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SUMMARY 

Adrenalectomy decreases the incorporation of [‘4C]-leucine into the acid insoluble fraction of both 
the small and large intestinal mucosa of adrenalectomised rats. Aldosterone injection (1 pg and 
10 pg/lOO g body weight) restores incorporation values to normal. Deoxycorticosterone and cortico- 
sterone do not show such an effect. In the case of large intestine there is a greater stimulation of 
incorporation into cvtosol than into other sub-cellular fractions. No effect of hormones could be demon- 
strateh on protein &hesis by bladder. 

INTRODUCTlON 

Aldosterone effects on target tissues are thought to 
be mediated via the synthesis of new species of RNA 
and protein. A number of studies showing abolition 
of the aldosterone response on Na+ transport by in- 
hibitors of RNA synthesis [l-4], stimulation of pre- 
cursor incorporation into RNA by aldosterone in a 
variety of tissues [S-13] and stimulation of DNA 
dependent RNA synthesis [4,14,1.5-J provide strong 
support for the view that changes in RNA synthesis 
occur as a response to aldosterone treatment in a 
variety of tissues. 

On the other hand the evidence for an effect of 
aldosterone on amino acid incorporation into protein 
is unconvincing [16]. Although three reports have 
appeared suggesting a stimulation of amino acid in- 
corporation into protein in rat kidney or toad bladder 
[7,17,18] these have not been confirmed [ 163. In 
addition Trachewsky and co-workers [1%21] have 
produced evidence for a specific mineralocorticoid 
effect on kidney cortical ribosomes. 

Although colon and small intestine are known to 
be target tissues for aldosterone [22-261 little is 
known about its effect at the biochemical level. We 
have recently shown that aldosterone ‘receptors’ exist 
in intestinal mucosal cytosol and that aldosterone 
stimulates precursor incorporation into RNA in both 
small and large intestine [13]. In this paper we have 
examined the effect of aldosterone on leucine incor- 
poration into protein in large and small intestine and 
in bladder of rats. 

MATERIALS AND METHODS 

Animals were treated as described previously [ 131. 
Hormones were administered by i.p.* injection in 
0.9% sodium chloride containing 4% ethanol 60min 

* Abbreviations: TCA, trichloracetic acid; i.p., intraperi- 
toneal. 

prior to isotope injection. Radioactive precursors 
were dissolved in 0.9% sodium chloride and injected 
i.p. 60min prior to sacrifice. In double label experi- 
ments rats from one group were injected with C3H]- 
leucine and from another group with [14C]-leucine. 
The intestinal mucosal scrapings of one rat from the 
[‘4C]-group and one rat from the [‘HI-group were 
mixed, homogenized in 4 volumes of 0.25 M sucrose, 
3 mM CaCl,, 0.1 M Tris/HCl pH 7.4 and fractionated 
by the method of Haussler and Norman [27]. 
Samples were subject to oxidation in a Packard 
Model 306 Sample Oxidiser 8nd the separated 
C3H],0 and [14C]02 counted. 

In other experiments the radioactivity incorporated 
into the acid insoluble protein fraction was deter- 
mined by adding 2 ml 10% TCA containing 0.1% leu- 
tine to 0.4 ml of homogenate, collecting the pellet by 
centrifugation, redissolving it in 2.5 ml 0.3 M KOH 
and reprecipitating with 2.5 ml 10% TCA/O.l% leu- 
tine. This washing procedure was repeated twice and 
the pellet finally redissolved in 0.3 M KOH. An ali- 
quot (0.4ml) was taken for radioactivity determina- 
tion as described by Anderson and McClure [28]. 
Acid soluble radioactivity was determined by combin- 
ing the initial supernatant with the first wash. 

Protein and DNA determinations were as described 
previously [ 133. 

RESULTS 

The effect of adrenalectomy and subsequent aldos- 
terone treatment on [‘4C]-leucine incorporation into 
the TCA soluble and insoluble fractions of small in- 
testine is shown in Fig. 1. Adrenalectomy causes a 
59% decrease in incorporation into protein (P < 
0.001) but has a smaller effect (27% decrease; 
P < 0.05) on incorporation into the soluble fraction. 
Aldosterone at 10 pg/lOOg body weight restores in- 
corporation into protein to 113% of normal and at 
1 pg/lOOg body weight has a lesser effect, with incor- 

739 



740 R. W. WATTS and J. F. WKEL~RA~~ 

8OC 

60C 

1 ‘.. 

ADX ADX+lOpg ADX+lpg 
/ IOOQ /1oog 

Aldosterane Aldosterone 

Fig. 1. The effect of adre~ai~tomy (ADX) and subsequent 
administration of aldosterone at doses shown on the incor- 
poration of [14C]-leucine (59 mCi/mmoI) into the TCA sol- 
uble and insoluble fractions of rat small intestinal mucosa. 
Aldosterone was injected 60 min before isotope administra- 
tion (lO&i/lOOg). Rats were sacrificed 2 h later. Values 
shown represent the mean _t S.E.M. for six rats. Open 
columns: acid insoluble fraction; hatched columns: acid 

soluble fraction. 

poration 60% of normal. In both cases the values are 
significantly increased when compared to adrenalec- 
tomised animals (P < 0.001 and P x 0.002 respect- 
ively). However the values obtained after treatment 
with 1~~1~ g body weight are si~ifi~ntly less than 
the values obtained with normal (not adrenalec- 
tomised) animals (P < 0.05). The values for the sol- 
uble fraction are 105% and 82% of normal respect- 
ively (P < 0.05 and P = 0.14 compared to adrenal- 
ectomised animals). 

Figure 2 shows the situation in large intestine. 
Adrenalectomy causes a 52% reduction in incor- 
poration into protein (P < 0.05). Treatment with 
1 pg/lOO g body weight increased incorporation to 767; 
of normal and with 1Opg to 94% of normal. In both 
cases the increase was significant when compared 
with the adrenalectomi~d values (P < 0.002 and 
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Fig. 2. Similar conditions to Fig. 1. The large intestinal 
mucosa was isolated from the same groups of animals. 

P < 0.001 respectively) but neither of the values for 
aldosterone treated animals was significantly different 
from normal. No significant changes in uptake into 
the soluble fraction were detected and, in fact, the 
hormone treated animals were lower than either 
adrenalectomised or normal animals. 

Deoxycorticosterone and corticosterone have no 
stimulatory effect in either large or small intestine at 
10 ~gg/lOO g body weight (Table 1) At a much larger 
dose corticosterone apparently has a small stimula- 
tory effect in both tissues but this is much less than 
the effect of aldosterone (cf. Figures 1,2), and is not 
significant (P = 0.87 and 0.73 respectively). 

We also examined various sub-cellular fractions 
from both large and small intestine to determine if 
a specific effect on any particular fraction could be 
detected (Table 2). In the case of small intestine all 
fractions seemed to be affected equally. However in 
large intestine there does seem to be a more marked 
effect on the cytosol, as demonstrated by an increase 
in the ratio in Group A and a decrease in Group 
C. Group C is significantly different from both groups 
A and B (P < 0.02 and P -ZI 0.005 respectively). 

Attempts to demonstrate increased synthesis of in- 
dividual protein bands on polyacrylamide gels were 
unsuccessful because of the relatively low incorpor- 
ation of radioactivity into intestinal proteins. 

Recently aldosterone has been implicated in the 

Table 1. The effect of corticosterone and deoxycorticosterone on protein synthesis 
in small and large intestine. Conditions as for Fig. I 

Hormone Dose 

Incorporation into acid insoluble 
fraction (pmol/mg DNA) 

Small Large 
intestine intestine 

Corticosterone 2 mg/lOOg 272 &- 53 201 f 60 
Corticosterone 10 Pi%/l~P% 192 f 2 145 i: 13 
Deoxycorticosterone 10 ccg/lOO B 165 &4 123 + 5 
ADX 243 + 13 169 ) 20 
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Table 2. Relative incorporation ratios for sub-cellular fractions of large and small intestine 
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Cytosol 
Small intestine Large intestine 
Mitochondria Microsomes Cytosol Mitochondria Microsomes 

Group A 1.10(Z) 1.25(2) 1.25(2) 1.67 + 0.31 0.83 f 0.03 1.06 + 0.31 
Group B 1.12 * 0.06 1.32 + 0.14 1.00 f 0.11 1.17 & 0.07 1.20 f 0.09 1.13 + 0.13 
Group C 1.08 i_ 0.32 1.08 + 0.06 0.90 rf 0.04 0.43 + 0. Ii 1.11 + 0.11 1.01 + 0.04 

In Group A adrenalectomised animals were injected with [3H]-leucine and aldosterone treated with [i4C]-leucine. 
The relative incorporations were determined in each fraction as a i4C/‘H ratio for that fraction and then these ratios 
were related to the ratio found in the nuclear fraction. In this way an aldosterone induced stimulation in a particular 
fraction shows up as a number greater than 1. Group C was similar. except that the labels were reversed and hence 
an increased incorporation would be represented by a number less than 1. Group B was a control in which neither 
group of animals received hormone. n = 3 except where shown. 

control of active Na+ transport in the rabbit urinary 
bladder [29]. We failed to demonstrate any aldoster- 
one effect on protein synthesis in the rat urinary blad- 
der. Whole bladders were homogenized, so that subtle 
mucosal changes may have been lost in the whole 
tissue homogenate. 

DlSCUSSION 

The inference that aldosterone action requires the 
synthesis of new protein was initially based on the 
observation that interference with ribosomal mechan- 
ism by puromycin or cycloheximide inhibited the re- 
sponse of toad bladder epithelia to aldosterone [2]. 
However since then there has been very little direct 
evidence to support such a theory. Only preli~nary 
reports [16] and unconfirmed reports [7,17] have 
observed enhanced amino acid incorporation after 
aldosterone treatment. 

The difficulty in demonstrating such an effect prob- 
ably lies in the target tissue used. The rat kidney has 
been used most extensivety, but with little success, 
perhaps because the percentage of aldosterone re- 
sponsive cells is low so that changes in protein syn- 
thesis within these cells is difficult to detect. We have 
previously shown that the intestine is an alternative 
system in which to study aldosterone action [I33 and 
it seemed likely that a mucosal scraping would pro- 
vide a greater percentage of aldosterone responsive 
cells. 

Figures 1 and 2 show that aldosterone at a high 
concentration (10 pg/lOOg) and a more physiological 
(1 &lOO g) significantly stimulates the incorporation 
of leucine into the protein fraction of large and small 
intestinal mucosa. Corticosterone even at high doses 
(2 mg/lOO g) and deoxycorticosterone failed to stimu- 
late protein synthesis to the same extent (Table 1). 
In fact, corticosterone and deoxycorticosterone, at a 
concentration of 10 pg/lOO g depressed leucine incor- 
poration in both large and small intestine, but this 
effect is only small compared to the stimulation 
observed in aldosterone treated animals. This de- 
creased [‘4C]-leucine incorporation could be due to 
a corticosteroid stimulated uptake of endogenous 
non-radioactive leucine, resulting in an apparent 
depression of protein synthesis, or alternativefy the 

effect may be real, in that corticosteroids may inhibit 
protein synthesis as is the case in activated human 
lymphocytes [31], The absence of a corticosterone 
effect argues against the aldosterone stimulation being 
attributable to its glucocorticoid effect, as does the 
fact that significant stimulation is observed at low 
doses (1 pg/lOO g). 

These effects cannot be caused solely by a change 
in the uptake of radioactive precursor since the incor- 
poration into the soluble fraction is increased to a 
lesser extent than the incorporation into the insoluble 
fraction in the case of small intestine (Fig. 1) and 
not increased at all in the case of large intestine (Fig. 

2). 
The physiological dose of aldosterone restores the 

rate of protein synthesis in the large intestine of ADX 
rats. However in the small intestine although this 
dose significantly stimulates protein synthesis, it does 
not restore it to normal levels. This is in keeping with 
previous RNA synthesis studies [ 133 and also physio- 
logical evidence that the large intestine is the main 
site of aldosterone action in the alimentary tract [27]. 

Table 2 shows that there is a preferential stimu- 
lation of incorporation into the cytosol of large intes- 
tine, which is compatible with the finding by Scott 
and Saperstein[30] that there is a specific effect of 
aldosterone on the synthesis of soluble proteins in 
toad urinary bladder. However, no such preferential 
stimulation was found in small intestine, despite the 
stimulation of protein synthesis observed in this tis- 
sue. However although these results show an aldoster- 
one mediated effect on protein synthesis they do not 
allow a distinction between a primary effect on the 
synthesis of a small number of proteins and a more 
general, possibly indirect, effect. 
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