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Table II. Percentage of viable cells in trypan-blue eytotoxicity tests performed with NM or XM ceils exposed to rabbit anti-embryonic mouse 
serum 

Type of marrow used 
for additional absorption 

Type of marrow tested Percentage of viable cells 

No serum serum dilutions 

1/2 1/4 1/8 1/16 1/32 1/64 

NM NM 82 84 86 82 --  - --  
XM 80 61 57 63 60 76 84 

XM NM 82 73 82 83 -- -- -- 
XM. 80 69 79 75 -- -- -- 

The serum was absorbed 4 times witt~ different adult mouse tissues and, in addition, wifll either NM cells or XM cells. 

These da t a  suggest  t h a t  the  r abb i t  an t i se rum produced  
agains t  embryon ic  mouse  t issues conta ins  ant ibodies  
which are specifically act ive aga ins t  a p a r t  of t h e  cell 
popula t ion ,  p resen t  in the  bone mar row  oi i r rad ia ted  mice 
b u t  no t  in the  m ar row  of un t r ea t ed  mice. Since X cells 
are i m m a t u r e  in charac te r  and  are p resen t  in new-born  
animals,  it  is t e m p t i n g  to assume t h a t  X cells which 
accumula te  in t he  m ar row  af ter  i r rad ia t ion  have  specific 
embryon ic  ant igens  and  therefore  represen t  th is  fraction.  
However ,  i t  c anno t  be excluded t h a t  some p a r t  of t he  
cell popula r ion  p re sen t  in i r rad ia ted  marrow,  X cells or 
ano the r  cell type ,  is more  sensi t ive to cer ta in  ant ibodies  
t h a n  are un i r rad ia ted  mar row  cells. I t  is unl ikely t h a t  H-2 
an t ibodies  caused the  observed  effect,  since such ant i -  
bodies are no t  easily de tec tab le  in xenogeneic  seraS; the  
absorp t ion  procedures  used would e l iminate  such ant i -  
bodies ;  and, fu r thermore ,  ceils f rom i r rad ia ted  and  nor- 
mal  bone mar row  have  been shown to have  a similar  
sens i t iv i ty  to  t h e  cy to tox ic  effect  of such an t ibodies  ~. I t  is 
expec ted  t h a t  fu r the r  t es t s  using immunof luorescence ,  
and cell separa t ion  t echn iques  will d is t inguish be tween  
the  d i f ferent  possibi l i t ies  discussed above  1~ 

Rdsumd. Un an t i s6rnm dirig6 cont re  les t issus embryon-  
naires de la souris con t i en t  des an t icorps  capables  de 
d6truire s61ectivement une popula t ion  de cellules pr6sente  
dans  la moelle qui r6g~n6re apr6s une i r radia t ion  subl6tale. 

On peu t  supposer  que la popu la t ion  d6trui te  correspond 
un type  par t icul ier  de cellules lympho /des  i m m a t u r e s  

(cellnles X) qui caract6rise la r6g6n6ration m6dullaire  de 
la souris irradi6e. 
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Possible Role of Growth Hormone in the St imulat ion of the Thymus  of Rats Following Irradiation of 
the Head 

Exposu re  of the  head  o n l y - w i t h  the  t h y m u s  and spleen 
comple te ly  shielded - wi th  doses of X- rays  be tween  
150-2000 R produces  b iochemica l  changes  in t he  lym-  
phoid  organs of young  ra ts  1, 2. The f irs t  effect  - ev iden t  
a t  4 h pos t - i r rad ia t ion  and  reaching a m a x i m u m  at 24-48h  
- is a marked  increase in the  ra te  of incorpora t ion  of 
t r i t i a t ed  t h y m i d i n e  in t he  D N A  of t h y m u s  cells. In  o the r  
l ympho id  organs,  no t ab ly  the  spleen, head  i r radia t ion  
does no t  affect  the  syn thes i s  of D N A  2. 

The object  of th is  inves t iga t ion  is to  examine  the  
m e c h a n i s m  by  which  i r rad ia t ion  wi th  X- r ays  of t he  head  
only influences DNA me tabo l i sm  ill the  t hymus .  The 
neuro-endocr ine  sy s t em exer ts  b o t h  a negat ive  and  a 
posi t ive  contro l  Over the  t hymus .  By  releasing ACTH cell 
division is reduced  via  the  i n t e rmed ia ry  of cor t isone 3, 4, on 
the  o ther  h a n d  the re  is evidence t h a t  o the r  p i t u i t a ry  
hormones ,  g rowth  hormone ,  p a r a t h y r o i d  ho rmone  and 

vasopress in  m a y  s t imula te  prol i fera t ion of l y mp h o i d  ceils 
in the  t h y m u s  5-10 and growth  ho rmone  was found to be 
t h y m o t r o p i c  :1. Consequent ly  s t imula t ion  of the  t h y m u s  
following head  i r radia t ion  migh t  be caused ei ther  by  reduc-  
ing the  o u t p u t  of ACTH or by  increasing the  supply  of 
g rowth  hormone .  In  t he  l i t e ra ture  da t a  can be found  in 
suppor t  of e i ther  mechan i sm af ter  head  i r radiat ion.  
~V~IRAND and  ]-IOFFMAN 12 and  HAMEED and  HALEY 13 
deduce t h a t  the  release of ACTH is reduced  for a shor t  
per iod and MOSlER and  JANsoNs 14 f ind an increase in 
p i t u i t a ry  con ten t  of g rowth  hormone .  The effect  of head  
i r rad ia t ion  on bi la tera l ly  adrena lec tomized  ra ts  was, 
therefore,  inves t iga ted  so as to  d is t inguish  be tween  these  
two  mechanisms .  

A fu r the r  ques t ion is w h e t h e r  the  t a rge t  organ respon- 
sible for the  increase in t h y m i d i n e  incorpora t ion  by  head  
i r rad ia t ion  is the  p i tu i t a ry  or t h e  h y p o t h a l amu s .  There  is 
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In vivo incorporation of thymidine into DNA of ceils in the thymus of weanling rats following different treatments 

EXPERIENTIA 28/8 

Treatment ~ DNA content (mg) Incorporation of radioactive thymidine 
into DNA of the cells in the thymus 
(cpm/mg of DNA) b 

None (control) (3) 1.5--0.73 250~- 71 
Head irradiation (5) 1.0=[=0.16 1300-4- 223 
Adrenaleetomy (6) 3.7~0.80 1100~ 269 
Adrenalectomy and head irradiation (9) 1.5=t=0.61 2500• 837 
Epinephrine (4) 1.9-L0.49 2030-4- 584 
Serotonin (6) 1.6:L0.37 776=~ 280 
Growth hormone (7) 1.1=E0.42 13000=~2790 

Values are means~_S.D, of results. Number of rats used in each experiment is in parentheses, b Activity and weight of thymus measure- 
ments were carried out 48 h after trear except for treatment with growth hormone when it was 12 h. 

some evidence la t h a t  h y p o t h M a m i c  centres  are affected 
a lmos t  immed ia t e ly  af ter  exposure  to  X- rays  and th is  
raises t he  possibi l i ty  t h a t  rad ia t ion  al ters  the  o u t p u t  of 
the  neurosecre t ions  which  contro l  t he  func t ion  of the  
adenohypophys i s .  The effect  on the  t h y m u s  of pha rmaco-  
logically act ive agents  w i th  cent ra l  ac t iv i ty  was, there-  
fore, compared  wi th  t h a t  of head- i r radia t ion .  The da t a  to 
be p resen ted  is cons is ten t  wi th  the  hypo thes i s  t h a t  head-  
i r rad ia t ion  increases neurosecre t ions  f rom h y p o t h a l a m i c  
centres  which  in t u rn  increase the  o u t p u t  of a g rowth  
s t imula t ing  fac tor  for the  t hymus .  

3~raterial and methods. Male r a n d o m - b r e d  Wis t a r  ra t s  
aged 3-4 weeks and weighing be tween  30 to  45 g were 
used th roughout .  

I r rad ia t ion  wi th  1000 R of 250 kV X-rays  confined to 
the  head  only was carr ied out  as previous ly  descr ibed ~. 
The dose of X- rays  to  the  t h y m u s  was less t h a n  10 t% The 
ra ts  were killed 48 h af ter  i r radiat ion.  

Adrena lec tomy  was per fo rmed  bi la tera l ly  by  the  dorsal  
route  unde r  e the r  anaesthesis .  All ex t i rpa ted  glands were 
kep t  in a mois t  chambe r  unt i l  t h e y  could be examined  
under  the  dissection, or if the  capsule on bo th  sides 
showed tears,  the  animal  was no t  used. Sham adrenal-  
ec tomy was pe r fo rmed  in exac t ly  the  same way, and  bo th  
adrenals  were exposed bu t  no t  touched  30 rain af ter  
operat ion.  The ra ts  were head  i r rad ia ted  wi th  1000 1R, and 
killed 48 h later.  

Pharmacologica l ly  act ive  agents  and  hormones .  The 
ra ts  were in jec ted  in t raper i toneal ly ,  a) Ep inephr ine  (Teva) 
50 ng per  ra t ;  the  ra ts  were killed 48 h later, b) Serotonin  
(N.B.C) 25 ng per  ra t ;  1 in ject ion at  t ime  zero and  a 
second one af ter  24 h;  killed 48 h af ter  f irst  injection.  
c) Growth  ho rm one  (human),  Bei l inson (batch No. 14), 
300 ng per  ra t ;  the  ra t s  were killed 12 h later. 

Analysis  of t he  t hymus .  15 rain before killing, the  ra t s  
were in jec ted  i.p. wi th  1 g.Ci/g body  weight  of un i formly  
an- label led  t h y m i d i n e  (Amersham) wi th  a specific ac t iv i ty  
of 5 Ci/mmole. I m m e d i a t e l y  af ter  killing the  t hymu s es  
were removed,  and  weighed. 

The t h y m u s  was  homogen ized  in 5 ml  of ice-cold distil- 
led water  a t  4~ using a glass homogenizer  f i t ted  wi th  a 
Teflon plunger,  ro t a t ed  a t  a b o u t  2000 r p m  for 1 min  and 
t h e n  immersed  in a salt-ice mix tu re  a t  --10~ The frozen 
homogena t e  was cooled to --70~ and then  thawed.  DNA 
was ex t rac ted  f rom the  homogena t e  according to t he  
procedure  of CRADDOeK ~s and coun ted  by  scint i l la t ion in 
a Tri -carb Packard  Counter .  The DNA con ten t  of the  
homogena te  was de t e rmined  colourimetr ical ly  by  the  
DISCHE m e t h o d  ~L 

Results  and discussion. The Table shows t h a t  b o t h  head  
i r radia t ion  and  ad rena lec tomy  lead to a d ramat i c  in- 
crease ill the  ra te  of incorpora t ion  of exogenous  t h y m i d i n e  
in to  the  DNA of the  cells in the  t hymus .  The effect  of 
ad rena lec tomy migh t  be ascribed to  s t imula t ion  of t he  
t h y m u s  due  to  r emoving  the  r e s t r a in t  exer ted  on the  
t h y m u s  b y  adrenal  corticoids.  The possibi l i ty  t h a t  the  
s t imula t ion  by  head  i r rad ia t ion  can be ascr ibed to a sup- 
press ion of cort icoid release because head  i r radia t ion  
suppress  t he  release f rom the  p i tu i t a ry  of ACTH is im- 
probable  because head  i r rad ia t ion  also increases t h y m i d i n e  
incorpora t ion  in the  t h y m u s  of adrena lec tomized  animals.  
The resul ts  of th is  l a t t e r  e x p e r i m e n t  suggest  t h a t  head-  
i r radia t ion  causes increased release of a p i tu i t a ry  h o rmo n e  
which  s t imula tes  t he  t h y mu s .  The f inding t h a t  b o t h  
ep inephr ine  and  serotonin  increase incorpora t ion  of t hy -  
midine  could also bes t  be expla ined by  the  release, as a 
resul t  of h y p o t h a l a m i c  act ion,  of a t h y m u s  s t imula t ing  
factor.  A n  obvious cand ida te  for such a factor  is g rowth  
ho rmone  t4, and as can be seen f rom the  Table,  g rowth  
ho rmone  causes a rapid  and very  great  increase in t hy -  
midine  incorpora t ion  in the  t hymus .  
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W e  h a v e  no t  car r ied  ou t  a n y  e x p e r i m e n t s  w h i c h  would  
al low us to  d e t e r m i n e  w h e t h e r  the  effect  of a d r e n a l e c t o m y  
on D N A  m e t a b o l i s m  is due to  t he  absence  of cort icoids,  
t he  s t i m u l a t i o n  of t h e  p i t u i t a r y  or an  effect  on  t he  hypo-  
t h a l a m u s  m e d i a t e d  b y  re leas ing  factors.  

I t  m u s t  be  e m p h a s i z e d  t h a t  these  e x p e r i m e n t s  h a v e  
been  pe r fo rmed  w i t h  y o u n g  r a t s  wh ich  are growing  rapid ly ,  
a n d  do no t  necessar i ly  a p p l y  to adu l t  an imals .  T he  hy-  
p o t h a l a m i  of y o u n g  r a t s  c o n t a i n  m u c h  more  g r o w t h  hor-  
m o n e  re leas ing a c t i v i t y  t h a n  t he  h y p o t h a l a m i  of adul ts .  
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Zusammen[assung. Die R G n t g e n b e s t r a h l u n g  des Kopfes  
j unge r  R a t t e n  v e r u r s a c h t  eine v e r m e h r t e  D N S - S y n t h e s e  
im T h y m u s ,  was  m i t  der  F r e i s e t zung  yon  W a c h s t n m s -  
h o r m o n - / i h n l i c h e n  S u b s t a n z e n  in Z u s a m m e n h a n g  ge- 
b r a c h t  wird. 
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C o m p e t i t i v e  I n h i b i t o r s  of N e u r o h y p o p h y s e a l  H o r m o n e s  on Adeny la te  Cyc lase  f r o m  the Toad  Ur inary  
B ladder  1, 2 

The  t h r e e - d i m e n s i o n a l  s t r u c t u r e  r ecen t ly  p roposed  for 
oxy toc in  in so lu t ion  a p rov ides  a mode l  to  cor re la te  t he  
c o n f o r m a t i o n  of t he  molecule  w i t h  va r ious  o the r  aspec ts  
of t he  ho rmone ,  e.g., i ts  evo lu t ion ,  biologic ac t iv i ty ,  an t i -  
genici ty ,  i m m u n o c h e m i c a l  r eac t iv i ty ,  enzymic  degrada-  
t ion,  etc  ~-9. I n  t h e  ' coope ra t ive  mode l '  of oxy toc in  ~ 
(Figure  1) t he  chemica l ly  ac t ive  groups  (3 c a r b o x a m i d e  
groups  and  t he  pheno l i c  h y d r o x y l  group),  a n d  t he  acycHc 
p ro ly l - l eucy lg lyc inamide  moie ty ,  are o r i en ted  t ow ar ds  t he  
same  side of t he  2 0 - m e m b e r e d  cyclic c o m p o n e n t  of t he  
ho rmone .  Such  an  a r r a n g e m e n t  resu l t s  in  a h y d r o p h i l i c  
region,  w h i c h  we be l ieve  to  be  i m p o r t a n t  for t h e  expres-  
s ion of t he  i n h e r e n t  ca t a ly t i c  a c t i v i t y  (i.e. t h e  ' i n t r ins ic  
a c t i v i t y '  7) of t he  h o r m o n e  4-< Cer ta in  s t r u c t u r a l  modi f ica-  
t ions  in  th i s  h y d r o p h i l i c  region,  pa r t i cu l a r ly  if h y d r o -  
phob ic  in cha rac te r ,  m i g h t  be a n t i c i p a t e d  to  reduce  t he  
ca t a ly t i c  a c t i v i t y  of t h e  pep t ide .  An  ana log  in wh ich  t he  
modi f ied  group(s) were suf f ic ien t ly  large a n d  p rope r ly  
or iented,  b u t  d id  no t  in te r fe re  w i t h  t he  b i n d i n g  of t he  
h o r m o n e  to  t h e  receptor ,  could  be  expec ted  to  be  a n  
i n h i b i t o r  of t he  hormone �9  S t r u c t u r a l  changes  in pos i t ions  
2, 4 a n d  9 of oxy toc in  a p p e a r  p a r t i c u l a r l y  su i t ab le  for  
c o n v e r t i n g  t h e  h o r m o n e  in to  an  i n h i b i t o r y  analog.  The  
ex tens ive  s tud ies  in  whole  a n i m a l  and  va r ious  o rgan  
p r e p a r a t i o n s  w i t h  t he  i n h i b i t o r  [2-O-ethyl tyros ine] -  
oxytoc in ,  a n d  o the r  n e u r o h y p o p h y s e a l  ana logs  in wh ich  

H 
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Fig. i. Schematic representation of the hypothetical model o] the biolo- 
gically active eon/ormation o/ oxytoein (~Cooperative model'). 

t he  phenol ic  h y d r o x y l  group is e i the r  a lky l a t ed  or subs t i -  
t u t ed ,  m a y  be  c i ted as examples  (see ref. s for a r ecen t  
s u m m a r y ) .  The  i n h i b i t o r y  p r o p e r t y  of [2 -0 -e thy l ty ros ine ] -  
oxy toc in  is also found  in  t h e  i n t a c t  t o a d  u r i n a r y  b l a d d e r  9 
and  in subce l lu la r  p r e p a r a t i o n s  of t o a d  b l adde r  ep i the-  
l ium 1~ whi le  t he  n e u r o h y p o p h y s e a l  h o r m o n e s  pe r  se 
e n h a n c e  t he  p e r m e a b i l i t y  of t h e  a m p h i b i a n  b l adde r  to  
w a t e r  and  to  ce r t a in  smal l  molecules  ~, ~ ; s t rong  ev idence  
has  a c c u m u l a t e d  i n d i c a t i n g  t h a t  th i s  h o r m o n e - i n d u c e d  
process  is m e d i a t e d  b y  cyclic 3', 5'-A_MP 10,1~, ~4. 

I t  has  also been  found  t h a t  n e u r o h y p o p h y s e a l  h o r m o n e  
ana logs  wh ich  h a v e  in c o m m o n  a leucine s u b s t i t u t i o n  for 
the  g l u t a m i n e  res idue in pos i t ion  4 of o x y t o c i n  or for t h e  
serine res idue in pos i t ion  4 of mesotocin ,  i.e. [4-1eucine]- 
oxy toc in  15-17, [2, 4-d i leuc ine] -oxytoc in  la, and  [4-1eucine]- 
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