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Cycloheximide and actinomycin D inhibition of estrogen-stimulated sugar 
and amino acid transport in rat uterus 

Estrogen stimulates anabolic activity in the uterus of the ovariectomized and 
of the immature rat. This activity includes increased glucose uptake by the isolated 
rat uterus 4 h after estrogen injection 1 and increased incorporation of [14C61glucose into 
uterine lipid, RNA, protein, and CO 2 I to 2 h after estrogen injection 2. These observa- 
tions suggest that estrogenic hormones increase the rate of glucose transport into the 
uterine ceils. However, HAI.KERSTON and co-workers observed no difference in the 
distribution after 1. 5 h of the glucose analogue D-xylose 1.5 or 6 h after estrogen injec- 
tion in  vivo 3. NOALL et al. observed that the concentration of the amino acid analogue 
a-aminoisobutyric acid increased in the rat uterus 20 h alter estrogen and a-amim~iso- 
butyric acid injection 4. RIGGS, SANDERS AND WEINDLING found an increased concen- 
tration of I-aminocyelopentane carboxylic acid 24 h after injection of estrogen and 
this amino acid analogue 5. 

In the above-mentioned studies, the distribution of the test compound was 
measured a fairly long time after its injection, and therefore the results represent 
steady-state distribution values. In the experiments to be described, brief incubation 
periods were used in an effort to measure initial rates of uptake. 

Young female Sprague-Dawley rats were ovariectomized and used 7 to 30 days 
later. I.O #g of i7/~-estradiol in 20% ethanol was injected subcutaneously as indicated. 
The animals were killed and the uterus was removed. One horn was incubated for 
IO rain in glucose-free Krebs-Ringer bicarbonate buffer containing 3-O-methyl-D- 
glucose, I mM (which contained 3-0-methyl-D- [14C]glueose, o.Io/~C), and D-sorbitol, 
I mM (which contained 0.50 #C D-[I-aHlsorbitol), to measure glucose transport 6. The 
contralateral uterine horn was incubated in the same buffer with a-aminoisobutyric 
acid, ioo #M (with o. IO #C a-amino [I-14Clisobutyric acid), and D-sorbitol, I mM (with 
0.50 #C D-[I-~Hjsorbitol) for 30 rain. After incubation the uterine horns were rinsed 
in saline, incised longitudinally, weighed, and boiled for 15 rain in water. They were 
then homogenized and protein was removed with o.15 M Ba(OH)2 (o.Io ml) and 5% 
ZnSO 4 (o.Io ml). An aliquot of the supernatant solution was added to BRAY'S solution 
(15.o ml) 7 for determination of radioactivity in a liquid-scintillation counter. The 
counts due to each isotope were calculated by the method of OKITA et al. 8. The 3-0- 
methyl-D-glucose or a-aminoisobutyric acid space, that is, tile volume of tissue re- 
quired to contain the compound in a concentration equivalent to that of the medium, 
was calculated as follows: 

counts/min 3-O-methyl-D-glucose per g tissue 
3-O-methyl-D-glucose space, #l/g = counts/min 3-O-methyl-D-glucose per/,1 medium 

The sorbitol space was taken to represent the extracellular space. The intracellular 
3-O-methyl-D-glucose space is the difference between the 3-O-methyl-D-glucose space 
and the sorbitol space, and the intracellular a-aminoisobutyric acid space is the differ- 
ence between the a-aminoisobutyric acid space and the sorbitol space. The ratio of 
the intracellular a-aminoisobutyric acid to the extracellular a-aminoisobutyrie acid 
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Fig. I. The  effect of act inomycin D, cycloheximide, and cortisol on the estrogen-induced 3-O- 
methyl-D-glucose (OMG) t r anspo r t  response. Each bar  represents  the mean of 5 determinations.  
The vertical line represents  2 s tandard  errors of the mean. 

Fig. 2. The effect of act inomycin D, eycloheximide, and cortisol on the estrogen-induced (t-amino- 
isobutyric acid (AIB) t r anspor t  response. Each bar  represents  the mean of 5 determinat ions.  The 
vertical line represents  z s tandard  errors of the mean. 

was calculated by dividing the intraeellular a-aminoisobutyric acid space by the 
intracellular water space (34o/~1_~2o #1) per g of tissue wet weight. 

The rates of t ransport  of both 3-0-methyl-D-glucose and a-aminoisobutyric acid 
increased 2- to 3-fold within 2 h after estrogen injection (Figs. I and 2). No change in 
the uptake of 3-0-metbyl-D-glucose was detectable i h after estrogen, but the uptake 
of c~-aminoisobutyric acid inereased 50%. Tile rate of transport  of 3-0-methyl-D- 
glucose returned to the control value by I2 h, and that  of a-aminoisobutyric acid by 
24 to 48 h (ref. 9). 

The effects of actinomycin D and cycloheximide on the transport  response were 
studied. Both antibiotics inhibit man?" estrogen-induced changes in the uterus~J°, n. 
] h e  effect of cortisol-hemisuccinate on the transport  response also was evaluated, as 
adrenocortical steroids inhibit water-imbibition by the uterus in resFonse to estrogenL 

Castrate female rats were given an intraperitoneal injection of either ti) physio- 
logic saline (o.5 ml), (2) actinomycin D (36o/~g in o.72 ml saline), (3) cycloheximide 
(88o #g in o.5 ml saline), or (4) eortisol-2I-hydrogen succinate (4 mg in o. 4 ml saline). 
One hour later half of each of the 4 groups of animals was given either I.O #g of I7fl- 
estradiol or vehicle subcutaneously. The animals were killed 2 h later. None of the 
compounds appreciably altered the basal rate of uterine transport  of 3-0-methyl-D- 
glucose or c~-aminoisobutyric acid (Figs. x and 2). The dose of actinomycin D, which 
inhibited the incorporation of !aH]uridine into uterine RNA by 9o%, and the dose 
of cycloheximide, which inhibited the incorporation of [14Ca]lysine into protein by 
95%, abolished the estrogen stimulation of both a-aminoisobutyric acid and 3-0- 
methyl-D-glucose transport.  Cortisol did not block the estrogen stimulation of a- 
aminoisobutyric acid and 3-O-methyl-D-glucose transport  and, therefore, the inhibi- 
tion produced by cycloheximide and actinomycin D could not be secondary to in- 
creased secretion of adrenocortical steroids 12. 

The transport  response to estrogen of uterus differs considerably from that  of 
muscle to insulin in that  neither actinomycin D nor puromycin inhibits the increased 
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u p t a k e  by  musc l e  t i ssue  o f  sugarla,14,16 or  o f  a - a m i n o i s o b u t y r i c  ac id  la,15,16 in r e sponse  

to  insul in .  Th is  f inding ind i ca t e s  a f u n d a m e n t a l  d i f fe rence  in t h e  m e c h a n i s m s  b y  w h i c h  

t i le  t w o  anabo l i c  h o r m o n e s  s t i m u l a t e  t r a n s p o r t  p rocesses  in t he i r  r e s p e c t i v e  t a r g e t  

t issues.  In su l in  appea r s  to  ac t  m o r e  or  less d i r e c t l y  in a cce l e r a t i ng  t r a n s p o r t ,  whi le  t he  

effect  o f  e s t rogen  is i nd i r ec t  a n d  a p p a r e n t l y  m e d i a t e d  t h r o u g h  a m e c h a n i s m  t h a t  re-  

qu i res  b o t h  R N A  a n d  p r o t e i n  syn thes i s .  I t  is poss ib le  t h a t  e s t rogen  s t i m u l a t e s  t i le  

f o r m a t i o n  o f  p r o t e i n  e l e m e n t s  neces sa ry  for  a - a m i n o i s o b u t y r i c  ac id  and  3 -O-methy l -D-  

g lucose  t r a n s p o r t ,  a n d  t h e  a c t i n o m y c i n  D and  c y c l o h e x i m i d e  exe r t  t he i r  in f luence  

by  i n h i b i t i n g  t h e  t r a n s c r i p t i o n  and  t r a n s l a t i o n  t h a t  is r e q u i r e d  for syn thes i s  o f  t he  

p r o t e i n  e l emen t s .  
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