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Insulin, testosterone, and thyroxine activated the Na, K-ATPase of hepatocyte plasma 
membranes in adult rats. Incubation of  intact plasma membranes from rat hepatocytes 
with hepatocyte cytosol or blood serum from adult rats injected with one of  the three 
indicated hormones led to elevated Na, K-ATPase activity in the incubated plasma mem-  
branes. It is suggested that hormones induce the appearance in liver cells and blood se- 
rum of  a factor, called inverter, that is ultimately responsible for the observed Na,K- 
ATPase activation. 

Key Words: Na, K-ATPase; insulin; thyroxine; testosterone; hepatocytes 

We showed previously that activation of protein syn- 
thesis in cells results in hyperpolarization of  the 
plasma membrane [3,5]. The hyperpolarization thus 
induced may be due to alterations in the active and/  
or passive ion transport. On the other hand, plasma 
membrane hyperpolarization that occurs as a conse- 
quence of partial hepatectomy, blood loss, or hor- 
monal action (e.g., by insulin, testosterone, or es- 
tradiol propionate) can be prevented by the protein 
biosynthesis inhibitors actinomycin D and cyclohex- 
imide and by the specific Na,K-ATPase inhibitor 
ouabain [4,61. 

In this study we examined responses of  hepa- 
tocyte plasma membranes to insulin, testosterone, 
and thyroxine. These hormones were selected be- 
cause they all activate protein synthesis in the cells, 
although they do so by different mechanisms. 

MATERIALS AND METHODS 

Wistar rats aged 6-8 months were used. The plas- 
ma membrane  fraction was isolated from their liv- 
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ers and purified as described by Yamamoto  et al. 
[11], the degree of  purification being evaluated by 
its enr ichment  with 5 '-nucleotidase,  a marker  en- 
zyme for plasma membranes  [8]. Protein concen-  
tration in the samples was de te rmined  by Lowry's  
method [7], Na,K-ATPase  activity was assessed by 
the difference between total and magnes ium-s t im-  
ulated ATPase activities [1,10]. Inorganic  phos- 
phorus was measured according to Rathburn and 
Betlach [9]. 

The isolated plasma membranes (100 gg protein 
per sample) were incubated with one of  the hor- 
mones (insulin, testosterone, or thyroxine), rat he- 
patocyte cytosol, or rat serum (150 gl per sample) 
for 20 min (thyroxine) or 40 min (insulin, testoster- 
one) in a medium for de termining total  ATPase 
activity (1• -x M NaC1, 2x10 -2 M KC1, 3x10 -3 M 
MgCI~_, and 5x10 -2 M Tris-HC1, pH 7.5) or in one 
for determining magnesium-stimulated ATPase ac- 
tivity (same medium as above but supplemented  
with l x l 0  -4 M ouabain); all incubations were car- 
ried out in an ice bath with constant shaking. 

The data were statistically treated by one-way 
analysis of  variance (ANOVA). 
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Fig. 1. Na,K-ATPase activity of plasma membranes of rat hepa- 
tocytes. Here and in Figs. 2 and 3: white bars, intact rats; hatched 
bars, hormone-treated rats; black bars, rats treated with actinomy- 
cin D+hormone. *p<0.05 in comparison with intact rats. 

RESULTS 

Insulin (1.6 U/kg body weight) and testosterone 
(1 mg/kg) significantly increased Na, K-ATPase ac- 
tivity of isolated hepatocyte plasma membranes 40 
min and 60 rain postinjection, respectively, while 
thyroxine (33 gg/kg) increased this activity by 32% 
20 min postinjection (Fig. 1). None of the hormones 
altered Na,K-ATPase activity on in vitro incubation 
with hepatocyte plasma membranes from intact rats. 
Consequently, these hormones acted on the enzyme 
via the hepatocyte cytoplasm rather than directly. 
Na,K-ATPase activation was prevented by actino- 
mycin D, a blocker of protein biosynthesis at the 
transcription level, injected at 50 gg/kg 30 min be- 
fore insulin or testosterone and 50 min before thy- 

roxine (Fig. 1). The elevation of Na, K-ATPase ac- 
tivity was therefore mediated by hormone-depen- 
dent stimulation of protein biosynthesis in hepa- 
tocytes. 

In order to check the validity of our hypothesis 
that Na,K-ATPase may be activated by factors ap- 
pearing in the cell during the activation of protein 
synthesis, tests with cell hybridomas were under- 
taken, in which isolated hepatocyte plasma mem- 
branes from intact rats were incubated with the cy- 
tosol of hepatocytes from hormone-injected rats. 
(The incubation times for these tests was chosen 
taking into account the times at which Na,K-AT- 
Pase activation was maximal in the tests described 
above.) It was found that while the cytosol of hepa- 
tocytes from intact rats had no effect on the Na, K- 
ATPase activity of isolated intact plasma mem- 
branes, the cytosols of hepatocytes from rats inject- 
ed with insulin, testosterone, or thyroxine activated 
the enzyme by 52%, 66.1%, and 40.3%, respectively 
(Fig. 2). No Na,K-ATPase activation was observed 
with the cytosol of hypatocytes from rats adminis- 
tered actinomycin D (Fig. 2) or cycloheximide be- 
fore the hormone. 

The findings presented above indicate that the 
hormones caused the emergence of a Na,K-ATPase 
activating factor in the rat hepatocyte cytosol. The 
presence of such an activator in cytosol was associ- 
ated with the hormone-dependent intensification of 
protein biosynthesis in the cells. 

The activating factor can probably enter the cir- 
culation, as was indicated by our tests where isolat- 
ed hepatocyte plasma membranes were incubated 
with sera from intact and hormone-treated rats. In 
these tests, sera from intact rats had little or no ef- 
fect on Na,K-ATPase activity, whereas those from 
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Fig. 2. Na,K-ATPase activity of rat hepatocyte plasma membranes 
after incubation of the intact plasma membrane fraction with rat 
hepatocyte cytosol. 
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Fig. 3. Na,K-A'l'Pase activity of rat hepatocyte plasma membranes 
after incubation of the intact plasma membrane fraction with rat 
serum. 
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animals  tha t  had  rece ived  insulin,  t e s tos te rone ,  or  
thyrox ine  ac t iva t ed  the  e n z y m e  by  43.6%, 6 9 . 9 % ,  

and 82.9%, respect ive ly  (Fig. 3). The  sera f rom rats 
adminis tered  ac t inomyc in  D before  the h o r m o n e  also 
failed to act ivate  the e n z y m e  (Fig. 3). 

H o r m o n a l  regula t ion  of  N a , K - A T P a s e  act ivi ty 
m a y  be  p r e s u m e d  to occur  via a m e c h a n i s m  where -  
by a given h o r m o n e  s t imulates  b iosynthe t ic  process -  
es in liver cells and  thus causes the  appea rance  in 
the cytosol  and  s e rum o f  a factor ,  which  we previ -  
ously cal led inver te r  [2], tha t  act ivates  the  N a , K -  
ATPase.  Such inverters,  synthes ized unde r  g e n o m i c  
control ,  m a y  be responsible  for m e m b r a n e - g e n o m e  
linkages, in par t icu lar  those existing when  cells are 
acted upon  by  cer ta in  ho rmones .  

This work  was f inanced,  in par t ,  by the In te r -  
nat ional  Soros P r o g r a m  o f  suppor t  for  educa t ion  in 
the exact  sciences.  
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