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Cretaceous) and  pu re ly  aquat ic  relat ive,  Xenopus ,  fami ly  
Pipidae*.  Excep t ions  to t he  ran id  mode  of lens fo rma-  
t ion s n o t e d  b y  us include small  size (e.g. a t  Stage V, t he  
lens r u d i m e n t  of D. p ic tus  is only  1/, the  d iamete r  of t h a t  
of t he  cor responding  R. pipiens  lens s tage);  and  late  
pers i s tance  (after Stage  X) of a lens vesicle r e m n a n t .  

These did no t  alter,  however ,  the  cons i s ten t  i mmu no-  
f luorescence profile for 7 crys ta l l ins  t h a t  we ob ta ined ;  we 
s u b mi t  t h a t  overwhe lming  evidence,  b o t h  in t ra -  and  
in terphyle t ic ,  confi rms th i s  class of lens-specific s t ruc-  
tu ra l  p ro te ins  as one of the  m o s t  valuable  p robes  avai lable 
to  t he  deve lopmen ta l  biologist  today .  
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Summary.We have  carr ied ou t  h i s tomechan ica l  s tudies  on the  h u m a n  and  bovine l iver capsule under  t ens ion  loading. 
Resul t s :  Nonl inear  force- t ime curve under  ex tens ion  wi th  cons t an t  speed,  init ial  u p p e r  and lower s u m m i t  decrease 
of the  dynamic  re laxa t ion  curve,  ampl i tude  d iminu t ion  p h e n o m e n o n  of the  dynamic  re laxa t ion  in the  lower nonl inear  
p a r t  of t he  ex tens ion- t ime  curve,  dynamic  (cyclic) force recovery.  

The ma in  c o m p o n e n t s  of t he  l iver capsule are connec t ive  
t issue cells, nerves ,  collagen, and  elastic fibres. The 
physiological  i n t r ahepa t i c  t issue pressure  in te rac t s  wi th  
t he  tens ion  of t he  capsule 3-6. The liver capsule expan d s  in 
consequence  of an acute  gain in vo lume wi th  cer ta in  dis- 
eases of t he  liver. I m p a c t s  in a b lun t  abdomina l  t r a u m a  
can  resul t  in h igh  tens ions  of the  l iver capsule as well as in 
rup tu re s  of t he  capsule a n d  p a r e n c h y m a .  In  th is  con tex t ,  
the  ques t ion  arises which  mechanica l  proper t ies  t he  l iver 
capsule  embodies  7-10. 
Materials and methods. We have  s tud ied  the  h u m a n  and  
bovine  l iver capsule.  The h i s tomeckanica l  examina t ions  
were pe r fo rmed  24-36 h af ter  dea th .  The specimens  were  
s to red  abou t  + 3 ~ A rec tangle  area was marked  on the  
surface of the  liver. The marg ina l  lines of th is  rec tangle  
were cu t  wi th  a razor  blade.  Af te r  t h a t  the  des igna ted  
capsule  area was careful ly  dissected.  Then  the  spec imen  
was once more  measured  and  a t t a c h e d  to  t he  c lamps  of the  
t e s t ing  machine .  The h i s tomechan ica l  loading examina -  
t ions  were pe r fo rmed  in physiological  solut ions of def ined 
t e m p e r a t u r e s  wi th  the  D y n a t r o n  a f te r  Meskat ,  Rosenberg  
and  H o f f m a n n  11 for dynamica l  s t ress -s t ra in  curves  and  a 
s ta t ica l  universal  t e s t ing  machine  1~, 13 
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Fig. 1. Clamp device for rectangular test specimens from human and 
bovine liver capulse. C 1 right clamp which induces a change in 
length (alL) at the capulse specimen (H) with a certain preselected 
constant speed. P force (load) measurement device attached to the 
right clamp. C 2 left clamp which brings about sinus-shaped changes 
in length. 

Fig. 2. Force-extension diagram from the bovine liver capsule. Size 
of the capsule test specimen before dissection 'in situ' 30 • 10 ram. 
After the piece of capsule had been dissected, a certain contraction 
could be observed. The mechanical test was performed in Ringer 
solution. The diagram was taken from a steady state series (after 
preconditioning). Abscissa: increase in length z~ L in ram. Ordinate: 
force (load) P in Newton. The initial length between clamps before 
preconditioning and in a perfect release from tension was 10 mm. 
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Fig. 3. Loadings and partial tension releases at constant  time inter- 
vals with interposition of isometric phases (constant length) which 
give rise to relaxation and low recovery curve sections. Right angle 
test specimen, 30 • 10 m m  before dissection ('in situ' size), 29.8 • 8.6 
m m  after dissection, examination in a physiological solution (PBS) 
at 36.5~ initial length 10 mm between clamps and t'otal release 
from tension prior to the force-extension tests (without precondition- 
ing); speed of change in length vA~ = 17 mm/min.  Abscissa: time t 
in min. Ordinate: force (load) P in Newton. 

Results .  T h e  t e s t  s p e c i m e n  f r o m  t h e  l i ve r  c a p s u l e  w a s  
a t t a c h e d  t o  t h e  c l a m p s  of  t h e  t e s t i n g  d e v i c e s  as  s h o w n  in 
f i g u r e  1. T h e  r i g h t  c l a m p  is d e n o t e d  w i t h  C 1 in  f i g u r e  1: 
W i t h  t h i s  c l a m p ,  i n c r e a s e s  o r  d e c r e a s e s  in  l e n g t h  ( c h a n g e s  
in  l e n g t h )  of  t h e  t e s t  s p e c i m e n  c a n  be  c a r r i e d  o u t  w i t h  
p r e s e l e c t e d  c o n s t a n t  ve loc i t i e s .  T h e  f o r c e - e x t e n s i o n  
d i a g r a m  s h o w s  i n i t i a l l y  a l ow  i n c r e a s e  of  f o r ce  u n d e r  a 
r e l a t i v e l y  l a r g e  i n c r e a s e  in  l e n g t h ,  A f t e r  t h e  c u r v e d  p a r t  
of  t h e  d i a g r a m  t h e  fo rce  i n c r e a s e s  s h a r p l y  a n d  a p p r o x i -  
m a t e l y  as  a s t r a i g h t  l ine .  
W h e n  t h e  s t r a i n  p r o c e s s  p e r f o r m e d  o n  t h e  l i ve r  c a p s u l e  
is i n t e r r u p t e d  in s u c k  a m a n n e r  t h a t  t h e  l e n g t h  is  k e p t  
c o n s t a n t ,  a t i m e  d e p e n d e n t  s t r e s s  o r  fo rce  d e c r e a s e  c a n  b e  
o b s e r v e d  w h i c h  is  c a l l ed  r e l a x a t i o n  ( f igure  3). T h e  s t r a i n  
a n d  i n v e r s e  s t r a i n  p r o c e e d i n g s  a r e  r e c o r d e d  w i t h  t h e  t i m e  
as  i n d e p e n d e n t  v a r i a b l e  on  t h e  a b s c i s s a .  T h i s  a d v a n t a g e o -  
u s  in  m o s t  h i s t o m e c h a n i c a l  t e s t s .  I n  t h e  t e s t  of  f i g u r e  3, 
t h e  m e c h a n i c a l  s t r e s s - s t r a i n  h i s t o r y  s h o u l d  be  t a k e n  i n t o  
a c c o u n t :  A f t e r  n u m e r o u s  l o a d i n g s  w i t h i n  t h e  d a m a g e - f r e e  
fo rce  r a n g e ,  a p a u s e  of  2 m i n  d u r a t i o n  w a s  i n t e r p o l a t e d  
u n d e r  t o t a l  r e l e a se  o f  t h e  l o a d .  T h e  r e p r e s e n t a t i o n  o f  
f i g u r e  3 d e m o n s t r a t e s  for  e x a m p l e  a h i s t o m e c h a n i c a I  
( h i s t o rheo log i ca l )  t r a n s i e n t  p r o c e s s  of  t h e  r e l a x a t i o n  
c u r v e s .  T h e  r e l a x a t i o n  a n g l e  p o i n t s  a r e  l a b e l l e d  w i t h  a r -  
r ows .  T h e  f i r s t  r e l a x a t i o n  a n g l e  p o i n t s  a r e  l ower  t h a n  t h e  
f o l l o w i n g  ones .  T h e  l a s t  r e l a x a t i o n  a n g l e  p o i n t s  a r e  s i t -  
u a t e d  o n  a n  e q u a l  fo rce  level .  T h e  t i s s u e  is n o w  in  a v i s -  
c o e l a s t i c  ( rheo log ica l )  s t e a d y  s t a t e .  
I n  f i g u r e  4 t h e  l i ve r  c a p s u l e  is  s t r e t c h e d  w i t h  a c o n s t a n t  
( l inear)  s t r a i n  r a t e  of  t h e  c l a m p  C 1 ( f igure  1). A f t e r  1.9 
m i n ,  t h e  s t r a i n  is k e p t  c o n s t a n t  ( i s o m e t r i c  c o n d i t i o n ) .  
F r o m  t h e  b e g i n n i n g ,  a n  a d d i t i o n a l  s i n u s  s t r a i n  is s u p e r -  
p o n e d  w i t h  c l a m p  C 2 ( f igure  1). A d y n a m i c a l  (cyclic) fo rce-  

Fig. 4. Nonlinear dynamic (cyclic) force increase (first part  of dia- 
gram) and dynamic (cyclic) relaxation (second part  of diagram). 
A right angle test  specimen was dissected from bovine liver capsule. 
30 • 10 m m  before dissection, 28 • 9.5 mm after dissection, initial 
length between clamps and total reIease from tension Lo = 10 ram, 
Ringer solution, temperature about 33 ~ speed of change in length 
vA~ = 1.6 ram. Upper curve: sinus shaped Iength-time input func- 
tion; the linear ramp length-time input  function is not  represented 
in the figure; lower curve: force-time output  function, H = heave 
(double amplitude) in mm,  P = force in 10 .3 Newton, time record 
synchron for both curves ill rain. Mechanical history: nmnerous 
similar tests within damage-free stress-strain ranges had been per- 
formed prior to the represented diagram under consideration of t ime 
and speed conditions. 

Fig. 5. Dynamic (cyclic) relaxation and cascade dynamic (cyclic) 
force recovery curves (mechanical recreations). Bovine liver capsule, 
30• 10 m m  before dissection, 29 • 8 m m  after dissection, Ringer 
solution, temperature about 34~ Lo = 10 ram, v~tL = 17.6 mm/min.  
Mechanical previous history: numerous similar loadings with similar 
equal t ime intervals had preceeded the diagram represented. H = 
heave (double amplitude) length-time input  function in mm, P = 
force-tome output  function in Newton, time t in rain synchron for 
both curves. The C 1 input  function (multiple ramps) is not  repre- 
sented in the figure. 
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t i m e  o u t p u t  f unc t i on  resu l t s  f rom t he  2 i n p u t  funct ions .  
The  force increases  cu rv i l i nea r  w i t h  an  o v e r p r o p o r t i o n a l  
h e i g h t e n i n g  of t he  force ampl i tudes .  I n  t he  d y n a m i c a l  re- 
l a x a t i o n  phase ,  we obse rve  in f igure  4 a p r o n o u n c e d  u p p e r  
a n d  a s l ight  lower s u m m i t  decrease.  T he  force dif ference 
of t he  u p p e r  a n d  lower s u m m i t  decreases  ini t ia l ly .  Th i s  
a p p e a r a n c e  is cal led a m p l i t u d e  (or heave)  d i m i n u t i o n  
p h e n o m e n o n  of t he  d y n a m i c  r e l a x a t i o n  in t he  lower non-  
l inea r  p a r t  of t he  e x t ens i on - t i m e  curve.  F igure  5 shows 
a f t e r  a fas t  s t r e t c h  u n d e r  c o n s t a n t  l e n g t h  and  s u p e r p o n e d  
s inus  wave  ex tens ions  a sho r t  d y n a m i c  r e l axa t ion  phase .  
Af t e r  a r epea t ed  pa r t i a l  re l ieve of t he  t ens ion  on  a c c o u n t  
of a n  i n d u c e d  decrease  of t he  l e n g t h  a n d  r epea t ed  in te r -  
pos i t ion  of i somet r i c  condi t ions ,  a n  in i t ia l  increase  of t he  
force a m p l i t u d e s  c an  be  obse rved  (figure 5). Th i s  ap-  
p e a r a n c e  is cal led inverse  d y n a m i c  (cyclic) r e l a x a t i o n  or 
d y n a m i c  (cyclic) force recovery .  T he  a m p l i t u d e s  of t he  
s inus  wave  s t r a i n  i n p u t  f unc t i on  can  be  seen in t he  u p p e r  
p a r t  of f igure 5. The  a m p l i t u d e s  of t he  o u t p u t  f unc t i on  
r e c o v e r y  curves  are smal l  in  t he  lower force regions.  
Discussion. The  m a i n  c o m p o n e n t  of t h e  l iver  capsule  are 
col lagen fibres.  T h e y  h a v e  b i o m e c h a n i c a l  func t ions  14. The  
cons ide rab le  in i t ia l  compl iance  w i t h  a h igh  res i s tance  
force u n d e r  f u r t h e r  e longa t ion  is an  i m p o r t a n t  p r o t e c t i v e  
m e c h a n i s m  wi th  b l u n t  a b d o m i n a l  injur ies .  The  s u b s t a n t i a l  
e longa t ion  propert ies ,  of t he  l iver  capsule  a t  t he  b e g i n n i n g  
of t he  fo rce -ex tens ion  or force- t ime d i a g r a m  are essent ia l  
in  a c u t e  v o l u m e  expans ions  of t he  l ive r  in as m u c h  as t he  
t i ssue  pressure  of the  p a r e n c h y m a  increases  p r o t a c t e d  
in i t ia l ly .  

The  h i s t omechan i ca I  d i a g r a m s  are  reproduc ib le  p rov ided  
t h a t  a series of iden t i ca l  cu rves  in  cons ide ra t ions  of equa l  
t i m e  d i s t r i b u t i o n s  are genera ted ,  and  on  t h e  cond i t ion  
t h a t  we t a k e  in to  cons ide ra t ion  t he  curves  of t h e  s t e a d y  
s t a t e  phase  a f t e r  t he  t r a n s i e n t  phase ,  for examp le  the  l a s t  
Cycles of f igure 3. F igu re  2 r ep resen t s  a cu rve  o u t  of a 
series in  t he  s t e a d y  s t a t e  phase .  Af te r  a p a r t i a l  force re- 
lease, t h e  l iver  capsule  does  n o t  c o n t r a c t  i n s t a n t a n e o u s l y  
l ike a n  ideal  elast ic  b o d y  because  t h e  elast ic  rese t  forces 
are d a m p e d  b y  viscous  e l emen t s  of t he  t i ssue  1~. U n d e r  
i somet r ic  cond i t ions  ( cons t an t  length)  a f t e r  a pa r t i a l  
force or l e n g t h  release,  a t i m e  d e p e n d e n t  s t a t i c  or  d y n a m i c  
(cyclic) force r ecove ry  arises. 
Our  e x p e r i m e n t s  h a v e  s h o w n  a complex  m e c h a n i c a l  be-  
h a v i o u r  of t l le l iver  capsule.  The  b i o m e c h a n i c a l  p roper t i e s  
of the  l iver  are e v i d e n t l y  versa t i l e  a n d  a d a p t e d  to  p h y s i o -  
logical and  pa tho log ica l  s t r e s s - s t r a in  cond i t ions  a n d  wi th-  
in  ce r t a in  l imi t s  to  t r a u m a t i c  i m p a c t s  1% 
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Summary. H u m a n  l y m p h o c y t e s  exposed  to the  effects  of long wave  U V  r a d i a t i o n  in t he  presence  of 8 - m e t h o x y p s o r a l e n  
p r io r  to  s t i m u l a t i o n  b y  P H A  show dose r e l a t ed  s is ter  c h r o m a t i d  exchanges  a f t e r  2 r ep l i ca t ion  cycles in  vi t ro .  This  ha s  
imp l i ca t i ons  for i n t e r p r e t i n g  t he  r epa i r  processes i nvo lved  and  for m o n i t o r i n g  D N A  d a m a g i n g  agen t s  in  vivo.  

8 -Me thoxypso ra l en  (8-MOP) is a f u r o c o u m a r i n  c o m p o u n d  
which ,  on  be ing  exc i ted  b y  360 n m  rad ia t ion ,  forms co- 
v a l e n t l y  b o u n d  a d d u c t s  w i t h  py r i m i d i ne s  1. The  molecule  
m a y  fo rm a d d u c t s  a t  e i t he r  or b o t h  ends  so t h a t  m o n o -  
a d d u c t s  and  cross l inks  a f fec t ing  b o t h  s t r a n d s  of t he  D N A  
molecule  are  formed~. Clinical ly  i t  h a s  been  used in t he  
t r e a t m e n t  of psor ias is  3 and  sugges t ions  t h a t  t h e  t r e a t -  
m e n t  m a y  cause  c k r o m o s o m e  d a m a g e  in m a n  4 a n d  be  
p o t e n t i a l l y  m u t a g e n i c  or  carc inogenic  h a v e  g iven  rise to  
concern. 
The recently developed techniques 5, ~ for staining chromo- 
somes aftel cells have been grown for 2 rounds of repli- 
cation in the presence of bromodeoxyuridine (BrdU), 
which substitutes for thymidine, make it possible to dis- 
tinguish between chromatids in which both DNA strands 
have been substituted and those retaining the original 
'old' DNA strand. This has permitted the clear demon- 
stration of sister chromatid exchanges (SCEs) when these 
occurT. A number of known carcinogens and mutagens 
when present in the culture medium have been shown to 
have marked effects on the rate of SCE in cultured 
chinese hamster cells o, or human leukocytes 9, presumably 
because  these  subs t ances  cause  d a m a g e  to the  DNA.  

W e  h a v e  used t he  B r d U  techn ique ,  essent ia l ly  as de-  
scr ibed b y  P e r r y  and  Wolf f  6 w i t h  m i n o r  modi f i ca t ions ,  to  
examine  t he  effect  of 8 -MOP a n d  long wave  U V  r a d i a t i o n  
(UV-A 315-390 nm)  on  t h e  p r o d u c t i o n  of SCEs in h u m a n  
l y m p h o c y t e s  in  v i t ro  w h e n  t he  t r e a t m e n t  is a d m i n i s t e r e d  
pr io r  to  t he  a d d i t i o n  of B r d U  to t he  cul tures .  Th i s  ha s  
shown t h a t  t he  effect  of c e r t a i n  D N A  d a m a g i n g  agen t s  in  
p roduc ing  SCEs can  be  d e m o n s t r a t e d  w i t h o u t  t he  ne-  
cess i ty  of l abe l l ing  t he  ch romosomes  before  t he  admin i s -  
t r a t i o n  of t he  agent .  
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