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RESEARCH Open Access

Fiber-free white flour with fructose offers a better
model of metabolic syndrome
Faridah Amin1 and Anwar H Gilani1,2*

Abstract

Background: The metabolic syndrome (MS) is a combination of metabolic abnormalities that lead to an increased
risk of cardiovascular diseases. Due to its rising incidence and demanding life-long use of multiple drugs, there is a
growing interest in testing and developing new allopathic, complementary and alternative therapies for controlling
or curing disorders of MS. The discovery of new therapeutic modalities requires animal models of disease and
currently available models have limitations. Developing an appropriate animal model for MS to achieve various
therapeutic targets remains a challenge and this study aims to develop a rat model which closely depicts MS in
humans.

Methodology: Rat model of MS was developed by replacing 60% of diet with fructose. Four groups of
Sprague–Dawley rats were either given whole wheat or refined flour with and without fructose for 8 weeks. Data
were analyzed on SPSS and Graphpad Prism using ANOVA with Tukey’s and Bonferonni tests for multiple group
comparison. A p-value of less than 0.05 was considered significant for differences between groups.

Results: Replacing whole wheat with refined wheat flour in rat chow in 60% fructose-fed Sprague–Dawley rats
resulted in hypertension (p 0.01), hyper-insulinemia (p < 0.001), hyperglycemia (p 0.03) and a reduction in HDL
levels (p 0.002) at 4 weeks while hyper-triglyceridemia (p 0.001) with endothelial dysfunction was observed at
8 weeks.

Conclusion: It is concluded that the refined wheat flour with 60% fructose in diet hastens the development of
metabolic syndrome in 4 weeks and replacing whole wheat flour with refined flour in diet induces a more effective
abnormality including a low HDL. Further studies may be directed to assess the associated pathological changes,
which can be used to study the effect of different therapeutic modalities on an animal model of MS with low HDL.

Keywords: Metabolic syndrome, Fructose-fed rats, Whole wheat flour, Refined/white flour, Animal model

Background
The metabolic syndrome (MS) is a combination of certain
metabolic abnormalities such as obesity, insulin resistance,
diabetes, dyslipidemia and hypertension, which in com-
bination are associated with a risk of coronary heart dis-
ease, stroke, and cardiovascular mortality greater than that
of each abnormality [1].
Over the past two decades, the incidence of MS is

rising. According to the Centers for Disease Control
and Prevention, approximately 34% of American adults

meet the criteria for MS [2]. Up to one-fourth of the
European and South Asian adults have MS [3].
Despite the rising incidence, there is limited success to

treat MS with available chemical drugs; hence more
studies are warranted in the search of more efficacious
and safer remedies.
Diet is a major factor in metabolic syndrome [4]. It is

generally recommended that patients with MS should
consume a diet with less saturated fat; increased vegeta-
bles, legumes, fruit and food with a low glycemic index
and high fiber content [5]. There is also an ample evi-
dence that consumption of more refined carbohydrates
than cereal and whole grains is associated with a higher
incidence of Diabetes mellitus [6], dyslipidemia [7], MS
[8] and coronary heart disease (CHD) [9]. Similarly,
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whole grains which include wheat flour bran have not
only been shown to increase the bioavailability of essen-
tial minerals in rats [10] but also have a favorable effect
on diabetic patients [11,12], metabolic markers [13],
CHD [14], ischemic stroke [15] and total mortality [16].
In animal studies, whole grain wheat flour has been

shown to produce metabolic changes, some of which
may protect the organism against oxidative stress [17].
Although a study done two decades back showed favor-
able effects of white flour as compared to whole wheat
flour on cholesterol levels in rats [18] but abundant lit-
erature on humans has clarified the fact that consuming
white flour is associated with dyslipidemia [19].
Drug discovery and development depends on using

animal models of disease before drugs are allowed for
clinical trials. Besides genetic models of MS, such as the
obese Zucker rat, MS is induced in rats through various
protocols, which include administration of sucrose or
fructose in diet. Various studies have shown induction of
features of MS including hyper-triglyceridemia, hyper-
insulinemia, hypertension and hyperglycemia when
Wistar or Sprague–Dawley rats were given 60-66% fruc-
tose for 4–8 weeks [20-22]. A study comparing different
protocols using fructose for induction of MS found that
60% fructose diet is a more effective way for induction
of MS in rats than drinking 10% fructose solution [23].
In these studies, standard rat chow was used which in-
cludes whole wheat flour as a major component. Indu-
cing MS by using existing animal models has limitations
also because it does not induce an abnormality in HDL,
which is an essential component of MS.
Refined or white flour as compared to whole wheat

flour, known to increase postprandial glycemia, is hy-
pothesized to induce signs of metabolic syndrome in rats
more effectively and in a shorter period of time. There-
fore, this study aims to compare the effects of replacing
refined wheat flour with whole wheat flour to diet, in de-
velopment of metabolic syndrome and to see, if it also
induces endothelial dysfunction in fructose fed rats. Al-
though there are ample data on this in human subjects,
but to the best of our knowledge the effect of whole
wheat flour and white flour in induction of MS in rats
has not been compared previously especially the effect
of refined flour in reducing the HDL levels.

Results
The weight gain, fluid and diet intake were similar among
groups at 8 weeks. All other variables were not signifi-
cantly different between groups at baseline (Table 1).
At 4 weeks (Table 2), the BP of whole wheat flour with

fructose (p 0.01) and refined wheat flour with fructose
group was significantly higher than their respective con-
trols (p 0.006). There was no change in serum choles-
terol, TGL, LDL and CRP between groups (p > 0.05).

FBS (p 0.005) while serum insulin level (p < 0.001) was
significantly higher in refined wheat flour with fructose
group. Interestingly, the HDL was significantly lower in
refined wheat flour with fructose as compared to whole
wheat flour with fructose-fed group (p 0.014).
At 8 weeks (Table 3), the BP remained high only in the

fructose-fed refined wheat flour group compared to con-
trol (p 0.008). The FBS and serum insulin levels remained
raised in fructose-fed refined flour group (p < 0.001),
whereas, the whole wheat flour with fructose group al-
though had a raised FBS level than its control (p 0.02),
failed to show a difference in insulin levels (p > 0.05). The
cholesterol levels did not differ significantly between
groups, although the variable as a whole was significant (p
0.049). Due to a significantly low HDL in refined wheat
flour with fructose and without fructose (p <0.001), as
compared to whole wheat flour groups, the total choles-
terol/HDL ratio was significantly raised in refined flour-
fed with (p 0.02) and without fructose groups (p 0.002).
The triglycerides level at 8 weeks was also significantly
higher in refined flour fructose-fed rats than in control
group (p < 0.001).
Figure 1 shows the dose-dependent inhibition of PE

(1 μM)-induced endothelial resistance with ACh in
percentage after a pre-contracted vascular preparation
with intact endothelium. At ACh doses of 0.03 μM and
above, fructose-fed groups with refined wheat and whole
wheat flour were significantly different from each other
(p < 0.001). At ACh doses of 0.3- 100 μM, all the groups
were significantly different from each other (p < 0.001)
except the whole wheat flour and whole wheat flour with
fructose group, which did not show any difference up to
ACh dose of 3 μM.

Discussion
The results of our study show a hastened development of
metabolic syndrome at 4 weeks with the use of refined
wheat flour with 60% fructose in diet. High fasting serum
insulin levels and a raised blood pressure developed and
persisted at 4 weeks and 8 weeks respectively, whereas
cholesterol/HDL ratio and hyper-triglyceridemia were sig-
nificantly raised at 8 weeks. More importantly, there was
evidence of endothelial dysfunction especially in groups
treated with refined flour when the rats were sacrificed at
8 weeks. These results highlight how the use of refined
wheat flour rather than whole wheat flour can negatively
alter the metabolic profile in Sprague–Dawley rats in a
few weeks. This may be due to a protective effect of whole
wheat against oxidative stress, as seen in the past [17,24].
It is also hypothesized that the beneficial effects of whole
grain flour are mediated by an improved insulin sensitiv-
ity, which can be partially explained by the lower glycemic
indices of whole wheat flour in comparison to its fiber-
depleted analog which is refined flour [25].

Amin and Gilani Lipids in Health and Disease 2013, 12:44 Page 2 of 6
http://www.lipidworld.com/content/12/1/44



The weight, diet and fluid intake was similar among the
groups, which is consistent with other studies reporting
that a 60% fructose without a high fat diet does not lead
to weight gain or adiposity as compared to controls
[26,27]. It is also known from previous studies that obesity
or adipocyte hypertrophy is not the only cause of insulin
resistance/hyper-insulinemia [4]. Studies have shown that
a high fat and high sugar diet can lead to insulin resist-
ance, while defects in the insulin-signaling pathway have
been reported with a high fat diet [28]. There is also report
showing that out of the two aspects of a high fat and sugar
diet, the refined sugar causes greater toxicity than the high
fat content during glucose tolerance tests [29]. Besides,
epidemiological studies revealed that increased consump-
tion of whole grains due to its fiber content is associated
with lower fasting insulin concentrations and glycaemic
response [11].
It is known that high fructose feeding to rats is associ-

ated with oxidative stress and inflammatory response
demonstrated by an increase in reactive oxygen species
production by polymorphonuclear leukocytes and tissues
and an increased plasma levels of IL1 and IL6 [30,31].

C-reactive protein (CRP) is an acute-phase protein se-
creted by the liver and it is used as a marker for subclin-
ical inflammation and CVD risk but the link between CRP
and insulin resistance remains unclear [24]. It is not clear
whether dietary fructose alone can lead to a raised CRP in
rats but dietary fiber intake is shown to be inversely corre-
lated with serum CRP concentration [32]. In our study, al-
though there was no significant difference between CRP
levels among groups (p > 0.05) but CRP was found to be
lower in whole wheat flour-fed group at 8 weeks, although
the difference was insignificant (p > 0.05).
Endothelial dysfunction is also a pro-inflammatory

state [33] and endothelium-dependent relaxation has
been shown to be depressed in fructose-fed animal
models with hypertension [34,35]. Our study showed
similar results with enhanced endotheliopathy in rats,
which were fed with combination of fructose and refined
flour. Moreover, the rats fed on refined wheat flour with
or without fructose had none or less dose-dependent
endothelial relaxation respectively than rats which were
fed whole wheat flour. In humans, whole grain con-
sumption is known to reduce BP [36]. Similarly, in our

Table 1 Comparison of baseline parameters of metabolic syndrome among different groups

Parameters of metabolic
syndrome

Whole wheat flour diet Refined wheat flour diet Fructose and whole wheat
flour diet

Fructose and fefined wheat
flour diet

BP (mmHg) 133 ± 2.86 125 ± 5.9 129 ± 2.23 124 ± 4.49

FBS (mg/dl) 112 ± 5.9 105 ± 6.63 108 ± 5.1 107 ± 9.25

Chol (mg/dl) 68 ± 4.9 58 ± 7.5 60 ± 5.17 58 ± 5.08

TGL (mg/dl) 37 ± 2.38 41 ± 1.8 48 ± 3.78 35 ± 1.54

LDL (mg/dl) 11 ± 1.24 14 ± 1.77 9 ± 0.88 14 ± 2.85

HDL (mg/dl) 58 ± 3.8 65 ± 3.44 54 ± 3.59 66 ± 4.64

CRP (mg/dl) 0.17 ± 0.007 0.12 ± 0.007 0.13 ± 0.008 0.16 ± 0.01

Insulin (ng/dl) 2.5 ± 0.34 2.7 ± 0.59 1.9 ± 0.46 1.4 ± 0.36

Blood pressure (BP), Fasting blood sugar (FBS), Total cholesterol (Chol), Triglycerides (TGL), Low density lipoproteins (LDL), High density lipoproteins (HDL),
C- reactive protein (CRP) and serum insulin expressed as Means ± SEM.
No significant difference was found between groups at p of 0.05.

Table 2 Effect of different diets on parameters of metabolic syndrome at 4 weeks

Parameters of metabolic
syndrome

Whole wheat flour diet Refined wheat flour diet Fructose and whole wheat
flour diet

Fructose and refined wheat
flour diet

BP (mmHg) 136 ± 3.78ab 125 ± 2.65ab 154 ± 3.78c 145 ± 4.54ac

FBS (mg/dl) 95 ± 8.02a 100 ± 12.05a 121 ± 10.9ab 156 ± 10.1b

Chol (mg/dl) 69 ± 5.28a 69 ± 5.97a 67 ± 3.98a 60 ± 2.57a

TGL (mg/dl) 38 ± 2.40a 36 ± 3.87a 38 ± 2.17a 41 ± 3.97a

LDL (mg/dl) 13 ± 1.77a 12 ± 1.91a 16 ± 1.69a 12 ± 1.52a

HDL (mg/dl) 54 ± 4.89a 48 ± 4.57a 60 ± 3.2ab 40 ± 3.39ac

CRP (mg/dl) 0.17 ± 0.018a 0.20 ± 0.014a 0.14 ± 0.01a 0.15 ± 0.01a

Insulin (ng/dl) 3.2 ± 0.54a 4.9 ± 0.84a 2.6 ± 0.49a 14.8 ± 1.87b

Blood pressure (BP), Fasting blood sugar (FBS), Total cholesterol (Chol), Triglycerides (TGL), Low density lipoproteins (LDL), High density lipoproteins (HDL),
C-reactive protein (CRP) and serum insulin expressed as Means ± SEM.
abc Within rows, between control and treated animals, means with different superscript letters differ significantly (p < 0.05).
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study, the protection conferred by whole wheat on blood
pressure at 8 weeks may be due to the high magnesium
content in whole wheat flour, which is known to possess
a calcium antagonist activity [25], in addition to its fiber
content, which also has a role in reduction of blood
pressure [37].
More importantly, previous studies have proposed con-

sumption of a high-carbohydrate, high-fat diet by normal
rodents to be an adequate rodent model to mimic the hu-
man metabolic syndrome and for testing potential thera-
peutic interventions [38]. These studies have shown that
administration of fructose in diet with regular rat chow,
which has whole wheat as a major constituent, leads to an
increase in HDL along with other lipids [23,39]. Even the
Zucker rats, which is a genetic model of metabolic

syndrome has been shown to have an increased HDL,
when fed with a high fat diet [40], which is a major limita-
tion in the development of dyslipidemia. HDL is the pre-
dominant lipoprotein in rats [41,42], thus, it is not worth
exploring changes in LDL levels in rats with different diets
or therapeutic agents.
Fructose with whole wheat chow did not lead to a re-

duction in HDL level probably because whole wheat
flour is already known to have a protective effect on
cholesterols without lowering HDL [43]. Moreover,
among healthy people, a high refined-carbohydrate diet
has been shown to reduce HDL [7]. Keeping in view the
fact that a low HDL level is an essential component of
metabolic syndrome in humans [44] and insulin resist-
ance is strongly associated with a low HDL level [45],
our attempt was to develop a model ensuring an abnor-
mality in HDL levels also.
In this study, a low HDL in the fructose with refined

wheat flour diet also lead to an increase in total choles-
terol/ HDL ratio, which is considered to be an indicator
of an increased risk of coronary heart disease [46].
Besides, this model showed quicker development of fea-

tures of metabolic syndrome at 4 weeks. In previous stud-
ies, the period of fructose administration applied has been
non-standard from 4–8 weeks to several months [23]. Pre-
vious studies have also shown that long-term fructose feed-
ing induces mild insulin resistance without an elevation in
blood pressure [47], which could be due to a protective ef-
fect of whole wheat in rat chow. Also different experimen-
tal designs for fructose administration in rats have shown
to induce variable physiological responses [23].

Conclusion
This study highlights an important finding and proposes a
rat model of metabolic syndrome in 4 weeks with 60%
fructose in diet replacing whole wheat flour with refined
flour as a major constituent. This animal model may bet-
ter translate MS in humans associated with hypertension,

Table 3 Effect of different diets on parameters of metabolic syndrome at 8 weeks

Parameters of metabolic
syndrome

Whole wheat flour
diet

Refined wheat flour
diet

Fructose and whole wheat
flour diet

Fructose and refined wheat
flour diet

BP (mmHg) 133 ± 4.63a 134 ± 4.72a 149 ± 6.98ab 162 ± 5.4b

FBS (mg/dl) 111 ± 5.37a 101 ± 9.0a 149 ± 7.29b 159 ± 11.24b

Chol (mg/dl) 67 ± 2.22a 51 ± 7.24a 68 ± 4.64a 68 ± 2.74a

TGL (mg/dl) 46 ± 4.32ab 47 ± 3.15a 64 ± 11.7ab 65 ± 2.27b

LDL (mg/dl) 13 ± 1.60a 20 ± 1.68b 17 ± 1.58ab 22 ± 1.62b

HDL (mg/dl) 57 ± 3.19a 24 ± 1.64ab 48 ± 4.1a 26 ± 2.85ab

CRP (mg/dl) 0.15 ± 0.01a 0.24 ± 0.03a 0.22 ± 0.02a 0.23 ± 0.02a

Insulin (ng/dl) 3.6 ± 0.54a 7.13 ± 0.76a 7.3 ± 1.45a 16.0 ± 1.86b

Blood pressure (BP), Fasting blood sugar (FBS), Total cholesterol (Chol), Triglycerides (TGL), Low density lipoproteins (LDL), High density lipoproteins (HDL),
C-reactive protein (CRP) and serum insulin expressed as Means ± SEM.
ab Within rows, between control and treated animals, means with different superscript letters differ significantly (p < 0.05).
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Figure 1 Comparative effect of different diets on endothelial
function. Comparative effect of different diets on endothelial
function measured in terms of alteration in the Acetylcholine (ACh)
induced vasodilator effect constructed against phenylephrine (PE,
1 μM) induced sustained vascular contraction in rats. A dose
dependent significant difference was seen between refined wheat
with fructose and whole wheat with fructose groups as the ACh
dose was increased from 0.03- 100 μM.
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endothelial dysfunction, hyper-riglyceridemia, insulin re-
sistance and a low HDL, thus offering a better model of
MS. Moreover, this model also allows studying, thera-
peutic effects of test substances on dyslipidemia including
a low HDL level. Further studies are required to study the
pathological changes and to assess the extended effects of
different dietary constituents on MS.

Methods
Handling and use of animals was strictly in accordance
with the Office of Laboratory Animal Welfare policy [48]
and the protocol used in this study was part of PhD pro-
posal of Ms Farida Amin, which was approved by the Aga
Khan University in an open defense held on March 09,
2012. Male Sprague–Dawley rats weighing 150–200 gms,
housed at the Aga Khan University animal house, Karachi
and maintained at 23-25°C were given diet and tap water
ad libitum. The following four groups were made (6 rats/
group): controls on regular diet with whole wheat flour,
controls on regular diet with refined (white) wheat flour,
60% fructose in diet with whole wheat flour and 60% fruc-
tose in diet with refined wheat flour.
The diets of 2 groups which were not fed fructose

contained 60% whole wheat flour or refined wheat flour.
Other constituents were 20% proteins, 15% fats, salt, vi-
tamins, minerals and potassium metabiphosphate. The
diet of the fructose-fed groups contained 60% fructose in
addition to the above diet mixtures after preparation.
Weight and fortnightly Blood Pressures (BP) were mea-

sured by tail cuff method as described previously [49].
Blood was drawn by tail venipuncture. Fasting serum insu-
lin, serum fasting blood sugars (FBS), C-reactive protein
(CRP), serum cholesterol (Chol), low density lipoproteins
(LDL), high density lipoproteins (HDL) and triglycerides
(TGL) were measured at baseline, 4 and 8 weeks of inter-
vention. Tests were performed on Cobas c111 [50-52]. In-
sulin was quantified by ELISA (crystal chemicals) [53]. At
the end of experiment, rats were sacrificed after anesthe-
tizing them with ethyl ether and blood samples at 8 weeks
were drawn by cardiac puncture.
To assess endothelial function, a thoracotomy was

performed after adequate anesthesia, to isolate the descend-
ing thoracic aorta, which was then placed in Kreb’s solution
containing (in mM) NaCl 118.2, NaHCO3 25.0, CaCl2 2.5,
KCl 4.7, KH2PO4 1.3, MgSO4 1.2, glucose 11.7 (pH 7.4)
aerated with a mixture of 95% oxygen and 5% CO2.
In a petri dish, the adherent fat and connective tissue

were gently removed, and the aorta was sectioned into
2-mm segments. The instrument was calibrated and the
aortic segments were mounted on hooks attached to iso-
metric force sensors, and placed into 5 ml temperature
controlled, tissue baths with Krebs’s solution, with a con-
tinuous supply of oxygen. The transducer output was con-
tinuously recorded on a computer with chart pro software

and the vessels were allowed to equilibrate for 45 min.
Then, the arteries were constricted with phenylephrine
(PE1 μM), Sigma, St. Louis, MO and allowed to achieve
maximum constriction. Acetylcholine (ACh) (Sigma) was
then added in incremental log concentrations from 0.01
to 100 μM for determination of endothelium-dependent
relaxation in percentage [54].
Data were analyzed on SPSS version 19.0 and Graphpad

Prism version 5 and expressed as means ± SEM (Standard
error of mean). One way ANOVA was used to compare
the means between groups followed by Tukey’s test for
multiple comparisons. Bonferonni’s test was used to com-
pare endothelial relaxation at different doses of ACh. A
P-value of < 0.05 was considered significant for a differ-
ence between groups.
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C-reactive protein; FBS: Fasting blood sugars.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
FA participated in developing protocol, data collection, data analysis and
interpretation of data and writing manuscript. AHG contributed in
conception, co-ordination, supervision and design of the study, acquisition
of funding and critically revising the manuscript. Both authors read and
approved the final manuscript.

Acknowledgements
We thank Pakistan Science Foundation for the partial funding support.

Received: 14 November 2012 Accepted: 19 March 2013
Published: 28 March 2013

References
1. Isomaa B, Almgren P, Tuomi T, Forsén B, Lahti K, Nissén M, Taskinen MR,

Groop L: Cardiovascular morbidity and mortality associated with the
metabolic syndrome. Diabetes care 2001, 24(4):683.

2. Ervin RB: Prevalence of metabolic syndrome among adults 20 years of
age and over, by sex, age, race and ethnicity, and body mass index:
United States. National Health Statistics Reports 2009, 13:1–8.

3. Grundy SM: Metabolic syndrome pandemic. Arterioscler Thromb Vasc Biol
2008, 28(4):629–636.

4. Barnard RJ, Roberts CK, Varon SM, Berger JJ: Diet-induced insulin resistance
precedes other aspects of the metabolic syndrome. J Appl Physiol 1998,
84(4):1311–1315.

5. Riccardi G, Rivellese AA: Dietary treatment of the metabolic syndrome–
the optimal diet. Br J Nutr 2000, 83(Suppl 1):S143–148.

6. Meyer KA, Kushi LH, Jacobs DR Jr, Slavin J, Sellers TA, Folsom AR:
Carbohydrates, dietary fiber, and incident type 2 diabetes in older
women. Am J Clin Nutr 2000, 71(4):921–930.

7. Mensink RP, Katan MB: Effect of monounsaturated fatty acids versus
complex carbohydrates on high-density lipoproteins in healthy men and
women. Lancet 1987, 1(8525):122–125.

8. Reaven GM: Do high carbohydrate diets prevent the development or
attenuate the manifestations (or both) of syndrome X? A viewpoint
strongly against. Curr Opin Lipidol 1997, 8(1):23.

9. McGee DL, Reed DM, Yano K, Kagan A, Tillotson J: Ten-year incidence of
coronary heart disease in the Honolulu Heart Program. Relationship to
nutrient intake. Am J Epidemiol 1984, 119(5):667–676.

10. Levrat-Verny MA, Coudray C, Bellanger J, Lopez HW, Demigné C, Rayssiguier
Y, Rémésy C: Short Communication-Wholewheat flour ensures higher
mineral absorption and bioavailability than white wheat flour in rats. Br J
Nutr 1999, 82(1):17–22.

Amin and Gilani Lipids in Health and Disease 2013, 12:44 Page 5 of 6
http://www.lipidworld.com/content/12/1/44



11. Fung TT, Hu FB, Pereira MA, Liu S, Stampfer MJ, Colditz GA, Willett WC:
Whole-grain intake and the risk of type 2 diabetes: a prospective study
in men. Am J Clin Nutr 2002, 76(3):535–540.

12. Liu S, Manson JE, Stampfer MJ, Hu FB, Giovannucci E, Colditz GA,
Hennekens CH, Willett WC: A prospective study of whole-grain intake and
risk of type 2 diabetes mellitus in US women. Am J Public Health 2000,
90(9):1409–1415.

13. McKeown NM, Meigs JB, Liu S, Wilson PWF, Jacques PF: Whole-grain intake
is favorably associated with metabolic risk factors for type 2 diabetes
and cardiovascular disease in the Framingham Offspring Study. Am J Clin
Nutr 2002, 76(2):390.

14. Mellen PB, Walsh TF, Herrington DM:Whole grain intake and cardiovascular
disease: a meta-analysis. Nutr Metab Cardiovasc Dis 2008, 18(4):283–290.

15. Liu S, Manson JAE, Stampfer MJ, Rexrode KM, Hu FB, Rimm EB, Willett WC:
Whole grain consumption and risk of ischemic stroke in women. JAMA
2000, 284(12):1534.

16. Steffen LM, Jacobs DR, Stevens J, Shahar E, Carithers T, Folsom AR:
Associations of whole-grain, refined-grain, and fruit and vegetable
consumption with risks of all-cause mortality and incident coronary
artery disease and ischemic stroke: the Atherosclerosis Risk in
Communities (ARIC) Study. Am J Clin Nutr 2003, 78(3):383.

17. Fardet A, Canlet C, Gottardi G, Lyan B, Llorach R, Rémésy C, Mazur A, Paris A,
Scalbert A: Whole-grain and refined wheat flours show distinct metabolic
profiles in rats as assessed by a 1H NMR-based metabonomic approach.
J Nutr 2007, 137(4):923.

18. Illman RJ, Storer GB, Topping DL: White wheat flour lowers plasma
cholesterol and increases cecal steroids relative to whole wheat flour,
wheat bran and wheat pollard in rats. J Nutr 1993, 123(6):1094–1100.

19. Liu S: Intake of refined carbohydrates and whole grain foods in relation
to risk of type 2 diabetes mellitus and coronary heart disease. J Am Coll
Nutr 2002, 21(4):298–306.

20. Hwang IS, Ho H, Hoffman BB, Reaven GM: Fructose-induced insulin
resistance and hypertension in rats. Hypertension 1987, 10(5):512–516.

21. Nakagawa T, Hu H, Zharikov S, Tuttle KR, Short RA, Glushakova O, Ouyang X,
Feig DI, Block ER, Herrera-Acosta J: A causal role for uric acid in fructose-
induced metabolic syndrome. Am J Physiol-Renal 2006, 290(3):F625.

22. Sánchez-Lozada LG, Tapia E, Jiménez A, Bautista P, Cristóbal M, Nepomuceno
T, Soto V, Ávila-Casado C, Nakagawa T, Johnson RJ: Fructose-induced
metabolic syndrome is associated with glomerular hypertension and renal
microvascular damage in rats. Am J Physiol-Renal 2007, 292(1):F423.

23. De Moura RF, Ribeiro C, de Oliveira JA, Stevanato E, de Mello MA: Metabolic
syndrome signs in Wistar rats submitted to different high-fructose
ingestion protocols. Br J Nutr 2009, 101(8):1178–1184.

24. Seal CJ: Whole grains and CVD risk. Proc Nutr Soc 2006, 65(1):24–34.
25. McCarty MF: Magnesium may mediate the favorable impact of whole

grains on insulin sensitivity by acting as a mild calcium antagonist.
Med Hypotheses 2005, 64(3):619–627.

26. Shapiro A, Mu W, Roncal C, Cheng KY, Johnson RJ, Scarpace PJ: Fructose-
induced leptin resistance exacerbates weight gain in response to
subsequent high-fat feeding. Am J Physiol Regul Integr Comp Physiol 2008,
295(5):R1370–1375.

27. Catena C, Giacchetti G, Novello M, Colussi G, Cavarape A, Sechi LA: Cellular
mechanisms of insulin resistance in rats with fructose-induced
hypertension. Am J Hypertens 2003, 16(11 Pt 1):973–978.

28. Watarai T, Kobayashi M, Takata Y, Sasaoka T, Iwasaki M, Shigeta Y: Alteration
of insulin-receptor kinase activity by high-fat feeding. Diabetes 1988,
37(10):1397–1404.

29. Grimditch G, Barnard RJ, Hendricks L, Weitzman D: Peripheral insulin sensitivity
as modified by diet and exercise training. Am J Clin Nutr 1988, 48:38–43.

30. Delbosc S, Paizanis E, Magous R, Araiz C, Dimo T, Cristol JP, Cros G, Azay J:
Involvement of oxidative stress and NADPH oxidase activation in the
development of cardiovascular complications in a model of insulin
resistance, the fructose-fed rat. Atherosclerosis 2005, 179(1):43–49.

31. Armutcu F, Coskun O, Gurel A, Kanter M, Can M, Ucar F, Unalacak M:
Thymosin alpha 1 attenuates lipid peroxidation and improves fructose-
induced steatohepatitis in rats. Clin Biochem 2005, 38(6):540–547.

32. Ajani UA, Ford ES, Mokdad AH: Dietary fiber and C-reactive protein:
findings from national health and nutrition examination survey data.
J Nutr 2004, 134(5):1181–1185.

33. Endemann DH, Schiffrin EL: Endothelial dysfunction. J Am Soc Nephrol
2004, 15(8):1983–1992.

34. Katakam PV, Ujhelyi MR, Hoenig ME, Miller AW: Endothelial dysfunction
precedes hypertension in diet-induced insulin resistance. Am J Physiol
1998, 275(3 Pt 2):R788–792.

35. Verma S, Bhanot S, Yao L, McNeill JH: Defective endothelium-dependent
relaxation in fructose-hypertensive rats. Am J Hypertens 1996, 9(4 Pt 1):370–376.

36. Behall KM, Scholfield DJ, Hallfrisch J: Whole-grain diets reduce blood
pressure in mildly hypercholesterolemic men and women. J Am Diet
Assoc 2006, 106(9):1445–1449.

37. Whelton SP, Hyre AD, Pedersen B, Yi Y, Whelton PK, He J: Effect of dietary
fiber intake on blood pressure: a meta-analysis of randomized,
controlled clinical trials. J Hypertens 2005, 23(3):475–481.

38. Panchal SK, Brown L: Rodent models for metabolic syndrome research.
J Biomed Biotechnol 2011, 2011:351982.

39. Benado M, Alcantara C, de la Rosa R, Ambrose M, Mosier K, Kern M: Effects
of various levels of dietary fructose on blood lipids of rats. Nutr Res 2004,
24(7):565–571.

40. Corsetti JP, Sparks JD, Peterson RG, Smith RL, Sparks CE: Effect of dietary fat
on the development of non-insulin dependent diabetes mellitus in
obese Zucker diabetic fatty male and female rats. Atherosclerosis 2000,
148(2):231–241.

41. Innerarity TL, Pitas RE, Mahley RW: Disparities in the interaction of rat and
human lipoproteins with cultured rat fibroblasts and smooth muscle
cells. Requirements for homology for receptor binding activity.
J Biol Chem 1980, 255(23):11163–11172.

42. Lundeen SG, Carver JM, McKean ML, Winneker RC: Characterization of the
ovariectomized rat model for the evaluation of estrogen effects on
plasma cholesterol levels. Endocrinology 1997, 138(4):1552.

43. Adam A, Levrat-Verny MA, Lopez HW, Leuillet M, Demigné C, Rémésy C:
Whole wheat and triticale flours with differing viscosities stimulate cecal
fermentations and lower plasma and hepatic lipids in rats. J Nutr 2001,
131(6):1770.

44. Eckel RH, Grundy SM, Zimmet PZ: The metabolic syndrome. Lancet 2005,
365(9468):1415–1428.

45. Karhapaa P, Malkki M, Laakso M: Isolated low HDL cholesterol. An insulin-
resistant state. Diabetes 1994, 43(3):411–417.

46. Arsenault BJ, Rana JS, Stroes ES, Despres JP, Shah PK, Kastelein JJ, Wareham
NJ, Boekholdt SM, Khaw KT: Beyond low-density lipoprotein cholesterol:
respective contributions of non-high-density lipoprotein cholesterol
levels, triglycerides, and the total cholesterol/high-density lipoprotein
cholesterol ratio to coronary heart disease risk in apparently healthy
men and women. J Am Coll Cardiol 2009, 55(1):35–41.

47. D'Angelo G, Elmarakby AA, Pollock DM, Stepp DW: Fructose feeding
increases insulin resistance but not blood pressure in Sprague–Dawley
rats. Hypertension 2005, 46(4):806–811.

48. Office of Laboratory Animal Welfare: In Public Health Service Policy on
Humane Care and Use of Laboratory Animals. Washington D.C: The National
Academies Press; 2002.

49. Kubota Y, Umegaki K, Kagota S, Tanaka N, Nakamura K, Kunitomo M,
Shinozuka K: Evaluation of blood pressure measured by tail-cuff methods
(without heating) in spontaneously hypertensive rats. Biol Pharm Bull
2006, 29(8):1756–1758.

50. Dias T, Mota Filipe H, Liu B, Jones P, Houghton PJ, Paulo A: Recovery of
oral glucose tolerance by Wistar rats after treatment with Coreopsis
tinctoria infusion. Phytother Res 2010, 24(5):699–705.

51. Ke CY, Lee CC, Lee CJ, Subeq YM, Lee RP, Hsu BG: Aliskiren ameliorates
chlorhexidine digluconate induced peritoneal fibrosis in rats. Eur J Clin
Invest 2010, 40(4):301–309.

52. Chung HJ, Jeun J, Houng SJ, Jun HJ, Kweon DK, Lee SJ: Toxicological
evaluation of fucoidan from Undaria pinnatifidain vitro and in vivo.
Phytother Res 2010, 24(7):1078–1083.

53. Erdös B, Miller AW, Busija DW: Impaired endothelium-mediated relaxation
in isolated cerebral arteries from insulin-resistant rats. Am J Physiol-Heart
C 2002, 282(6):H2060.

54. Furchgott RF, Zawadzki JV: The obligatory role of endothelial cells in the
relaxation of arterial smooth muscle by acetylcholine. Nature 1980,
288(5789):373–376.

doi:10.1186/1476-511X-12-44
Cite this article as: Amin and Gilani: Fiber-free white flour with fructose
offers a better model of metabolic syndrome. Lipids in Health and Disease
2013 12:44.

Amin and Gilani Lipids in Health and Disease 2013, 12:44 Page 6 of 6
http://www.lipidworld.com/content/12/1/44


	eCommons@AKU
	March 2013

	Fiber-free white flour with fructose offers a better model of metabolic syndrome
	Faridah Amin
	Anwar Hassan Gilani
	Recommended Citation


	Abstract
	Background
	Methodology
	Results
	Conclusion

	Background
	Results
	Discussion
	Conclusion
	Methods
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	References

