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incuced  b y  cysteine,  i.e. a f te r  t he  a d d i t i o n  of cysteine,  
t he  n e t  syn thes i s  of R N A  a n d  p r o t e i n  s topped  i lnmedia -  
a te ly ,  whereas  a ce r t a in  q u a n t i t y  of D N A  was synthes ized �9  
Theore t ica l ly ,  t he  a l t e r a t i ons  of cell m e t a b o l i s m  before  
i r r ad i a t i on  m a y  e n h a n c e  t he  r a d i a t i o n  res i s tance  in e i t he r  
of t h e  fol lowing two wayS: 1. b y  decreas ing  t he  in t r ins ic  
s ens i t i v i t y  of cells to  d a m a g i n g  effects of i r rad ia t ion ,  
or 2. b y  inc reas ing  t h e  r ecovery  a f t e r  i r r ad ia t ion .  

The  resu l t s  p r e sen t ed  here  show t h a t  b o t h  of t he  above-  
m e n t i o n e d  poss ib i l i t ies  t a k e  p a r t  in  t he  e n h a n c e m e n t  of 
r a d i a t i o n  res i s t ance  induced  b y  cys te ine  t r e a t m e n t  in  
E. coli B/r .  

E. coli B/ r  was g rown  on m i n e r a l  sa l ts -glucose  m e d i u m  5. 
The  cells in  mid- log  phase  of g r o w t h  were t r e a t e d  w i t h  
cys te ine  (2 m M )  a n d  i n c u b a t e d  f u r t h e r  a t  37~ Af te r  1 
ra in  or 30 rain,  t he  cells were cent r i fuged ,  washed  3 t imes ,  
r e su spended  in iced p h o s p h a t e  buf fe r  (pH 7.0) a n d  i r ra-  
d i a t e d  w i t h  X- ray .  S u r v i v i n g  f r ac t ions  were  d e t e r m i n e d  
b y  p l a t i n g  bac t e r i a  on  n u t r i e n t  aga r  s , a n d  on  t he  same  
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Fig. 1. Effect of acriflavine on the radiation resistance enhancement 
induced by cyteine treatment in E. coli B/r. Surviving bacterial cells 
were counted by making dilutions in phosphate buffer and plating 
0.1 ml samples in triplicate on nutrient agar (closed symbols) or on 
the same agar containg 2 [zg/ml acriflavine (open symbols). The 
plates were incubated at 37~ before counting. O and 0, non-treated 
cells; [i] and I ,  cells treated with cysteine for 1 mitt; A and &, cells 
treated with eysteine for 30 rain. 

agar,  c o n t a i n i n g  acr i f l av ine  (2 ~g/ml),  a p o t e n t  i n h i b i t o r  
of D N A  repa i r  7 (Figure).  The  1 ra in  cys te ine  t r e a t m e n t  
ra ised  t h e  Dg~ (1% surv iva ls )  f rom 20.5 to 30.6 k r ad  a n d  
f rom 9.3 to  13.5 k r ad  for cells p l a t e d  on  n u t r i e n t  aga r  
a n d  acr i f l av ine  c o n t a i n i n g  agar ,  r e spec t ive ly  ( the dose 
response  fac tors  of 1.49 and  1.45). Thus ,  t he  r a d i a t i o n  
res i s tance  induced  b y  1 ra in  cys te ine  t r e a t m e n t  was no t  
af fected b y  acr i f lavine ,  i.e. t h e  in t r ins ic  sens i t iv i ty  of 
bac t e r i a  was  decreased  b y  t h i s  t r e a t m e n t ,  The  30 m i n  
cys te ine  t r e a t m e n t ,  however ,  r esu l ted  in g rea te r  r es i s t ance  
e n h a n c e m e n t  w h e n  t he  cells were p l a t ed  on  n u t r i e n t  aga r  
t h a n  t h e y  were p l a t ed  on  t he  same  agar,  con t a in ing  acri-  
I lavine,  t h e  dose response  fac to rs  be ing  2.1 and  1.7, 
respect ive ly .  If  our  model  is a cor rec t  i n t e r p r e t a t i o n  of t he  
m e c h a n i s m  of b iochemica l  r a d i o p r o t e c t i v e  effect  of 
cyste ine ,  t he  resul t s  p r e sen t ed  here  sugges t  t h a t  t h e  
a s y n c h r o n o u s  syn thes i s  of m a c r o m o l e c u l a  induced  b y  
cys te ine  t r e a t m e n t  enhances  t h e  r ecove ry  a f te r  ioniz ing 
i r rad ia t ion .  Th i s  conclus ion is in  a g r e e m e n t  w i t h  some 
recen t  f ind ings  8,9 t h a t  t he  f u n c t i o n a l  ezra gene is 
requ i red  for  r a d i a t i o n  res i s t ance  e n h a n c e m e n t  induced  b y  
t he  a b o v e m e n t i o n e d  t y p e  of a s y n c h r o n o u s  syn thes i s  of 
macromolecu la .  

Zusammen/assung. Zur  P r i i fung  der  S t r ah l en re s i s t enz  
yon  Escherichia coli n a c h  b e w ~ h r t e r  Me thode  wi rd  
Acr i f lav in ,  ein D N A - R e p a r a t u r h e m m e r ,  zugegeben  und  es 
wi rd  fes tgeste l l t ,  dass  die S t r a h l e n r e s i s t e n z  auch  u n t e r  
Cys t e inschu tz  s inkt .  
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Changes in the Degree of Orientation of Bone Materials with Age in the Human Femur 

I n  r ecen t  years  bone  ha s  inc reas ing ly  been  cons idered  
as a two  p h a s e  compos i t e  of a p a t i t e  a n d  collagen.  Of t h e  
two m a t e r i a l s  a p a t i t e  ha s  t he  h ighe r  e last ic  modul i i .  I n  a 
compos i t e  of th i s  t y p e  t he  degree of p re fe r red  o r i e n t a t i o n  
of t he  h igh  elast ic  modu l i i  m a t e r i a l  p l ays  a v e r y  i m p o r t a n t  
p a r t  in  d e t e r m i n i n g  t h e  phys ica l  p roper t i e s  of t he  com- 
pos i t e  z. A l i t e r a t u r e  s u r v e y  showed  no s y s t e m a t i c  s t u d y  
of change  in t h e  degree of p re fe r red  o r i e n t a t i o n  of a p a t i t e  
c rys ta l s  w i t h  age, a l t h o u g h  t he  p re fe r red  o r i e n t a t i o n  of 
t h e  a p a t i t e  c rys ta l l i t es  in  m a t u r e  bone  a n d  t h e i r  re la t ion-  
ship  w i t h  col lagen f ibres  h a d  been  s t ud i ed  as ea r ly  as 
1936 2 . I t  was  the re fo re  decided to  s t u d y  t h i s  a spec t  of 
bone.  

Material and method. X - r a y  d i f f rac t ion  d i ag rams  of 
20 spec imens  of f emora l  bone  f rom 6 day  to  76-year-old 
i nd iv idua l s  h a v e  been  s tudied .  Of these,  6 were be low 
5 years  of age and  t he  res t  adu l t s  of d i f fe ren t  ages. X - r a y  
d i a g r a m s  were t a k e n  for b o t h  pos te r io r  a n d  an te r io r  
q u a d r a n t s  of t he  m i d s h a f t  of t h e  f emora l  d iaphysis .  
Spec imens  for X - r a y  d i a g r a m s  were  o b t a i n e d  b y  c leaving 
wedge-shaped  pieces f rom t h e  m i d d l e  of t he  q u a d r a n t .  

1 H. KRENCHIgL, Fibre Reinlorcement (Akademisk Forlag, Copenha- 
gen 1964). 

$ R. STOHLER, Naturwissenschaften 24; 523 (1936). 



15.2. 1972 Specialia 157 

No. Age and ~ Ratio of Remarks 
quadrant. Imaxtlmin of 

002 ring 

1 7 weeks 1 Completely random in 
both quadrants. 

2 1 year 2 Small degree of 
I anterior) orientation. 

3 1 year 4 High degree of orientation. 
(posterior) Same femur as in No. 2. 

4 56 year 4 High degree of orientation. 
(anterior) 

5 56 year 5,5 High degree of orientation 
(posterior) Same femur as in No. 4. 

a Imax denotes the intensity maximum in the 002 reflection of apatite. 
Imin denotes the intensity minimum in the 002 reflection of apatite. 

The d iag rams  were t aken  wi th  M o K e  rad ia t ion  on a 
f la t -p la te  camera,  us ing 4 cm specimen to f i lm dis tance.  
The long axis  of the  bone was a p p r o x i m a t e l y  ver t ica l  and 
normal  to  t he  X - r a y  beam. The ma jo r i t y  of the  d iagrams 
showed t h a t  002 relfect ions of apa t i t e  had in t ens i ty  
d i s t r ibu t ion  along the  circle. This  in t ens i ty  d i s t r ibu t ion  
was measured  by  a ro t a t i ng  s tage pho tome te r .  The ra t io  
of m a x i m u m  to m i n i m u m  in tens i ty  was t aken  as a measure  
of the  degree of prefer red  o r i en ta t ion  of apat i te .  In  some 
cases t he  bone samples  were decalcified e i ther  w i th  E D T A  
solut ion or formic acid solut ion and  the  X - r a y  d iagrams 
r e t aken  to  f ind the  o r ien ta t ion  of t he  collagen fibres. 

A subs id ia ry  inves t iga t ion  showed t h a t  t he  prefer red  
o r i en ta t ion  was cyl indr ical ly  symmet r i ca l  abou t  t h e  long 
axis of t he  bone  wi th in  t he  l imits  of observat ion.  I t  was 
also observed  t h a t  any  a t t e m p t  to  smoo th  the  specimen 
surfaces,  d i s tu rbs  the  o r i en ta t ion  of apa t i t e  crysta ls  a t  
t he  surface. 

Results and Discussion. The Table lists a r ep resen ta t ive  
set  of t he  resul ts  so far obta ined .  I t  is obvious  f rom the  
t ab le  t h a t  a t  b i r t h  the  apa t i t e  crys ta ls  were r a n d o m l y  
or ien ta ted ,  whereas  the  m a t u r e d  bone  showed a h igh  
degree of prefer red  or ienta t ion.  A compar i son  of No. 2 
and  3 shows t h a t  t he  degree of prefer red  o r i en ta t ion  
var ies  f rom anter ior  to pos ter ior  q u a d r a n t  in one and  the  
same bone. This  difference is less in older  individuals .  In  
some of t he  older bones the  re la t ive  degrees of o r ien ta t ions  
were  reversed.  

The X - r a y  d iagrams of decalcif ied bones  showed t h a t  
t he  bone  collagen followed the  same p a t t e r n  as apa t i t e  
i.e. r a n d o m  at  b i r t h  and  becoming  or ien ted  wi th  ma tu r i ty ,  
and  the  degree of collagen o r i en ta t ion  is of the  same 
order  as the  apa t i t e  or ienta t ion.  B o t h  the  fibre di rect ion 
of collagen and  the  c-di rect ion of apa t i t e  crys ta ls  have  
prefer red  or ien ta t ions  a p p r o x i m a t e l y  paral lel  to the  long 
axis  of the  bone.  

I t  has  general ly  been  assumed t h a t  t he  or iented  
fo rma t ion  of apa t i t e  in m a t u r e  bone  is due to  the  epi taxia l  
c rys ta l l iza t ion  of apa t i t e  on the  o r ien ted  collagen fibres. 
In  the  l ight  of the  p resen t  inves t iga t ion  it is diff icult  to  
visualize a process which m a y  cause r a n d o m l y  or iented  
collagen f ibres in bone at  b i r t h  to  change  over  to or iented  
ones a t  a la ter  age while the  p ropor t ion  of organic m a t t e r  
in bone  is decreasing 3. I t  becomes  more  diff icult  to explain  
t he  va r ia t ion  in the  degree of prefer red  or ien ta t ion  of 
collagen in d i f fe rent  areas of one and  the  same bone. The 

following t e n t a t i v e  exp lana t ion  may  overcome t h e  above 
difficulties.  

The lack of o r ien ta t ion  in bone  a t  b i r th  suggests  t h a t  
the  fo rma t ion  of apa t i t e  and collagen are r a n d o m  and  
cont inuing  processes w i t h o u t  any  preferred direct ion 
Dur ing  the  use of t he  l imbs the  bones are a l t e rna t ive ly  
s t ressed and relaxed.  Dur ing  the  s t ressed condi t ion  of 
bone the  apa t i t e  crysta l l i tes  which  are unfavourab ly  
or iented  wi th  respec t  to the  d i rec t ion  of s tress will t end  
to  dissolve in to  the  body  fluid more  t h a n  those favourab ly  
ormnted.  Dur ing  the  re laxed s ta te  bo th  crys ta l l iza t ion 
and  crys ta l  g rowth  will occur;  bu t  more  mate r ia l  will 
accrue to t he  favourab ly  oriented,  bigger crys ta ls  t h a n  
to  the  smaller  crystals .  This  di f ferent ia l  c rys ta l  g rowth  will 
occur due to the  grea ter  t h e r m o d y n a m i c  s tab i l i ty  of 
larger  crystals .  As a resul t  of t he  above  two processes the  
propor t ion  of f avourab ly  or iented  crys ta ls  will increase 
w i th  the  use of the  bone  t h e r eb y  mak i n g  it more  capable  
of w i t h s t a n d i n g  the  stress.  In  the  case of the  femur  the  
ma in  stress is compressive.  A similar  s t ress- induced 
recrys ta l l iza t ion  in a prefer red  d i rec t ion  has recent ly  been 
repor ted  in t he  case of ice m o v e m e n t  4. 

Collagen, which  occupies the  in te rven ing  space be tween  
the  apa t i t e  crystals ,  will get  or iented  e i ther  due to  packing  
cons idera t ions  or due to  i ts  epi taxia l  fo rmat ion  on apa t i te  
crystals .  This  would explain the  observed  increase in 
bo th  preferred or ien ta t ions  wi th  age. As it is known  t h a t  
t he  direct ion of stress, dur ing no rma l  use, var ies  wi th  
respec t  to  t he  long axis of the  femur  f rom infancy  to  
adul thood.  Thus  i t  is no t  surpr is ing t h a t  the  degree of 
prefer red  or ien ta t ion  var ies  a t  d i f f e r e n t p a r t s  of t he  femur.  

I t  follows f rom the  above hypo thes i s  t h a t  a bone 
subjec ted  to  a h igher  level of s t ress  will have  a h igher  
degree of prefer red  or ien ta t ion  t h a n  a bone sub jec ted  to  
a lower stress.  To t es t  th is  deduc t ion  X - r a y  d iagrams 
were t aken  of the  cyl indr ical  pa r t  of pubic  and  r ib  bones 
of a crocodile. Of these  pubic  bone  is subjec ted  to  a h igher  
s t ress  (being a p a r t  of its locomot ion  system) t h a n  the  
rib. The cor responding  in tens i ty  ra t ios  were 4.5 and  2 i.e. 
pubic  bone is more  or iented  t h a n  the  rib. This  is w h a t  
was expec ted  f rom the  proposed  hypothes i s .  Fu r t h e r  
work  to  ver i fy  o the r  deduc t ions  f rom this  hypo thes i s  is 
in progress.  

Rdsumd. On a 6tudi6 les pho tograph ies  de d i f f rac t ion  
des rayons  X de 20 sp6cimens d 'os  f6moral d ' ind iv idus  
Ag6s de 6 jours  h 76 ans. On a pris des pho tograph ies  des 
q u a d r a n t s  post6r ieurs  e t  ant6rieurs.  Les r6sul tats  ind iquen t  
que les c rys t aux  d ' a p a t i t e  de l 'os d ' u n  en fan t  nouveau-n6 
6ta ient  orient6s au hasard,  ~ l ' inverse  de ceux d ' u n  adulte.  
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