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S U M M A R Y  

The chemical contraction and relaxation of collagen fibres are described in terms of 
chemical kinetics, and the factors influencing the course of fibre length variations 
are studied. The course of chemical contraction and relaxation is investigated both 
by measuring the fibre length and by determining the concentration of the liberated 
substances. The influence of the pH of the medium and that  of reducing agents upon 
the shape of the curves showing the dependence of fibre length on time is studied. 

INTRODUCTION 

Though the thermal contraction and relaxation of collagen fibres have been thoroughly 
investigated 1, comparatively little attention has been paid to the so-called chemical 
contraction and relaxation 2-4. The majority of papers1, 5 in this field has been re- 
stricted to the study of the influence of electrolytes and non-electrolytes on the 
shrinkage temperature of the collagen fibre, and in this connection it has been pointed 
out that  perchlorate, thioeyanate and iodide ions lower the shrinkage temperature 
markedly. 

BANGA, BALd AND SZAB6 a-4 studied the changes of collagen fibres in 4o % potas- 
sium iodide and showed that  the shrinkage of the fibre is connected with the splitting- 
off of a mucoproteinic substance and that  relaxation is due to the rupture of the 
linkage between procollagen and metacollagen. Of interest is the finding by  these 
authors that  reducing substances acting in acid medium effect "rejuvenation" of the 
reactivity of the fibres and that, inversely, oxidizing agents bring about ageing of 
collagenous structures. They further showed that  the course of contraction and 
relaxation materially depends on the age of the organism. 

In applying this method to the study of some problems of pathophysiological 
character, however, we were carrying out a fundamental investigation of the indi- 
vidual factors which could act in chemical contraction and relaxation, as well as 
giving a description of the actual course of fibre length variations in terms of chemical 
kinetics. After studying these principal questions we were further occupied with the 
problem of a possible "rejuvenation" of the reactivity of collagen fibres in the sense 
described by the Hungarian authors a-4. 
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THEORETICAL 

~¥e shall  try, to find an expression describing the dependence  of the io*ai fibre ]engtb 
x o ... . on t ime for the  ease of chemical shr inkage and re laxa t%n of & .  collagen fibre, the 

course of which toge ther  with the  nota t ion  of the quant i t ies  JnvoJved ~ aive~ q~ Fig. :<. 
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Fig .  ~. T y p i c a l  c o u r s e  of a mode]  c u r v e  of c h e m i c M  c o n t r a c t i o n  a n d  r e l axa t i , ) n  of c(~]]agem fibres.  
N o m e n c l a t u r e : /  (fiber l eng th ) ,  l ( t ime) ,  l~,0 (fibre l e n g t h  a t  t h e  t i m e  t --  o), 7,,m~ h ~ h ] i m u m  fibre 
l e n g t h ) ,  l~o ( e x t r e m e  f ibre  l en g th ) ,  (7~f2)2a or  l m n  ( t ime  r e q u i r e d  for a t t a i n m e u i :  of ]mlf  t h e  r~ du(;ti,:m 
of  t h e  in i t ia l  f ibre l e n g t h  or  of m a x i m u m  s h r i n k a g e  r e spec t i ve ly ) .  P a r a m e t e r s  of t h e  c u r v e :  

]~12 = 0 . 2 0 ;  ~ 2 3  = 2 . 0 0 ;  ]g8¢ = 0 " 3 4 5 ;  [1 = I O O ;  ~)2 = ] . O ;  ~ 3  == O,J  ; {~4 = :  i ' O 8 3 "  

Let  us assume tha t  the  to ta l  ]ength of the  collagen fibre Z at  ~n~ a r b i t r a r y  t ime 
is given b y  the sum of tl~e lengths l~ of the  f ibre-forming components  

I = E Z,: (~) 
7 

The  min imum on the graph of the function (Fig. z) as well as the re]at ive position> 
of this  m in imum and the points  of inflection indicate  t ha t  a t  least  three changes 
pa r t i c ipa te  in the  process of shrinkage and re laxat ion.  From the shape of the  grap> 
of the function we conclude tha t  it  expresses a consecutive re,qcdon, whid~ c~m be 
described b y  the scheme 

/ / 1 2  ] f23  /e34 

We assume tha t  the react ions in scheme (2) are i rreversible react ions of 1:be firest order,  
which assumpt ion  appears  to be just i f ied with regard to exper imenta l  d a t a  

The kinet ic  scheme (2) was s tudied b y  RAKOWSKI ~, who expressed the concern 
t ra t ion  of the  components  A e as explici t  functions of t ime. 

Act ing  on the assumpt ion  tha t  the "concen t ra t ion"  of the  component  A,: in the  
fibre under  inves t iga t ion  is l inear ly  propor t ional  to its length g~, we can represent  
the  dependence  of the  length li (i - ;  ~, 2, 3, 4) on t ime by  

I1 = Z~.o e x p  ( klst) 

1Lo k l s  
/9 : : 992 . . . . . . . . .  ~,,X t) [--- k121] e x p  [ /¢2.q1 ) 

- Ie23 /els 
e x p  ( - -  k~21) e x p  (- - ie2al) e x p  ( ka4¢) { ( 

( k sa__k l21  ~/~3a.__ks3) (tea.a- !ee3: ,Ra 4. -lq2., I 

keaka4 ext? (-- /her)  
J4  = q7411,0 I - ( ~ 2 3 - - - ] e 1 @  (]e34 ]¢123 

t ,~ / 

(41 

!:;) 

klska4 e x p  ( - -  ksat) _k_*2k22_e22 (2 - '~:~n ,<, (Oi 

-+- (ksa- 102) (ka4 ksa) (leae-.k2:~) (k:~,--kj~) t ' ' 
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In  eqns. (3)-(6) k,j denotes the first-order rate  constant  of the conversion of A, 
to  A j, l 1 is the length of the component  A 1 at  t ime t, ll, o represents the length of 
the  fibre A 1 a t  t ime t = o, 9i are the relative lengths of the components  A i, defined by  

9i = 1Lo/ll,o (i = 1,2,3,4)  (7) 

The values li,o (i = 2, 3, 4) denote the length of the fibre A 2, A 3, A 4, which is equiva-  
lent  to the length of the fibre A 1 at  t ime t ~ o, hence A 1,o. 

For  the cases in which we are interested, the dimensionless pa ramete rs  satisfy 
the inequalities 

~ 2 -  i (s) 
< 

0 < 93 < i (9) 

~4 = I (IO) 

The total  fibre length l, accessible to measurement ,  is according to eqn. (I) given 
b y  the sum of eqns. (3)-(6). Thus we obtain eqn. (II)  

4 
l =  }21,= Kl exp (--k12t) + K2 exp (--k23t) + K3 exp (--k34t) @ /1,0~04 ( i i )  

i=1 

The constants  K,  are defined by  

ll.O 
K I =  (k23__k12)(k34__k12){(k23--k12)(ka4--k12) +q~2k12(ka4--k12) +cpak12k23 q~4k24k~} ( i2)  

ll,O 
K2 : (k~3 - -  k12) (k34 - -  k23) { -  92k12(k34 - -  k23) - -  93k12k23 -t- 94k12k~} (13) 

ll .ok12k23 
K3 = {93 94} (I4) 

(k34 - -  k23 ) (h34 - -  k12 ) 

The magni tudes  appearing in eqns. (12)-(14) have already been defined. F rom 
the first and second derivat ives of the total  length l (eqn. (II))  with respect to t ime 
we can calculate the conditions for the min imum and the point of inflection of the 
function. Practically,  however,  the respective relations are hardly  usable because of 
the  complexi ty  of the s u m m a r y  constants  they contain. 

The determinat ion of the rate constants  k12 , k23 and k3~ (eqn. ( II))  from the 
known t ime-dependent  course of shrinkage and relaxation is a very  intricate task,  
admi t t ing  no exact  solution at all. In  the invest igated cases, however,  the rate  
constants  k12 and k23 are always sufficiently large in comparison with the rate  constant  
k3~. Therefore, it is possible for sufficiently large t ime values to neglect in equat ion ( i i )  
the te rms involving the exponential  curves e-IC12 t and e-IC23 t beside the other terms. 
Thus  equat ion (15) is satisfied with sufficient accuracy:  

l = K3 e x p  (-- k34t) + /1,o~o4 (15) 

B y  rear rangement  and taking the logar i thm of equat ion (15) we obtain 

lg (1 - -  h.0~a) = lg K3 - -  k34t (16) 

Equa t ion  (16) defines a s traight  line, the slope of which gives the rate constant  ka4. 
Unfor tunate ly ,  the exact  expressions from which the rate  constants  kl~. and k23 could 
be ascertained are too complicated. For  this reason, we approx imate ly  replace the 
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cons tan t  k~a b y  half the t ime (ti/~)~a required for a t t a i nme n t  of i:lne minimun~. ~qbre 
length  (Zm,n), which Js a. value roughly  inverse ly  propor t iona l  to the const:ant 7.:>: a 
sought.  

F ina l ly ,  it  should be noted tha t  b y  means  of the  criterion suggested ])57 "UI~i'ET?5 "7 
for a react ion of the  t ype  A~ - - - - A ~ -  ÷ A a one can be certain tha t  the sl~,rinkage and 
re laxa t ion  of collagen I?bres proceed according to the  scheme of a conaeo_~tive and 
not  a side react ion.  If, namely,  the  ra t io  of the concentra t ion of ~he spJit, off coJ> 
s t i tuen t  causing shr inkage to the  concentra t ion of the substance causing rcb.xatio~? 

in the  ini t ial  phase  of the  react ion is app rox ima te ly  constant ,  ~he .~che-me of side: 
react ions  p redomina les ,  and,  b_verse]y, if this ra t io  ma te r i a l ly  dimin~she. ~- wi~:h t ime 
{which applies in our case), the scheme of the consecutive react ion b'come~, manifest .  

F inal ly ,  i t  m a y  be added  t ha t  Jn special cases the  lhree-s tage  ~;eheJne considered 
(2) becomes a two-s tage scheme, an_d then it is a simph> m a t t e r  to detevmir~e the ra te  
constants .  

M E T H O D S  

The collagen fibres were isolated ei ther  from the t;.dls of living. :~)a~si.h, tJzed r~.% 
or from tai ls  cut  off in such a. way tha t  the  skin was left  on the p repara t ion  and ~he 
fibre was pulled out  through a cut  of about  0. 5 cm in length  at  a. d is tance of 2 cn~ 

. . . .  I l K ;  from the tail  end. Since we d id  not  ahvavs succeed in pul l ing oul  a ~in~]e fibre, "~'- 
ex t r ac t ed  fibres were d i s in tegra ted  as quickly  as possible into e l emen ta ry  5bri]s, tha~: 
were fur ther  indivisablc  mechanica l ly ;  af ter  isolation these were immed ia t e ly  c lamped 
into an inden ted  rubber  s topper .  The free end of the  fSbre was at  a <<rtab~_ distance" 
pressed into a lead foil weighing o.oso g, u~less otherwise s ta ted .  T]~e ~q)e~ ,ded  fibre 
was t ransfer red  with the respect ive  solut ion to a test  tube of ~4- ?< i-4. c!r?, pb.eed 
in a wate r  t he rmos t a t  ma in ta in i~g  the prescr ibed t e m p e r a t m e  wi!;h ;~ ~<e!~r; cy of 

' o . I  °. The exper iments  were carr ied out  with collagen fibres from s~,duP,- . . . .  ~-~~d~s, . . . . .  ,J~:'-~ 
d iamete r  of the  fibres was from o . i  4 to o-z5 ram. 

Expe r imen ta l l y  i i  was found t ha t  the  error  in de te rmin ing  tl~e ~-at~: con::.::;~;~t (h:3, j 
o /  under  the usual  condi t ions amoun ted  to ~v Io ..o, the error J~ ~sccrla ining tl~,e *,ime 

ah ,, required to a t t a in  the  min imum l e n g t h  (/,min) was abou t  =i- i5 o',o, "d J:]~e dc~viatJons 
of the  other  magni tudes  var ied  bv~ abou t  . . . .  4- 5 oo. Expe r imen t s  wi~h fibres of :z-~o cm 
in length  showed t]mt the unce r t a in ty  in fibre length manifes t ing itqr4f in rout ine  
tes ts  involves a negligibie error in the de t e rmina t ion  of the quanti~: 3 under  investi-  
gat ion.  

The influence of the  magnitude, of tlne weight, (o .o5o-o.I5o ~,~ ~' is ~pl>: r~nt from. 
Table  I. 

T A B L E  I 

I N F L U E N C E  O F  TH] ' ;  ? 4 A G N I T U D ] ~  O F  T H E  L O A D  ( t ~ )  O N  T H E  C O U R S E  ()IF S I g R I N K A G E  

A N D  R E L A X A T I O N  O F  C O L L A G E N  F I E R E S  FRO},* ~ R A T  I V E I ( ; - H ] N < ;  ] 3 5  ~-<r 

2. 5 M p o t . a s s i u m  i o d i d e ,  24 .o  °, i n i t i a l  9 b r e  l e ~ g t h  6 .0  (n~L 
. . . . . . . . . . . . . . . . . . . . . . . . .  

m (g) l~i~ (cm) I~.~ (cm) t, mi~ (mi~O zo:. k ,  (mi~ -~) ,~ ~ , ~:i.~¢ 

0 . 0 5 o  3-o 5.4 3 .0  5:o c~ ~o o .5o  
O.lOO 3n: 5.8 3.5 4.7 ° -97  °.5:~ 

,, ,< 
o.~:5o 3 .5  6 .55  3-3 3-3 ~ .< (~ "'->- 
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RESULTS AND DISCUSSION 

Measurement of total fibre le12gth and of concentration of the split-off substances 

In the investigation of the substances split-off in the course of shrinkage and 
relaxation of collagen fibres in 2, 5 M NaCI04 the experiment was carried out as 
follows. About 15o fibres, isolated by the above method, were transferred to a solution 
of 2.5 M NaCI04 and in the course of shrinkage and relaxation specimens of the 
solution were withdrawn to measure their light absorption at 275 mF (absorption 
corresponding to amino acids with aromatic nuclei in non-collagenous proteins), and 
after acid hydrolysis of these specimens (6 N HC1, I4 o°, 4 h in sealed test tubes) 
the hydroxyproline content was determined according to NEUMAN AND LOGAN s and 
that  of proline according to CHINARDt 

Fig. 2 illustrates the dependence of these quantities on time, the individual curves 
(I, 2, 3) being superimposed on the diagrams of the exponential functions. From 
this figure it is evident that  a simple exponential curve covers the course of the 
experimental values for the time beginning at t = 3 min. During the first three 
minutes the reaction proceeds relatively very rapidly and evidently exponentially 
too (Fig. 3). On the course of the variations of the absorption (for t > 3 rain) at 
275 m/x (Curve 2, Fig. 2) is superimposed the exponential curve for the value of 
the rate constant k2a = 2.26.IO -2 min -1. On the course of the concentrations of 

I : i q 
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0 50 100 Min ~50 

Fig. 2. Course of the reaction of the collagen fibre as observed by measurement of the tota l  fibre 
l e n g t h  a n d  of t h e  c o n c e n t r a t i o n  of t h e  sp l i t -o f f  
s u b s t a n c e s .  T h e  t o t a l  f ibre  l e n g t h  in c m  (i) ,  ex-  
t i n c t i o n  of t h e  s u b s t a n c e  w i t h  an  a b s o r p t i o n  
m a x i m u m  a t  275 m #  (2) a n d  t h e  c o n c e n t r a t i o n s  2.0 
of p r o l i n e  (3) a n d  h y d r o x y p r o l i n e  (4) in  t h e  2÷log(E,-E) 
h y d r o l y s a t e s  a r e  p l o t t e d  a g a i n s t  t i m e .  A t  c u r v e  I 
t h e  t h e o r e t i c a l  c u r v e  (eqn. ( I I ) )  is  l a i d  t h r o u g h  
e x p e r i m e n t a l  p o i n t s  for  t h e  c o n s t a n t s  : k 12 --  o. 19 ; 
k2a --  1.9; ka4 = 0 .04;  ~2 ~ I.O; ~e a - -  o . I ;  1.5 
q)4 = 1.°83- D a t a  c o n c e r n i n g  t h e  o t h e r  c u r v e s  

a re  g i v e n  i l l  t h e  t e x t .  

F ig .  3. Course  of t h e  s p l i t t i n g - o f f  of t h e  s u b s t a n c e  
w i t h  a n  a b s o r p t i o n  m a x i m u m  a t  275 m #  p l o t t e d  

a g a i n s t  t i m e  in  s e m i l o g a r i t h m i c  c o o r d i n a t e s .  

1.o 
o 2o 

min 
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hydroxyprol ine (Cur~c 4, Fig. 2) and proline (Curve .3, Fig. 2) are snperir~posed 
empirical exponentia! curves. 

Through experimentally ascertained poJi-~ts indicating the d~:pender~ce of the 
total fibre length oJn time (Curve ~, Fig. 2) is laid a theoretical cur~.,e ~,;hose constant:~ 
ka~ and /%a were estimated from the course of the splitting-off of procoi}agen a~,d 
mucoprotein, respectivel?. The s am e q~,. nece~arv~ .. for the calcuJaiion was t~d.ven ~-~ ,~ 
experimental data  oi~ Cur~e z; the val~.~es g'e, ~a and/.q s were deter,~h~ed !337 F:.tep#b:~c 
approximation.  

On some fibres from the group which served for the expelinert? iv.s{: described 
the course of the reaction was also studied by measuring t]-~e i~s)g~-h, i.J. by  the 
method currently used in this work. O,~rve zip, Fig. e represents tl~e eoup.:,e of shrink- 
age and. relaxation; ihrough experime1~tally ascertaine.d points a theore!feaI c,:r.,:< 
is laid based on the rate constants resulting fl-om !:he investigation: of tlne eo~ncen-- 
tration of prolJne and hydroxyprol ine and from the determination of t71c lTg]~ ab-- 
sorption at 275 mt~ (Fig. s). 

From the results obtained it fol]ows that  the fastest process i~-~ the el~emica] 
contraction and relaxation of the collagen fibl:e Js the splitting-of1! o~ a s~bstance 
exhibiting an absorptio]~, max]mnr_n at 275 mff a]?d containing no h}Tdro>yproline. 
As far as time is co1~eerned, the phase of the contraction of the cciTagen fibre con-e- 
spends Co this reaction. 

From Fig. 3 it J:-~ apparent  thaf  the splitting-off of the mucoproteins (the ch~-racter 
of these substances v, as investiga.ted by  PAI<TmpC;~ >, Jacgs ( ;x  ~, ~ d  BZ>.~;A Arc?) 
B~ t6  ~) ~ropa the fibre takes place in two phases. With  regard to the considerable 
velocity of the tbrst pb.ase, a e  believe that  here lhe mucoprotein of the groveled sub- 
stance, adhering to t i e  surface of the collagen fibre, {s concerned, and t?~a~ oz.,] 3, is~ 
the second phase does penetrat ion of the electrolyte into the fi])ron5 sb:~.~clure ar;d 
gradual loosening of the fibre material  occur; the principal constitue~:,t o{ ~his ma t< riai 
is the substance that exhibits an absorption maximum at 275 mr .  

The phase of spiitti]?g off the mucoprote]no~s substance is 2olloved by the 
liberation of a mate~'*ial containing hydroxyproline and proline 5~? the 7atio o~[ ap- 
proximately z: ~. At tl~e time when the co]lagen fibre relaxes and attaches its final 
extreme length practically all protein of the eoliagenous type eorrespondJqg to pro. 
collagen a-~, removable under given conditions, is split off. 

curves of colTag~.~*, #b~'cs 

In  the systematic investigation of the anio~as and cations producing chemical 
shrinkage and relaxation i~/was %und that,  in addition to e.5 M potassium iodide e -", 
so]utions of other saits with the same concentration (Table II) exhibit qualil:atively 
and quant i ta t ively  a simi]ar effect. Apar t  from pseudo-halides (thiocyanate, xantho-  
genate) perchlorate, too, has proved to be effective. I t  is known that  ripest- highly 
deformable anio~s consti tute the end of Hofmeister 's  series of iyotropic a:lqions: 

SO,t e , Cerises_ , (21-, Br-, NO.~-, CIOa-, ] , SC>; 

Besides these, o~r examination was extended to a number  of salts (sodium 
cyanide, ammonium acetate, l i thium chloride, sodium bromide, r)otassi~,xm nitrate, 
potassium chloride), whici~ in e-5 M solution did not. produce a~v char~ges in the 
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T A B L E  I I  

I N F L U E N C E  OF T H E  A N 1 O N  C O M P O S I T I O N  ON S H R I N K A G E  A N D  R E L A X A T I O N  OF 

C O L L A G E N  F I B R E S  F R O M  A R A T  W E I G H I N G  1 5 0  g 

2.5 M solut ions  of sod ium and  p o t a s s i u m  salts,  24.o °, load  o.15o g, in i t i a l  fibre l eng th  6 cm. 

Salt lmin(cm) lco(Cm ) (tq2)2~(min) train(rain ) xo~'k3,(min -z) qz, 9rain 

Sodium iodide 3-3 6.25 3.o 9.o 3.6 I.o4 o.55 
P o t a s s i u m  

t h i o c y a n a t e  3.3 6.87 I.O 2.o 2.8 i .  14 o.55 
P o t a s s i u m  

e t h y l x a n t h o g e n a t e  2.25 8 0.5 2.0 5 1.3 o.38 
Sodium pe rch lo ra t e  3.% 6.45 2.0 5.5 2.5 i .o8 o.51 

length of collagen fibres within 18o rain. Also ineffective were 5 M solutions of sodium 
chloride and sodium nitrate. Since sodium perchlorate is in the group of effective 
salts most stable towards oxidizing and reducing agents and most easily obtainable 
in a pure, defined state, most of the further experiments were carried out with 
this salt. 

In the series of alkali iodides (from lithium up to caesium) we found that under 
the conditions described the cation exerts no influence on the curves of shrinkage 
and relaxation. 

Influence of the concentration of sodium perchlorate solutions and of the ionic strength of 
the reaction medium 

From the data given in Table I I I  it is apparent that up to a concentration of 
I. 9 M NaCl04 no change in the fibre length was observed within 12o rain. At concen- 
trations from 2 M up to 3.5 M, the fibres immersed in these solutions exhibit the 
typical course of shrinkage and relaxation. In these cases it can be observed (Table III) 
that the half-period of the shrinkage phase (splitting-off of mucoprotein) significantly 
diminishes with increasing electrolyte concentration. For the very high rise in the 
reactivity at the step from 1. 9 M to 2.0 M sodium perchlorate solution we have 
hitherto found no explanation. If we use the values (tl/2)23 as first approximations 

T A B L E  I I I  

D E P E N D E N C E  OF T H E  T I M E  C O U R S E  OF S H R I N K A G E  A N D  R E L A X A T I O N  OF COLLAGISN F I B R E S  

F R O M  A R A T  W ' E I G H I N G  1 2 0  g ON T H E  C O N C E N T R A T I O N  OF S O D I U M  P E R C H L O R A T E  S O L U T I O N S  

25.o °, load  0.050 g, in i t i a l  fibre l eng th  6.0 cm. 

M NaCl04 lmi n (cm) Io~ (cmJ (t~#) ~ (rain) tmi n (min) zo 2" k~a (rain -~) 94 9min 

1.9 no changes  w i th in  12o m in  
2.o 3.6o 6.o5 6 12.5 o.o385 i .oi o.60 
2.1 3.55 6.2o 4-5 3 .0 o.02903 1.o3 0.59 
2.2 3.55 7-o5 3.o 6.5 0.0289 i .  17 o.59 
2.3 3.5o 6.85 2.0 4.5 0.0228 1.14 0.58 
2. 4 3.25 6.15 2.0 4.5 0.0253 i .025 0.54 
2.5 3.5 ° 6.65 3.0 8.o 0.0362 i . i i  0.58 
2.75 3.15 6.25 0.5 3.5 0.0325 i .o 4 0.52 
3.0 2.85 6.2 i 3-5 o-o451 1.o3 0.48 
3.5 2.85 6.55 0. 5 1.5 0.0322 i .o9 0.48 

B i o c h i m .  B i o p h y s .  Ac la ,  4 ° (196o) 329-339 
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for calculating the rate constants /':~a of the splitting-off of milcoprotein aJ',d plot 
these rate constants  against the molari ty of sodium perchlorate, ~,~e obfain an ai> 
proximately linear dependence. Hence it is evident tha t  for the ra.:e constan*, of the 
splitting-off of protein with. an absorption maximur~ at 275 my_, for ;_.~ co~stant 
quan t i ty  of collagen fibres, eqn. (ZT) holds: 

I~2:., k ClO,~-] { 17} 

where [~C10 4 ] denotes the molarity of sodium perch]orate and ~:2~ t}ae <-or~e,~-pondJ~g 
]ate constant. The suitabi l i ty of this equation for the correlation of our data J]sdieates 
tha t  the splitting-off of mucoprotein (for t > 3 mJ~) has the character of ~',n ordinars: 
chemical reaction. 

Moreover, it was pro~ ed that  a change in the ionic strengtl ~. of tl~e :z. 5 .,~," ~odiun~ 
perchlorate solution from the value of 2-5 3.f to 6.5 ;.f (ionic strengtl) ;:djusied with 
l i thium chloride) does not bring about  a significant change in the raie constant  ,~:~. 
Changes of (t~/~)~.~ are likewise not  significant with regard to the experimenta] errors; 
only the magni tude of contraction rises with increasing ionic stre~:,gth. 

A striking feature in the evaluation of the influence of catJon!~ and anJcms upon 
the t ime-dependent co~rse of shrinkage and relaxation of co]Iagcn ~bres is the 
negligible effect of the composition of the cations in comparison v,.ith the ])ronounced 
effect of the anion composition. The effect of lithium, sodium and potassium iodides 
is practically the same. On the other hand, beginning with iodide, i:]~e anions forming 
the  end of Hofmeister 's  series are effective. This relates to iodide, percMor;~te, tMo- 
cyanate  and xanthogenate.  These relative]y little so]~ ated anions are ];nov, n fo~: their 
swelling effect. I t  m a y  be assumed tha t  shrinkage is due to a change Jn h~,.dratio,~ 
and thus also to the character of the bonding forces of the proteJ~ molecules of tI)e 
collagen fibre, as a resui.t of the linking of the anions to these structures. Wit]~ regard 
to the insignificant differences between the cations, it may  further: be eoneh~ded that  
the  reaction causing s]n:inkage is probably due to sorption of the negative]y charged, 
only slightly hydra ted  ion on the positively charged centre. ()~ the whole, J£ can 
be s tated tha t  there are no significant differences h~ the efficiency of t]~iocyanat~ 
and perchlorate. Potassimn ethyl xanthogenate  is significantly more effeeti~,~e thwart 
other active anions in tha t  both  shrinkage and relaxation proceed cssent{a]ly faster. 
However,  we have observed that,  i~. contrast  to other reagenks, tl~e 15bre rnpb~res 
before at taining its limiting length. 

In s tudying the dependence of shrinkage and relaxation on temperature we found 
tha t  this dependence under the conditions applied, can be invesligated only in ~'. 
narrow temperature ravage. Excessive slowness or cessation of the process a1 lo~er 
temperatures  and a very high rate at higher temperatures impede experimental 
investigation. This is obviously" due to the comparat ively  high energy of aetivaiiop 
of at least one of the raie processes. 

As far as the re]axa.tion process is concerned, we were able i.o stud 7 the de- 
pendence of the actual rate constants (i~3~); the rate of the shrinkage t)rocess, on 
the other hand, we 1>%', e characterized only bv the value of the ]-ialJ-period (t~/~)2.3, 
which, however, invo]~-e5 no change i~ the Arrhenius ci~ergy of acti\.;Ltiori (Fable IV), 

From the values of the energies of activation Jt is apparels1: that si~:ipo].ca, ge in- 

ld/ociTiT~. I~iopT~3.'s. ~4~f,, 4o '[1:9~v) 32,9--339 
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T A B L E  I V  

ARRHENIUS ENERGY OF ACTIVATION OF THE SHRINKAGE AND RELAXATION PROCESS OF 
THE COLLAGEN FIBRE I N  A 2 ,  5 M S O D I U M  P E R C H L O R A T E  M E D I U M  I N  THE RANGE OF I6--3 °o  

Rat weight E* (kcal .tool -1) Process (g) 

S h r i n k a g e  290 57 ~- 4 
S h r i n k a g e  240 53 ± 4 
R e l a x a t i o n  290 9 .6  ~: I 

volves a process which, as is to be inferred from the high values of the energy of 
activation, is accompanied by  the disappearance of relatively very firm chemical 
bonds. We know that  this process splits off mucopolysaccharide, and perhaps muco- 
protein, from the collagen fibre. On the other hand, the splitting-off of procollagen 
is a process that  sets in much more readily. Since the corresponding value of the 
energy of activation amounts to only IO kcal. tool -1, we conclude that  the splitting-off 
of procollagen is connected with the disappearance of comparatively weak bonds. 

Influence of reducing agents and the pH value of the medium on the shrinkage and 
relaxation curves 

B A N G A ,  BALd AND SZABO 4,12 reported that  by the action of various reducing 
agents in acid medium collagen fibres from adult or old rats assume the properties 
of fibres isolated from younger organisms. The magnitude of shrinkage is here smaller 
and rapid relaxation sets in, attaining a greater length than the initial one. 

With regard to this finding, we have studied the influence of o.oi M solutions 
of a number of reducing agents on the course of chemical contraction and relaxation 
of collagen fibres. The reducing substances used were quinol, chromium dichloride, 
t i tanium trichloride, ferrous ammonium sulphate and ascorbic acid. The last-named 
substance had to be employed also in solutions of o.ooi M concentration. 

Freshly isolated collagen fibres from rat  tails were soaked for 3o rain in solutions 
of these substances, and it was found that  no significant variation of the length sets 
in and that  the general appearance of the fibre changes characteristically is, ix. The 
fibre was then slightly dried with filter paper and immediately transferred to a 2.5 M 
sodium perchlorate solution, and the dependence of the length on time investigated. 

The results obtained (Table V) are not in agreement with the findings of the 
Hungarian authors. Among five reducing substances examined only the o.ooi M 
solution of ascorbic acid brought about a pronounced change of the contractibility 
of the fibre in the sense of "rejuvenation". The other substances, apart  from titanium 
trichloride, caused a marked change in the course of shrinkage and relaxation, which 
according to BANGA, BALd AND SZABd 4 could be characterized as "ageing". Soaking 
in o.oi M ascorbic acid for 30 rain resulted in distinct swelling of the fibre, which 
became rubber-like and elastic and immediately extended when loaded with a weight 
of 0.050 g. For this reason, we used concentrations lower by one order of magnitude 
(o.ooi M), in which a certain amount of swelling still took place, but the fibre could 
be further investigated in a solution of sodium perchlorate. 

In order to find out whether the "rejuvenating" effect of ascorbic acid lies in 
the reducing properties of this substance or is due to the acidity of its solution, we 

B i o c h i m .  B i o p h y s .  Adta ,  4 ° (196o) 3 2 9 - 3 3 9  
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TABL]£ V 

JNIrLU]ENCE OF PREC]gDING ACTION (30  m i n i  OF AQUEOUS SOLUTIONS OF I£]:D]]C[.N'G SUTaSTA>x-'*:L:-~ 

ON THE COURSE OF SIIRINI{AGE AND RF.LAXATION 

2. 5 j~r sodhn~_i ]pel:(:h]orate, 25.0 % toad o.o50 g, initial fibre er~g1:]; 6 .<m. 

R e d u c i n g  s~&stance R a t  ~;;eigle i~r~r, i m (&, :?) ea t~#,i;: ; o ~ ,<z 

Control ~5.bcr J 30 3.5 6. ] 3 2.5 7 3-98 ~ .o2 (;.58 ~ 
Quinol 7. ~ _ 13o 2.6 4.48 3 9 ~ 5(i 074 o.43.,i 
Chromium dichloride 5.3 I3o 3.6 a 5.28 7 7:57.5 2.2.:7 o.gj 0.60:: 
Ti tanium trichloride 6.7 ~3 ° 3J5 5-93 2 5-5 J.33 ;, o~.. ~ -; 5,<.., 
lVerrol]s 

a m m o n i u m  sulphate  6.a ~3 o 3 " 5-78 2 ~ %9:< ~- o6 ,, ~z~ 
Ascorbic acid 2.6 250 5.9 3 
Ascorbic acid* 3.3 250 ].8 6.0 :r 8 ; ~v ~ 00 o.aeo 
Fysiological so]ution 2.2 25o 2.8 6.2 .,~ 7.5 :r.3o ;~o 4 o ...4r;o o 

* o.ool 3 I  solut ion.  

p H  ~nin (cnO / =c ( c ,  ) (~, .: J :., (~m:~* 9 

T/~ ]BEE 5,r]: 

IN]~LUENCP20])" ]°R]£C]SDING ACTION- (30 17]Jl]) O] ? ]mJRITTON-]7{OB]NS(I> BIJFT:J£R 

O',- T H E  COURSY,  OY  S t ] R I N I < A G E  A~,:D ] { ] ? ~ L A X A T I O ?  

2. 5 M sodium perch]orate,  25.02 load o.03o g, JnitJa] f ibre ]cr]gib 6.0 cm 

3.95 6.0 6. 7 o.o o.o 7 o* z ..' r ~.oo 
4.8 5.8 6.3 o-5 2.0 20* ;-05 0.97 
5.2 5,7 6.6 37 .o 2 -5 17 :{. ~ : 0-95 
5.35 5.5 6.2 3: .o 2.5 I I * ~ .o 3 o.38 
5.55 5.4 6.4 I .o 3.o 7.7 * ~ .N0 o.9o 
5.75 4.5 6.3 i .9 3 ,0 6.8 J .08 ~;.75 
5.95 3.95 (,.e 2.2 4 .o 4.8 ~ o3 o.0i~ 
6.0 2.75 .5.5 3 .8 
6.75 2.85 6.05 3.2 8.o 3.4 ~ .oz 0.48 
7.5 2.3 9.5 2.9 
8.6 2.8 5-9 J-5 9.0 2.4 o.98 o - 4 7  

lO.55 2W5 5.6 z .4 8-5 2.8 093 0.46 
i I "7 2.45 5.9 0.8 7.0 2. 5 o.99 0.4 < 

* Calculated f rom the half-period. 

s t u d i e d  t h e  i n f l u e n c e  of  t h e  p H  v a l u e  of  t h e  m e d i u m  on t h e  cours{~ ok cbm~Jca l  con-  

t r a c t i o n  a n d  r e l a x a t % n  of  co l l agen ,  ] : o r  t h i s  p u r p o s e  we s o a k e d  co l l agen  f ib re s  :hon~ 

t h e  s a m e  r a t  fo r  3 ° ra in  in a se r i es  of b u f f e r s  a c c o r d i n g  t o  ] 3 r i t t o~  a n d  R o b i n s o n  

in  t h e  p H  r a n g e  f r o m  4.0 to  I I .  7 a n d  e x a m i n e d  t h e m  f u r t h e r  in d~e u s u a l  w a y .  T h e  

r e s u l t s  a r e  s u m m a r i z e d  Jn T a b l e  V I  a n d  s h o w  u n a m b i g u o u s l y  t h e  i m p o r t a n c e  of  l1~' 

a c i d i t y  of  t h e  s o l u t i o n  u s e d  for  p r e t r e a t m e n t  of t h e  co l l agen  fibre.. V \q t ] Jn  t h e  p H  

r a n g e  f r o m  7.5 to  zz.  7 t h e  c h a n g e s  of  t h e  r e a c t i v i t y  ot t h e  f ib res  a re  i n s i g n i f i c a n t .  

I n  ac id  s o l u t i o n s  ( p H  b e l o w  7.o),  hox~ eve r ,  a g r a d u a l l y  i n c r e a s i n g  i n f l u e n c e  u p o n  t h e  

c o u r s e  of  s h r i n k a g e  a n d  s u b s e q u e n t  r e l a x a t i o n  b e c o m e s  m a n i f e s t ,  a n d ,  a c c o r d i n g  to  

t h e  p u b l i c a t i o n s  a-4 q u o t e d ,  t h i s  effect  c o u l d  b e  [ernned " r e j u v e n a t i o n "  of  t h e  col-  

l a g e n o u s  s t r u c t u r e .  

I f  w e  p l o t  t h e  r a t e  c o n s t a n t  /e:¢:~ a g a i n s t  t h e  p H  v a l u e  of  lhe. ~Txffe~- Jn wif ich  

l?iochi~n..B£ophy.< ic,% 4o J96o) 3:"9 339 
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the fibres were previously incubated, we obtain a curve which in semilogarithmic 
coordinates shows two approximately linear parts. From Fig. 4 it is apparent that 
preliminary incubation of the fibres in buffers of pH 4-6 exerts a material influence 
on the rate of relaxation, whereas incubation in a medium of pH 7-11 is ineffective. 

o.2/I 

o.@\ 

°° t~ 
1.0 

1.2 

1.4 

1.6 

4 

0 

+" $ ,'0 ,'2 pH 

Fig. 4. Dependence of the  rate cons tant  k34 on the  p H  value  of the  B r i t t o n - R o b i n s o n  buffer 
in semi logari thmie  coordinates .  In the  figure are p lot ted  the data  of Table  IV. 

We conclude that the hydrogen ion concentration in buffers of pH 4-6 is sufficient 
for protonation of the basic groups in collagen and consequent structural changes, 
which manifest themselves, apart from other phenomena, also by a change in relax- 
ability. It seems that the intersection of both linear parts of the graph of the de- 
pendence of log ka~ on the pH value (Fig. 4), located at pH 6.5, corresponds to the 
isoelectric point of collagen, for which values most frequently given in the litera- 
ture13,14 range from 6 to 7.5. 
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