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Enhanced insulin secretion and glucose tolerance in rats
exhibiting low plasma free fatty acid levels and
hypertriglyceridaemia due to congenital albumin
deficiency
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Congenitally analbuminaemic individuals and rats (NARs) exhibit several metabolic
abnormalities, including hypertriglyceridaemia and plasma free fatty acid deficiency. Our aim
was to study glucose homeostasis and insulin secretion in NARs. Plasma concentrations of
lipids, glucose and insulin and secretion of insulin from the pancreatic islets were measured
in female NARs and control animals (Sprague–Dawley rats; SDRs). Glucose homeostasis tests
were also performed. Plasma glucose levels were similar between NARs and SDRs, irrespective
of feeding status. However, fed insulinaemia was ∼37% higher (P ≤ 0.05) in NARs than in
SDRs. The NARs displayed a markedly increased glucose tolerance, i.e. the integrated glycaemic
response was one-third that of the control animals. Enhanced glucose tolerance was associated
with threefold higher insulinaemia at peak glycaemia after a glucose load than in the control
animals. Similar peripheral insulin sensitivity was observed between groups. Isolated pancreatic
islets from NARs secreted significantly more insulin than islets from SDRs in response to a wide
range of glucose concentrations (2.8–33.3 mm). Despite having similar liver glycogen contents
in the fully fed state, NARs had ∼40% (P ≤ 0.05) lower glycogen contents than SDRs after 6 h
fasting. The injection of a gluconeogenic substrate, pyruvate, elicited a faster rise in glycaemia
in NARs compared with SDRs. Overall, NARs displayed enhanced glucose tolerance, insulin
secretion and gluconeogenic flux. The higher glucose tolerance in NARs compared with SDRs is
attributed to enhanced islet responsiveness to secretagogues, while peripheral insulin sensitivity
seems not to be involved in this alteration. We propose that the enhanced glucose metabolism
is a chronic compensatory adaptation to decreased free fatty acid availability in NARs.
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Congenital analbuminaemia is a rare autosomal recessive
disorder characterized by very low levels of plasma
albumin (<1 mg ml−1) in the absence of renal and
intestinal protein loss (Weinstock et al. 1979). This
abnormality results from negligible hepatic albumin
production due to mutations in the albumin gene
(Minchiotti et al. 2008). The first case of human
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analbuminaemia was reported in 1954 (Kallee, 1996), and
several additional cases of human analbuminaemia have
been identified. By selectively breeding spontaneously
hyperlipidaemic Sprague–Dawley rats (SDRs), Nagase
et al. (1979) established a colony of rats, Nagase
analbuminaemic rats (NARs), that were confirmed to
be analbuminaemic. These rats model many features
of human familial analbuminaemia (Baldo-Enzi et al.
1987).
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The most remarkable metabolic alterations in
congenital analbuminaemic humans and rats are high
levels of plasma lipids and lipoproteins (Kikuchi et al.
1983; Joles et al. 1993; Catanozzi et al. 1994; Newstead et al.
2004), but a myriad of comorbidities have been described
in cases of human analbuminaemia and in NARs (Kallee,
1996; Koot et al. 2004; Newstead et al. 2004; Neuhaus
et al. 2008; Figueira et al. 2011). Many endocrine and
metabolic alterations have been shown in NARs, including
hypothyroidism, hyperparathyroidism, low adiposity and
body mass, and plasma free fatty acid (FFA) deficiency
(Ando et al. 1980; Kikuchi et al. 1983; Takahashi et al.
1984; Yamamoto et al. 1992; Inaba et al. 2000). Despite
these abnormalities, NARs thrive in standard laboratory
housing conditions.

Kawaguchi et al. (1986) showed that NARs are severely
intolerant (i.e. early mortality) to food deprivation at
5◦C ambient temperature compared with control SDRs.
Interestingly, these authors found that the survival time
was greatly extended when NARs were fed a carbohydrate-
rich diet, while a fat-rich diet did not extend survival. It is
well known that NARs have a plasma FFA deficiency (Ando
et al. 1980). Recent data from our group indicate that
the NAR plasma FFA deficiency arises from diminished
intravascular lipolysis owing to the lack of albumin to act
as a FFA acceptor (Figueira et al. 2010). Importantly, nearly
80% of lipolysis-derived FFAs are mixed within the pool of
albumin-bound FFAs before their uptake into peripheral
tissues (Teusink et al. 2003; Voshol et al. 2009); therefore,
the absence of plasma albumin and the FFA deficiency in
NARs is expected to reduce FFA flux into tissues. The low
NAR adiposity (Kikuchi et al. 1983) and carbohydrate-
dependent intolerance to starvation (Kawaguchi et al.
1986) are in accordance with a low FFA availability and
flux into tissues (Voshol et al. 2009). Taken together, these
studies suggest that NAR energy metabolism relies more
heavily on carbohydrates than on fats compared with
control SDRs.

Pancreatic insulin secretion and the action of insulin
on peripheral tissues are affected by circulating FFA
levels (Randle et al. 1963; Frayn, 2003; Haber et al.
2003). Chronic high levels of plasma FFAs may lead to
glucose intolerance owing to the impairment of both
glucose-stimulated insulin secretion (GSIS) and insulin
sensitivity in target tissues (Randle et al. 1963; Mason et al.
1999). Conversely, acute increases in plasma FFA levels
enhance GSIS (Dobbins et al. 1998; Carpentier et al. 1999),
whereas an impaired GSIS is observed when plasma FFA
levels are acutely lowered by pharmacological methods
(Stein et al. 1996; Dobbins et al. 1998). The effects of
chronically low levels of plasma FFA on insulin secretion
and action have never been investigated. Hypothetically,
according to Randle’s cycle, chronically low plasma FFA
availability might facilitate glucose metabolism in NAR
tissues (Randle et al. 1963; Frayn, 2003). The influence

of chronically low plasma FFA levels on GSIS seems less
predictable.

From this framework, our general hypothesis was
that NARs display enhanced carbohydrate metabolism.
Indeed, in the present study, we demonstrate that NARs
deplete more liver glycogen stores during fasting and have a
higher glucose tolerance than SDRs. The increased glucose
tolerance is associated with enhanced GSIS, while there
is no difference in peripheral insulin sensitivity between
NARs and control SDRs.

Methods

Ethical approval

Experiments were approved by the local university
Committee for Ethics in Animal Experimentation, which
is under the guidance of the Brazilian Society for Science
in Laboratory Animals (Sociedade Brasileira de Ciências
de Animais de Laboratório).

Materials

125I-labelled human insulin was purchased from Genesis
(São Paulo, SP, Brazil). Unless otherwise stated, all other
reagents were of the highest grade available from Sigma
(St Louis, MO, USA).

Animal housing and plasma variable assessments

Nagase analbuminaemic rat founders were kindly donated
by Dr Eder Quintão from the Lipid Laboratory at the
University of São Paulo Medical School and were bred
and maintained in our departmental animal facility.
Control (Sprague–Dawley) rats were obtained from the
university breeding colony. Female rats, 12–14 weeks old,
were housed at 22 ± 2◦C with a 12 h–12 h light–dark
cycle. Body masses (mean ± SEM) were 286 ± 8 and
216 ± 4 g, respectively, for SDRs and NARs. The SDR
and NAR groups were age matched. The rats had free
access to standard laboratory rodent chow diet (Nuvital
CR1, Parana, Brazil) and water. The measurements of
experimental variables were carried out in the fed state
and/or after 20 h of fasting. Blood samples were taken from
the tip of tail for the determination of triglycerides (Roche
Diagnostics, Mannheim, Germany), total cholesterol
(Roche Diagnostics, Mannheim, Germany) and free
fatty acids (Wako chemicals, Osaka, Japan) in plasma
using colorimetric enzymatic methods according to
the manufacturer’s instructions. Plasma insulin levels
were measured by radioimmunoassay as previously
described (Scott et al. 1981), and blood glucose was
measured with a portable analyser (Accu-Chek Advantage;
Roche, Mannheim, Germany). Animals were killed by
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decapitation at the end of the study or before organ
harvesting.

Glucose tolerance test (GTT)

Fasted rats were injected intraperitoneally with glucose
(2 g (kg body weight)−1). Blood samples were taken from
the tip of the tail to determine blood glucose before (0 min)
and after the glucose injection (30, 60 and 120 min).
The glucose response to GTT was calculated as the area
under the glucose curve for each rat (Microcal Origin 8.0,
Northampton, MA, USA). Another set of animals was used
to measure plasma insulin and glucose levels at various
time points (0, 15 and 60 min) during the GTT.

Insulin tolerance test

Fasted rats were injected intraperitoneally (1.5 U (kg body
weight)−1) with human recombinant insulin (Biohulin R©;
Biobrás, São Paulo, Brazil). Blood samples were taken from
the tip of the tail before (0 min) and after the insulin
injection (4, 8, 12, 16 and 20 min) for blood glucose
analysis.

Islet isolation, static insulin secretion and islet insulin
content

Pancreatic islets were isolated by collagenase digestion of
the pancreas as previously described (Scott et al. 1981;
Ribeiro et al. 2010). For static incubations, four islets from
each group were first incubated for 30 min at 37◦C in
Krebs–bicarbonate buffer of the following composition
(mM): 115 NaCl, 5 KCl, 2.56 CaCl2, 1 MgCl2, 10 NaHCO3

and 15 Hepes, supplemented with 5.6 mM glucose and
3 g l−1 bovine serum albumin, and equilibrated with
a mixture of 95% O2–5% CO2 to give a pH of 7.4.
The medium was then replaced with fresh buffer and
the islets were incubated for 1 h with crescent glucose
concentrations (2.8, 5.6, 8.3, 11.1, 16.7 or 33.3 mM glucose)
or with 2.8 mM glucose without or with 10 mM L-leucine,
15 mM α-ketoisocaproic acid (KIC) or 30 mM KCl. At the
end of the incubation period, the insulin content of the
medium was measured by radioimmunoassay. For islet
insulin content, groups of four islets were collected and
transferred to 1.5 ml tubes. One millilitre of deionized
water was added to these samples, followed by sonication
of the pancreatic cells (three times, 10 s pulses), and the
islet insulin content was measured by radioimmunoassay.

Effects of acute correction of NAR plasma FFA
deficiency on glucose tolerance

In another study conducted in parallel (Figueira et al.
2010), we recently showed that intravascular albumin

injection into NARs elicits an elevation in NAR plasma
FFA levels over time. A complete abrogation of NAR
plasma FFA deficiency was observed 90 min postalbumin
injection. To investigate whether the acute correction
of plasma FFA deficiency rescues the high glucose
tolerance in NARs, these rats were injected with albumin
(1.3 g kg−1, intravenously) and the intraperitoneal GTT
was performed, as described above, 90 min later. Both SDR
and NAR control groups were injected with an equivalent
volume of saline (2.7 ml kg−1).

The response of liver glycogen content to short-term
fasting

The livers were harvested after decapitation of fed and
fasted rats. The fed rats had full access to food and were
killed 2 h after feeding. Other groups of fasted rats were
killed 6 or 14 h following food withdrawal. Glycogen
was measured by the phenolsulfuric method (Lo et al.
1970) in liver samples (pieces weighing 15–20 mg from
the two major lobules) after KOH digestion and ethanol
precipitation of glycogen. The content of liver glycogen was
calculated against a standard curve built with D-glucose.

Glycaemic response to pyruvate injection

The increase in blood glucose after pyruvate injection is
dependent on gluconeogenesis flux (Miyake et al. 2002).
Rats fasted for 14 h were injected intraperitoneally with
pyruvate (2 g (kg body weight)−1). A 0.333 g ml−1 stock
solution of sodium pyruvate salt (Merck, Darmstadt,
Germany) was prepared in saline immediately prior to use.
Blood glucose was measured before and after the injection
(15, 30, 60, 90, 120 and 180 min). The time to reach the
peak glycaemic value after pyruvate injection was taken as
an index of glucose augmentation rate in the blood.

Statistical analysis

Data are presented as means ± SEM. Differences among
means were assessed by unpaired Student’s t test, one-
way or two-way ANOVA, followed by the Newman–Keuls
post hoc test. The Mann–Whitney U test was used to
analyze non-parametric data shown in Figure 5B. When
multiple unpaired Student’s t tests were conducted, the
P value was corrected according to Cross & Chaffin (1982).
Correlation was assessed by the Person coefficient. The
significance level was set at P ≤ 0.05.

Results

The plasma levels of lipids, glucose and insulin from fasted
and fed rats are reported in Table 1. The NARs show higher
plasma levels of triglycerides (approximately fourfold)
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Table 1. Plasma biochemical variables in Nagase analbumi-
naemic (NARs) and control rats (SDRs)

Variable State SDR NAR

Glucose (mg dl−1) Fasting 70.4 ± 3.5 69.7 ± 2.3
Fed 97.7 ± 2.5 98.4 ± 3.8

Insulin (ng ml−1) Fasting 0.24 ± 0.06 0.29 ± 0.06
Fed 0.95 ± 0.11 1.3 ± 0.12∗

Triglycerides (mg dl−1) Fasting 78.5 ± 11.7 406.9 ± 34.3∗
Fed 59.9 ± 4.8 269.7 ± 46∗

Cholesterol (mg dl−1) Fasting 67.5 ± 5.8 215.7 ± 22.0∗
Fed 58.3 ± 6.8 191.4 ± 11.8∗

Free fatty acids (mM) Fasting 0.94 ± 0.1 0.35 ± 0.03∗
Fed 0.6 ± 0.04 0.11 ± 0.01∗

Values are means ± SEM. ∗P ≤ 0.05 versus SDR.

and cholesterol (approximately threefold) than SDRs,
irrespective of feeding state, while FFA levels were lower
in both fed (∼80%) and fasted NARs (∼66%) compared
with SDRs. Plasma glucose did not differ between NARs

and SDRs. Insulinaemia was ∼37% higher in fed NARs
than in fed SDRs (P ≤ 0.05), but there was no difference
between these groups in the fasted state (Table 1).

An intraperitoneal GTT revealed a markedly higher
(P ≤ 0.05) glucose tolerance in NARs than in SDRs
(Fig. 1A), as indicated by a nearly 60% reduction in the
area under the glycaemic curve (Fig. 1B). The insulinaemic
response during GTT was also assessed at the 0, 15
and 60 min time points. The NARs presented higher
(P ≤ 0.05) insulinaemia at 15 (threefold) and 60 min
(twofold) after the glucose load (Fig. 1C). The peripheral
insulin sensitivity, as assessed by glycaemic decay after the
intraperitoneal injection of insulin (insulin tolerance test),
did not differ between NARs and SDRs (Fig. 1D). These
data suggest that the higher glucose tolerance in NARs
compared with SDRs seems to be caused by enhanced
pancreatic insulin secretion. Therefore, we measured GSIS
rates from pancreatic islets isolated from both groups of
rats. Figure 2A shows the pattern of static insulin secretion

Figure 1. Enhanced glucose tolerance and insulin response to a glucose load but similar peripheral
insulin sensitivity in Nagase analbuminaemic rats (NARs) compared with Sprague–Dawley rats (SDRs)
Values are means ± SEM. A, blood glucose responses to the intraperitoneal glucose tolerance test (GTT).
B, areas under the curve (AUCs) for blood glucose during the GTT. C, plasma insulin levels during the
GTT. D, blood glucose response to the insulin tolerance test. ∗P ≤ 0.05 versus SDR.

C© 2012 The Authors. Experimental Physiology C© 2012 The Physiological Society

) at CAPES - Usage on June 11, 2014ep.physoc.orgDownloaded from Exp Physiol (

http://ep.physoc.org/


Exp Physiol 97.4 (2012) pp 525–533 Enhanced glucose metabolism in analbuminaemic rats 529

in response to increasing concentrations of glucose (from
2.8 to 33.3 mM). The NARs demonstrated increased
insulin secretion in response to all concentrations of
glucose tested (P ≤ 0.05). These in vitro data are in
agreement with the enhanced insulin response to the
glucose load observed in vivo (Fig. 1C). The enhanced
NAR GSIS is not due to any alteration in insulin synthesis
or storage, because islet insulin content was similar
between the groups (40.4 ± 4.2 and 39.5 ± 5.4 ng per islet
in SDRs and NARs, respectively).

In addition, we also evaluated the effect of other
insulin secretagogues, such as L-leucine, KIC or KCl, as
direct depolarizing stimuli (Fig. 2B). Leucine is known
to stimulate insulin secretion by the following two
mechanisms: first, via leucine catabolism and, second,
via allosteric activation of glutamate dehydrogenase

Figure 2. Enhanced insulin secretion from isolated NAR
pancreatic islets
A, insulin secretion rate in response to increasing glucose
concentration. B, insulin secretion rates in response to L-leucine,
α-ketoisocaproate (KIC) and KCl. ∗P ≤ 0.05 versus SDR.

(GDH), which promotes an increase in the formation of
α-ketoglutarate from glutamate (i.e. anaplerosis; Sener
& Malaisse, 1980; Kelly et al. 2002). We found higher
insulin secretion from NAR islets (P ≤ 0.05) upon leucine
stimulation (Fig. 2B). However, KIC, a product of leucine
catabolism that does not possess the GDH stimulatory
action, elicited similar stimulation of insulin secretion
in NAR and SDR islets (Fig. 2B). Thus, the higher NAR
islet responsiveness to leucine may be due to enhanced
GDH activity. In addition, the similar insulin secretion
between NAR and SDR islets in response to KIC suggests
a normal β-cell mitochondrial metabolism in NARs.
Enhanced insulin secretion was also observed in NAR islets
(P ≤ 0.05) in response to direct membrane depolarization
by KCl (Fig. 2B), a stimulus that bypasses islet nutrient
metabolism.

It is noteworthy that the levels of plasma insulin
were inversely correlated (r = –0.68, P ≤ 0.05) with
the plasma levels of FFAs when data from fed NARs
and SDRs were analysed together (Fig. 3). In an
attempt to examine the influence of FFA on glucose
homeostasis directly, a GTT was performed after acute
correction of plasma FFA deficiency by exogenous
administration of albumin to NARs. The acute abrogation
of NAR plasma FFA deficiency induced by albumin
injection as demonstrated by Figueira et al. (2010)
did not affect the enhanced glucose tolerance in NARs
(areas under the curve were 22,222 ± 765, 15,003 ± 197
and 15,090 ± 1214 mg dl−1 min, respectively, for saline-
injected SDRs, saline-injected NARs and albumin-injected
NARs, respectively), suggesting that chronic modifications
in glucose metabolism and/or insulin secretion machinery
were promoted by the long-term low-FFA environment.

Figure 3. Correlation between the levels of plasma free fatty
acids (FFA) and insulin
Data from fed SDR and NAR groups were pooled together and
analysed with Pearson’s correlation test.
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Given that NARs are more tolerant to glucose and
secrete more insulin than SDRs (Figs 1 and 2), it is
expected that substrate metabolism in these animals relies
more on carbohydrates than on fat stores. Thus, liver
glycogen depletion in response to short-term fasting was
evaluated (Fig. 4). Liver glycogen content did not differ
between NARs and SDRs in the fully fed state. Six hours
of fasting induced a nearly 40% depletion in NAR liver
glycogen stores (P ≤ 0.05), while the SDR liver glycogen
content remained unchanged at this time point. Fasting
for 14 h led to a marked depletion in both NARs and SDRs
and similar liver glycogen content in NARs and SDRs.
These data raise the hypothesis that gluconeogenesis may
also be enhanced, thereby allowing NARs to cope with
greater carbohydrate utilization. Indeed, injection of the
gluconeogenic precursor, pyruvate, into fasted rats elicited
a faster increase in blood glucose over time in NARs than
in SDRs (Fig. 5A). Peak glycaemia was attained earlier
in NARs (30 min) than in SDRs (∼120 min; Fig. 5B),
indicating a faster gluconeogenesis rate in the former. The
faster decay of glycaemia after the peak value observed
in NARs may be a consequence of enhanced islet insulin
responsiveness to high blood glucose (Fig. 1C).

Discussion

In this work, we showed that NAR, displayed improved
glucose tolerance as a consequence of enhanced GSIS
(Figs 1C and 2A). The enhanced GSIS from isolated
NAR pancreatic islets was elicited by both metabolic
and depolarizing stimuli (Fig. 2B). Increased in vivo fed
insulinaemia was correlated inversely with FFA plasma
levels (Fig. 3). Peripheral insulin sensitivity was not altered

Figure 4. Faster liver glycogen depletion in response to
short-term fasting in NARs
Liver glycogen content was measured in different sets of rats in the
fully fed state and after 6 or 14 h fasting. Bars not sharing the same
symbol are different from each other (P ≤ 0.05).

with high plasma triglyceride and low FFA availability
(Fig. 1D).

Glucose intolerance associated with metabolic diseases
can be improved by interventions such as weight loss,
exercise or pharmacotherapy (Matthaei et al. 2000),
but very few conditions/interventions are associated
with improved glucose tolerance above that found
in healthy individuals. An example is exercise-trained
individuals, who exhibit enhanced glucose tolerance
above normal individuals (Wirth et al. 1981). Generally,
the interventions that improve glucose tolerance, in
health or in disease, do so mainly by increasing insulin
sensitivity in target tissues, with no involvement or mild
involvement of pancreatic insulin secretion (Matthaei
et al. 2000). Another important point is that only
rare metabolic states, such as insulinoma (Marks &
Samols, 1968), hypothalamic obesity syndrome (Lustig,
2002) and congenital hyperinsulinaemia (Otonkoski et al.
2003), present enhanced islet insulin secretion above the
peripheral tissue needs. These are unhealthy, abnormal
states associated with enhanced insulin secretion in
response to glucose or other stimuli (e.g. glucagon,

Figure 5. Blood glucose response to intraperitoneal injection of
the gluconeogenic precursor, pyruvate (2 g kg−1)
A, mean ± SEM of glycaemia expressed as a percentage of the
pre-injection value. B, mean ± SEM of the time to achieve peak
glycaemia after pyruvate injection. ∗P ≤ 0.05 versus SDR at the
same time point (panel A). #P < 0.05 versus SDR (the Mann
Whitney U test was used for data in panel B)..
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pyruvate), often resulting in hypoglycaemic crisis (Marks
& Samols, 1968; Otonkoski et al. 2003). The enhanced
insulin secretion in NARs may be the first evidence of a
positive compensatory adaptation of pancreatic islets to
cope with a whole-body oxidative fuel limitation. Low
plasma FFA availability in NARs could shift substrate
partitioning towards carbohydrates (Randle et al. 1963).
Indeed, our results show greater NAR liver glycogen
depletion (Fig. 4) and enhanced gluconeogenic flux
(Fig. 5) in response to fasting, relative to control SDRs.
These data support the hypothesis that NAR energy
metabolism relies more on carbohydrates than on FFAs.
In addition, a previous study showed that carbohydrate,
but not fat, feeding can extend the survival of NARs
maintained in a cold environment (Kawaguchi et al. 1986);
therefore, the enhanced GSIS seems to be functionally
important for NAR fuel metabolism.

Chronically high levels of plasma FFAs may cause
insulin resistance and impair GSIS (Randle et al. 1963;
Mason et al. 1999). Acute lowering of plasma FFAs is
experimentally feasible and also impairs insulin secretion
(Stein et al. 1996; Dobbins et al. 1998; Haber et al. 2003),
but models to study the effects of chronically low FFAs
are lacking. Plasma FFA deficiency in analbuminaemia
has long been recognized (Ando et al. 1980; Baldo-Enzi
et al. 1987). In this work, the acute correction of NAR
plasma FFA deficiency did not affect glucose tolerance.
It is important to highlight that the adaptations for
enhanced insulin secretion in NARs persist in the isolated
islets functioning in the ex vivo conditions (Fig. 2). These
findings suggest that NARs have developed long-term
adaptations in glucose metabolism and in insulin secretory
machinery that are not acutely reversible. Thus, the direct
investigation into the role of plasma FFA deficiency on
enhanced glucose tolerance and insulin secretion would
require a chronic correction of NAR plasma FFA deficit.
Nonetheless, an inverse statistical correlation (Fig. 3)
between plasma FFA levels and insulinaemia strengthens
the hypothesis that decreased plasma FFA levels may play
a key role in enhanced insulin secretion in NARs.

In theory, other factors could also contribute to the
higher insulin secretion, such as differences in body weight
and increased availability of fat fuel to pancreatic islets
due to hypertriglyceridaemia. It is known that overweight
animals generally present higher insulin secretion in order
to cope with increased body mass tissues or with eventual
peripheral insulin resistance. However, in the present
case, the NARs were lighter than the SDRs, although
both groups were within the normal range. Regarding
hypertriglyceridaemia, it is very unlikely that high plasma
triglycerides are powering the enhanced insulin secretion
in NARs because higher GSIS is observed in in vitro
conditions devoid of lipid substrates and because plasma
triglyceride hydrolysis and tissue uptake of lipolysis-
derived FFA are hampered in NARs owing to the lack of

albumin as an FFA acceptor (Shearer et al. 2000; Teusink
et al. 2003; Figueira et al. 2010). Overall, NARs seem
to present an inability to use fat as an energy source
(Kawaguchi et al. 1986).

Hypertriglyceridaemia is generally associated with
insulin resistance and type II diabetes (Berthezene, 1992).
In general, high plasma levels of triglycerides increase
FFA availability to tissues as a result of their peripheral
hydrolysis by lipoprotein lipase. Overexpression of
lipoprotein lipase leads to FFA oversupply to tissues
and causes cellular lipotoxicity and insulin resistance
(Ferreira et al. 2001). Thus, the relationship between
hypertriglyceridaemia and glucose intolerance may
arise because most hypertriglyceridaemias are generally
accompanied by high levels of plasma FFAs. The
unique NAR lipidaemic phenotype, i.e. simultaneous
hypertriglyceridaemia and FFA deficiency, indicates
that hypertriglyceridaemia per se does not negatively
affect glucose tolerance or insulin sensitivity. We
conclude that analbuminaemic rats exhibit enhanced
carbohydrate metabolism, namely higher glycogen
disposal, gluconeogenic flux and glucose tolerance, when
compared with control rats. The enhanced glucose
tolerance is a consequence of enhanced insulin secretion
in response to glucose and does not involve abnormal
peripheral insulin sensitivity. The molecular mechanisms
responsible for enhanced insulin secretion are not known
and deserve further investigation.
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