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An inc rea se  in the ra te  of growth (by 10-24.5%) was  demons t ra ted  in r a t s  aged f rom 3 to 60 
days  af ter  prolonged adminis t ra t ion  of caffeine and theobromine in doses  of 0.01-0.04 mg/kg.  
If these  subs tances  w e r e  admin i s t e r ed  s imul taneously  with anrantin,  the action of which is  
s i m i l a r  to that of ac t inomycin  D, the r a t e s  of growth were  reduced  to 12-17% below those of 
control  r a t s  rece iv ing  caffeine or  theobromine only. Rats  rece iv ing  aurant in only showed a 
gain in weight which was  34-44% lower than that of the control  ra ts .  The r e su l t s  suggest  that 
the acce le ra t ion  of growth produced by adminis t ra t ion  of methyla ted  hydroxypur ines  is  due 
to the i r  action on nucleic  acid synthesis .  

P rev ious  invest igat ion in the w r i t e r s '  l abora to ry  showed that ad renerg ic  blocking agents  ( ch lo rp roma-  
zine and rese rp ine ) ,  i f  admin i s t e r ed  daily to r a t s  and puppies  for  1-30 days,  reduce  the ca techotamine con-  
centra t ion and the aee ty lcho l ines te rase  act ivi ty in the brain,  blood, and adrenals ,  dep re s s  the basa l  m e t a -  
bol ism,  and lower  the intensi ty of growth [1, 5, 10-13]. 

At tempts  to i n c r e a s e  the ra te  of growth by activating the sympath icoadrena l  s y s t e m  by application of 
nocieept ive  s t imuli  or  by chronic  adminis t ra t ion  of iproniazid  p roved  ineffect ive because  this sy s t em is  
functioning at the l imi t  of i t s  powers  in the young animal  [5, 11] and is  quickly exhausted,  and also because  
monoamine oxidase is  not p re sen t  in young r a t s  under  14 days old [18]. 

Bear ing  in mind the r e su l t s  of s t imulat ion of growth, development,  and r egenera t ion  by the use  of 
methyla ted  pur ines  [4, 7], it was  decided to invest igate  the effect  of caffeine and theobromine  on growth in 
ra ts .  

E X P E R I M E N T A L  M E T H O D  

Rats  aged 3-7 to 30-60 days were  used. In s e r i e s  I eight r a t s  w e r e  left  in each of five l i t t e r s  and 
d is t r ibuted  into two groups.  The four exper imenta l  r a t s  r ece ived  a daily subcutaneous inject ion of caffeine 
in a dose  of 0.01 mg/kg ,  except  in one exper imen t  (no. 1) in which a l a r g e r  dose (1 mg/kg)  was  given. The 
control  r a t s  r ece ived  an inject ion of the s ame  volume of physiological  saline.  In s e r i e s  II the exper iment  
began on the 7th day; the r a t s  of four l i t t e r s  rece ived  caffeine or  theobromine  together  with aurant in (batch 
52) obtained f r o m  P l a n e l ' e s '  l abo ra to ry  [4, 8] and with an action s i m i l a r  to that of ac t inomycin  D, inhibiting 
the synthes is  of mRNA [1-3, 15, 16, 19, 20]. L i t t e r  I was  the control ,  and in l i t te r  II ha l fo f the  r a t s  rece ived  
l a r g e r  doses  (70-100 t~g/kg) of aurant in  subcutaneously,  while the other  half  r ece ived  s m a l l e r  doses  (35- 
50 /zg/kg). In l i t t e r  HI the action of caffeine was  tes ted  in a dose of 0.01-0.04 mg/kg ,  while in l i t te r  IV 
the r a t s  r ece ived  caffeine in the same  dose together  with aurant in  [35-50 ~g/kg) .  Animals  of l i t t e r  V r e -  
ceived theobromine  in a dose of 0.01-0.04 mg/kg,  and the r a t s  in l i t t e r  VI rece ived  theobromine  in the 
same  doses  toge ther  with aurant in  (35-50 t tg/kg).  The doses  we re  inc reased  a f te r  the 24th day. The ani-  
ma l s  w e r e  weighed on the 7th, 14th, 21st, 30th, 45th, and 60th days. The growth constant was  calculated by 
Shaml ' gauzen ' s  (1927) formula :  
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TABLE 1. Changes in Weight of Ra ts  Receiving Caffeine 
(M • m) 

~ = Group of ~.~ ~. < : :  animals 

I 4 

II 3 

Experimental 
Co ntro I 

E x p e r i m e n t a l  
Control 

initial 

Weight (in g) 

(7 days) 

a g e  of rats (in d a y s )  

1 2 - - 1 4  2 0 - - 2 6  28--33 

68~14 0,50 
62,25 0,60 

67,95 0,42 
56,69 1,12 

57,90 0,60 
52,30 0,30 

III 6 Experimental 
Control 

IV 7 Experimental 
Control 

V 7 Experimental 
Control 

*Differences  between expe r imen ta l  and control  an ima l s  
ficant,  in o ther  c a s e s  s ignif icant  (P < 0.001). 

10,50 0,35 
10,90" 0,20 

6 42* 0,15 
6,40 0,09 

8,16" 0~20 
8,66 0,31 

11,50" 0,40 
l 1,70 0,60 

I 

�9 9,86* 0,08 
10,08 0,10 

18,6" 0,40 50,40 0,80 
18,0I 0,35 45A0 0,65 

21,39 0,20 51,32 0,70 
19,36 0,40 44,41 0,53 

19,10 OflO 3&50 0,50 
15~50 0,20 30,80 0,45 

- -  - -  31,81 0,42 
-- -- 25,54 0,80 

17 90* 0,30 36,30 0,60 
0,20 0,60 17,80 31,90 

61,60 0,90 
49,70 0,70 

not s ign i -  

lg v~-lg v 1 
K -  lgt2--1gt 1 , 

whe re  V 1 and V 2 a r e  the weights  of the an ima l s  and t I and t 2 t he i r  ages.  

E X P E R I M E N T A L  R E S U L T S  

The e x p e r i m e n t s  of s e r i e s  I showed that  caffeine p roduces  a s ignif icant  i n c r e a s e  in the r a t e  of growth 
in al l  c a se s ,  to an extent which v a r i e s ,  however,  with the dose and dura t ion  of the exper iment .  A l a rge  
dose of caffeine (1 mg/kg) ,  a d m i n i s t e r e d  to l i t t e r  I, led to a s m a l l e r  gain in weight  (9.5-11% compared  with 
the control) than the s m a l l e r  dose of 0.01 mg/kg,  which produced  a much g r e a t e r  a c c e l e r a t i on  of growth 
in the expe r imen t a l  r a t s  of l i t t e r s  II-V, namely  by 20-24.5% (Table 1). F r o m  informat ion  in the l i t e r a t u r e  
on the s t imula t ion  of b a c t e r i a l  r ep roduc t ion  and of growth and r e ge ne r a t i on  in an ima l s  by caffeine and theo-  
b r omine  [4, 7, 9] it was  cons ide red  that a c c e l e r a t i o n  of the growth of r a t s  by caffeine may be due to i ts  a c -  
t ion on nuc le ic  acid  synthes i s .  If th is  hypothes is  is  co r r ec t ,  aurant in,  which b locks  mRNA synthes is  [1-3, 
15-16], ought to p reven t  the s t imula t ion  of growth p roduced  by caffeine and theobromine .  

The e x p e r i m e n t s  of s e r i e s  II showed that auran t in  inhibi ts  n o r m a l  growth of young ra t s .  Rats  r e c e i v -  
ing the l a r g e r  doses  of aurant in  (70-100 ~g/kg)  had gained in weight by 20.5 + 0.8 g at the age of 21 days,  
which was  37.2% below the control  level  (32.6 •  P < 0.001), while  at the age of 30 days  t he i r  gain in 
weight  was  43.5% l e s s  (28.1 • 0.9 and 49.7 • 0.7 g r e spec t i ve ly ;  P < 0.001); the growth constants  w e r e  0.56 
and 1.04 r e spec t i ve ly .  A dose of 35~tg/kg led  to a s m a l l e r  r e t a r d a t i o n  of growth by the 21st  day, by 25.2% 
(24.4 • g). An i n c r e a s e  in dose a f t e r  the 24th day to 50 ~ g / k g  i n c r e a s e d  the r e t a r d a t i o n  in growth 
(33.1 • 0.8 g) by compar i son  with the control  at that age (49.7 • g), co r respond ing  to growth constants  
of 0.65 and 1.04. By the age of 60 days  the r e t a r d a t i o n  of growth was  s m a l l e r ;  the growth constant  had 
r i s e n  to 0.918. These  e x p e r i m e n t s  showed that aurant in  de lays  no rma l  growth, e s pe c i a l l y  during the 1st 
month of l i fe .  

The r a t s  of l i t t e r  [II ( s e r i e s  II), which r e c e i v e d  caffeine,  weighed 55.1 • 0.5 g on the 30th day of l i fe ,  
whi le  the r a t s  of l i t t e r  IV, which r e c i e v e d  caffeine and aurant in ,  weighed 47.2 • 0.3 g (P < 0.001). By the 
60th day the f i r s t  group of an ima l s  weighed 128.1 • 0.5 g, and the second group 98.4 • 0.7 g (P < 0.001). The 
r e t a r d a t i o n  in growth on the 30th day was  14.3% and on the 60th day 23.3%. A l m o s t  the same r e t a r d a t i o n  
in growth by the 60th day of l i fe  was  obse rved  in r a t s  r ece iv ing  theobromine  with auran t in  (103.7 ~= 0.7 g), 
by compa r i son  with r a t s  r ece iv ing  theobromine  only (127.6 • 0.7 g; P < 0.00D. 
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It can be concluded from a comparison of the results obtained With li t ters III-VI in the experiments of 
ser ies  II with the data for the control rats that aurantin not only prevents the increase in intensity of growth 
linked with the effect of caffeine and theobromine, but actually reduces it by comparison with the control. 
However, this decrease is less marked than if aurantin alone is used. 

The delay in growth of the rats receiving aurantin, as well as the blocking of the acceleration of 
growth induced by methylated 2,6-dihydroxypurines (litters IV and VI in the experiments of series II con- 
f irm the hypothesis that the stimulation of growth by caffeine and theobromine is due to their influence on 
nucleic acid synthesis. The participation of methylated purines in nucleotide metabolism has been demon- 
strated [17, 20]. They have a weak mutagenic action and modify the activity of ribo- and deoxyribonucleo- 
tide phosphorylase [15], and purine antagonists induce developmental anomalies [21]. 
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