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Coffee Consumption Attenuates Insulin Resistance and Glucose
Intolerance in Rats fed on High-Sucrose Diet
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Summary: Several epidemiological evidences indicate that consumption of coffee is associated with a lower risk of type 2
diabetes mellitus (T2DM) however; there is dearth of experimental data to support these observations. Given that
associations do not necessarily infer causality, the present study was designed to investigate the effect of coffee
consumption on glucose regulation, T2DM and the probable mechanisms of action, using an animal model. The effect of
coffee (2-fold dilution) by oral gavage on normal and high sucrose-solution (HSS) fed (30 % w/v) rats was evaluated. The
results showed that consumption of coffee significantly increase glucose tolerance and insulin sensitivity (p<0.05) along
with significant improvement in SOD and GSH activities. In addition, lipid indices such as TG and LDL as well as the
lipid peroxidation marker (MDA) were markedly reduced (p<0.05) in rats fed with coffee compared with that of the HSS
fed rats. These findings suggest that coffee consumption improves insulin sensitivity, glucose tolerance in HSS-fed rat
possibly via inhibition of oxidative stress.
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INTRODUCTION control epidemiological studies involving about
200,000 participants) indicated an inverse

Coffee is propably t_he_ most frequently_ipgested relationship between regular consumption of coffee
beverag_e worldwide as it is consumed by billions of .4 the risk of T2DM (van Dam and Hu 2005).
people in most countries of the world. The humerous Since associations do not necessarily infer

beneficial health effects of coffee consumption have o5 qality, experimental study using a representative
received considerable scientific attention (Nawrot et jispetic animal model is importantly meaningful.

al. 2003; Ranheim and Halvorsen, 2005). Studies  Ajthough a small number of these studies have been
have shown that moderate consumption of coffee is performed (Van Dam et al. 2006: Yamacuchi et al.

correlated with a lower incidence of gallstones  541(. Matsuda et al. 2011), presently, there is no
(Lindsay ,2002_; Maia and de Mendonca, 2002),  gnort of the anti-diabetic effects of coffee in diet-
Alzheimer’s disease (CBS 2012), dementia (Health  jnqiced diabetic model and its anti-oxidative

news 2012) and Parkinson’s disease (Leitzmann et al. - hyential under diabetic conditions. It is widely
1999). Coffee consumption improves short term — 1pnq; that oxidative stress is a fundamental factor in
memory (Leitzmann et al. 2002) while the tannins in the pathogenesis of types 2 diabetes mellitus
coffee may reduce the cariogenic potential of foods (Maritim et al. 2003), interestingly, coffee is a rich
by reducing plaque formation (Armstrong et al.  qo rce of antioxidant polyphenols. Thus, the
2005). ~ Similarly, —evidence obtained through  ,qtioxidant properties of coffee may contribute to its
epidemiological studies indicates that consumption of  j.4i diabetic effects. In the present study, we
coffee is consistently associated with a lower risk of  oys15yed sucrose-induced diabetic rats to investigate
Type 2 diabetic mellitus (T2DM) (van Dam et al. ¢ offects of coffee on insulin resistance and glucose
2004; Agardh et al. 2004; B'.dEI etal. 2_006)' tolerance as well as the mechanism involved taking

In a number of prospective study, it was observed 54\ antage of the antioxidant potential of coffee. The
that an inverse relationship exist between  topm model used in the present study is a more
consumption of coffee and insulin insensitivity as  jasiraple representative of the widespread diet-

well as glucose intolerance (Natella et al. 2007).  j,qyceq T2DM which is usually caused by excess
Similarly, a meta-analysis (9 prospective and 6 case- consumption of sweet foods, particularly sugar-
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sweetened beverages. Our study also reported the
effect of coffee on lipid profile.

MATERIALS AND METHODS

Drugs and chemical reagents: Regular (caffeinated)
canned coffee (Nestle Gold, UK) purchased was used
to prepare the coffee solution using distilled water.
All the other chemicals and test kits used were of
analytical grade.

Animals: Male Sprague-Dawley rats weighing 120-
150g were obtained from the Laboratory Animal
House of the College of Medicine of the University
of Lagos. Animals were housed in plastic cages with
ad libitum access to commercial rodent pellet diet
(Vital Feeds, Jos, Nigeria). The light cycle was
maintained at 12 h of dark, followed by 12 h of light.
The room temperature was maintained at 24+2 °C
and humidity of 50% - 64%. The rats were allowed to
acclimatize for a period of one week before the
commencement of the experiment. All animal
handling and experimental protocols adopted in this
study complied with the international principles for
laboratory animals as obtained in the Helsinki’s
Declaration (NIH, 1985).

Study Design: Twenty-four (24) rats were randomly
divided into four equal groups of six animals and
given water (control); diluted coffee (coffee); high
sucrose solution, (HSS/sucrose); and both HSS and
diluted coffee (suc+cof). A 2-fold dilution coffee
solution was administered to the rats; this was
prepared every second day while the undiluted coffee
was stored at -20°C until being diluted. Free access to
high sucrose solution (HSS) (30 % w/v) as drinking
water was provided to the “sucrose” and “suct+cof”
rats according to the modified method of Riberio et
al. (2005). The diluted coffee solution was
administered to the rats once daily by oral gavage and
treatment lasted for 12 consecutive weeks during
which experimental measurements were done.

Blood glucose and glucose tolerance test: The
experimental rats were fasted overnight before blood
samples were collected via tail tipping for blood
glucose measurement at 8" and 12" week of
treatment. Oral glucose tolerance test (OGTT) was
also performed to evaluate the change in glucose
concentration with an oral glucose load. For this,
experimental rats were fasted overnight for sixteen
hours (16-hr) and subsequently challenged with a
glucose load of 2 g/kg body weight. Blood glucose
levels were determined at O hr (pre-glucose
treatment) and at 30, 60, 90, 120 and 180 min (post-
glucose treatment). The area under the glucose curve
(AUCog17) Was calculated using the trapezoidal rule.
The glucose levels were measured using a complete
blood glucose monitoring system (Accu-Chek
Glucometer, Roche, Germany).

Coffee and Insulin resistance

Insulin tolerance test (ITT): ITT was performed at
the 8" and 12" week of the experiment. After sixteen-
hour (16-hr) fast, blood was collected from the tail of
the animals and used for the determination of the
baseline glucose level. Subsequently, a human insulin
solution (0.5 U/Kg BW; Human Insulatard, Novo
Nordisk) was injected intra-peritoneally. Blood
glucose levels were thereafter determined at 30, 60,
90, 120 and 180 min (post-insulin injection). The area
under the glucose curve (AUCr) was also
calculated.

Serum insulin and biochemical profile: At the end
of 12-week treatment period, the rats were fasted
overnight and sacrificed by cervical dislocation
technique, and then blood samples were drawn from
the rat’s heart. The blood samples were centrifuged at
3500rpm for 20 min to separate blood serum. The
serum insulin was estimated using the enzyme-linked
immunoassay kit (MP Biomedicals-Orangeburg,
USA). The biochemical data which include total
cholesterol (TC), triglycerides (TG), high-density
lipoprotein (HDL) and low-density lipoprotein (LDL)
were measured by an automatic blood chemical
analyzer (BT 2000 plus, Germany).

MDA level: As a marker of lipid peroxidation, the
level of malondialdehyde (MDA) in the plasma was
measured by the method of Uchiyama and Mihara
(1978) as thiobarbituric acid reactive substances
(TBARS). The development of a pink complex with
absorption maximum at 535nm is taken as an index
of lipid peroxidation.

Antioxidant activities: Oxidative analyses of the
plasma were carried out using previously described
standard methods. The reduced glutathione (GSH)
was determined using the method described by Van
Dooran et al. (1978). The GSH determination method
is based on the reaction of Ellman’s reagent 5, 5’
dithiobis (2-nitrobenzoic acid) DNTB) with the thiol
group of GSH at pH 8.0 to produce 5-thiol-2-
nitrobenzoate which is yellow at 412nm. Activity of
the SOD enzyme was also determined according to
the method described by Sun and Zigman (1978). The
reaction was carried out in 0.05m sodium carbonate
buffer pH 10.3 and was initiated by the addition of
epinephrine in 0.006N HCI. Absorbance was
recorded wusing Shimadzu recording spectro-
photometer (UV 160) in all measurements.

Statistical Analysis: Data are expressed as mean *
standard error of mean (SEM) and analysed using the
ANOVA followed by SNK post-hoc test. P < 0.05
was accepted as significant. All the analyses were
carried out using the GraphPad Instat Version 3.05
for Window Vista, GraphPad Software, San Diego
California, USA.
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RESULTS

Effects of coffee on body weight and food intake
The body weight and food intake of all rats measured
and recorded at 4™, 8" and 12" weeks were shown in
Table 1. There was no significant difference in the
final body weight among the control, coffee, sucrose
and sucrose+cof groups. Similarly, the food intake
did not differ among all the experimental groups.

Effects of coffee on glucose tolerance

To investigate the effect of coffee solution on
glucose tolerance, rats were fed with HSS in
combination with daily intra-gastric administration of
coffee solution for 12 weeks. As expected, chronic
consumption of HSS caused overt glucose intolerance
in the rat at the 8" and 12" week of treatment. During
the OGTT, there was a two fold increase in blood
glucose after 30 min of oral glucose load in control
rats; and at 60 and 120 min, there was a decrease in
blood glucose level and at 180 min, the blood glucose
level was back to baseline level. Whereas in HSS fed
rats, the increase was about three fold at 30 min and it
was sustained until 60 min; while reduction was
observed at 120 and 180 min, the hyperglycaemic
state still persisted. The HSS fed rats treated with
coffee solution behaved in a similar manner as that of
control, the blood glucose level at 30, 60, 120 min
were lower compared with HSS fed rats (Figure 1 and
2). The AUC during the OGTT in the HSS fed rats
was significantly higher than the control rats;
treatment of HSS fed rats with coffee preparation
emend HSS-induced glucose intolerance as shown by
a significantly (p<0.05) lower AUC (Figure 3).

Effects of coffee on insulin sensitivity

The results of insulin tolerance test show the changes
in blood glucose in response to insulin injection
(Figure 4 and 5). In the control group, blood glucose

Table 1: Body weight and food intake in all experimental groups

level recorded a time-dependent fall at 15 min and 30
min post insulin injection. Compared to glucose level
at 0 min, the blood glucose level was significantly
(p<0.05) lower at 30 min post-insulin timeline. At 60
min, blood glucose level showed a gradual increase
toward the baseline (pre-insulin injection) level but
does not fully return to the baseline even at 120 min
post-insulin injection. However, at 15 min post-
insulin injection, the HSS fed rats showed a transient
rise in the blood glucose level and falls to about pre-
insulin injection level at 30 min timeline. When
compared to the O min, there was no significant
(p>0.05) difference in the blood glucose level at 30
min post-insulin injection. Administration of coffee
solution to HSS fed rats attenuated the HSS-induced
insulin resistance. At both 15 and 30 min, there was a
time-dependent fall in the blood glucose level in the
HSS fed rats treated with coffee similar but less
pronounced  compared  with  control  group.
Meanwhile, the blood glucose level was significantly
(p<0.05) lower at 30 min compared with baseline
level. The AUC during the ITT in the HSS fed rats
was significantly higher than the control rats;
however, HSS fed rats treated with coffee showed a
significantly (p<0.05) lower AUC compared with
untreated HSS rats (Figure 6).

Effect of coffee on serum insulin level and lipid
indices

The serum insulin concentration was only determined
after consumption of HSS for 12 weeks (Table 2).
The result showed that HSS caused a significant
(p<0.05) increase in the serum insulin level compared
with control rats. Treatment with coffee solution
however produced a significant (p<0.05) decrease in
the insulin concentration compared with HSS fed rats

Control Coffee Sucrose Suc+Cof
Body weight (g)
Week 0 125.0+6.8 126.6 +5.4 1258+8.1 120.6 +4.2
Week 4 153.3+8.5 152.1+ 6.7 153.3+7.4 150.8 + 3.9
Week 8 175.8%6.0 171.7 #5.1 173.3+3.6 176.6 £ 3.0
Week 12 200.8 + 8.6 197.8+7.8 200.8 + 3.7 1975+8.6
Food Intake (g/100g BW/day)
Week 0 10.6 + 3.68 10.8+0.9 10.7 £ 0.6 10.8 + 0.7
Week 4 10.9+1.8 11.6+1.14 11.1+1.3 11415
Week 8 128+14 139+21 13.3+1.1 13.3+15
Week 12 126 £2.1 13.1+£1.7 128+1.4 13.3+1.1

Data are expressed as mean + SEM (n=6).

Table 2: Serum insulin, TC, TG, HDL and LDL levels in the experimental groups after 12 weeks of treatment.

Control Coffee Sucrose Suc+Cof
Insulin (pU/ml) 7.69+0.22 8.63 +0.53 12.25 +£0.51* 9.21 + 0.66"
TC (nmol/L) 1.80+0.10 1.71+0.11 2.20+0.14 2.14+0.11
TG (nmol/L) 0.35+0.03 0.32+0.06 1.43 +0.32* 0.44 + 0.06"
HDL (nmol/L) 0.89 +0.06 1.19+0.08 0.69 £ 0.02* 1.10 + 0.06"
LDL (nmol/L) 0.69 +0.03 0.65 +0.05 0.91 +0.06* 0.75 + 0.03"

Data are expressed as mean + SEM (n=6). -

multiple comparison test).
Coffee and Insulin resistance

P < 0.05 vs. Control; “P < 0.05 vs. Sucrose (One-way ANOVA followed by SNK’s

181



Niger. J. Physiol. Sci. 28 (2013): Morakinyo et al

Table 3: Level of lipid peroxidation and antioxidant enzyme activities in the different experimental groups after 12 weeks

of treatment.

Control Coffee Sucrose Suc+Cof
MDA (nmol/ml) 17.3+1.41 18.6 +1.74 37.4+3.59* 21.4+2.36"
SOD (mmol/ml) 5.45+ 0.38 5.91+0.72 1.63+0.01* 4,38 +0.23"
GSH (umol/ml) 0.62 £ 0.04 0.66 + 0.04 0.24+0.01* 0.53 + 0.03"

Blood Glucose {(mmaol/L)

Data are expressed as mean + SEM (n=6). P < 0.05 vs. Control; *P < 0.05 vs. Sucrose (One-way ANOVA followed by

SNK’s multiple comparison test).
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Figure 1: Glucose response curves during oral-glucose-tolerance

test in control and experimental rats after 8 weeks of treatment.

Each point represents the mean, n=6. *P<0.05 compared with

control group, “P<0.05 compared with sucrose group
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Figure 2: Glucose response curves during oral-glucose-tolerance
test in control and experimental rats after 12 weeks of treatment.
Each point represents the mean, n=6. *P<0.05 compared with
control group, “P<0.05 compared with sucrose group.

Table 2 also shows the serum TC, TG, HDL and LDL
levels of all experimental rats. In normal rats treated
with coffee, there was no significant (p>0.05) change
in the TC level. However, TC level was significantly
(p<0.05) increased in the HSS fed rats compared with
the control rats. Meanwhile, in HSS fed rats treated,
coffee treatment did not have an effect in reducing
the TC level significantly after 8 weeks. TG and HDL

Coffee and Insulin resistance
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Figure 3: Area-under-curve during OGTT in control and
experimental rats. Result are presented as meantSEM, n=6.
*P<0.05 compared with control group, *P<0.05 compared with
sucrose group.
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Figure 4: Glucose response curves during insulin-tolerance test in
control and experimental rats after 12 weeks of treatment. Each
point represents the mean, n=6. *P<0.05 compared with control
group, *P<0.05 compared with sucrose group
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Figure 5: Glucose response curves during insulin-tolerance test in
control and experimental rats after 8 weeks of treatment. Each
point represents the mean, n=6. *P<0.05 compared with control
group, *P<0.05 compared with sucrose group.
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Figure 6: Area-under-curve during ITT in control and
experimental rats. Result are presented as meantSEM, n=6.
*P<0.05 compared with control group, *P<0.05 compared with
sucrose group.

levels were increased (p<0.05) significantly in HSS-
fed rats compared with control rats. Consumption of
coffee by HSS-fed rats produced a significant
(p<0.05) decrease in TG and HDL levels when
compared to their respective untreated HSS fed rats.
After 12 weeks of HSS consumption, the serum LDL
level was significantly (p<0.05) higher in the HSS fed
rats compared with the control group. However,
treatment with coffee solution significantly (p<0.05)
decreased the serum LDL level compared with HSS
fed rats.

Effect of coffee on
antioxidant enzymes
The effect of the high-sucrose diet on lipid
peroxidation and antioxidant activities in plasma is
shown in Table 3. Thus, we found that the HSS
significantly (p<0.05) increased the MDA level
compared with that observed in control rats.
However, in HSS-fed rats treated with coffee, we
found a significantly lower MDA level. Moreover,
the antioxidant activities of SOD and GSH were
significantly (p<0.05) reduced in HSS-fed rats
compared with control rats while the differences were
no longer observed with coffee treatment.

lipid peroxidation and

DISCUSSION

The objective of this study was to experimentally
evaluate the effect of coffee consumption on the risk
of T2DM. The data obtained from the present study
suggest that coffee consumption attenuates the
induction of insulin resistance by high-sucrose diet in
rats. We observed that the severity of glucose
intolerance, insulin insensitivity, lipid abnormalities
and oxidative stress induced by chronic HSS diet was
ameliorated by the administration of coffee solution.

Glucose intolerance is a consequence of a
derangement of glucoregulatory control and is related
to the status of T2DM. Changes in plasma glucose
(and insulin) upon consumption of a bolus of glucose

Coffee and Insulin resistance

assessed through OGTT provides information on
small intestinal absorption of glucose, hepatic glucose
uptake and to an extent the endocrine functions of the
pancreas and  peripheral insulin  resistance
(Tuomilehto, 2002). An increased glucose response
in comparison to normal during the OGTT process is
a marker of reduced pancreatic function or insulin
resistance (Ralston, 2002). The AUCogrr was
significantly increased in HSS-fed rats but decreased
in coffee solution treated rats. Glucose response 30
min post glucose administration was significantly
reduced in rats treated with coffee solution when
compared with rat given HSS only. Furthermore,
examination of the glucose curve showed that the
decline after peak glucose level is delayed on HSS-
fed rats compared with coffee-treated rats. Our results
showed a strong negative relationship between coffee
consumption and the risk of HSS-induced glucose
intolerance.

Ingestion of meals containing starches and sugar
produces a rise in blood glucose which triggers the
secretion of insulin by pancreas. Insulin acts to
increase glucose transport, metabolism and storage
(Gould and Holman, 1993). Insulin also inhibits
glucagon secretion and lowers serum free-fatty acid
concentrations, contributing to a sharp decline in liver
glucose production (Shepherd and Kahn, 1999).
Insulin tolerance test (ITT) has been shown to be a
valuable tool to determine the basal insulin sensitivity
directly (Graci et al. 1999). Typically, when the ITT
is performed in an animal that is resistant to insulin,
blood glucose levels will not fall as dramatically
and/or will return to normal levels more quickly
compared to a normal animal. In the present study,
compared with the HSS-fed rats, plasma glucose
concentration fall considerably upon insulin injection
in rats treated with coffee solution. It is suggested
that  coffee  consumption may  modulate
glucoregulatory pathway to have enhanced insulin
sensitivity (possible) in the skeletal muscles (Champy
et al. 2004), but the exact mechanism is not
completely known.

Oxidation of fatty acid, de novo synthesis of fatty
acids and cholesterol as well as lipoprotein assembly
are essential process in lipid metabolism. These
metabolic pathways are coordinately regulated to
maintain glucose and lipid homeostasis under
physiological condition (Raddatz and Ramadori,
2007). Dysregulated lipid synthesis is considered a
major pathophysiological factor in the development
of insulin resistance and T2DM. (Dong et al. 2006).
In the present study, HSS increased TGs and LDL
whereas coffee consumption reduced the levels of
lipids. Serum concentration of HDL was also
increased in the coffee solution treated group
compared with HSS fed rats. We hypothesize that
coffee solution regulate hepatic metabolism of lipids
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and could attenuate lipid abnormalities induced by
HSS.

Excess glucose or hyperglycemia causes toxic
effects on structure and functions of many organs
including the pancreatic islet. Included in the
mechanism for glucose toxicity is the production of
excessive reactive oxygen species that result in
oxidative stress and impaired insulin secretion
(Robertson, 2004). Oxidative stress is known to be a
fundamental mechanism involved in the development
and progression of diabetes mellitus (Perez-Matute et
al. 2009). Coffee may protect against oxidative stress
- induced damage to pancreatic beta cells (Kaneto et
al. 1999; Prasad et al. 2000). In the HSS-fed group,
MDA level was elevated but was reduced in rats
treated with coffee solution; under normal conditions,
the antioxidant system maintain a low MDA level
(Cerielo and Testa, 2009). The MDA level is a widely
acceptable marker of lipid peroxidation and/or
oxidative stress. Coffee possesses a high antioxidant
capacity and is one of the major contributors to the
antioxidant capacity of diet (Halvorsen et al. 2006;
Pellegrini et al. 2007). Coffee antioxidants are
bioavailable and it has been demonstrated that coffee
consumption increases plasma antioxidant capacity
(Natella et al. 2007). In the present study, compared
with lipid peroxidation induced by HSS, antioxidants
activities was downregulated whereas coffee
consumption produced an upregulation. We therefore
hypothesized that inhibition of oxidative stress may
be one of the anti-diabetic mechanisms of the coffee
solution. However, the association between coffee
solution and oxidative stress vis a vis the complex
mixture of compounds including caffeine, and
phenolic compounds should be explored in further
experimental study.

In conclusion, the data from the present study
suggest that coffee consumption improves insulin
sensitivity, glucose tolerance in HSS-fed rat possibly
via inhibition of oxidative stress. The need to identify
the active components of coffee and the mechanism
of actions merits further investigation.
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