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Low-dose aspirin improves glucose uptake and attenuates
inflammation in rats fed high-fat diet
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Background
Type 2 diabetes (T2D) is hallmarked by insulin resistance and pancreatic gradual
islet β-cell dysfunction and hyperglycemia. Consumption of large quantities of high-
fat diet (HFD) activates the caspase-pathway. This leads to apoptotic degradation
of pancreatic β-cell and eventually progression to T2D or worsening of diabetes.
Aims
We aimed to assess the antidiabetic effects of aspirin when administered at low
doses on insulin sensitivity and glucose uptake.
Materials and methods
A rat model fed HFD has been reported as an approved model of T2D. A total of 40
animals were assigned into four groups: controlled diet, HFD, controlled diet with
aspirin, and HFD with aspirin. Hyperglycemia was confirmed by estimating the
blood glucose levels. The diabetic rats were orally treated with low dose of aspirin
20mg/kg body weight, for 70 days. At the end of the experiment, some biochemical
parameters, the oxidative stress, and gene expression levels were quantified.
Results
Current data indicated that aspirin improved different physiological and
immunological parameters. These include reduction of low-density lipoprotein
and total cholesterol and improved glucose uptake via up-regulation of GLUT4
expression. Moreover, aspirin reduced fat peroxidation and obliterated
hemeoxygenase-1-dependent fat down-regulation and reestablished the
expression of LUT4 and hemeoxygenase-1 to the basal level.
Conclusions
In conclusion, this study confirmed the anti-inflammatory effect of aspirin and
suggested that low-dose aspirin enhanced the metabolism of glucose and
increased insulin sensitivity by suppression of inflammation and oxidative stress.
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Introduction
Lifestyle interventions, genetic variations, and socio-
economic considerations are major players in the
progression of type 2 diabetes (T2D) [1–3].
Together, these factors induce free radical
production and cellular and DNA damage, which
terminally ends with gradual β-cell dysfunction,
numbness for insulin, and ultimately T2D [4].
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Interestingly, high glucose intake itself does not induce
nuclear factor kappa-B (NF-kB) in rat or human
β-cells in vitro or in vivo and consequently does not
induce β-cell apoptosis [5]. Conversely, consumption
of high amounts of fats increases blood triglycerides
(TGs) and free fatty acids (FFAs), which can cause
β-cell apoptosis via endoplasmic reticulum stress [6,7].
So, the consequence of high-fat diet (HFD) intake is
potentiating insulin insufficiency to conquer insulin
resistance and eventually T2D progression [8–10].
Moreover, chaperoned hormonal secretion variability
Wolters Kluwer - Medknow
such as reduction of the incretin glucagon-like peptide
1, as well as adiponectin and leptin secretion also
contributes to hyperglycemia and insulin resistance
[11].

Obese people predominantly have higher levels of
plasma FFAs, which were identified as the main
cause of peripheral insulin resistance and reactive
oxygen species (ROS) overproduction, which
consequently induce inflammasomes and cytokine
production. Together, these factors induce
lipotoxicity, reduction of insulin secretion, and β-cell
dysfunction [12]. Previously mentioned observations
suggest nutrients and inflammations as key
components in pathogenesis of T2D.
DOI: 10.4103/epj.epj_15_18
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Aspirin is an ideal candidate drug that can reduce the
inflammatory response in case of obese patients and can
prevent gradual decrease in insulin sensitivity, which is
a worthy demand can reduce T2D progression without
the risk of hypoglycemia [13].

Although administration of aspirin at high doses
decreased risk for pancreatic cancer and abolished
hypertriglyceridemia, long-term use causes
gastrointestinal bleeding. However, the effects of
low-dose aspirin are still a scientific and clinical
debate [14].

Considering oxidative stress a direct byproduct of
hyperglycemia, accumulation of ROS in turn causes
cytotoxic effects, so it is considered a rudimentary
source for cellular injury and microvascular and
macrovascular diseases in diabetic patients [15]. As
obese individuals have high levels of ROS,
inflammasomes, and cytokine, we tackled the effects
of using low-dose aspirin on ROS, inflammation, and
glucose uptake in obese rats.
Table 1 Experimental study design and doses of aspirin used
in the experiment

Groups Food Drug Dosage Concentration

Control diet CD – –

High-fat diet HFD – –

Control diet+aspirin CDA Aspirin 20mg/kg 5mg/mL

High-fat diet+aspirin HFDA Aspirin 20mg/kg 5mg/mL

The experimental groups were divided into four groups, with eight
rats each. First group is the control group that received control
diet (CD), the second group fed control diet in combination with
20mg/kg/day aspirin (CDA). The other groups received high-fat
diet with or without aspirin HFD and HFDA, respectively. Drug
applied according to the individuals’ body weight for 12 weeks.

Table 2 Blood lipids levels after drugs administration for 12
weeks

Variables CD HFD CDA HFDA

Body weight (g) 265±12 318±23 255±15 324±19

TG (mmol/L) 0.54
±0.02

0.81±0.04a 0.5±0.02 0.76
±0.03b,cc

HDL (mmol/L) 0.56
±0.08

0.56±0.05a 0.63
±0.06

0.63±0.07b

LDL (mmol/L) 0.23
±0.03

0.42
±0.07aa

0.2±0.03 0.3
±0.03bb,cc

TCH (mmol/L) 1.14
±0.11

1.98
±0.32aa

1.06
±0.27cc

1.77
±0.09bb

FFAs (mmol/L) 0.49
±0.05

0.88
±0.20aa,cc

0.46
±0.07

0.58±0.10b

Blood lipids profile were measured in model groups that include;
Triglyceride TG, high density lipoprotein HDL, low density
lipoprotein LDL, total cholesterol TCH and free fatty acids FFAs.
The blood lipid levels were reduced in groups treated with Aspirin
in various susceptibilities. aP< 0.05, aaP< 0.01 significant
difference compared to control group; bP<0.05, bbP<0.01
significant difference compared to HFD group; cP< 0.05, ccP<
0.01 significant difference compared to CDA.
Materials and methods
Chemicals and reagents
Aspirin

Acetyl salicylic acid was purchased from Southern
Egypt Drug Industries Company (6th October,
Egypt) and 2’, 7’-dichlorofluorescein ACS reagent
from Sigma (St. Louis, MO, USA).

Animals

A total of 40 juvenile white rats (40–50 g) were
obtained from Qena breeding center (Qena, Egypt)
and were housed in individual tub cages at 25±1°C and
12 h light/12 h dark cycle. All animals had free access to
food and water ad libitum for 1 week before being
assigned to the experimental groups. All procedures
were approved by the internal animal care and use
committee of the University of Aswan, and complied
with the guide for care and use of laboratory animals.

Diets

Standard diet consisted of 12.3% lipids, 63.3%
carbohydrates, and 24.4% proteins, and HFD
consisted of 41.5% lipids (19 g of butter oil and 1 g
of soybean oil to provide essential fatty acids), 40.2%
carbohydrates, and 18.3% proteins as described earlier
elsewhere [16].

Ethical approval
All applicable international, national, and/or
institutional guidelines for the care and use of
animals were followed.
Dietary manipulations and experimental groups
Male rats were matched by basic body weight and
allocated for 70 days under different treatments. A
low-dose aspirin (20mg/kg) daily was intragastrically
administrated as hereunder described.

Group I had control diet (CD), group II had HFD,
group III had control diet+20mg aspirin/kg/day
(CDA), and group IV had HFD+20mg aspirin/kg/
day (HFDA). First, we fed the rats with HFD to
induce obesity and insulin resistance as previously
shown [13] (Table 1).
Serum sampling
Animals were fasted for 10–12 h, anaesthetized, and
killed. Blood samples were collected, and sera were
obtained by centrifugation for 15min at the speed of
4000g at 4°C.
Biochemical assays
To assess the effect of low-dose aspirin on the levels of
glucose in the serum, insulin plasma level was assessed,
and homeostatic model assessment of insulin
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resistance (HOMA-IR) was computed from glucose
and insulin levels as previously reported [17]. TG,
total cholesterol (TCH), low-density lipoprotein
(LDL), high-density lipoprotein (HDL), and
bilirubin were determined using commercial assay
kits from the Egyptian company for Biotechnology
(Cairo, Egypt) according to the manufacture’s
instruction. Total serum FFAs were determined as
previously reported [18]. In brief, to determine the
serum FFAs, lipids were extracted from serum into
chloroform; the phospholipids were precipitated with
acetone and MgCl2 in water bath; and the FFA
concentration in the supernatant was determined by
formation of copper soaps. The copper was assayed
colorimetrically at 440 nm (Table 2).

Insulin-tolerance tests
Rats from each subgroup were inhibited from feeding
for 5–6 h at the beginning of the light period. Blood
was sampled before and 0, 30, 60, 90, and 60min after
an intraperitoneal injection of regular insulin (0.5 pool/
kg in 1ml saline), and glucose concentration was
determined with a handheld glucometer (Contour
next; Bayer Vital Co., Basel, Switzerland). Area
under the curve (AUC) and HOMA-IR values were
calculated as formerly described [19].

Determination of gene expression in skeletal muscles
Gene expression of hemeoxygenase-1 (HO-1), GLUT4,
andNF-kBwasassessed in the soleusmusclesusingqRT-
PCR studies. Reactions were done in triplicate using a
Gene Amp PCR system 400 thermal cycler (Perkin-
Elmer Corp., Norwalk, Connecticut, USA), using
specific primers as previously described [20–22], as
shown in Table 3. All data were normalized to fold
changes, using 2−ΔΔC, compared with control.

Detection of reactive oxygen species in skeletal
muscles
Levels of ROS in soleus muscles were assessed as
previously described. In brief, 2’,7’-dichlorofluorescein
dye was used as a probe, and the fluorescence was
detected at 490/520nm. The optical density (a relative
fluorescence unit) was adjusted to samples protein
concentrations and was defined as relative
fluorescence unit/μg protein [23].
Table 3 Sequence of the primers used in the qRT-PCR experiment

Target gene Forward

β-actin 5′-TCATCACTATCGGCAATGAGCGGt-3′
GLUT4 5′-AATGAGCGGTTTGAATGGGACCTG-3′
NF-kB 5′-CATGCGTTTCCGTTACAAGTGCGA-3′
HO-1 5′-CGTGCAGAGAATTCTGAGTTC-3′

HO-1, hemeoxygenase-1; NF-kB, nuclear factor kappa-B.
Statistical analysis
Data were analyzed by parametric statistics (analysis of
variance and repeated measures analysis of variance and
t tests, with Tukey’s test used as appropriate) as
described for each experiment, with set at P value
less than 0.05, two-tailed.
Results
Effects of low-dose aspirin on body weight
The group that was fed HFD exhibited a severe gain in
body weight when compared with those of the CD
group. The group at 6 weeks after HFD feeding
reached a statistical difference significance (P≤0.01)
relative to control. However, aspirin gavages for 12
weeks for HFDA and CDA groups showed no
difference when compared with nonaspirin gavaged
rats for HFD and CD groups (P<0.7358 and
<0.3376, respectively).
Effects of low-dose aspirin on lipid profile
Currently, displayed data showed that HFD elevated
basal plasma FFAs levels by 1.8 fold, and this elevation
was diminished 1.2 and 1.5 times in HFDA and CDA,
respectively. During the experiment, the plasma FFA
levels in fat feeding groups were 80% higher in
comparison with those in the CD group (P≤0.001).
Although there were no significantly changes in CD
and CDA aspirin-treated groups, the FFAs levels were
decreased 34% in HFDA relatively to HFD group
(P≤0.01), as shown in Table 2.

The high-fat intake was accompanied with
hyperlipidemia that included increase in serum TG,
TCH, and LDL, whereas no change in the levels of
HDL. However, aspirin slightly improved the levels of
HDL and reduced the levels of LDL by 12% as well as
the levels of TG, TCH, and LDL.

Generally, theHFD group showed a noteworthy rise in
most blood lipid indexes in comparison with the
control group (P<0.001). On the contrary, the
HFDA group showed slightly improvement in the
lipid profile compared with CD and CDA, as
shown in Table 2.
s

Reverse References

5′-ACAGCACTGTGTTGGCATAGAGGt-3′ [20]

5′-AACCGCCCTGTCTCTGTCATCTA-3′ [20]

5′-TGGGTGCGTCTTAGTGGTATCTGT-3′ [21]

5′-AGACGCTTTACGTAGTGCTG-3′ [22]
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Low-dose aspirin improves insulin sensitivity
We found that low-dose aspirin in control groups had
no observed effect on the level of glucose, because the
difference between control and aspirin-treated groups
were not significant as expected (Fig. 1). However, a
significant effect can be observed between CD and
HFD groups shown by Oral Glucose Tolerance Test
curve (Fig. 2), and it seems the difference is owing to
high-fat intake, not aspirin administration.
Meanwhile, AUC is significantly higher in HFD
when compared with HFDA (P≤0.001), and CD
group was less significant (P≤0.01) compared with
CDA group.
Fig. 1

Plasma insulin (a), glucose (b), area under curve (c) and homeostatic mo
as previously described. Data are presented as mean±standard error of
CDA, control diet+20mg aspirin/kg/day; HFD, high-fat diet; HFDA, HFD
Serum insulin level was higher in the HFD group when
compared with the HFDA group (P≤0.03) and much
lower in CDA when compared with CD group
(P<0.001) (Fig. 1). Moreover, HOMA-IR showed
that HFD group showed 55 and 45% higher insulin
resistance than CD and HFDA groups, and CDA has
shown 42, 62, and 46% lower resistance than CD,
HFD, and HFDA, respectively.
Aspirin ameliorates GLUT4 production in skeletal
muscles
Transcriptional data indicated that aspirin enhances
the GLUT4 expression in HFDA and CDA groups
del assessment of insulin resistance (d) were measured or calculated
the mean. *P<0.01; **P<0.01; and ****P<0.0001. CD, control diet;
+20mg aspirin/kg/day.



Fig. 2

Oral Glucose Tolerance Test (OGTT). Insulin curve of OGTT in rats fed control diet only (CD) or with aspirin (CDA), high-fat diet only (HFD) or
combined with aspirin (HFDA).CD group showed no response to insulin when compared to HFD group, while CDA group showed greater
response to insulin injection #P<0.05, ##P< 0.01. Group fed high fat showedmoderate response and HFD group showed the lowest response to
insulin *P< 0.05, **P< 0.01. Data are presented as mean±standard error of the mean.
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about 2.66 and 1.16 folds in comparison with their
compartments, respectively (Fig. 3a).
Aspirin ameliorates high-fat diet-induced reactive
oxygen species and suppresses activation of nuclear
factor kappa-B
Data revealed that HFD group showed 1.46 fold
increasing in NF-kB of the muscle in comparison
with HFDA (P≤0.0392). It is worthwhile, noting
that the level of NF-kB of the HFDA with aspirin
has been restored to the basal levels as in CD group
(P≤0.9789), suggesting a great sensitivity of NF-kB
toward aspirin treatment (Fig. 3b).

As shown in Fig. 3c, HFD induced ∼45% elevation of
serum malondialdehyde (MDA) level, whereas aspirin
gavages completely reversed this elevation to
approximately the basal levels of MDA in CD group
(P≤0.9142). Furthermore, the ROS level was increased
in the skeletal muscle of HFD-fed rat∼1.45-fold when
compared with that in the CD rat. Aspirin
administration decreased muscular ROS content to
the level that was comparable with that in the CD
rat (Fig. 3d). Furthermore, aspirin treatment abolished
muscular ROS content in comparison with HFD.
Low-dose aspirin induces hemeoxygenase-1 activity
In the control group that received aspirin for 12 weeks,
HO-1 mRNA levels were slightly changed in
comparison with CD group (P<0.05). However, in
the HFD group, the levels increased ∼1.4 times
compared with HFDA group (P≤0.001) as shown
in Fig. 4a. Furthermore, we analyzed bilirubin as an
indicator for HO-1 activity in skeletal muscles [24].
However, HFD showed 30% lower bilirubin in
comparison with CD (P<0.0001), and
administration of aspirin increases bilirubin levels by
29% compared with HFD group (P≤0.0001) displayed
in Fig. 4b. Together these results evidenced that HFD
downregulated HO-1 activity, and low-dose aspirin
can restore HO-1 to its basal levels. Therefore, aspirin
has a potential protective effect against tissue insult by
activation of HO transcription and by exerting
antioxidative effects.
Discussion
Aspirin is one of the most commonly consumed drug
among NSAIDs and is characterized by high
antioxidant selectivity [25]. Obesity is a common
health problem that is determined by several factors,
including modus vivendi like physical inactivity and
HFD intake [26]. It was reported that levels of TGs
were reduced in obese man and rodents upon treatment
with aspirin at high doses [27,28]. Conversely, it can
cause gastrointestinal bleeding over long-term use [29].
However, so far, the mechanistic effects of low-dose
aspirin on glucose uptake are still poorly understood.

In the present study, we addressed the changes in lipid
profile and total FFAs in plasma of groups treated with
HFD with or without aspirin. Our data confirm that



Fig. 3

(a) Gene expression, MDA, and ROS in skeletal muscles. Low-dose aspirin restored GLUT4 to its approximate basal levels. (b) Gastrocnemius
muscle NF-kB relative expression to beta-actin had the highest level in HFD group, which was reduced by aspirin treatment. (c) Gastrocnemius
muscleMDAwas evaluated, showing higher levels in the HFD. (d) Gastrocnemiusmuscle ROSwas evaluated showing higher levels in the HFD.
The results are presented as the mean±SE (n=8). To compare subgroup of the same treatment *P<0.05, **P<0.01, and ***P<0.001 and to
compare with control #P<0.05, ##P<0.01, and ###P<0.001. CD, control diet; CDA, control diet+20mg aspirin/kg/day; HFD, high-fat diet; HFDA,
HFD+20mg aspirin/kg/day; NF-kB, nuclear factor kappa-B; ROS, reactive oxygen species.
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HFD worsens lipid profile by increasing LDL, TCH,
and TG, in addition decreasing HDL levels in the
plasma. On the contrary, aspirin treatment improves
hypertriglyceridemia by reversing variables and reduced
them approximately to the basal levels. These
improvements in lipid profile are in consensus with
former observations that indicated recovering from
normal levels of plasma lipids subsequent to aspirin
treatment in patients with T2D and in mice fed HFD
[30].

A great reduction in FFAs has been recorded in the
skeletal muscles upon treatment with low dosages of
aspirin. This reduction in FFAs, which is a major link
between obesity, insulin resistance, and T2D
progression, is an indicator for the ameliorative
outcome of aspirin in reduction the risk for insulin
resistance and progression of T2D.

To test the hypothesis whether aspirin improves insulin
sensitivity, levels of plasma insulin and glucose were
measured and HOMA-IR was computed
mathematically. It was observable that aspirin has a
lowering effect on the level of glucose and this is owing
to reducibility of aspirin on insulin levels and insulin
resistance as shown by the decreased AUC and
HOMA-IR. Together, these data indicated that
aspirin gavages improved insulin sensitivity, reduced
levels of serum insulin, and might have enhanced
glucose uptake by the skeletal muscles [27,31,32].



Fig. 4

(a) Changes in HO-1mRNA and levels of plasma bilirubin. HO-1mRNAwas decreased in HFD compared with CD, and aspirin ameliorates HO-1
activity. (b) Plasma bilirubin was decreased in HFD compared with CD, and aspirin ameliorates bilirubin activity. Data represent the mean±SE.
*P<0.05, **P<0.01 and ***P<0.001. CD, control diet; CDA, control diet+20mg aspirin/kg/day; HFD, high-fat diet; HFDA, HFD+20mg aspirin/kg/
day; HO-1, hemeoxygenase-1.
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It would be interesting to elucidate the mechanism by
which aspirin reduces the glucose clearance; therefore,
we test GLUT4 transcription in skeletal muscles, the
protein that allows glucose entry into muscle and
adipose cells in presence of insulin in a cGMP-
dependent mechanism [33]. It is noteworthy to
mention that HFD reduces GLUT4 transcription
and prevents its exocytosis in the skeletal muscles,
which results in decreased GLUT4 levels at the
plasma membrane and consequently prevents glucose
shuttling into the cell.

The reduction of GLUT4 secretion in our study is
matched by an increase in free radicals in rats fed HFD,
suggesting that HFD reduces GLUT4 mRNA
expression and increases free radicals activity and
eventually inhibits glucose uptake in the peripheral
tissues. In contrast to our data, Li et al. [34] suggest
that ROS induces glucose uptake via AMPK pathway.
We thought that this reduction in glucose uptake may
be a defense mechanism against ROS-induced cell
death, as release of energy by insulin is accompanied
with production of macromolar quantities of H2O2,
which triggered more free radicals and enviably leading
to cell death. Our results, in accordance with previous
reports, indicated hyperglycemia-dependent ROS
production [35].

Hyperglycemia induces various detrimental effects
through triggering oxidative stress and inflammation,
which are involved in the pathogenesis of multiple
metabolic syndromes [36]. Our data indicated
hyperglycemia was associated with hyperinsulinemia
and higher levels of NF-kB along with higher ROS
activation. These effects were abolished by
administering aspirin at low doses, and in case of
NF-kB, levels were restored to the basal levels as in
CD group, suggesting great sensitivity of NF-kB
towards aspirin treatment.

Restoring redox homeostasis induced by high-fat
intake requires activation of the antioxidative
system. HO system plays major roles in limiting
tissue injure initiated by redox disequilibrium [37].
It is a cellular stress response molecule responsible for
heme breakdown and the generation of bilirubin or
carbon monoxide [38]. Present data indicated that
HO-1 gene expression and plasma bilirubin levels in
HFD groups paralleled with reduce bilirubin levels
compared with HFDA group. Together these results
evidenced that HFD downregulates HO-1 activity,
and low-dose aspirin can restore HO to its basal
levels. Therefore, aspirin has potential protective
effects against ROS-induced tissue insults by
activation of HO to exert the antioxidative effects
[39–42].

In conclusion, raised lipid profile and oxidative stress
triggered by HFD feeding has been attenuated by
treatment with aspirin. In this study, aspirin appears
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to act as a nonenzymatic hypoglycemic agent. This
hypoglycemic action seems to drive through different
mechanisms by reducing free radical toxicity via
modulation of bilirubin and enhances glucose uptake
in skeletal muscles by upregulation of GLUT4.
Together these findings would place aspirin as the
supportive therapy for the treatment of
hyperglycemia, as well as oxidative stress-related
diseases.
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