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Pre-diabetes is a condition affecting increasing numbers of the population who find themselves caught in the grey area
between normal glucose regulation and diabetes mellitus and who experience impaired glucose tolerance or fasting glucose.
The ability of thiozolidinediones (TZDs) to ameliorate the clinical signs of diabetes mellitus is well-known but there is also
emerging evidence for the benefits of PPAR-g agonists in pre-diabetes. In this issue of the British Journal of Pharmacology, Collino
and colleagues report that pioglitazone can reduce hepatic inflammation and insulin resistance in rats administered a high
cholesterol and fructose diet. Furthermore, pioglitazone reduced the expression of suppressor of cytokine signalling (SOCS)-3
– considered to be a key link between inflammation and insulin resistance. Although much work remains to be performed in
fully understanding how TZDs modulate the cellular mechanisms which underlie pre-diabetes, these findings provide prelimi-
nary evidence that administration of TZDs to pre-diabetics could be beneficial.
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Pre-diabetes (also known as borderline diabetes inter alia)
describes a condition affecting increasing numbers of the
population who have abnormal glucose homeostasis but not
diabetes mellitus and who suffer impaired glucose tolerance
or fasting glucose (Expert Committee on the Diagnosis and
Classification of Diabetes Mellitus, 2003). Latest estimates
suggest that up to 60 million people have some degree of
pre-diabetes in the USA and recent figures released by Diabe-
tes UK suggest that 7 million people in the UK may be
affected. A steady increase in the amounts of sugar and satu-
rated fat consumed in Western diets has contributed to the
prevalence of pre-diabetes and a consequent increased risk of
developing type 2 diabetes and cardiovascular disease. For
example, high consumption of fructose, often in the form of

high fructose corn syrup which is being used increasingly as a
dietary sweetener, has been suggested to be a major contribu-
tor to the increasing incidence of pre-diabetes and the devel-
opment of type 2 diabetes mellitus in the population
(Johnson et al., 2009; Miller and Adeli, 2008). Such a diet puts
considerable stress on normal physiological function and
under these conditions, chronic inflammation appears to be
an important factor in the development of insulin resistance
in metabolically active tissues such as the liver (Schenk et al.,
2008). The suppressor of cytokine signalling (SOCS) family of
proteins appears to be implicated in the development of
chronic inflammation and insulin resistance and the evidence
for this is compelling: SOCS is highly expressed in the livers of
obese animals, they can inhibit the activity of cytokines such
as interleukin-6 (IL-6) and tumour necrosis factor-a (TNF-a)
and they can reduce insulin sensitivity by binding to the
insulin receptor in the liver and preventing the coupling
of insulin receptor substrate-2 (IRS-2) (Lebrun and Van
Obberghen, 2008).

Thiozolidinediones (TZDs), which are agonists of the
peroxisome proliferator-activated receptor-g (PPAR-g), are
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anti-diabetic drugs widely used for the management of
insulin resistance associated with obesity and type 2
diabetes.

Synthetic TZDs such as rosiglitazone and pioglitazone
increase glucose and lipid uptake, glucose oxidation and
decrease free fatty acid concentration and insulin resistance in
different tissues via activation of a range of genes. Further-
more, it is well-known that these PPAR-g agonists also have
several pleiotropic, non-hypoglycaemic actions beyond the
control of glucose and lipid metabolism, including modula-
tion of blood pressure, endothelial function, atherosclerosis,
coagulation, albuminuria and lipid metabolism and inflam-
mation (Rizos et al., 2008). These benefits have been well
characterized in animal models of diabetes mellitus and good
progress made in understanding the intracellular mechanisms
involved. For example, pioglitazone has been shown to
increase overall insulin sensitivity, in part via reduction of
SOCS-3 expression which is associated with increased STAT-3
phosphorylation and adiponectin production in the fat
tissues of db/db diabetic mice (Kanatani et al., 2007). Further-
more, pioglitazone promotes hepatic regeneration and
improves survival after partial hepatectomy in obese and dia-
betic KK-Ay mice via similar modulation of SOCS-3 and
STAT-3 phosphorylation (Aoyama et al., 2009).

Promising preliminary data have also emerged from studies
investigating the potential benefits of TZDs in pre-diabetes
(Dumasia et al., 2005), however, the intracellular mechanisms
involved remain to be fully elucidated.

In this issue of the British Journal of Pharmacology, Collino
and colleagues describe an investigation involving a non
genetic insulin-resistant animal model of pre-diabetes estab-
lished by giving rats a high cholesterol and fructose (HCF) diet
(Collino et al., 2010). Wistar rats administered a HCF diet for
15 weeks developed several classic clinical signs of pre-
diabetes including hyperlipidaemia, hyperinsulinaemia,
impaired glucose tolerance and insulin resistance. However,
daily administration of 3 mg·kg-1·day-1 pioglitazone to rats
during the last 4 weeks of the HCF diet not only provided
significant improvements in lipid metabolism and insulin
responsiveness but also reduced markers of inflammation
such as circulating levels of IL-6 and TNF-a, evidence
of polymorphonuclear neutrophil infiltration and expression
of intracellular adhesion molecule-1. Furthermore, pioglita-
zone also reduced the hepatic expression of SOCS-3 – a SOCS
isoform which has been suggested to be a key link
between hepatic inflammation and the development of
insulin resistance (Lebrun and Van Obberghen, 2008). The
authors conclude that chronic administration of pioglitazone
reduces the hepatic inflammatory response induced in rats
fed a HCF diet and that the changes in the hepatic expression
of SOCS-3 produced by pioglitazone could be the link
between reduction of hepatic inflammation and improved
insulin signalling.

While this characterization of the effects of pioglitazone on
the hepatic inflammation and SOCS-3 expression within the
livers of pre-diabetic rats is novel, there are several issues of
interest which may be raised from such a study, which could
be addressed in future investigations. (i) High blood pressure
is a recognized risk factor for pre-diabetes which itself is
known to predispose patients to cardiac dysfunction. One

previous study which used a comparable HCF diet to generate
pre-diabetes in Sprague-Dawley rats described elevated blood
pressure in their model (Deng et al., 2007) and in another
investigation, pioglitazone, administered to genetically obese
diabetic Wistar rats at the same dose and frequency as used by
Collino and colleagues (3 mg·kg-1·day-1), lowered blood pres-
sure (Yoshimoto et al., 1997). It would be interesting to see if
there was also an increase in blood pressure observed by
Collino and colleagues in their model and if so, could admin-
istration of pioglitazone have had a significant beneficial
effect? (ii) Some of the protection afforded by TZDs appears to
be mediated via non-genomic mechanisms independent of
the PPAR-g (Gardner et al., 2005). Collino and colleagues cer-
tainly provide good evidence that pioglitazone can induce
genes on which PPAR response elements (PPRE) have been
identified such as liver glucokinase and fatty acid synthase –
an effect which appears to be mediated via activation of
PPAR-g which demonstrate increased expression in the livers
of their pre-diabetic animals. However, in the future, the
contribution of direct PPAR-g activation by pioglitazone could
be determined by examining the effects of selective PPAR-g
antagonists such as GW9662 or T0070907 or even via the use
of PPAR-g hepatic-specific knockout mice (global PPAR-g
knockout being lethal) similar to those developed for the
study of role of the PPAR-g in the brain and adipose tissues
(Jones et al., 2005; Zhao et al., 2009). This aspect of pioglita-
zone action is of particular interest as the beneficial actions of
TZDs can be observed even in the presence of reduced PPAR-g
expression, e.g. in the heart tissues of rats fed a high fat diet
(Baranowski et al., 2008). (iii) There is good evidence from
both in vitro and clinical studies for a link between hepatic
inflammation and development of insulin resistance. For
example, incubation of human hepatocytes with IL-6 can
induce insulin resistance (Senn et al., 2002) and administra-
tion of rosiglitazone to non-diabetic patients with metabolic
syndrome reduced circulating IL-6 levels which correlated
with improvement of insulin resistance (Samaha et al., 2006).
In this study, although pioglitazone lowered hepatic expres-
sion of both IL-6 and TNF-a and reduced insulin resistance, a
causal relationship was not demonstrated. Thus the specific
intracellular links between the hepatic inflammatory response
in the pathogenesis of local insulin resistance in this in vivo
model of pre-diabetes certainly warrants further investigation.
(iv) Associated with this, the mechanistic association between
pioglitazone, the PPAR-g and the observed reduction of
hepatic SOCS-3 expression also requires further study. In the
liver, cytokines such as IL-6 and TNF-a can induce SOCS-3
expression which in turn attenuates further IL-6 and TNF-a
release and cytokine-activated signal transduction pathways
(e.g. those associated with IFN-g) thereby providing a negative
feedback effect on hepatic inflammation (Hong et al., 2001).
In vitro, overexpression of SOCS-3 inhibits hepatic insulin
autophosphorylation which contributes to insulin resistance
(Senn et al., 2003). As the authors state in their Discussion,
the consensus sequence of the PPAR-g binding site has not yet
been identified in the promoter region of the SOCS-3 gene,
however, it would be interesting to investigate if TZDs such as
pioglitazone can directly modulate the increased SOCS-3
expression observed under pre-diabetic conditions via tran-
scriptional transrepression or indirectly via PPAR-g-induced
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reduction of the inflammatory response (or even a combina-
tion of both).

In this study, Collino and colleagues provide clear evidence
that the TZD and PPAR-g agonist pioglitazone can provide
benefits against the liver inflammation and hepatic insulin
resistance in an animal model of pre-diabetes and suggest that
SOCS-3 may be a key link between these two events. Could
these findings have clinical relevance to humans who find
themselves in the grey area of borderline diabetes? If we allow
ourselves to extrapolate these findings from the rat to the
human, the dose of pioglitazone used in this study (0.75 mg
daily to a 250 g rat – equivalent to 3 mg·kg-1·day-1) is higher
but of a similar magnitude to that administered clinically
(45 mg daily in the UK – equivalent to 0.64 mg·kg-1 to a 70 kg
human) with pioglitazone reportedly providing greater
benefit than rosiglitazone (Rizos et al., 2008). The findings of
this study could therefore be very preliminary evidence for
the future administration of TZDs to pre-diabetic patients.
However, the primary (and best) clinical advice to give to
pre-diabetic patients will undoubtedly always remain the
same – make some significant lifestyle changes and eat a
better diet!
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