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A c t i o n  of P u r o m y c i n  and 5 - F l u o r o u r a c i l  on the 
A d r e n a l  R e s p o n s i v e n e s s  to  Cor t i co troph in  

The  concept  of the  messenger  R N A  in molecular  bio- 
logy and the  possibi l i ty  of inducing and repressing en- 
zymes  in bac ter ia  has g iven new impetus  to the search for 
a mechan i sm of hormone  action. One of the questions 
which seems to be of special  interest  is whether  hormones 
which ini t ia te  cer ta in  metabol ic  processes act by act ivat -  
ing pre-exis t ing  enzymes  or whether  they  cause the actual 
ne t  synthesis  of new enzymes.  The effect of adrenocor- 
t i co t rop in  (ACTH) on the  ou tpu t  of corticosteroids by the 
adrenal  lends i tself  especial ly well to the s tudy  of this 
ques t ion  since much  abou t  the  hormone action is known. 
Thus  i t  was shown by  HAYNES and BERTHET l t ha t  
adrenal  m-glucan phosphorylase  is increased upon incuba- 
t ion  wi th  ACTH.  The  f inding tha t  cyclic 3', 5 ' -AMP is 
causing the t r ans fo rmat ion  of phosphorylase b to phos- 
phorylase  a v ia  the  ac t iva t ion  of phosphorylase kinase 2 
as well  as the  fact  t h a t  steroid ou tpu t  can be increased by 
T P N  and glucose-6-phosphate  3 has led to the proposi- 
t ion of the  following chain of events :  

The  exper iments  to be repor ted  were performed to de- 
t e rmine  the  effect of the  three  agents  ACTH, cyclic 3', 5'- 
A M P  and T P N  on cort icosteroid production under the 
inf luence of pro te in  synthesis  inhibitors,  and thus to  
de te rmine  whe the r  new synthesis  of enzymes was required 
for ACTH-ac t ion .  

Methods. Quar tered  adrenal  glands from rats were incu- 
ba ted  in Krebs -Ringer  b icarbonate  p H  7.4 (total volume 
1.5 ml) according to SAFFRAN and SCHALLY 4. Various 

uracil as compared  to un t r ea t ed  animals.  T P N  and 
glucose-6-phosphate,  in contrast ,  show similar  effects in 
t reated and un t rea ted  animals.  

An effect s imilar  to t h a t  observed under  the ac t ion  of  
5-fluorouracil bu t  in the  presence of puromycin  has been 
reported by FmtGVSOS s. Puromycin ,  added in vi tro,  in- 
hibits the act ion of ACTH and cyclic Y, 5 ' -AMP, whereas  
the addi t ion of T P N  plus glucose was still  capable  of 
causing an increase in steroid ou tpu t  comparab le  to tha t  
of un t rea ted  adrenals. As shown in Table  I I ,  we have  been 
able to confirm these results. 

Both  agents, 5-fluorouracil  and puromycin ,  therefore,  
seem to act in a s imilar  way, i.e. by  p reven t ing  the  ac t ion  
of A C T H  and cyclic 3', 5 ' -AMP wi thou t  affect ing the  ac- 
t ion of T P N  plus glucose. The effect  of cyclic 3", 5 ' -AMP 
is of special interest,  since this compound  is known to act  
on the isolated phosphorylase sys tem direct ly  by ac t i va t -  
ing phosphorylase kinase ra ther  than  by causing ne t  
enzyme synthesis. In the accompany ing  F igure  three 
enzymes are located between the act ion of cyclic 3 ' ,5 ' -  
AMP and tha t  of T P N  and glucose, i.e. phosphoryl-  
ase kinase, phosphorylase and phosphoglucomutase .  An 
inhibit ion of the act ion of cyclic Y, 5 ' -AMP wi thou t  t ha t  
of T P N  would seem to indicate tha t  any one of the.~e three 
enzymes can no longer be s t imulated.  However ,  a s imilar  
effect would also occur if glycogen were no t  suff icient ly 
available as a substrate .  Puromycin  has been repor ted  to  
decrease the glycogen in various organs,  especial ly in 
l iver D. Similar ly 5-fluorouracil is capable  of interfering 
with the synthesis of UI)PG,  thus also affect ing glycogen 
synthesis. 
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agents  such as 50 m U  ACTH,  3 mg 3', 5'-cyclic AMP or 
1 mg  each of t r iphosphopyr id ine  nucleotide (TPN, 
N A D P )  and glucose-6-phosphate  were added in the pres- 
ence or absence of 1 nag puromycin .  In  the  experiments  in 
which R N A  synthesis  was inhibi ted by 5-fluorouracil the  
ra ts  were p re t rea ted  wi th  150 mg/kg  of Iluorouracil  ~ 
in t raper i tonea l ly  2 h before sacrifice. Corticosteroids were 
measured  in the  med ium by  ext rac t ion  with  methylene  
chloride followed by  the  blue te t razol ium method  of 
ELLIOTT et  al 6. 

Results. 5-Fluorouraci l ,  a pyr imidine  analogue, inhibits 
pro te in  synthesis  by  interfer ing wi th  the  synthesis of  
R N A L  I ts  effect  upon prote in  synthesis  in our  experi- 
men t s  was demons t r a t ed  by  the finding tha t  ~4C-leucine 
incorpora t ion  into d iaphragms of the same rats from 
which the  adrenals  were used was inhibi ted by  about  40%. 
As shown in Table  I the effect of ACTH and 3', 5'-cyclic 
A M P  is grea t ly  diminished in rats  t rea ted with 5-fluoro- 

A quan t i t a t ive  de te rmina t ion  of the  avai lable  glycogen 
seemed ra ther  difficult  in view of the var iable  location of 
glycogen in different layers of the adrenal  cor tex  repor ted  
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b y  GREENBERG and  GLICK 1°. The  in te r fe rence  wi th  t he  
glycolysis by  pu romyc in  could, however ,  be d e m o n t r a t e d  
in t he  following way.  As can  be seen in Table  n, s te ro id  
o u t p u t  by  adrena l  slices can  also be s t imu la t ed  b y  T P N  

Table I. Corticosteroid production by adrenal slices of controls and 
pretreated animals alter stimulation by ACTH, 3",5'-AMP, and 

TPNH 

Untreated Treated with 
5- fluorouracil 

Controls 6.1 4.4 
ACTH 50 mU 15.8 8.5 
3",5"-AMP 3 mg 16.3 7.6 
TPN + gtueose-6-phosphate 
2 mg+ 3 mg 10.7 9.3 

Table IL StimuIation of steroid production in adrenal slices by 
various agents in the presence and absence of puromycin 

- -  Puromycin + Puromyein 

Controls 2.5 
ACTH 20.0 4.4 
Controls 3.0 
Cyclic 3', Y-AMP 16.0 2.7 
Controls 3.7 
TPN + glucose-6-phosphate 7.4 7.4 
Controls 3.2 
TPN (no glueose-6-phosphate) 6.9 3.2 

alone in t he  absence  of g lucose-6-phosphate .  A p p a r e n t l y  
t he  endogenous  glycolysis p rovides  enough  glucose-6- 
p h o s p h a t e  for t he  T P N  to act .  B u t  in t he  absence  of 
exogenous  g lucose-6-phospha te  t he re  is a ma r k e d  differ-  
ence in t he  ac t ion  of T P N  in the  presence  or  absence  of 
pu romyc in .  Pu romyc in ,  as well as inh ib i t ing  the  ac t ion  of 
ACTH and  cyclic 3', Y-AMP, also inh ib i t s  t he  ac t ion  of 
T P N  alone in the  absence  of g lucose-6-phosphate .  

The  fact  t h a t  unde r  t he  inf luence of 5-fluorouracil  and  
p u r o m y c i n  the  A C T H  effect  is r educed  does n o t  neces-  
sar i ly  m e a n  t h a t  syn thes i s  of a n e w  pro te in  is r equ i red  
for  ACTH ac t ion;  i t  could also be  due  to  a dep le t ion  of 
glycogen,  in which  case t he  ac t iva t ion  of phospho ry l a se  
would  no Ionger resul t  in  an  increased  energy  supp ly .  

Zusammenfassu~ N. P u r o m y c i n  u n d  5-Fluoronraci t  be-  
e in t r / ich t igen  in N e b e n n i e r e n s c h n i t t e n  de r  R a t t e  die  
d u t c h  ACTH u n d  cycl isches 3", 5" -Adenos inphospha t  st i-  
mul ie r t e  Cor t icos te ronaussche idung .  Die d n r c h  T P N  plus  
Glukose -6 -phospha t  s t imul ie r te  Cor t icos te ronaussche i -  
d u n g  b le ib t  unbeeinf luss t .  Dagegen  b e w i r k t  P u r o m y e i n  
bet  Zusatz  y o n  T P N  atlein eine H e m m n n g .  Die SVirkung 
yon  P u r o m y c i n  und  5-Fluorouraci l  df i rf te  d a h e r  eher  auf  
die Beeinf lussung des  Energ ies tof fwechse ls  Ms auf  e ine  
H e m m u n g  de r  Neub i ldung  induz ie r t e r  E n z y m e  zurfick- 
zuf i ihren sein. 
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The Increase of Frost  Resistance of 
Tomato  Plants through Application of 

2-Chloroethyl  T r i m e t h y l a m m o n i u m  
Chloride ( C C C )  

CCC, which  is closely re la ted  to choline, belongs to  the  
group  of p l an t - r egu la t ing  subs tances  t h a t  r e t a rd  the  
g r o w t h  of p lan t s  w i t h o u t  in jur ious  effects.  This  c o m p o u n d  
is also in te res t ing  because  of i ts  facul ty  to  build up, in 
cer ta in  p lan ts ,  a res i s tance  aga ins t  un favourab le  envi ron-  
m e n t a l  condi t ions ,  like d ryness  1-4, excessive sa l t  con- 
t e n t  4-6 or unsu i t ab le  p i l l  

I n  th is  p a p e r  the  effect  of CCC on the  ge rmina t i on  of 
t o m a t o  seeds a t  un favourab le  t empe ra tu r e s ,  and  also on 
f ros t  res i s tance  of t o m a t o  seedlings,  was  inves t iga ted .  The  
seeds were  soaked in aqueous  solut ions  of CCC (10, 100, 
and  500 ppm)  or  in w a t e r  for 24 h a t  10°C a n d  t h e n  
g e r m i n a t e d  in Pe t r i  d ishes  (100 seeds pe r  dish) a t  t he  
op t ima l  (25°C) a n d  min ima l  (12°C) t empe ra tu r e .  

The  pos i t ive  effect  of CCC on the  ge rmina t ion  was  ob-  
se rved  only  a t  t h e  low t e m p e r a t u r e  (12°C) when  a con- 
cen t r a t i on  of  500 p p m  was  appl ied  (Table I). The  exper i -  
m e n t s  on  p l a n t  res i s tance  aga ins t  low t e m p e r a t u r e  were  
car r ied  o u t  unde r  o r d i n a r y  cond i t ions  dur ing  the  w in te r  
of 1963/64. Control  p l an t s  as well as those  t r e a t e d  w i t h  

Table I. Number of germinated seeds in a temperature of 12°C 
shown in % 

Days of Concentration of CCC in ppm 
germi- 
nation 0 10 100 500 

L.S.D. 
at 
P = 0.05 

6 9.6 10.5 10.2 14.0 a 3.46 
10 43.6 44.0 43.8 53.0 a 8.39 
15 65.0 63.8 63.5 68.6 5.63 

a Significant differences in relation to control. 
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