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Aging of Collagen in Complex  T i s sues .  A Micromethodo log ica l  Study of the T h e r m a l  React ion I 

The the rma l  and chemical  react iv i t ies  of collagen have  
of ten  been  used as age tes t s  (for review see e.g. VIIDIK ~), 
t he  general ly  accepted  concep t  being t h a t  th is  phenome-  
non  is a phase  t r ans i t ion  involving mel t ing  of crysta l l ine  
regions a. In  paral le l - f ibred samples,  the  isotonic shrink-  
age 4 or i sometr ic  tens ion d e v e l o p m e n t  6 are easily assessed. 
As collagen ma tu re s  it is increasingly cross-l inked. Tha t  
th is  would resul t  in an e levat ion  of the  mel t ing  t empera -  
ture  was pred ic ted  f rom a theore t ica l  po in t  of v iew G and 
subsequen t ly  d e m o n s t r a t e d  expe r imen ta l ly  7 9. On the  
basis  of these  observat ions ,  the  p resen t  me thod  was de- 
ve loped  for the  evalua t ion  of the  m a t u r i t y  of collagen in 
compl ica ted  pa t t e rns .  

Theory o /method .  As the  basic unit ,  a Lei tz  Or tho lux  
microscope was used. For  the  genera t ion  of heat ,  Lei tz  
hea t ing  and cooling microscope s tage '80' was used in con- 
j unc t ion  wi th  a var iable  t r ans fo rmer  to ensure a p roper  
hea t ing  speed. To avoid hea t  d iss ipa t ion  a special cham-  
ber  was buil t  for the  specimen.  A hole wi th  a d iamete r  of 
9 m m  was dril led t h rough  a brass  p la te  measur ing  
25 • 76 • 6 mm.  To get a t r ans lucen t  b o t t o m  to the  cham-  
ber, the  brass  p la te  was glued wi th  Arald i te  to  a 2 m m  
th ick  glass p la te  of the  same size. Thus  a circular chamber ,  
9 m m  in d iamete r  and 6 m m  deep, was achieved.  The spe- 
c imen could be f ixed to  the  b o t t o m  of the  chambe r  by  
securing it be tween  a circular spr ing and the  angle be- 
tween  the  wall of the  chambe r  and  its b o t t o m  or by  placing 
a glass disc on top  of it. In  the  former  case, no shor ten ing  
of the  spec imen could occur and in t he  la t t e r  case it was 
free to  move  horizontal ly .  The chambe r  wi th  a specimen se- 
cured in the  l a t t e r  way  is p ic tured  schemat ica l ly  in Figure  1. 

A l though  the  hea t ing  and cooling microscope s tage was 
equ ipped  wi th  a t h e r m o m e t e r  in its per iphery ,  an Ara ld i te  
e m b e d d e d  t he rmi s to r  was immersed  in to  the  fluid and 
m o u n t e d  wi th  i ts  measur ing  po in t  jus t  above  the  spec imen 
in t he  cham be r  to ensure accurate  t e m p e r a t u r e  readings  
f rom the  immed ia t e  milieu of the  spec imen (Figure 1). A 
br idge circuit  was used to read the  res is tance  change in the  
t h e r m i s t o r  and  thus  the  t empera tu re .  The conduc t ion  of 
the  hea t  in the  sys t em proved  well reproducible  f rom one 
run to another .  

The recording of the  t he rma l  r eac t iv i ty  expe r imen t s  was 
pe r fo rmed  in a polar iz ing sys t em wi th  crossed polarizers  
and a l ambda  filter. An objec t ive  3.5/0.10 was used in the  
Or tho lux  microscope and mic ropho tog raphs  were t aken  
wi th  a Leica MDa camera  on a mic roadap t e r  a t  cer ta in  
t e m p e r a t u r e  levels. F lash  i l luminat ion  (1/1000 sec) f rom a 
Braun  F-800 coupled to a F-650 s t r a igh t  d ischarge tube  
a d a p t e d  to the  opt ics  of a Lei tz  microf lash  uni t  was used 
for exposure.  As the  l ambda  fi l ter  conver t s  the  birefr in-  
gent  and  non-b i re f r ingen t  areas in to  d i f fe rent  coIours, yel- 
low or green for b i re f r ingent  e lements  depend ing  on the  
p lane  of the  l ight  waves,  and red for non-b i f r ingen t  ones. 
Agfacolor  CT 18 colour fi lm was used for mos t  expe r imen t s  
giving good reproduc t ion  of the  original  colours. 
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Fig. 1. Schematic picture of the test' chamber sectioned through the 
middle. 1. the bottom glass plate; 2. brass block; 3. thermistor; 4. 
specimen; 5. glass plate to keep the specimen even; 6. Ringer's 
solution and 7. liquid paraffin. 

The m e t h o d  requires  t h a t  the  spec imen can be viewed in 
t r a n s m i t t e d  l ight  microscopy.  R a t  ta i l  t en d o n  fibers are 
t h in  enough to  t r a n s m i t  l ight  bu t  mos t  o ther  t issues mus t  
be sect ioned.  For  the  expe r imen t s  discussed below, the  
t issues were cu t  in to  25 ~ m  th ick  slices in a freezing mic ro -  
t ome  wi th  rap id  freezing and thawing.  They  were t h e n  
kep t  in a buffered  Ringer ' s  solut ion (pH 7.4) unt i l  moun t -  
ing into the  chamber ,  t h e n  conta in ing  a small  a m o u n t  of 
Ringer ' s  solut ion on its bo t tom.  The slice was  e i ther  f ixed 
by the  circular  spr ing or by  the  glass disc. Thereaf te r  the  
ch amb e r  was filled wi th  Ringer ' s  solut ion and  evapora-  
t ion f rom the  surface was p r even t ed  by  a th in  fi lm of li- 
quid paraff in .  This is shown schemat ica l ly  in Figure 1, 

A collagen f iber  dena tu res  prac t ica l ly  s imul taneous ly  
th roughou t  i ts  length,  as can be d e m o n s t r a t e d  on tail  t en-  
don fibers. Al ready  a freezing mic to rome  sect ion of skin, 
d isplaying a two-d imens iona l  p ic ture  of a th ree-d imens io-  
nal  mesh-work,  exhib i t s  a mu l t i t ude  of fibers dena tu r ing  
at  small  t e m p e r a t u r e  intervals .  Therefore,  f rom viewing 
the  series of mic ropho tographs ,  i t  was impossible  to  tel l  
the  exac t  po in t  where  dena tu r ing  occurs. This  t a sk  be- 
came even more  impossible  for specimens  wi th  collagen 
of vary ing  degrees of ma tu r i t y .  Therefore,  the  recordings  
f rom an e x p e r i m e n t  are bes t  analysed  f rame by  frame.  
The 24 X 36 m m  f rame was d iv ided  by  super impos ing  a grid 
on the  f rame wi th  hor izonta l  and ver t ica l  lines in to  square  
c o m p a r t m e n t ,  the  size and  a m o u n t  of which were depend-  
ing on the  t y p e  of specimen.  Then  the  squares  where  bire- 
f r ingence was exh ib i t ed  were  counted  in a low power  mi- 
croscope. Only the  green va r i e ty  was counted  as t r an -  
si t ions f rom yellow to red are less easy to de termine .  
In  control  count ings  no decisive differences could be found  
be tween  counts  of 1. green, 2. yellow, and 3. green and 
yellow: R e p e a t e d  coun t ing  proVed mos t  reproducib le  for 
green. The a m o u n t  of squares  w i th  bi refr ingence at  20 ~ 
was set  as 0% d e n a t u r a t i o n  and when  no birefr ingence 
could be seen in any  f rame was set  to  100%. This  gradual  
decrease of birefr ingence,  i.e. more  and  more  fibers are 
dena tured ,  is exampl i f ied  in Figure 2, which  demons t r a t e s  
the  calculat ions I rom the  coun t ing  of two exper iments .  

In  a more  compl ica ted  specimen,  as a heal ing wound,  
the  var ious  areas  are bes t  d rawn on the  grid, and the  
d i f fe rent  areas are calculated individual ly .  As the  speci- 
men  shr inks  when  the  cri t ical  t e m p e r a t u r e  is reached,  it  
may  be necessary  to d raw outl ines on several  grids for the  
same specimen.  

The e n v i r o n m e n t  of the  specimen dur ing  p r epa ra t i on  
and  the  t e s t ing  condi t ions  are of grea t  impor tance .  If a 
t endon  f iber  is al lowed to  d ry  before tes t ing  and resoaking 
is a t t e m p t e d  in Ringer ' s  solution,  the  result  differs f rom 
those expe r imen t s  pe r fo rmed  on fresh tissue. A n o t h e r  

1 This work was supported by Swedish Medical Research Council 
(Project No. B70-12X-2883-01) and by Carin Trygger Memorial 
Fund through the Swedish Society of Medical Sciences and per- 
formed at the Department of Anatomy, University of Gothenburg, 
Sweden. 

2 A. VIIDIK, in Aging o] Connective and Skeletal Tissues (Eds. A. 
ENGEL and T. LARSSON; Nordiska Bokhandeln, Stockholm 1969), 
p. 125. 

3 p. j .  FLORY and R. R. GARRETT, J. Am. chem. Soe. 80, 4836 (1958). 
4 F. VERZs Experientia 77, 230 (1955). 
5 F. VERZ~IR, Helv. physiol, pharmac. Acta ]3, 64 (1955). 
6 p. j .  FLORV, J. Am. chem. Soe. 78, 5222 (1956). 
7 p. C. BROWN and R. CONSDEN, Nature, Lond. 781, 349 (1958). 
s K. T. JOSEPH and S. M. BosE, in Collagen (Ed. N. RAMANATnAN; 

Interscienee Publisher, New York 1962), p. 371. 
9 D. M. RASMUSSEN, G. W. KHALIL and R. K. WINKELMANN, J. 

invest. Derm. 43, 333 (1964). 



642 Specialia EXPERIENTIA 28/6 

f ea tu re  is d e m o n s t r a t e d  by  F igure  2, wh ich  shows t h e r m a l  
r eac t ion  in t h e  skill  col lagen of an  e igh t  m o n t h  old ra t .  
The  cu rve  w i t h  solid circle shows the  loss of b i re f r ingence  
in a spec imen  m o u n t e d  u n d e r  a glass disc (isotonic), whi le  
t he  cu rve  w i t h  open  circles shows t h e  spr ing  m o u n t i n g  
(fair ly isometr ic) .  I t  is e v i d e n t  f rom t he  f igure t h a t  keep-  
ing t he  spec imen  in i somet r ic  cond i t ions  e leva tes  t he  de- 
n a t u r i n g  t e m p e r a t u r e  regis tered.  Th i s  is in  a g r e e m e n t  
w i t h  t he  i nves t iga t ions  of FRENKELJ et  a13 ~ on ta i l  t e n d o n  
f ibers  f rom 6 -mon th - o l d  rats .  T h e y  found  t h a t  t he  de- 
n a t u r i n g  t e m p e r a t u r e  could be  e l eva ted  s o m e w h a t  if con- 
s t a n t  loads on  t he  para l le l - f ib red  col lagen s t r u c t u r e  in  
h y d r o t h e r m a l  e x p e r i m e n t s  was  increased.  A t  t he  same t i m e  
t h e y  found  t h a t  t h e  m a g n i t u d e  of sho r t en ing  was d imin i -  
shed.  This  can  be exp la ined  b y  t he  fac t  t h a t  d e n a t u r i n g  
m e a n s  t r a n s i t i o n  f rom a n  order ly  s t a t e  to  one, in wh ich  t he  
molecules  are r a n d o m l y  coiled. Th i s  t r a n s i t i o n  is to  a cer- 
t a i n  l imi t  p r e v e n t e d  b y  impos ing  a more  s t r ic t  o r i e n t a t i o n  
t h r o u g h  tens ion .  F r o m  th i s  i t  m u s t  be  ev i den t  t h a t  i t  is 
n o t  safe to  d r aw  conclus ions  f rom resu l t s  of tests ,  where  
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Fig.2.Percent of initial birefringence lost with increasing temperature. 
Mean value of experiments on skin from an 8-month-old rat, isotonic 
(solid circles), and isometric (open circles) test, performed in Ringer's 
solution buffered to pH 7.4. 
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Fig.3. Percent of initial birefringence lost with increasing temperature. 
Mean values of isotonic tests on human skin specimens: 1. fetus 
6 months: 2. 2 months; 3. 6 years and 4. 55 years. 

t he  spec imen  ha s  been  sub jec t ed  to  u n k n o w n  loads d u r i n g  
i somet r ic  t es t ing .  

Discussion on the applicability o/the method. To eva lua t e  
t he  t h e r m a l  r e a c t i v i t y  cha rac te r i s t i c s  of para l le l - f ib red  
tissue, especia l ly  if t he  a m o u n t  of i t  pe r  un i t  spec imen  
l e n g t h  is easi ly  e s t i m a t e d  or s t anda rd ized ,  t he  i somet r ic  or 
i sotonic  m e t h o d  a t  a s t a n d a r d  t e m p e r a t u r e  is t he  m e t h o d  
of choice. However ,  w i t h  compl i ca t ed  p a t t e r n s  of f iber  
a r r a n g e m e n t  or w h e n  f ibers  of va r ious  degrees of m a t u r i t y  
are presen t ,  t h e  m e t h o d  p re sen t ed  here  offers advan t ages .  

F igure  3 shows e v a l u a t i o n  of t he  t h e r m a l  r e a c t i v i t y  of 
h u m a n  skin  of var ious  ages. I t  seems t h a t  t he  t h e r m a l  de- 
n a t u r a t i o n  occurs  more  a b r u p t l y  in  t he  older  i n d i v i d u a l  
t h a n  in t h e  y o u n g  one, i.e. t h e  col lagenous e l ement s  in  t he  
y o u n g  one are  of s o m e w h a t  v a r y i n g  d e n a t u r i n g  t e m p e r a -  
tures ,  some of which  are  cons ide rab ly  lower t h a n  those  of 
t he  older  skin  whi le  some of t h e m  do no t  differ  ve ry  much .  
Th i s  is t he  same  p h e n o m e n o n  as can  be  d e m o n s t r a t e d  che- 
mical ly  w i t h  t h e  v a r y i n g  e x t r a c t a b i l i t y  of collagen (Cf. e.g. 
KLEIN et  a l .n) .  

I n  a hea l ing  wound ,  where  col lagens of cons ide rab ly  
d i f fe ren t  degrees  of m a t u r a t i o n  are present ,  t he  w o u n d  
reac t ion  a rea  itself, a d j a c e n t  skin  and  col lagen d i s t a n t  to  
the  si te  of t r a u m a  can  be  assessed sepa ra t e ly  (HOLM-PE- 
DERSEN and  VIIDIK13). I t  has  been  c la imed  (DOUGLAS 13) 
t h a t  w o u n d  col lagen ha s  phys i ca l  p roper t i e s  o the r  t h a n  
o r d i n a r y  d e r m a l  col lagen on t he  g round  t h a t  w o u n d  colla- 
gen fails to  show b i re f r ingence  a l t h o u g h  i t  is ind i s t in -  
gu i shab le  f rom o rd ina ry  col lagen b y  his tological  s ta in ing.  
W i t h  t he  m e t h o d o l o g y  p re sen t ed  in t h i s  paper ,  i t  is shown  
t h a t  t h i s  ' p h e n o m e n o n '  is an  a r t i f ac t  caused  b y  t h e  com- 
b i n a t i o n  of h i s t o t e c h n i q u e  wh ich  for pa ra f f in  e m b e d d i n g  
includes  h e a t i n g  and  low d e n a t u r i n g  t e m p e r a t u r e  of y o u n g  
collagen. Th i s  collagen, in  freezing m i c r o t o m e  sect ions,  
exh ib i t s  t he  same  t y p e  of b i re f r ingence  as o rd ina ry  skin  
col lagen b u t  loses i t  a t  a cons ide rab ly  lower t e m p e r a t u r e  
t h a n  t he  col lagen of a d j a c e n t  skin,  wh ich  is more  m a t u r e .  

Zusammen/assung. Die Messung des D e n a t u r a t i o n s -  
d u n k t e s  als P a r a m e t e r  ftir die t h e r m a l e  R e a k t i o n  des Kol-  
lagens in geomet r i sch  k o m p l e x e n  Geweben  oder  v o n  Kol-  
l agenen  ve r sch iedene r  Re i fegrade  wi rd  beschr i eben  u n d  
Beispiele  im Bere ich  v o n  Al t e r sun te r sch i eden  u n d  W u n d -  
he i lung  werden  gegeben.  
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Electrophoretic Analysis and Molecular Weight Estimation of Proteins from Guinea'Pig Brain 
Subcellular Fractions 

The  isola t ion  and  c h a r a c t e r i z a t i o n  of the  chemica l  com- 
p o n e n t s  of t h e  s y n a p t i c  m e m b r a n e s  is a p re requ i s i t e  to-  
wa rd  a comple te  u n d e r s t a n d i n g  of t he  complex  even t s  t h a t  
t a k e  place a t  t he  s y n a p t i c  level.  Techn iques  for i so la t ion  of 

b r a i n  subce l lu la r  par t ic les  such  as ' s yna to somes '  h a v e  
been  ava i l ab l e  in the  las t  decade  1, 3 and  m a n y  compara -  
t ive  s tud ies  h a v e  been  carr ied  ou t  on t he  d i f fe rent  frac- 
t ions  o b t a i n e d  b y  g r a d i e n t  cen t r i fuga t ion l  


