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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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Mater ia l  and methods. Hepar in ized  blood samples  were 
ob ta ined  by  v e n e p u n c t u r e  f rom 13 hea l t hy  adul ts .  0.4 ml  
of whole b lood was  added  to 4 ml of cul ture  m e d i u m  
(85% Eagles  m ed ium and  15% calf se rum wi th  100 uni ts  
ml  -x penici l l in and  1 • 10 -4 mg m1-1 s t rep tomycin)  and  
sub jec ted  tO the  app ropr i a t e  expe r imen ta l  procedure ,  
a f te r  wh ich  the  cells were  t r ans fe r red  to universa l  con- 
ta iners  which  were placed in a l igh t - t igh t  box,  E a c h  cul- 
ture  was t h e n  in jected,  t h r o u g h  the  lid of the  box, w i th  
0.1 ml  p h y t o h a e m a g g l u t i n i n  and  B r d U  to give a f inal  
concen t r a t ion  of 12 ~xM and  t h e n  incuba ted  for 72 h. Col- 
chicine (0.002% w/v) was added  for t he  last  3 h of cul ture  
life to accumula te  mitoses.  Chromosome p repa ra t ions  
were m a d e  and  s ta ined  wi th  0.7 ~g/ml Hoechs t  33258 and  
Giemsa  6. 
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Fig. 1. The effect of 8-MOP concentration in inducing sister chromatid 
exchanges after 72 h culture without UVA treatment (�9 and with 
30 min irradiation of the 8-MOP treated blood by 2 parallel Atlas 
20 W fluorescent UV (non-filter) tubes which have an emission peak 
at about 350 nm and negligible irradiation below 310 nm (O). The 
2 tubes were fixed 14 cm apart and the flasks (80 cm 2 NUNC tissue 
culture flasks) containing the celts were placed beneath the tubes at a 
distance of 14 em. The intensity of irradiation received by the cells 
measured by thermopile was 0.41 mW/cm z. Each point on this 
figure and in figure 3 represents the mean of between 30 and 150 cells. 
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Fig. 2. The distribution of SCEs in cells (n ~ 155) from the control 
cultures (above) and in cells (n = 149) from cultures treated with 
20 [xM MOP and subsequently to 30 min exposure to UVA (below). 

All slides were  coded so t h a t  t h e y  could be scored 'b l ind ' .  
Sa t i s fac to ry  mitoses  for  scor ing were selected.  Cri teria  
used for d is t inguish ing  sa t i s fac to ry  mitoses  were a) good 
dif ferent ia l  s ta in ing  of ch roma t ids ;  b) a coun t  of 46 chro-  
mosomes ;  c) absence of over laps  be tween  ch romosomes  
which  could no t  be readi ly  in te rpre ted .  The n u m b e r  of 
s is ter  c h r o m a t i d  exchange  po in t s  (SCEs) in each cell was 
recorded  and  a m i n i m u m  of 30 cells were scored f rom each  
culture.  
Results  and  discussion. Ini t ia l  inves t iga t ions  showed t h a t  
8-MOP added  to t he  cul tures  in concen t ra t ions  up to 
40 tzM h a d  no appreciable  effect  on the  ra te  of SCE b u t  
when  the  cells, 15-30 rain a f te r  the  addi t ion  of 8-MOP, 
were  i r r ad ia ted  wi th  UV-A increase in 8-MOP concen-  
t r a t i on  was ref lected in an increase in t he  mean  SCE ra te  
(figure 1). A t  concen t ra t ions  above 20 ~zM of 8-MOP, wi th  
i r rad ia t ion  for 30 min,  d i f f icul ty  in f inding mi toses  in t he  
second divis ion was encoun te red  due to toxic  effects  or 
D N A  repl ica t ion  de lay  caused by  the  t r e a t m e n t .  No a t -  
t e m p t  has  been  made  in these  expe r imen t s  to  a l ter  t he  
cul ture  t ime  to  t ake  accoun t  of the  effects  of such de lay  
a l though  i t  is p robable  t h a t  de layed cells have  a h igher  
SCE f requency.  The re la t ionsh ip  found be tween  SCE and  
log 8-MOP concen t r a t ion  shown  in figure I is based on the  
n u m b e r  of SCEs found  af ter  72 h of cul ture and  m a y  rep-  
resen t  an  underes t ima te ,  a t  h igher  concent ra t ions ,  of the  
n u m b e r  of SCEs induced  by  the  t r ea tmen t .  T h a t  th is  is so 
is fu r the r  ind ica ted  b y  the  f indings of Pe r ry  and  E v a n s  s 
who ad jus t ed  the i r  sampl ing  t ime to  give high yields of 
cells in the  second division and  were able to ob ta in  con- 
s iderab ly  h igher  SCE frequencies  a t  h igh  concen t r a t ions  
of the  ac t ive  drugs which  t h e y  tes ted.  A compar i son  be tw-  
een the  d i s t r ibu t ions  of SCEs per  cell in the  cont ro l  
cul tures  and  cul tures  which  have  been t r e a t ed  w i t h  
8-MOP and  U V  shows t h a t  the  increase in SCE ra te  w i t h  
increase in 8-MOP concen t r a t ion  is due no t  to  an in- 
creased ra te  for all cells in the  popu la t ion  b u t  only  in a 
p a r t  of it. This  m a y  be due  to genuine differences in cel- 
lular sens i t iv i ty  or to  l imi ta t ions  imposed by  the  ex-  
pe r imen ta l  sys t em used as over laying  of one cell by  an-  
o the r  shields some cells f rom the  light, a p rob lem no t  en-  
coun te red  wi th  monolayers  of surface anchored  cells. The  
effect  is shown in figure 2 for an 8-MOP concen t ra t ion  of 
20 tzM. The p ropor t ion  of cells wi th  SCEs in excess  of 18 
was found  to be 10% a t  0.02 FM, 21% a t  0.2 ~xM, 3 6 %  a t  
2 t x M a n d  57% a t  20 FM. 
The effect  of va r ia t ion  in U V - A  exposure  on the  SCE ra te  
is shown in figure 3. Increas ing  exposure  to U V - A  alone, 
a t  an i r radiance  of 0.41 m W / c m  2 does raise t he  SCE ra te  
b y  a smal l  amoun t .  In  the  presence  of 20 ~xM 8-MOP, in- 
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Fig. 3. The effect of varying the length of time of irradiation on 
SCE. The eonditions are as described for figure 1. Irradiation alone 
was examined (O) as well as irradiation at an 8-MOP concentration 
of 20 [LM (Q}. 
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creased SCE ra t e s  are  o b t a i n e d  w i t h  inc reas ing  exposure  
t imes  u p  to a b o u t  15 m i n  exposure  a f t e r  w h i c h  t he re  is no  
f u r t h e r  s ign i f i can t  increase  o t h e r  t h a n  t h a t  due  to  U V - A  
alone.  W i t h  t h e  o t h e r  c o n c e n t r a t i o n s  of 8 -MOP used  in  
these  e x p e r i m e n t s  t h i s  p l a t e a u  in SCE ra te ,  t h e  level  of 
w h i c h  is d e p e n d e n t  on t h e  8-MOP concen t r a t i on ,  was  also 
r eached  w i t h i n  15 min .  
An  in t e r e s t i ng  f ea tu re  of these  inves t iga t ions ,  un l ike  those  
s tud ies  in  w h i c h  a n  ac t ive  a g e n t  is p r e s e n t  t h r o u g h o u t  7 
or  d u r i n g  t he  l a t t e r  ha l f  of cu l tu re  life s, is t h a t  the  d a m a g e  
m u s t  occur  on  exposure  to  t he  l igh t  in  Go w h e n  t he  chro-  
mosomes  h a v e  n o t  i n c o r p o r a t e d  B r d U  label  in to  e i t he r  
s t r and .  Never the less ,  t h e r e  is a dose r e l a t ed  response  in 
t e r m s  of v is ible  SCEs a f t e r  2 r ep l i ca t ion  cycles. P re l imi -  
n a r y  e x p e r i m e n t s  (not  shown)  in w h i c h  B r d U  was a d d e d  
l a t e r  (24 h a f t e r  t h e  i n i t i a t i o n  of cul ture)  i nd i ca t e  t h a t  in-  
c o r p o r a t i o n  of B r d U  d u r i n g  repa i r  i m m e d i a t e l y  a f t e r  8- 
M O P / U V - A  t r e a t m e n t  does  n o t  a c c o u n t  for t h e  i n d u c t i o n  
of t he  SCEs. M i t o m y c i n  C which,  l ike 8 -MOP w i t h  UV-A,  
p roduces  D N A  s t r a n d  cross- l inks  1~ is also a p o t e n t  in-  
duce r  of SCEs ~, s sugges t ing  th i s  fo rm of d a m a g e  leads  to  
SCEs. However ,  t hese  agen t s  p roduce  m o n o a d d u c t s  as 
well  as cross- l inks  11 and  i t  m a y  be  t h a t  i t  is single s t r a n d  
d a m a g e  w h i c h  resu l t s  in  SCEs whi le  m u c h  of t he  d a m a g e  
due  to  cross- l inks  is u n r e p a i r a b l e  a n d  l e tha l  to  these  cells. 
The  l e t h a l i t y  of these  d rugs  would  s u p p o r t  th i s  in t e r -  
p r e t a t i o n .  I n  a n y  case i t  would  seem t h a t  some of t h e  
d a m a g e  r ema ins  u n r e p a i r e d  u n t i l  a f t e r  r ep l i ca t ion  a l t h o u g h  

we h a v e  no  i n f o r m a t i o n  on  w h a t  p r o p o r t i o n  th i s  m a y  re- 
p resen t .  Pos t - r ep l i ca t ion  r epa i r  is be l i eved  to be  e r ror  
prone12 a n d  if SCEs ref lect  t h i s  fo rm of r epa i r  t h e i r  ap-  
pea rance  should  be  r ega rded  as an  i nd i ca t i on  of a n  in-  
c reased  r i sk  of m u t a t i o n .  
A r ecen t  r e p o r t  13 descr ibed  a s t u d y  of SCE ra t e s  a f t e r  8- 
M O P  a n d  U V - A  in cells f r om a single h e a l t h y  adu l t .  A 
precise  c o m p a r i s o n  is d i f f icul t  because  of d i f ferences  in  ir- 
r a d i a t i o n  t e c h n i q u e  used b u t  a n  8 -MOP c o n c e n t r a t i o n  de- 
p e n d e n t  increase  in SCEs was also shown.  
I t  is of p r a c t i c a l  i m p o r t a n c e  t h a t  d a m a g e  caused  to  
l y m p h o c y t e s  in  Go b y  U V  a c t i v a t e d  8-MOP resu l t s  in a 
dose d e p e n d e n t  increase  in SCEs because  i t  follows, as we 
h a v e  been  able  to  d e m o n s t r a t e  14, t h a t  b lood  t a k e n  f rom 
p a t i e n t s  t r e a t e d  w i t h  8 -MOP a n d  i r r a d i a t e d  in v i t ro  
shou ld  show SCE ra t e s  w h i c h  would  ind ica t e  t he  level  of 
8 -MOP in t he  c i rcula t ion .  F u r t h e r  i t  shou ld  be  possible  to  
assess d a m a g e  wh ich  occurs  in  v ivo  p rov ided  t he  cells h a v e  
n o t  r ep l i ca ted  since t he  d a m a g e  occurred.  W e  are  cur-  
r e n t l y  i n v e s t i g a t i n g  th i s  poss ibi l i ty .  
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Summary. P h o s p h a t a s e  a c t i v i t y  ident i f ied  w i t h  N a + - K + - A T P a s e  was localized a t  the  basa l  surface  of ce rebra l  cor t ica l  
cap i l l a ry  e n d o t h e l i u m  b y  per fus ion  w i t h  a p - n i t r o p h e n y l  p h o s p h a t e - s t r o n t i u m  med ium.  The  r e l a t ionsh ip  of th i s  to  t he  
b lood -b ra in  ba r r i e r  to  K + is discussed.  

The  c o n c e n t r a t i o n  of K+ in ce rebrosp ina l  f luid a n d  b r a i n  
in te rce l lu la r  f luid is m a i n t a i n e d  a t  a level  below t h a t  of 
n o r m a l  b lood  p l a sma ,  a n d  is la rgely  i n d e p e n d e n t  of 
f l uc tua t i ons  in  p l a s m a  K+ c o n c e n t r a t i o n  1. The  m a i n -  
t e n a n c e  of th i s  c o n c e n t r a t i o n  di f ference impl ies  t he  pre-  
sence of a n  ac t ive  t r a n s p o r t  s y s t e m  capab le  of expel l ing  
IZ+ f rom b r a i n  in te rce l lu la r  f luid i n to  blood. 2 g roups  of 
s t r u c t u r e s  seem to  be  possible  s i tes  of ac t ive  r egu l a t i on :  
t he  e n d o t h e l i u m  of b r a i n  capil lar ies ,  a n d  t he  a s t rocy t e s  
whose  foot  processes  t e r m i n a t e  on t he  basa l  lamel lae  of 
these  capi l lar ies  2. T he  close p r o x i m i t y  of these  s i tes  m e a n s  
t h a t  a n  u l t r a s t r u c t u r a l  app roach  is requ i red  for  d iscr im-  
i na t i on  be tween  t h e m .  W e  h a v e  e x a m i n e d  th i s  p r o b l e m  
us ing  a c y t o c h e m i c a l  t echn ique ,  based  on  t he  c a p t u r e  b y  
Sr  2 + of p h o s p h a t e  l i b e r a t e d  f rom p - n i t r o p h e n y l  p h o s p h a t e ,  
for  t h e  loca l iza t ion  of t h e  p h o s p h a t a s e  s tep  of Na+-K+-  
A T P a s e  2. 
Method. The  b r a i n s  of a d u l t  ma le  r a t s  were f ixed b y  per -  
fus ion  for  15 m i n  a t  15~ w i t h  a f i xa t ive  a t  pI-I 7.4 con-  
t a i n i n g  g lu t a r a ldehyde ,  0 .25% ; fo rma ldehyde ,  2 .0% ; di-  
m e t h y l  su lphoxide ,  5 .0%;  sod ium eacodyla te ,  0.1 M. The  
b r a i n  was t h e n  pe r fused  in s i tu  w i t h  t he  fol lowing so- 
lu t ions ;  t h e  t i m e  i n t e rva l s  i nd i ca t e  equ i l i b ra t ion  per iods  
b e t w e e n  per fus ions :  0.1M Tris-HC1 p H  9.0, 2 • 2 m i n ;  in-  
c u b a t i o n  med ium,  4 •  m i n ;  0.1M Tris-I-IC1 p H  9.0, 
2 •  m i n ;  0.25M sucrose,  1 •  m i n ;  1.0% Pb(NO~)2, 
2 •  ra in ;  0.25M sucrose,  1 •  m i n ;  0.1 M Tris-HC1 p H  

9.0, 2 •  m i n  (compos i t ion  of i n c u b a t i o n  m e d i u m :  Tris-  
HC1 p H  9.0, 100 raM; MgC12, 10 mM;  SrCI~, 20 mM;  KCI, 
10 mM;  d i sod ium p - n i t r o p h e n y l  p h o s p h a t e ,  5 m M ;  L- 
t e t ramiso le ,  1 mM) *. Pieces of t e m p o r a l  co r t ex  were pos t -  
f ixed in 1% o s m i u m  t e t r o x i d e  and  p r e p a r e d  for e lec t ron  
microscopy.  
Results and discussion. Elec t ron -dense  r eac t ion  p r o d u c t  
a p p e a r e d  as small ,  g r a n u l a r  c lumps  on  p l a s m a  m e m b r a n e s .  
The  b u l k  of t he  p r o d u c t  was  found  on  t he  surfaces  of t he  
cap i l l a ry  endo the l i a l  cells r e m o t e  f rom t h e  b lood (figure 1). 
R e a c t i o n s  e lsewhere  were weaker  or  absen t .  Cont ro l  
b ra ins ,  pe r fused  w i t h  e i t he r  K+-free or subs t r a t e - f r ee  
media ,  showed l i t t l e  or no  r eac t i on  p r o d u c t  (figure 2). 
These  e x p e r i m e n t s  show t h e  p resence  of a K + - d e p e n d e n t  
p - n i t r o p h e n y l  p h o s p h a t a s e  a c t i v i t y  of t h e  t y p e  ident i f ied  
w i t h  t he  p h o s p h a t a s e  s tep  of N a + - K + - A T P a s e  in t h e  kid-  
n e y  a n d  o the r  o rgans  4-~. W e  h a v e  p rev ious ly  Shown t h a t  
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