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ossification and spin concentration in the induction 
system of mice. The spin concentration in bone, induced 
in the guinea-pig, is higher than in the mouse at the 
beginning of the induction process (2 weeks after graft- 
ing); but  28 days after grafting, the values of spin con- 
centration in both experimental  systems are similar. The 
relatively small amount  of bone tissue at an early stage of 
induction in mice after W I S H  cells grafting causes lower 
spin concentration. When ossification of the cartilage 
proceeds, the amount  of mineralized tissue and spin con- 
centration increase gradually, but  when cartilage disap- 
pears almost completely (28 days after grafting), the spin 
concentration in the induced skeletal tissues in mice 
reaches its highest level. I t  should be repeated at this 
point that,  in the guinea-pig induction system, bone 
trabeculae are formed without previous cartilage forma- 
tion 7, 8; hence the spin concentration is higher from the 
beginning than in mice. In the experiment with guinea- 
pigs no E S R  signal arizing from hydroxyapat i te  was ever 
observed in irradiated soft tissues adjacent to the induced 
bone. 

The conclusion from this work is that, using E S R  
technique, one can detect and describe the kinetics of 
mineralization connected with induced bone formation. 

Fig. 2. Bone induction in the vicinity of transitional epithelium in 
guinea-pig 2 weeks after grafting. 

The results obtained in the E S R  study are presented in 
the Table. In both experiments spin concentration in- 
creases with the age of the induced skeletal tissues. There 
is a distinct correlation between the degree of cartilage 

Zusammenfassung. Es wird gezeigt, dass die ent- 
wickelte ERS-Technik  auf Probleme der Mineralisation 
an Knochengewebe angewandt werden kann. Die Kinetik 
des Mineralisationsvorganges in Verbindung mit  induzier- 
ter Knochenbildung wird beschrieben. 
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Protection of Chlorophyll a from Photo-Oxidation by fl-Carotene in Binary Mixture of Organic 
Solvents 

This article deals with the optical and photochemical 
behaviours of chlorophyll a (CHL), in the absence and 
presence of E-carotene (CAR), in binary mixture of organic 
solvents, to find some information about the interaction 
between both pigments, which is controlled by solvent. 

When CHL soution is irradiated with the red band of 
CHL under aerobic conditions, CHL is bleached by photo- 
oxidation. Figure 1 shows the changes in the amount  of 
bleached CHL after 30 min irradiation with the volume 
ratio of methanol to pyridine, + methanol Vine/, (Vpv, + 
Vine ) in the absence and presence of CAR. The bleached 
CHL, in free CHL solution, gradually increases with in- 
creasing Vme/Vpv (curve 1). However, in the presence of 
CAR, the photobleaching of CHL is considerably protect- 
ed by CAR x, z (curve 2). The protection first increases 
with increasing Vme/, (Vpv, + Vine) and reaches a ma- 
x imum at  the volume ratio of 0.4, then decreases to 
zero. This is shown in curve 3 as the difference between 
curves 1 and 2. Since the fluorescence of CHL is not 
quenched by oxygen, the singlet state is not respons- 

ible for the photo-oxidation. CHL in the triplet state may 
react with oxygen to be oxidized. CAR is an efficient 
quencher for the triplet  state of CHL but  not for the 
fluorescent state 3. The direct transfer 4, 5 of tr iplet  energy 
of CHL to CAR is thought to be an important  mechanism 
of the protective action of CAR. The triplet  CAR produced 
reacts with oxygen or dissipates its energy as heat. On the 
other hand, the triplet CHL may form a triplet-triplet  
complex with oxygen in the triplet ground state. Accord- 
ing to the spin conservation law, the singlet, tr iplet  and 
quintet  states are allowed for this complex. The singlet 
complex dissociates into singlet CHL and singlet oxygen, 

1 H. CLAES, Biochem. biophys. Res. Commun. 3, 585 (1960). 
2 H. CLAES, Z. Naturforsch. 76b, 445 (1961). 
a E. FUJIMORI and R. LIVINGSTON, Nature, Lond. 180, 1036 (1957). 
4 M. CHESSlN, R. LIVINGSTON and T. G. TRUSCOTT, Trans. Faraday 

Soc. 62, 1519 (1966). 
5 p. MATHIS, Photochem. Photophys. 9, 55 (1969). 
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and  the  t r ip le t  one  in to  s inglet  C H L  a n d  t r ip le t  oxygen.  
The  l a t t e r  is t h e  quench ing  process  of t r ip l e t  C H L  by  
oxygen.  The s inglet  s t a t e  of oxygen  is long-l ived,  me ta -  
s tab le  and  chemica l ly  react ive .  Singlet  oxygen  s m a y  
oxidize  C A R  (CHL-sens i t ized  p h o t o - o x i d a t i o n  of CAR), 
or m a y  be  q u e n c h e d  b y  C A R  ~. Such processes  also are 
cons idered  to  be a no the r  i m p o r t a n t  m e c h a n i s m  for t he  
i nh ib i to ry  effect  of CAR in the  p h o t o - o x i d a t i o n  of CHL.  
As a resul t  of these  c o m p e t i t i v e  processes,  t he  observed  
p ro t ec t i on  of C H L  f rom p h o t o - o x i d a t i o n  b y  C A R  is 
b r o u g h t  about .  

The red  b a n d  peak  of C H L  abso rp t ion  is a t  671 n m  in 
py r id ine  solut ion.  A dd i t i on  of m e t h a n o l  to  t he  pyr id ine  
so lu t ion  of C H L  causes  an  abso rbance  decrease  and  a 
blue  shi f t  of t he  red  band ,  d e p e n d i n g  on Vrae/Vpv (Figure 2, 
curves  1 and  2). In  t he  presence  of CAR, the  red b a n d  
exh ib i t s  qu i te  a d i f f e ren t  behav iour  f rom the  above.  The  
ex t inc t ion  coeff icient  and  the  w a v e l e n g t h  a t  t he  red peak  
are, respect ively ,  shown  in curves  3 and  4 as a func t ion  of 
V,,,e]Vpv. The ex t inc t ion  coeff ic ient  ini t ia l ly increases w i t h  
increas ing  V,~,/, (Vpv, + Vine) to  a m a x i m u m  and  t h e n  
g radua l ly  diminishes .  The  w a v e l e n g t h  a t  t h e  red peak  
shows a gradual  decrease.  Moreover,  these  curves  ind ica te  
t he  occurrence  of t he  red  shi f t  and  t h e  e n h a n c e m e n t  of 
t he  red  peak  b y  add i t i on  of CAR, d e p e n d e n t  on Vmd, (Vpv, 
+ Vm,.) The  m o s t  r emarkab le  changes  in b o t h  spec t ra l  
p a r a m e t e r s  are observed  a t  t he  vo lume  ra t io  of 0.4. 

SEELY and  JENSEN s have  discussed in de ta i l  the  
changes  9 in  t h e  w a v e l e n g t h  and  the  ex t inc t ion  coeff ic ient  
of C H L  abso rp t ion  b a n d  in  var ious  organic  solvents .  They  
descr ibed  t h a t  t he  red  sh i f t  of BAYLISS 10 is p r e d o m i n a n t  
for C H L  and  t h e  w a v e l e n g t h  of t he  red peak  d e p e n d s  
m u c h  more  on  t h e  re f rac t ive  index  t h a n  on the  die lect r ic  
cons tan t .  F u r t h e r m o r e ,  t h e y  e x a m i n e d  t h e  hyperbo l i c  
re la t ion  b e t w e e n  the  ex t inc t ion  coeff ic ient  and  the  half-  
w i d t h  11 of C H L  red  band .  

The  observed  changes  in t h e  w a v e l e n g t h  and  the  ex t inc-  
t i on  coeff icient  w i t h  Vine~, (Vpv, + Vine) in free C H L  so- 
lut ion,  are caused  b y  the  compl i ca t ed  factorsg,  X~, x* as 
d iscussed by  SEELY and  JENSEN s. The  so lven t  species ~* 
b o u n d  to  C H L  m a y  be  cont ro l led  by  t h e  presence  of C A R  

which  is soluble in pyr id ine  bu t  scarcely  in me thano l .  Fu r -  
t he rmore ,  CAR m a y  in te rac t  w i th  C H L  d i rec t ly  or indi-  
rec t ly  t h r o u g h  so lvent  molecule. This  in te rac t ion  m a y  be 
cont ro l led  by  the  solvat ion  s t a te  in b o t h  p igments .  This  
is sugges ted  by  the  red shi f t  and  the  e n h a n c e m e n t  of t h e  
red  peak  by  the  presence  of CAR (Figure 2, curves  3 and  4). 
A t  t he  Vine/, (Vpv, + Vm,) of 0.4, the  in t e rac t ion  x4 b e t w een  
C H L  and  CAR seems to  be m o s t  s t rong,  and  t h e  fo rma t ion  
of a complex  b e t w e e n  C H L  and  CAR m a y  be m o s t  r e ma rk -  
ed ly  realized.  The  s t rong  in te rac t ion  t h r o u g h  complex  
fo rma t ion  makes  i t  f avourab le  to  t r ans fe r  the  t r ip l e t  ener-  
gy of C H L  to  CAR or to  d iss ipa te  th is  energy  in to  hea t ,  
leading to  an  eff ic ient  p ro tec t ion  of C H L  f rom pho to -ox i -  
da t ion  as seen in F igure  1. This  p ro tec t ion  is cont ro l led  b y  
solvent .  Such a m e c h a n i s m  m a y  overcome the  o the r  com-  
pe t i t ive  processes  descr ibed  above.  

The resul ts  o b t a i n e d  are  t h o u g h t  to  be h igh ly  in te res t ing  
f rom t h e  s t a n d p o i n t  of t he  con t ro l  of molecular  in te r -  
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Fig. 2. Changes in extinction coefficient and wavelength at the red 
band peak of chlorophyll a with the volume ratio of methanol to py- 
ridine % methanol. Curves 1 and 2, extinction coefficient and wave- 
length in the absence of/5-carotene, respectively; curves 3 and 4, 
extinction coefficient and wavelength in the presence of fl-carotene, 
respectively. Concentrations of chlorophyll a and fl-carotene, 8.4 x 
10 -s and 3.73 x 10 -4 M, respectively. 
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Fig. 1. The amount of photobleached chlorophyll a as a function of 
the volume ratio of methanol to pyridine + methanol. Curve 1, in 
the absence of fl-carotene; curve 2, in the presence of fl-carotene; cur- 
ve 3, difference between curves 1 and 2. Concentrations of chlorophyll 
a and fl-carotene. 2.53 × 10-SM and 1 x 10-~M, respectively. The 
amount of photobleached chlorophyll a was determined by the ab- 
sorbance decrease at the red peak. Irradiated with the red band 
for 30 rain at room temperature under aerobic conditions. 

e Singlet oxygen may also oxidize CHL. 
7 C. S. FOOTE and R. W. DENNY, J. Am. chem. Soc. 90, 6233 (1968). 
s G. R. SEELV and R. G. JE~SEN, Spectrochim. Acta 21, 1835 (1965). 
9 The change in wavelength of the FRANC K-CONDON absorption is 

caused by 3 kinds of shifts; 1. the red shift of BAYLISS l° depending 
on the oscillator strength and the polarizability of the solute, 2. the 
shift depending on the difference in the interaction of the excited 
and ground state dipole moments of the solute with the induced 
field in the solvent and 3. the shift depending on the interaction 
of the dipole moments with static part of the polarizability of the 
solvent (N. G. BmCHSHmV, Optics Spectrosc. 10, 379 (1961)). 

lo N. S. BAVLlSS, J. chem. Phys. 18, 292 (1950). 
11 SEELV and JENSEN s discussed the band broadening due to the 

fluctuations in the interaction energy between the difference of di- 
pole moments of the excited and ground states of the solute and the 
resultant field produced by the dipole moments of solvent mole- 
cules, and in that between the transition moment vector of the 
solute and the electronic polarization of the solvent molecules. 

12 The refractive index and the dielectric constant vary linearly with 
the volume ratio of methanol to pyridine. 

13 FREED and SANCIER assumed that the solvent species in binary 
mixture of polar solvents A and B are CHL-(A}2, CHL-(A)(B) and 
CHL-(B)s , and the solvent molecules are bound to Mg in the center 
of the porphyrin ring, on either sides of this ring (S. FREED and 
K. M. SANCIER, J. Am. chem. Soc. 76, 198 (1954)). 

14 The charge transfer interaction between CHL and CAR may also be 
involved, to some extent, in the binding interaction. 
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a c t i o n  b y  so lven t  or  m e d i u m .  T he  geome t r i ca l  a r r ange -  
m e n t  of  C H L  a n d  C A R  in  ch lo rop la s t  l amel l ae  m a y  be  
con t ro l l ed  b y  lamel lae  s t ruc tu re .  T he  occur rence  of a n  
i n t i m a t e  assoc ia t ion  of C H L  a n d  C A R  in  v i v o  was  
d iscussed  b y  va r i ous  worke r s  15-1T. T h e  de t a i l s  in  t h e  
n a t u r e  of t h e  b i n d i n g  i n t e r a c t i o n  b e t w e e n  C H L  a n d  C A R  
a n d  in  t h e  m e c h a n i s m  of con t r o l  of t h i s  i n t e r a c t i o n  b y  
so lven t  r e m a i n  open.  I n  o rde r  to  m a k e  c lear  these  poin ts ,  
f u r t h e r  i nves t i ga t i ons  are  in  progress .  

Crys t a l i zab le  C H L  was  e x t r a c t e d  f r o m  s p i n a c h  leaves  
a n d  pur i f i ed  acco rd ing  to  t h e  p rocedu re  of PERKINS a n d  
ROBERTS ls. C A R  was  o b t a i n e d  f rom MERCK. T h e  absorp -  
t i o n  s p e c t r u m  was  r eco rded  w i t h  a H i t a c h i  R e c o r d i n g  
S p e c t r o p h o t o m e t e r  Model  356. A r eac t i on  vessel  (1 × 1 
× 4 c m  8) for  t h e  p h o t o c h e m i c a l  r e a c t i o n  was  i r r ad i a t ed ,  a t  

r o o m  t e m p e r a t u r e ,  b y  t h e  l i g h t  i so la ted  f r o m  a 300 W 
x e n o n  l a m p  w i t h  a su i t ab l e  glass f i l te r  t h r o u g h  a w a t e r  
l aye r  of 6 c m  th i ck .  T h e  a m o u n t  of p h o t o b l e a c h e d  C H L  
was  d e t e r m i n e d  b y  t h e  a b s o r b a n c e  decrease  of C H L  red  
peak .  19 

Zusammen/assung. Das  p h o t o x y t a d i v e  Ausb le i chen  des 
Ch lo rophy l l s  a wi rd  d u t c h  die G e g e n w a r t  des  f l -Carot ins  

g e h e m m t .  Die H e m m w i r k u n g  des  f l -Carot ins  u n d  die  
W e c h s e l w i r k u n g  zwischen  Ch lo rophy l l  a u n d  f l -Carot in  
w e r d e n  v o m  L 6 s u n g s m i t t e l  kon t ro l l i e r t .  
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Demonstrat ion  of Increased in vitro Autolytic Activity in a Denervated Muscle of Frog 

Inc rea sed  p r o t e i n  d e g r a d a t i o n  is a ssoc ia ted  w i t h  t h e  
a t r o p h y  of t h e  ske l e t a l  musc le  1. T h e  g a s t r o c n e m i u s  
muscle  of frogl0, I m o n t h  a f t e r  sciat ic  d e n e r v a t i o n ,  a t ro -  
ph ies  to  28 ~: 7 .5%,  whi le  t h e  p r o t e o l y t i c  a c t i v i t y  shows  a 
s ign i f i can t  e leva t ion* ,  3 I n  t h i s  c o m m u n i c a t i o n  t h e  au to -  
lysis  of t h e  wa te r - so lub le  musc le  p ro t e in s  of t h e  d e n e r v a t e d  
frog is r epor t ed .  

Chron ic  u n i l a t e r a l  sciat ic  d e n e r v a t i o n  for  1 m o n t h  was  
ca r r ied  o u t  in  t h e  f log  Rana hexadactyla as descr ibed  
ear l ie r  4. On ly  l leg of t h e  a n i m a l  was  d e n e r v a t e d  a n d  t h e  
musc le  of t h e  c o n t r a l a t e r a l  i n n e r v a t e d  leg se rved  as 
cont ro l .  The  g a s t r o c n e m i i  were  i so la ted  a f t e r  p i t h i n g  t h e  
an ima l ,  i m m e d i a t e l y  weighed,  m i n c e d  a n d  homogen ized .  
A 5 %  (Wt /Vo lume)  h o m o g e n a t e  of t h e  musc le  in  icecold 
0.25 M sucrose  was  p r e p a r e d  us ing  a n  al l -glass  h o m o -  
genizer  a n d  cen t r i fuged  for 10 ra in  a t  3000 g to  col lec t  t h e  
s u p e r n a t a n t  for  e x p e r i m e n t a t i o n .  B y  t h i s  m e t h o d ,  0.25 M 

sucrose  e x t r a c t s  m o s t  of t h e  wa te r - so lub le  p ro t e in s  of t h e  
muscle ,  whe reas  t h e  con t r ac t i l e  p ro te ins ,  b e i n g  inso lub le  
in  sucrose  m e d i u m ,  se t t l e  d o w n  as a p rec ip i t a t e .  1 ml  of 
t h e  s u p e r n a t a n t  was  t r a n s f e r r e d  i n t o  a series of 11 t e s t  
t u b e s  a n d  i n c u b a t e d  a t  37°C ( room t e m p e r a t u r e  is 
28 :[: 2°C) in a w a t e r - b a t h .  The  p r o t e i n  f rom each  of 
t he se  s amples  was  p r e c i p i t a t e d  w i t h  e q u a l  v o l u m e s  of 10% 

1 E. GUTMANN, Scientia, Paris 10g, 1 (1969). 
2 R, V. KRISHNAMOORTHY, D. CHENGAL RAJU and V. CHANDRA- 

SEKARAM, abstract communication, Synposium on Recent Trends 
in Animal Physiology, Gorakhpur University, Gorakhpur, U.P. 
India (1968). 

3 R.V. KRISHNAMOORTHY, Enzymologia d/, 249 (1971). 
4 R.V. KRISHNAMOORTHV and A.B. DAS, Indian J. exp. Biol. 6, 

221 (1968). 
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Fig. 1. Autolysis in the homogenates of gastrocnemius 
muscle of denervated frog. Plots are mean 4- S.D.; n 
10; D, denervated and C, control muscle. 


