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Table II. Estimated distribution of donor and host CFU for the different experimental treatment 

EXPERIENTIA 27/10 

Treatment Donor Host 

0 R Marrow cells inoculum l0 T 
CFU 12 × 10 ~ 

650 R s Marrow cells inoculum 107 
Surviving CFU 2-5 

Cells in total marrow 4 × 10 s 
CFU in total marrow 50 × 10 ~ 
CFU in circulating pool 110-150 
Surviving CFU in total marrow 100-200 
Surviving endogenous spleen CFU 4-8 
Surviving CFU in circulating pool <0.3 

• Surviving fraction: 0.002-0.004. 

10:1; consequent ly ,  bone -mar row as well  as spleen are  
rap id ly  and  p e r m a n e n t l y  colonized by  the  donor  cells. This  
is in ag reemen t  w i th  previous  observa t ions  b y  o the r  
au thors  ~, s. 

W h e n  cells f rom an i r rad ia ted  donor  are in jec ted  into  an 
i r rad ia ted  recipient ,  the  ra t io  donor  to hos t  cells is in order  
of 1 : 40. Accordingly,  v e r y  few of the  d iv id ing  cells in the  
bone-mar row are of donor  origin. On the  o ther  hand,  the  
p ropor t ion  of ceils f rom donor  origin in the  spleen is larger 
(76%) t h a n  expec ted  f rom Table  I I  (30 to  50%). The  
bone-mar row appears  to be repopula ted  wi th  t he  same 
eff ic iency b y  exogenous  and endogenous cells whereas  t he  
spleen is r epopula ted  wi th  a h igher  eff ic iency b y  exogen-  
ous cells. One must ,  however ,  consider  t h a t  in an  i r rad ia ted  
recipient ,  t he  c i rcula t ing pool  of C F U  is v e r y  smal l  
( <  0.3 CFU) ,  and  t h a t  co lony  seeding f rom hos t  bone- 
mar row would  proceed over  a longer  per iod of t i m e  t h a n  
occurs when  donor  cells are in jec ted  d i rec t ly  in to  the  
blood. 

Observations in thymus. F r o m  exper iments  based on 
morphologica l  observat ions  S, xT,xs, as well  as f rom those 
invo lv ing  in jec ted  bone-mar row cells (with ch romosome 
markers)  ~,~, 8, i t  has  been  assumed t h a t  t he  t h y m u s  of 
sub le tha ly  or  supra le tha ly  i r rad ia ted  animals  repopula tes  
in two  phases.  The  f irs t  phase  (from day  4 to  d a y  12) is 
charac ter ized  by  the  pro l i fe ra t ion  of  su rv iv ing  precursor  
cells in t he  thymus .  The  second and  f inal  phase  s tar ts  2-3 
weeks af ter  ilTzadiation and  features  prol i fera t ion  of smal l  
l ymphocy te s  der ived f rom the  bone-marrow.  

Our  da t a  indicate ,  however ,  t h a t  in jec ted  bone-mar row 
ceils can d i rec t ly  en ter  the  t h y m u s  of A K R / T 1 A l d  mice 
and there  prol i fera te  a t  ear ly  t imes  af ter  exposure  (6 days). 
This  occurs regardless of whe ther  A K R  donors have  been 
prev ious ly  i r rad ia ted  or not.  The  ear ly  per iod  of t h y m u s  
repopula t ion  by  donor  cells is fol lowed by  a second one 
dur ing  which the  propor t ion  of  donor  cells in the  t h y m u s  
decreases. Ev iden t ly ,  t h e  hos t  cells c rowding  ou t  t he  donor  
ceils cannot  come  f rom the  bone -mar row which  a t  th is  
t ime  is a l ready  popula ted  by  cells of donor  origin. Severa l  
exp lana t ions  are  possible for this  observa t ions  b u t  no de- 
f ini te  exp lana t ion  can be proposed since the  cells invo lved  
in regenera t ion  of the  t h y m u s  and the i r  cel lular  pa ramete r s  
are  stil l  insuff icient ly known.  

a) The  donor  cells which  have  been prol i fera t ing  and 
ma tu r ing  in the  t h y m u s  dur ing the  ini t ial  6-day-per iod 

migra te  ou t  f rom the  t h y m u s  a f te rwards .  A more  pr imi-  
t i ve  t y p e  of precursor  cel ls  no t  p resen t  in t he  bone-mar row 
t ransp lan t  b u t  which  surv ives  in t h e  t h y m u s  af te r  i r radia-  
t ion  s tar ts  to d iv ide  and  mature .  Most  l ike ly  t he  l a t t e r  
cells are incapable  of br inging on full  regenera t ion  of the  
gland, since f ina l ly  repopula t ion  of the  t h y m u s  by  cells 
or ig inat ing in bone-mar row takes  over.  Such a pa t t e rn  
would  correspond to  the  biphasic  t y p e  of regenera t ion  
found for t h y m u s  by  cer ta in  au thors  8-17. 

b). The  bone-mar row donor  cells rest  in the  t h y m u s  and 
div ide  more  s lowly t h a n  precursor  cells endogenous to  the  
thymus .  Again  in th is  case, t h y m u s  would  h a v e  to  con ta in  
cell  types  no t  p resent  in t h e  bone-mar row t r ansp lan t  and  
our  results  therefore  suggest  t h a t  t h y m o c y t e s  can  s t em 
f rom 2 d i f ferent  cell  types,  as has  a l ready  been  proposed 7 
I t  should f ina l ly  be po in ted  ou t  t h a t  the  s trains of  mice 
ut i l ized in our  expe r imen t  (AKR,  A K R / T 1 A l d )  d i sp lay  
cer ta in  par t icular i t ies  such as have  been repor ted  wi th  
respect  to  isogenic res taura t ion  in i r rad ia ted  A K R  mice 19 
and leukemogenesis  in A K R / T I A l d  isogeneic radiochi-  
maera"0. 

Rdsumd. L'u t i l i sa t ion  d ' u n e  race de souris (AKR/T1Ald)  
ne  poss6dant  que  38 chromosomes  a permis  de mon t r e r  
clue les cellules de  moel le  que  l 'on  in jec te  A un ind iv idu  
irradi6 repeuplen t  d i r ec t emen t  la  moetle,  le t h y m u s  e t  la  
ra te  du receveur.  Si le donneur  est  irradi6, la  p6n6tra t ion  
des cellules n ' e s t  impor t an t e  que  dans  la ra te  du receveur.  
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Effect  of  M e t a b o l i c  S t r e s s  o n  A c t i v a t i o n  of  G l u t a t h i o n e  R e d u c t a s e  by  F A D  in H u m a n  R e d  Cel l s  

Gluta th ione  reduc tase  (GR) plays  an  i m p o r t a n t  role in 
the  pro tec t ion  of pro te in  in red cells against  oxidat ion.  
Increased  ac t i v i t y  of G R  has been repor ted  in red cells in 
pa t i en t s  wi th  severe  metabo l i c  disorders, e.g., severe cases 
of u remia  1 and of cirrhosis of l iver  2. Increased G R  ac t i v i t y  

has also been observed  in red cells w i th  glucose-6-phos- 
pha t e  dehydrogenase  (G-6-PD) deficiency a The  reason for 
these  increases in G R  a c t i v i t y  is unknown.  

Recen t ly ,  i t  has  been  repor t ed  t h a t  G R  is p resent  in a t  
least  2 forms, t he  ac t ive  form which  is associated wi th  fla- 
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v ine  a d e n i n e  d inuc l eo t ide  (FAD),  a n d  t h e  i n a c t i v e  fo rm 
n o t  assoc ia ted  w i t h  F A D  4 - t  Therefore ,  t h e  con t r o l  of G R  
a c t i v i t y  in  r ed  cells in  va r ious  pa tho log i ca l  s i t u a t i o n s  m a y  
be  r e l a t ed  to  i t s  a c t i v a t i o n  b y  FAD.  

I n  t h i s  repor t ,  t h e  ef fec t  of m e t a b o l i c  s t ress  o n  G R  ac t i -  
v i t y  in  r e l a t i o n  t o  t he se  2 fo rms  was  s t ud i ed  in  r ed  cells  in  
p a t i e n t s  w i t h  severe  m e t a b o l i c  d i so rders  due  to  v a r i o u s  
causes,  e.g., severe  u r e m i a  (blood u r e a  n i t r o g e n  level  ove r  
100 mg/100  ml),  severe  c i r rhos is  of l iver,  a n d  G - 6 - P D  
def ic iency.  

H e m o l y s a t e s  were  p r e p a r e d  as  p r e v i o u s l y  d e s c r i b e d t  
G R  a c t i v i t y  was  a s sayed  a t  37 °C a c c o r d i n g  to  t h e  m e t h o d  
of LONG a n d  CARSON s in  h e m o l y s a t e s  w i t h  130 m M  Tris 
E D T A  buf fe r  (pH 7.6), 5 . 3 m M  oxid ized  g l u t a t h i o n e  
(GSSG),  a n d  0.29 m M  reduced  n i co t ine  a d e n i n e  d inucleo-  
t ide  p h o s p h a t e  ( N A D P H )  us ing  a Gi l ford  Model  2000 
A u t o m a t i c  R e c o r d i n g  P h o t o m e t e r .  T o t a l  G R  a c t i v i t y  in 
h e m o l y s a t e s  was  m e a s u r e d  a f t e r  30 m i n  of i n c u b a t i o n  a t  
37 °C w i t h  1 F.M F A D  acco rd ing  t o  t h e  m e t h o d  of BEUT- 
LER 6. T h e  a m o u n t  of t h e  i n a c t i v e  fo rm of G R  r e p r e s e n t s  
t h e  increase  in G R  a c t i v i t y  a f t e r  i n c u b a t i o n  w i t h  FAD.  
T h e  s a t u r a t i o n  p e r c e n t a g e  was  ca l cu l a t ed  b y  d i v i d i n g  t h e  
G R  a c t i v i t y  of t h e  a c t i v e  fo rm b y  t h e  t o t a l  a c t i v i t y  a f t e r  
i n c u b a t i o n  w i t h  F A D .  

Resu l t s  a re  s h o w n  in  t h e  F igure .  M e a n  G R  a c t i v i t y  in  
r ed  cells  f r o m  30 n o r m a l  a d u l t s  was  3.04 4- 0.36 IU .  ( the  
ac t ive  form).  Af t e r  a d d i t i o n  of F A D  to  t h e  hemolysa t e s ,  
t h i s  inc reased  to  4.38 -4- 0.37 IU ,  a n  increase  of 1.34 4- 
0.37 I U  ( the  i n a c t i v e  form).  Thus ,  in  n o r m a l  adu l t s ,  
69 .4% of G R  is in  t h e  a c t i v e  form,  a n d  30 .6% of G R  is in  
t h e  i n a c t i v e  fo rm.  S imi l a r  r e su l t s  were  a lso o b t a i n e d  in  r ed  
cells f r o m  p a t i e n t s  w i t h  c e r e b r o v a s c u l a r  disease,  pneu -  
monia ,  h e r e d i t a r y  spherocytos i s ,  a c u t e  psoriasis ,  a n d  
sickle cell anemia .  

I n  c o n t r a s t ,  in  t h e  r ed  cells of 8 severe  uremics ,  G R  was 
4.76 4- 0.49 I U  in  t h e  a c t i v e  form.  Af t e r  a d d i t i o n  of F A D ,  
t h i s  i nc reased  t o  5.33 4- 0.40 I U ,  a n  inc rease  of 0.57 + 
0.24 I U  ( the  i n a c t i v e  form).  Thus ,  in  uremics ,  89 .3% of 
G R  is in  t h e  a c t i v e  form,  a n d  10 .7% of G R  is in  t h e  inac-  
t i ve  form.  

I n  t h e  r ed  cells  f r om 7 severe  c i r rhot ics ,  G R  was  4.82 + 
0.58 I U  ( the  a c t i v e  form).  Af t e r  a d d i t o n  of F A D ,  t h i s  in-  
c reased  t o  5.28 4- 0.49 I U ,  a n  inc rease  of 0.46 4- 0.31 I U  
( the  i n a c t i v e  form).  Thus ,  in  severe  c i r rhot ics ,  91 .3% of  
G R  is in  t h e  ac t ive  form,  a n d  8.7 % of G R  is in  t h e  i n a c t i v e  
form.  

I n  7 cases of G - 6 - P D  def ic iency,  G R  was  5.18 ± 0.51 I U  
( the  a c t i v e  form).  Af te r  a d d i t i o n  of FAD,  t h i s  increased  
to  5.44 + 0.57 IU,  a n  increase  of 0.25 4- 0.15 I U  ( the  
i n a c t i v e  form).  Thus ,  95 .2% of G R  is in  t he  a c t i v e  form,  
a n d  4 .8% of G R  is in t h e  i nac t i ve  form.  Of  t he se  7 cases,  
2 were  Caucas i ans  w i t h  ch ron ic  h e m o l y t i c  a n e m i a  a n d  5 
were  Negro  ma le s  w i t h o u t  anemia .  T h e  2 Caucas i ans  h a d  
a h i g h e r  level  of G R  (original  a n d  to ta l )  a n d  a h i g h e r  de-  
gree of s a t u r a t i o n  w i t h  F A D  t h a n  t h e  Negro  group.  

F r o m  these  resul ts ,  i t  is a p p a r e n t  t h a t  t o t a l  G R  a c t i v i t y  
is inc reased  a n d  t h a t  G R  is a l m o s t  c o m p l e t e l y  s a t u r a t e d  
w i t h  F A D  in  r ed  cells  in  p a t i e n t s  w i t h  severe  m e t a b o l i c  
d i so rders  or  G - 6 - P D  defic iency.  

Recen t ly ,  FLATZ 9 h a s  sugges ted  t h a t  t h e  m e t a b o l i c  
a n o m a l i e s  of G - 6 - P D  def ic ien t  red  cells m a y  increase  r ed  
cell F A D  c o n t e n t  or  f ac i l i t a t e  t h e  b i n d i n g  of F A D  b y  t h e  
G R  enzyme .  However ,  t h e  p resence  of inc reased  G R  ac t i -  
v i t y  w i t h  a h i g h  degree  of s a t u r a t i o n  w i t h  F A D  in  r ed  
cells of o u r  p a t i e n t s  w i t h  u r e m i a  a n d  c i r rhos is  i nd i ca t e s  
t h a t  t h i s  e n h a n c e d  assoc ia t ion  w i t h  F A D  is n o t  specific for 
a p a r t i c u l a r  d i sorder .  T h e  increase  of s a t u r a t i o n  p e r c e n t a g e  
of G R  w i t h  F A D  m a y  r e p r e s e n t  a r e g u l a t o r y  m e c h a n i s m  
to m a i n t a i n  t h e  i n t e g r i t y  of red  cells in  severe  m e t a b o l i c  
d isorders ,  as  wel l  as  in  G-6 P D  def ic iency.  

I n  conclus ion ,  t h e r e  is inc reased  G R  a c t i v i t y  w i t h  a 
h i g h  degree  of s a t u r a t i o n  w i t h  F A D  in r ed  cells of severe  
u remia ,  c i r rhos is  of l iver,  a n d  G - 6 - P D  defic iency.  Th i s  en- 
h a n c e d  a s soc ia t ion  w i t h  F A D  a p p e a r s  to  be  a n  i m p o r t a n t  
con t ro l l i ng  m e c h a n i s m  for  G R  a c t i v i t y  in  red  cells of pa -  
t i e n t s  w i t h  severe  m e t a b o l i c  d i so rders  a n d  is i n d e p e n d e n t  
of t h e i r  v a r i o u s  causes  lo. 

Zusammen]assung. Bei  8 FAllen schwerer  UrAmie,  7 
FAllen schwere r  Lebe rc i r rhose  u n d  7 FAllen m i t  G-6 -PD-  
Mange l  w a r  die  ak t ive ,  a n  F l a v i n - A d e n i n - D i n u k l e o t i d  ge- 
b u n d e n e  F o r m  de r  E r y t h r o z y t e n - G l u t a t h i o n r e d u k t a s e  
be t rAch t l i ch  v e r m e h r t .  
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Effect of FAD on glutathione reductase activity of red ceils of 
normals compared to those of uremia, cirrhosis of liver, and G-6-PD 
deficiency. 
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