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tasulin resistance and defective glusose transport are associuted with musele tissue in the gencticully obese Zucker rat and are accompunied by
changes in the number of insulin receptors and the wvailubility of glucose transporters. The present study was carried out to ussess whether, in
male Zucker rats ut 10 weeks of nge. these defects were rellected by chunges in the levels of mRNAs for the insulin receptor und for the insulin
responsive glucose (ransporier (GLUT-4). Tolal RNA was extructed from pluntaris and soleus muscles and the levels of insulin receptor and
GLUT-4 mRNAs and 18 S rfRNA were determined by Narthern hybridizntion and quantified by imuge anulysis of the autoradiogruphs. A 50%
increase in the devel of insulin receptor mRNA was detected in both the planturis and the soleus muscle from the obese rits compared to the lean
ruts, No change in the level of GLUT-4 mRNA was detected in the pluntaris musele ulthough increases were observed in the soleus muscle from
the obese rats.

Zucker ruts: Insulin receptor: Glucose transporter: mRNA

1. INTRODUCTION

Skeletal muscle. by virtue of' its mass, is a major target
organ for insulin in the body and is the primary tissue
responsible for insulin-dependent whole-body glucose
uptake [1]. Consequently, if glucose utilization and/or
insulin responsiveness of the muscle are altered this may
significantly affect the efficiency of whole-body glucose
metabolism.

An insulin-resistant state has been well documented
in the genetically obese Zucker rat [2] and this is re-
flacted in defects at the receptor and the post-receptor
level [3] in skeletal muscle and liver [4]. A reduction in
insulin binding and the phosphorylation of the insulin
receptor [2.5] may contribute to the insulin-resistant
state, although this cannot fully explain the condition.
Decreased glucose uptake, oxidation and incorporation
into glycogen have been churacteristically associated
with skeletal muscle of genetic obesities (2], The con-
comitant increase in basal and insulin-stimulated glu-
cose oxidation in adipose cells (6] are also important
features associuted with the obese syndrome. In addi-
tion, metabolic defects have been detected in the glucose
transport system in cultured adipose cells isolated from
young (30 day old) Zucker rats and these are associated
with a marked increase in the glucose transporters in the
intracellular pool [7].

Evaluation of glucose transporter or insulin receptor

Corrvespondence ackdress: Depurtment of Ophthalmology, University
Medicu! Buildings, Foresterhill, Aberdeen, ABY 22D, Scotlund, UK.

Publishee by Elsevier Scictice Publishers BV,

mRNA levels allows ussessment of which mechanisms
(i.e. translational or pre-translational) are defective in
tissues from obese animals. The mRNA for the insulin-
responsive glucose tramsporter, GLUT-4, has been
shown to be clevated in cardiac myocytes [8] and in
adipocytes from young obese Zucker rats [9]. However,
there is no direct relationship between insulin receptor
number and the insulin receptor mRMA in the liver of
genetically obese mice (ablob) since the number of insu-
lin receptors in the liver of such mice [10] is reduced,
whereus the level of insulin receptor mRNA is increased
(11].

Despite the above studies, the mechanisms which lead
to the insulin resistance of muscle in genetically obese
animals are not clearly understood. The aim of the pres-
ent study was to investigate if the obese phenotype is
associated with changes in the level of mRNA for the
insulin receptor and the insulin-responsive glucose
transporter, GLUT-4, in skeletal muscle of Zucker rats.
Muscle samples were taken when the animals were 10-
weeks old, an age at which a state of insulin resistance
is known to exist [4.12] Both soleus muscle, consisting
predominantly of slow oxidative fibres, and the plan-
taris muscles, of mixed fibre type, were examined, as
insulin sensitivity depends upon muscle fibre type and
inherent oxidative capability [13,14].

2. MATERIALS AND METHODS

2.}, Experimental onivele: tissue sampling and plosme il desesai-
nation

Male leun (Fe/Fa or Fulfa) and obese Zucker rals (fa/fa) sere group

housed und fed ad libitum, When the animals were 10-wecks old they
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were killed by decupitation and blood sumples were collected from
severed blood vessels, The planturix und the xaleus musglex were re-
moved und quickly frozen in liquid nitrogen and subsequently stored
ut =70°C until required. The insulin level in the plisma of lean and
obeie Zucker ruts wis detarmined by rdioimmunaassay using [¥*1in-
sulin ux o tracer and rat insulin (Novo Biolubonttaries, UK) us a
stundard,

2.2, BNA extraction, purification and electrophoresis

RNA wus extructed from the muscle tissue using the methad de-
seribed by Chomezynski and Succhi {15). Brielly, the tissuex were
homogenized in u denaturing solution containing 4 M guunidinium
isothiseyanate, 28 mM sodium citrate (pH 2.0), 0.3% surkosyl and 0.1
M 2-mercuptocthinol. The RNA was extracied using phenol-chloro-
form-isoumy! ulcohol and the aqueous luyer wax removed, The RNA
wiss precipituted with isoprapanel and further concentrited by u see-
ond precipitation with isoprapanel. The RNA pellet was then wushed
with 70% cthuno! and finally resuspended in 0.5% sodium dodecyt
sulphate (SDS). The concentration af the RNA was determined by its
ubsorbunce ut 260 nm,

The RNA wias then resolved by clectrophoresis in i 1.2% agurose
gel contuining formaldehyde [16). Ench sumple wus anulysed in dupli-
cute or in triplicate using 20 g of RNA per lune, The gel wis run at
55V for 3hund the RNA was subsequently visunlized by stuining with
cthidium bromide. The RNA was trunslerred to 1 nylon membrine
(Genescreen) by overnight capillury blotting and immabilized by ex-
posure to short-wave ultriviolet light,

2.3, Narthern hybricizations

Northern hybridizutions were carried out on totul RINA extracted
from skeletul muscle in order to determine the level of mRNA both
for the insulin receptor iund GLUT-4 and for the 18 S rRNA: the
<DNA probe for the humun insulin receptor was u 1.5 kb EcoRI/E0
frugment corresponding 1o the region 1,101-2,602 buse pairs which
codes for i region in the extracellular domain (17]. The human GLUT-
4 probe was u 2.1 kb, Sull fragment from a ¢cDNA (18] and the 18 S
rRNA probe wus i 1.4 kb BaimHI (ragment {19).

All of the hybridizations were earried out under similar ccnditions
at 42°C, The nylon membranes were pre-hybridized {or 16 h in buller
consisting of 50% formamide, 10% dextrun sulphute, 0.2% poly.
vinylpyrrolidone (PVP), 0.2% bovine serum albumin. 0.2% Ficoll, 0.08
M Tris-HCl (pH 7.5). 1.0 M NuCl, 0.1% sodium pyraphosphiite. 1.0%
SDS and denutured suimon sperm DNA (>100ml). The uppropriate
probe (25-50 ng) was lubelled by random priming with [2-*PldCTP
using the Multiprime DNA labelling system (Amersham Interna.
tional, UK) and separated from lubelled nucleotides using a Sephudex
G-50 columin. The lubelled probe was made up in the hybridization
buffer (excluding dextran sulphate) and added to the existing bulfer,
Hybridiaution was carried out for 16 h at 42*C, Non-specific hybrid
ization wus removed {rom the fillers by the following washing proce-
dures; 2 x SSC (0.3 M NaCl230 mM soadium citrute, pH 7.0) at room
temperature for § min; 0.5 x SSC/1% SDS at 65°C for 30 min; 0.2 x
SSC at room temperature for 30 min. Each procedure was carried out
in duplicate and the filters were then laid down in aueradiography
cussettes with Hyperfilm-MP and stored uat ~70°C. The length of
exposure wias assessed using s Geiger counter ufter the membranes had
been washed, and exposure time varied from Ah (18 SeRNA) to 7 duys
(insulin receptor, GLUT.4),

The level of mMRNA that was detected using these procedures wus
determined by quantifying the intensity of the signal on the autoradi-
ograph using a QUIPS image processing work-stition, eperating with
YCS image processing software, The signals for the mRNAs undsr
serutiny were calculated relative to the level of 18 8§ rRNA (optical
density ralio} in each sample lane. This enubled correction {or any
difTerences in signal intensity that may be dueto variution in the initial
louding of the RNA onto the gel. The apticul density ratio of the
respective mMRINAs in skeletal musele of obese Zucker rats were then
expressed relative to vitlues for their lean counterparts (100%), Quan-
titution was curried out on duplicate samples from § animals in cach
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test group ax specitied in the text. Datu are presented throughout as
meuns 2 S.EM, Statisticul analysix of the duty was carried out using
u Student’s f-test,

3. RESULTS

3.1, Plasma insdin

Plasma insulin levels were determined in 6 animals of
both lean and obese Zucker ruts. The obese rats were
clearly hyperinsulinuemic with an insulin level of 4,70
ng/ml (£ 0.24) compitred to 1.76 ng/ml (% 0.16) for the
laun Zucker rats,

3.2, Narthern hybridization

Using Northern hybridization of total RNA from
soleus and plantaris muscle of lean and obese Zucker
rats. mRNA species for the insulin receptor (7.2 and 8.5
kb) and for GLUT-4 (2.8 kb) were detected (Fig. 1). As
observed in normal rodent species. two major bands
were observed for the insulin receptor mRNA. [nsulin
receptor mRNA was quantified by combining the opti-
cal density of both bunds. No significunt chunges in the
level of GLUT-4 mRNA were observed between the
lean and the obese ruts in the plantaris w.uscle, although
the insulin receptor mRNA increased significantly (Fig.
2) to 153%. In the soleus muscle significunt increases
were observed in the level of insulin receptor (189%) und
GLUT-4 (141%) mRNA species in the obese rats com-
pared with their lean counterparts (Fig. 2).

4. DISCUSSION

The results demonstrate an increased level of insulin
receptor mRNA in the soleus and the plantaris muscles
of obese Zucker rals when compared to lean ruts, In the
soleus muscle the level of GLUT-4 mRNA was also
increused. The alterations in the level of insulin receptor
mRNA in the pluntaris muscle appear to be relatively
specific us the concentrations of GLUT-4 mRNA were
unchanged.

In the light of previous observations on the low num-
ber of insulin receptors in muscle tissue of genctically
obese Zucker rats [3,20], it appears that the decrease in
receptors miy be due to alterations of trunslation of the
mRNA and/or to post-translalional progesses, Al-
though post-receplor defects can also occur, the de-
creased number of insulin receptors is likely to contrib-
ute to the insulin resistance of the skeletal muscle tissue,

An increase in the level of insulin receptor mRNA
was also observed in the soleus muscle, suggesting that
a similar defective translation process may be operating.
However, unlike the situation in the plantaris muscle,

tion of GLUT-4 mRNMNA. An increase of similar magni-
tude has been observed in isolated cardinc myocyles
from Zucker rats [8], with a decrease in basal and insu-
lin-stimulated transport. The increase in the level of
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Fig. 1. Northern hybridization of total RNA (20 4g) extrasted from (a) plantaris and (b) soleus muscle using cDNA prabes for the insulin receplor
and GLUT-4. Results indicuted the speciflc detection of the mRNA speeics in both muscle types and the relative differences between the lean and
the obese rats. For further technical details, see Materials and Methods.

GLUT-4 mRNA muy be in response to changes in cir-
culuting insulin concentration, as GLUT-4 has been
identified in insulin responsive tissues [21], The absence
of any increase in the plantaris muscle implies the exis-
tence of differential regulatory mechanisms that are as-
sociated with the varying fibre type of the two muscles
[13]. This observation is consistent with previous obser-
vations [9] which demonstrated that in a mixed fibre-
type muscle (gastrocnemius), no change in the level of
GLUT-4 mRNA was detected in the obese phenotype
while changes were observed in adipoeytes from the
obese animals. The requirement for an increased num-
ber oi glucose transporters may not be as critical in the
plantaris as in the soleus because the plantaris has a
higher proportion of oxidative fibres. There still re-
mains a reduction in the overall glucose utilization of
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GLUT-4

L o

muscle tissue from genetically obese Zucker rats [2]
which may be mediated through defects in other path-
ways,

Insulin regulates the levels of insulin receptors {22
and insulin receptor mRNA [23]. in vitro. It has also
been shown that acute nutritional changes [24-26] sig-
nificantly increases the level of insulin receptor mMRNA
in skeletal muscle, possibly through increased transcrip-
tion of the insulin receptor gene or increase in the stabil-
ity of the mRNA, itself, Since the obese Zucker rats are
characteristically hyper-insulinacmic, the changes in in-
sulin receptor mRNA in their muscle may be a response
to incrcased levels of circulating insulin,

In summary, an increased level of insulin reseptor
mRNA has been detected in the plantaris and the soleus
muscle of genetically obese Zucker rats. Therefore, the
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Fig. 2. Quantitation of insulin receptor and GLUT-4 mRNA levels in
the plantaris and the soleus muscle of leun (L) and obese (O) Zucker
rats. A significant inerease (*P < 0,05) in the level of insulin receptor
mRNA was detected in the plantaris musele of obese Zucker ruts when
compared to lean counterparts. No significunt changes were observed
in the GLUT-4 mRNA in this muscle. Significunt increases were
observed in the soleus musele for the insulin receptor mRNA
(*“P<0001) and GLUT-4 mRNA ("P<00l}, The level of
mRMA in the muscle sumples from the leun ruts is shown us 100% and
the changes that are observed are indicated relutive to this,

decreased number of insulin receptors in the muscle
tissue of obese Zucker rats cannot be simply explained
by reduced amounts of available mRNA. On the con-
trary this suggests both that there is additional control
at translational and/or post-translational levels and that
the increased mRNA levels reflect a compensatory
mechanism which is attempting to overcome the tissue's
resistance to insulin. Increases in the level of GLUT-4
mRNA were also evident in the soleus muscle but not
in the plantaris muscle. This may indicate specific differ-
ences that are associated with the fibre types of the
muscles or a generalized enrichment of the mRNAs in
the soleus muscle.
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