a  suggest ,  or w h e t h e r  the  decrease of the  
ac t iv i ty  is due on ly  to the  i r revers ib le  d e n a t u r a t i o n  of t he  
enzyme  xs 

Riassunto. L' incubaz ione  con G S S G  d e t e r m i n a  nel- 
l ' emol izzato  una  modif icazione del q u a d r o  e le t t rofore t ico  
delle fosfatasi  acide e r i t roc i ta r ie  ed  una  r iduzione  del la  
loro a t t iv i th .  

Modificazioni iden t iche  a carico de l l ' enz ima  possono  
veni re  i ndo t t e  anche  nel g lobulo rosso in te ro  di sogge t to  
normale  o di enz imopenico  per  la G-6-PD,  p r o v o c a n d o  
una  c a d u t a  del tasso di G S H  m e d i a n t e  acet i l feni l idrazina .  
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T h e r m o d y n a m i c s  of Ag ing  of the Col lagenous  
Structure  

In  t he  recen t  pas t ,  several  papers  have  appeared  
descr ib ing the  aging of collagen as the  mani fes ta t ion  of 
an increase in cross- l inking dens i ty  1-s. The na ture  of 
rising cross-l inks is however  no t  clear enough.  I t  seems 
t h a t  more  factors  coopera te  in t he  resul t ing increase in 
s t ruc tu ra l  s tab i l i ty  of the  aged collagen, as was shown 
recent ly  by  CHVAPIL and  DEYL 4. Exce l l en t  in format ion  
abou t  t he  changes  t h a t  t ake  place dur ing  the  aging pro- 
cess could be o b t a i n e d  f rom the  t h e r m o d y n a m i c  data .  The 
great  d i s a d v a n t a g e  of th is  m e t h o d  is based in the  impos-  
s ibi l i ty  of d i rec t  enumera t i on  of f u n d a m e n t a l  t he rmo-  
d y n a m i c  m a g n i t u d e s  like free energy,  e n t h a l p y  and  abso- 
lute e n t r o p y  of t he  s t ruc ture .  This  d i s a d v a n t a g e  could be 
abol ished b y  tak ing  in to  accoun t  t he  fact  t h a t  the  
d e n a t u r a t i o n  of collagen is a process  cons is t ing  of a t  least  
two s teps,  t h e  f i rs t  one being the  fo rma t ion  of an ac t iva ted  
complex  of d e n a t u r a t i o n .  Assuming  t h a t  the  sterical  con- 
f igurat ion of t he  ac t iva t ed  complex  is a lways  the  same,  
i n d e p e n d e n t  of t he  n a t u r e  of the  dena tu ra t ion ,  one can 
also cons ider  t h a t  the  t h e r m o d y n a m i c  pa ramete r s  (in 
absolute  measure)  of ac t iva t ed  complex  of dena tu ra t i on  
are i n d e p e n d e n t  of the  na tu re  of the  d e n a t u r a t i o n  process 
itself. This  p r e s u m p t i o n  could be easily verif ied by 
es t imat ion  of A F  + in the  ac t iva t ed  s ta te ,  as will be 
shown below (see Table  I). 

In  our  work  we t r ied  to de t e rmine  the  changes  in 
t h e r m o d y n a m i c  p a r a m e t e r s  on tile aging of ra t  tai l  ten-  
dons. Male ra t s  of W i s t a r  s t ra in  aged 10 weeks and  10 
m o n t h s  were used.  The  eva lua t ion  of free energy  change 

in the  format ion  of an ac t iva t ed  c o mp l e x  of d e n a t u r a t i o n  
and  enumera t ion  of the  en tha ip ic  effect  was pe r fo rmed  
in a similar way  as descr ibed previous ly  by  WEIR s. F r o m  
the  con t rac t ion- re laxa t ion  curve of t he  tail  t e n d o n  the  
hal f - t ime of shr inking (equal to ha l f - t ime  of dena tu ra t ion )  

Table I. Values of free energy of activated complex formation in dif- 
ferent media for rat tail tendons from old and young individuals. 
Each value is an average from ten measurements; standard deviation 
is ~ 2.5 keal per mole. All measurements at 37°C, values for thermal 

denaturation are extrapolated 

Sample zl F*+ (keal per mole} 

Heat 6M 0.1N 0.1N 2.5M 
only urea CHaCOOH NaOH KI 

Young rats 26.5 20.9 20.3 21.0 19.2 
(10 weeks} 

Old rats 28.7 21.2 20.5 21.6 19.5 
(10 months) 
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w a s  d e t e r m i n e d .  S h r i n k i n g  w a s  m e a s u r e d  u n d e r  a l o a d  of  
50 rag ,  w h i c h  does  n o t  s i g n i f i c a n t l y  a f f e c t  t h e  v a l u e  of  
t h e  h a l f - t i m e .  O u r  m e a s u r e m e n t s  w e r e  p e r f o r m e d  i n  d i f -  
f e r e n t  m e d i a ,  n a m e l y  in  6 M  u r e a ,  0 . 1 N  N a O H ,  0 . 1 N  
C H 3 C O O H  a n d  2 . 5 M  K I .  F o r  e a c h  of t h e s e  s o l u t i o n s  t h e  
p a r a m e t e r s  of f o r m a t i o n  of  a n  a c t i v a t e d  c o m p l e x  of  de -  
n a t u r a t i o n  w e r e  e v a l u a t e d .  T o  e n a b l e  t h e  d e t e r m i n a t i o n  
oI  t h e  e n t h a l p y  c h a n g e  of  a c t i v a t e d  c o m p l e x  f o r m a t i o n ,  
t h e  m e a s u r e m e n t s  w e r e  p e r f o r m e d  a t  d i f f e r e n t  t e m p e r a -  
t u r e s :  28 °, 32 °, 37 ~, 42 °, a n d  47°C .  F o r  d e t e r m i n a t i o n  of  
f ree  e n e r g y  a n d  e n t h a l p y  c h a n g e  in  d i s t i l l e d  w a t e r ,  t h e  
m e a s u r e m e n t  w a s  p e r f o r m e d  a t  58 ° a n d  62°C .  F o r  c o m -  
p a r i n g  v a l u e s  o b t a i n e d  in  d i s t i l l e d  w a t e r  w i t h  t h o s e  
o b t a i n e d  in  d i f f e r e n t  m e d i a  a t  m u c h  l o w e r  t e m p e r a t u r e ,  
t h e  v a l u e s  o b t a i n e d  i n  d i s t i l l e d  w a t e r  w e r e  e x t r a p o l a t e d  
t o  37°C.  

C a l c u l a t i o n  of t h e  t h e r m o d y n a m i c  p a r a m e t e r s  of  ac-  
t i v a t e d  c o m p l e x  f o r m a t i o n  w a s  as  f o l l o w s :  

A s s u m i n g  t h a t  a c t i v a t e d  c o m p l e x  f o r m a t i o n  is  a f i r s t  
o r d e r  r e a c t i o n ,  t h e  v e l o c i t y  c o n s t a n t  a t  a n y  t e m p e r a t u r e  
w i l l  be  

0 .6932  

t½ 

a n d  t h e  e q u i l i b r i u m  c o n s t a n t  of  t h e  c o m p l e x  f o r m a t i o n  
is t h e n  

3,31 • 10 - n  
K p - -  

T ~y, ' 

w h e r e  3.31 - i0 -n = 0 .6932  • h/k,  h a n d  k d e s i g n a t e  

P l a n c k ' s  a n d  B o l t z m a n n ' s  c o n s t a n t  r e s p e c t i v e l y ,  T is  
a b s o l u t e  t e m p e r a t u r e  a n d  tl~ ~ is  t h e  h a l f - t i m e  of  t h e  
r e a c t i o n .  

F r o m  t h e  v a l u e  of  e q u i l i b r i u m  c o n s t a n t  t h e  f ree  e n e r g y  
c h a n g e  is c o m p u t e d  : 

A F  + = -- 2 .303 R T log  K ' .  

T h e  t e m p e r a t u r e  d e p e n d e n c e  of  t h e  v e l o c i t y  c o n s t a n t  K 
e n a b l e s  o n e  t o  d e t e r m i n e  t h e  e n t h a l p y  c h a n g e :  p l o t t i n g  
l og  K '  a g a i n s t  1 / T  we o b t a i n  a s t r a i g h t  l ine ,  t h e  s l o p e  
of  w h i c h  is  e q u a l  t o  A H ~ . / 2 . 3 0 3 R ,  

T h e  e n t r o p i e  e f f e c t  is  e v a l u a t e d  f r o m  t h e  f o r m u l a  : 

A F  + = H + S + A + - T A  + .  

I n  o u r  r e s u l t s  s u m m a r i z e d  in  T a b l e  I I  i t  is  s h o w n  t h a t  a l l  
c h a n g e s  i n  t h e  s t r u c t u r e  t a k e  p l a c e  on  a c c o u n t  of  e n t r o p y  
c h a n g e ,  a n d  t h a t  t h e  f ree  e n e r g y  c h a n g e  for  f o r m a t i o n  of 
t h e  a c t i v a t e d  c o m p l e x  of  d e n a t u r a t i o n  is  t h e  s a m e  i n  o l d  
a n d  y o u n g  r a t s .  T h i s  c a n  be  i l l u s t r a t e d  i n  t h e  f o l l o w i n g  
w a y :  L e t  u s  c o n s i d e r  a n  a x i s  of  a b s o l u t e  e n t r o p y  v a l u e s  
a s  s h o w n  i n  t h e  F i g u r e .  T h e  a b s o l u t e  e n t r o p y  of  t h e  a c t i -  
v a t e d  c o m p l e x  of d e n a t u r a t i o n  is  a l w a y s  t h e  s a m e  i n d e -  
p e n d e n t  of  t h e  a g e  a n d  t h e  m o d e  of  d e n a t u r a t i o n .  P l o t t i n g  
t h e  e n t r o p y  c h a n g e s  c o m b i n e d  w i t h  t h e  f o r m a t i o n  of  t h e  
c o m p l e x  for  o ld  a n d  y o u n g  a n i m a l s  i n  d i f t e r e n t  m e d i a ,  w e  
see  t h a t  i n  s p i t e  of  t h e  d i f f e r e n t  n u m e r i c a l  v a l u e s ,  t h e r e  

Table IT. Nmnerical values of thermodynamic magnitudes of acti- 
vated complex formation in different media for old and young 
individuals. Each value is an average from ten measurements. 
Standard deviation in AF2 ~ zk 2.5 keal per mole, in AS+ = =1:4.0 

cal per grad mole 

Sample T *z,= K" AFt_ AH~. AS~_ 
(° K) (see) (kcal (ken (eal 

per per per 
mole) mole) grad 

mole) 

t t ea t  only 

Young rats  331 352.0 2.84" 10 -ze 23.35 91.5 206 
(10 weeks) 335 52.0 1.90.10 '45 22.70 91.5 206 

Old rats  331 732.0 1.37 • 10 ~6 24.00 100.0 229 
(10 months) 335 96.0 7.50 " l 0 "is 23.10 100.0 229 

6 M urea 

Young rats 301 330.0 3.32 ' 10 "16 21.35 37.3 53.0 
(10 weeks) 305 132.0 8.23 • 10 - ~  21.00 37.3 53.4 

310 72.0 3.24" 10 1'~ 20.95 37.3 53.0 
315 27.5 3,83 • 10 -~  20.70 37.3 52.6 
320 1(3.5 6.27' 10 ~ 20.65 37.3 52.2 

Old rats 301 840.0 1.31 • 10 -is  21.80 41.3 64.7 
(10 months) 305 194.0 5.15 - 10 x~ 21.30 41.3 65.5 

310 112.0 9.50' 10 ~ 21.25 41.3 64.7 
315 33.0 3.18,10 a~ 20.80 41.3 65.0 
320 22.0 4.70 ' 10 -~'~ 20.90 41.3 63.7 

PJ~solule entropy or the 
activatecl complex ~ . . . . . . . . . . . . . . . . . . . . . .  ~ Z.5M KI 

Young Old ,~S=2h2 

Young Old A3=19 

~x.entr0py 

Young Old 

~ 5M ur~ 
¥oL~ng OJd AS=ll 

~- O.lt~ ~OH 
(oung &3=ll 

Min.entropy 

0.1 N Ctt3COOH 
AS-1Z 

O ® 
Comparison of entropic changes accompanied with activated complex 
formation supposing that  the absolute entropy of act ivated complex 

at both young and old collagens is the same. 

0.1 N acetic acid 

Young rats 301 36.0 3.32 • 10 1~ 19.80 5.4 --47.7 
(10 weeks) 305 30.0 3.62 ' 10 -1~ 20.10 5.4 --48.0 

310 24.0 4.45 • 10 -1~ 20.30 5.4 --47.8 
320 16.0 6.45 • 10 -1~ 20.7 5.47 --47.5 

Oldra ts  301 42.0 2.63" 10 -la 19.9 9.60 --34.4 
(10 months) 305 36.0 3.01 " 10 -1~ 20.2 9.60 --34.7 

310 30.0 3.56" 10 -1~ 20.5 9.60 --34.6 
320 i8.0 5.75 • 10 -15 20.8 9.60 --34.9 

0.1 N natr ium hydroxide 

Young rats 305 144.0 7.52 • 10 -16 21.0 21.45 1.5 
(10 weeks) 315 40.0 2.50 - 10 -t5 21.0 21.45 1.4 

320 36.0 2.87 ' 10 -1~ 21.3 21.45 0.5 

Old rats 305 300.0 3.21 • 10 -1~ 21.6 25.50 12.8 
(10 months) 315 101.0 1.04 • t0 i s  21.6 25.50 12.4 

320 48.0 2.16 • 10 '1~ 21.3 25.50 13.1 

2.5 M KI 

Young rats 305 20 5,43 ' 10 1~ 19.9 45.40 83.5 
(10 weeks) 310 5 2.14,10 T M  19.2 45.40 84.5 

Old rats  305 18 6,04 ' 10 -1~ 19.8 119.00 325.0 
(10 months) 310 1 1.07,10 -1~ 18.4 119.00 342.0 
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is a sh i f t  in  t he  va lues  co r r e spond ing  to  old an ima l s  in 
t he  sense of lower  va lues  of abso lu te  en t ropy .  Th i s  m e a n s  
s i m u l t a n e o u s l y  a n  increase  in abso lu te  nega t i ve  en t ropy ,  
wh ich  is in  good a g r e e m e n t  w i th  the  idea t h a t  l iv ing  
o rgan i sms  as open  sys t ems  are fed b y  nega t ive  en t ropy .  
Older  s t r u c t u r e s  h a v e  the re fore  less freedom, are  more  
ordered ,  a n d  h a v e  a lower va lue  of abso lu te  en t ropy .  

Zusammen/assung. Bei der  Pr i i fung  der  t h e r m o d y n a m i -  
schen  D e n a t n r a t i o n s p a r a m e t e r  de r  K o l l a g e n s t r u k t u r  
w u r d e  Ies tges te l l t ,  dass  die E r h 6 h u n g  der  s t r u k t u r e l l e n  
Stabi l i t~i t  de r  E r n i e d r i g u n g  de r  E n t r o p i e  en t sp r i ch t .  
E n t r o p i e ~ n d e r u n g  w~ihrend de r  D e n a t u r a t i o n  der  S t ruk-  

t u r  s t i m m t  m i t  d en  _A_nderungen de r  E n t h a l p i e  v611ig 
i iberein,  so dass  die freie E n e rg i e  im T i e r e x p e r i m e n t  
a n d a u e r n d  k o n s t a n t  b le ib t ,  

Z. DEYL s a n d  E.  EHRLICHOV~ 

Laboratory o/ Physiology and Pathophysiology o[ 
Metabolism, Czechoslovak Academy o/Sciences, 
Praha (Czechoslovakia), January 22, 1965. 

e Present address: Massachusetts Institute of Technology, Depart- 
ment of Biology, Cambridge (USA). 

N e u e r e  A n g a b e n  f i b e r  C a p s i c i d i n  

In  e iner  f r f iheren Mi t t e i l ung  1 wurde  fiber die Isol ierung 
yon  Capsicidin,  e ines neuen ,  be sonde r s  He len  sch/idigen- 
den  A n t i b i o t i c u m s  aus  Gewf i r zpapr ika  b e r i c h t e t  und  der  
V¢irkstoff als ein S a p o n i n  ident i f iz ie r t .  Wei t e re  Versuche  
f i ih r t en  zu der  Fes t s te l lung ,  dass  Capsic idin  in den  
A l e u r o n k 6 r n c h e n  der  re i fen S a m e n  u n d  in der  Wurze l -  
r inde  v o n  Capsicum annuum L. e n t h a l t e n  ist. 

E i n  S t u d i u m  der  Aktivitdtsbedingungen des Wirks tof fes  
e rgab  Fo lgendes :  (1) Akt ive ,  wXsserige L6sungen  des 
Sapon ins  jeg l icher  H e r k u n f t  lassen sich d u r c h  Cholester in  
i nak t iv i e r en .  Aus S a m e n  e x t r a h i e r t e  wS~sserige Aleuron-  
suspensionen s ind ak t iv ,  j e d o c h  d u r c h  Choles te r in  n i eh t  
i n a k t i v i e r b a r ,  n u r  n a c h  Des in t eg r i e rung  der  K 6 r n c h e n  
d u r c h  V e r r e i b u n g  m i t  Sand.  (2) Akt ive ,  s apon inha l t i ge  
Ka l twasse rausz i ige  w e r d e n  d u r c h  sofor t iges  Erh i t zen ,  
s chwaehe  Ans~iuerung mi t  Minera l s / iu ren  oder  Alkalisie- 
r u n g  vol ls tXndig i n a k t i v i e r t .  E r fo lg t  die E i n w i r k u n g  n a c h  
e iner  gewissen S tehze i t  de r  E x t r a k t e ,  t r i t t  keine Inak t i -  
v i e rung  m e h r  ein. Mi t t le rwei le  spie l t  s ich ein S tab i | i sa -  

Stabilisationsvorgang in eitter Kaltwassersuspension 1:10 von 
Aleuron des Capsicum annuum-Samens. Mitre: Die Suspension ohne 
Erhitzung. Keine Hemm~one: Sofortige Erhitzung nach Extraktion. 
Ganz schmale Hemmzone: Erhitzung nach 5 mitt Stehzeit. hnmer 
breitere Hemmzonen ttach Stehzeiten yon 10, 20, 30 und 50 rain. 
Teststamm: Sacch. cerevisiae var. ellipsoideus T22. Standard-Agar, 

pH 7,2. 

t i o n s v o r g a n g  a b  (Figur).  (3) In  a k t i v e n  W u r z e l e x t r a k t e n  
b i lden  sich op t i sch  an i so t rope ,  in  h i t z e i n a k t i v i e r t e n  op- 
t i sch  i so t rope  Kris tal le .  (4) D u r c h  E r h i t z u n g  in w~sseri-  
gem M e d i u m  i n a k t i v i e r t e  S u b s t a n z  k a n n  d u r c h  K o c h e n  
m i t  Xylo l  tei lweise r e a k t i v i e r t  werden .  (5) Bei  t r o c k e n e r  
E r h i t z u n g  geh t  die Aktivi t~i t  n u r  seh r  l a n g s a m  z u g r u n d e  
u n d  sie k a n n  d u r c h  Xylo l  n i c h t  wieder  he rges te l l t  werden .  
(6) I n a k t i v e  w~sserige E x t r a k t e  h / imolys ie ren  a u c h  n ich t .  
Es  is t  d a h e r  n i c h t  ausgeschlossen,  dass  a l lgemein  bei  
n i ch t  h / imolys ie renden  P f l a n z e n e x t r a k t e n  d u r c h  sorg- 
f~ltige V e r m e i d u n g  i n a k t i v i e r e n d e r  Einfl t isse noch  neue  
Saponine  e n t d e c k t  w e r d e n  k 6 n n t e n .  (7) Die A k t i v i t ~ t  
wird  yon  der  Z u s a m m e n s e t z u n g  des N i i h rb o d en s  wesen t -  
lich bee inf luss t  u n d  zwar  d u r c h  Bee in f lus sung  d e r  L eb en s -  
b e d i n g u n g e n  u n d  d a h e r  de r  Wide r s t ands f tkh igke i t  des  
T e s t s t a m m e s :  H e m m z o n e n  y o n  Saccharomyces cerevisiae 
var.  ellipsoideus waren  in A n w e s e n h e i t  v o n  0 ,5% Glykose  
viel b re i t e r  als m i t  100/o des Zuckers .  (8) E inf luss  ve r sch ie -  
dener  zugeffigter  Stuffe auf  die Akt ivi t t~t :  M e t h y l -  
alkohol,  h t h y l a l k o h o l ,  Aceton,  G l y c e r i n m o n o s t e a r a t ,  
- t r i s t ea r a t  u n d  - t r ioleat ,  Man n i t ,  Glykose,  Cyste in ,  P e p -  
ton,  O v a l b u m i n ,  Casein, ra f f in ie r tes  Sonnenb lumen61 ,  
St~rke,  Pek t in ,  Bier,  Apfe lsaf t  v e r h i e l t e n  sick indi f fe rent .  
I .ec i th in  inak t iv i e r t e  vol l s t~ndig ,  ebenso  Milch, Weizen-  
mehl ,  s t e r inha l t iges  Sonnenblumen61 ,  m i t  Sand  ver r ie -  
bener  Hefebrei  (weist au f  die O b e r f l t t c h e n w i r k u n g  des 
Saponins  hin).  

Bei F i i t t e r u n g s v e r s u c h e n  an  30 R a t t e n  (1-4 W o c h e n  
lang) mi t  a k t i v e n ,  s t ab i l i s i e r t en  A l e u r o n s u s p e n s i o n e n  
konnte ,  Mor ta l i t~ t  u n d  B l u t b i l d  be t r e f f end ,  ke ine  Gif t -  
w i rkung  nachgewiesen  werden  2. 

Summary. An a c c o u n t  is g iven  of t h e  d i s t r i b u t i o n  of 
capsic idin  - a s a p o n i n  w i t h  a n t i b i o t i c  a c t i v i t y  - in  Capsi- 
cum annuum L., some cond i t ions  of i ts  ac t iv i ty ,  a n d  
feeding e x p e r i m e n t s  w i th  ra ts .  
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1 I. G.~L, Z. Lebensnfittehmters. 124, 333 (1964). 
2 Fiir die Unterstfitzung dieser Arbeit mtichte ieh Herrn Direktor 
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