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Abstract: It has been reported that a diet enriched in fructose would present animal models used to emulate
diabetes mellitus type 2 in human. This study aimed to examine the effect of high fructose induction on the
blood glucese, C-reactive protein, interleukin-6, interleukin-4 and body weight among high fructose diet-
induced rats. The HFD was induced through drinking water in 21% (w/v) concentration among male Sprague-
Dawley rats. The high fructose diet administration was unable to induce hyperglycemia, hypertriglyceridemia
or any classic inflammatory markers. Also, no histological inflammation was observed. It was concluded that
healthy Sprague-Dawley rats fed high fructose diet for 2.5 months could not develop signs of diabetes

mellitus type 2.
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INTRODUCTION

Non-genetic environmental factors including diet and
food constituents are able to prevent or induce several
diseases (Stark et al, 2000; Dimo et al, 2002).
Therefore, elevating of effective dietary compounds is
necessary. Fructose is widely used as sweetener in
food processing (Dai and McNeill, 1995). It is
demonstrated that normal rats fed with fructose-
enriched diet develop hypertension accompanied with
metabolic abnormalities including  hyperglycemia,
insulin resistance, hyperinsulinemia and
hypertriglyceridemia (Dai and McNeill, 1995; Vrana and
Kazdova, 1986; Suzuki ef af., 1997, Katakam ef al., 1998;
Lee ef al., 2002; Bunnag ef af., 1997). Feeding of a High
Fructose Diet (HFD) can provide a type 2 diabetic dietary
model associated with insulin resistance (Thorburn et
al, 1989; Tobey et al., 1982) and hypertriglyceridemia
(Tobey et af., 1982; Zavaroni ef af., 1982). The glucose
metabolism and glucose uptake pathways are disturbed
through an overload of fructose. These perturbed
metabolisms caused enhanced rate of lipogenesis and
triacylglycerol synthesis through high concentration of
glycerol and acyl molecules from fructose catabolism
which leads to insulin resistance observed in both
human and animal models (Bascianc ef al., 2005). The
high cost of human trials and limited control conditions,
emphasize the need for finding appropriate animal
models to examine the efficacy of various compounds
(Stark et al., 2000). Potential nutritional animal models
are useful in future experiments to evaluate various

nutraceuticals in preventing Diabetes Mellitus Type 2
(DMT2). The present study was designed to assess the
effects of high fructose-induced rat models as
reproducible animal models of pre-diabetic state in
humans.

Diabetes Mellitus (DM) is an autoimmune disease that
resulted from dysfunction of beta cell's insulin secretion
(Matsuzaki et af, 2007). Besides, proinflammatory
cytokines caused autoantigen presentation which leads
to beta cell dysfunction and DM (Mathews et af., 2005).
An increase in circulating levels of C-Reactive Protein
(CRP) and interleukin-6 (IL-6) is known to decrease
insulin sensitivity and raise DM type 2 complications
(Jain et al., 2007). Diabetes mellitus is a sign of ongoing
cytokine-mediated acute phase response initiated by the
beody's innate immune system. Evidence suggests that
inflammation play a crucial intermediary role in
pathogenesis of DM (Jialal ef af, 2004; Wellen and
Hotamisligil, 2005; Cho et a/., 2008). Intranuclear NFEB
activity and expression of CRP and IL-6's mRNA levels
are associated with hyperglycemia (Mohanty ef af., 2000,
Dhindsa et al., 2004).

MATERIALS AND METHODS

Animal maintenance and experimental setup: Male
Sprague-dawley rats, weighing 200-250 g (aged six to
eight weeks) were obtained and housed in the animal
house unit of Faculty of Medicine and Health Sciences,
University Putra Malaysia. The rats were kept at room
temperature (28-35°C) in a controlled room with a 12-h
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light: 12-h dark cycle. The normal rat chow and tap water
were provided ad fibitum during the experiment. Animals
were in stabilization to acclimatize to animal house
environment for one week before beginning of the
experiment. Also, rats body weight was recorded every
other week. The study was approved by the animal
ethics committee of the University Putra Malaysia
(UPM/FPSK/PADSIUUH/FO4).

Rats were divided into two groups (N = 6). Normal rats
(N) and High Fructose-induced (HFD) rats. The high
fructose diet consisting 21% (w/v) of fructose (HmbhG, D-
fructose, France) concentration was delivered ad fibitum
through drinking water for 10 weeks (Dai and McNeill,
1995; Yadav ef al., 2007).

Blood glucose measurement and cytokine assay: Rats
were fasted overnight to measure blood glucose level.
Blood was obtained via tail incision and an Advantage
Accu-check glucometer (Roch, Germany) was used. To
determine  inflammatory  biomarkers, rats were
anesthetized through a slight diethyl ether exposure.
Blood (3-5 ml) was collected via retro orbital venous
plexus and centrifuged at 3000 rpm for 10 min {(Hettich,
EBA 20, Germany). C-reactive protein, IL-6 and IL-4
levels of plasma were measured by the Enzyme Linked
Immunosorbent Assay (ELISA) method using an
available commercially kit (IBL, Germany). Blood
samples were collected at the beginning (to measure
blood glucose) and at the end of the 10th week of HFD
induction {for blood glucose and inflammatory markers
measurement).

Histopathology of selected organs: At the end of the
HFD induction, rats were sacrificed by exposure to an
excess amount of diethyl ether. The animals were
dissected and major organs such as pancreas, liver and
kidney were collected and fixed into 10% neutral buffered
formalin for histological studies. The hematoxylin and
eosin (H and E) method was applied for staining.

Statistical analysis: Data were subjected to statistical
analysis using one-way ANOVA to compare the means
of inflammatory biomarkers. MANOVA was used to
compare the blood glucose concentrations and bhody
weight between groups.

RESULTS

The body weight showed a progressive increase in
normal and HFD-Induced (HFDI) groups during the HFD
induction period (Table 1). At the last week of regimen
with high concentration of fructose (week 10), rats body
weight raised between 82-102 g which was 23% and
28.8% in normal and HFD groups, respectively.

Table 1 shows the effect of HFD on blood glucose level
of rats. Before administrating the diet which was
enriched in high amounts of fructose, the blood glucose
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Table 1: Effect of the HFD on body weight, blood glucose and

triglycerides in rats

N HFDI

Body weight (g)

1st wk 246.50+11.91 279.70£11.91
5th wk 264.50+15.69 335.70+£15.69
10th wk 303.70+£20.87 361.70+20.87
Blood glucose (mmol/L) 65.30+01.01 6.80+00.90
Blood triglycerides (mmol/L) 0.93+00.03 1.05+00.03

Values are meantSEM, N = 6 rats per group, N = Naormal, HFDI =
High Fructose-Induced. There were no differences in wvalues
between different groups
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Fig. 1: Values are meantSEM, N = 6 rats per group, N =
Normal, HFDI High  Fructose-Induced,
C-reactive protein level of normal and HFD-
induced rats during the experiment. There were
no differences in values between different groups

of rats on the HFD diet (6.3£0.81) were similar to the
normal group (6.240.90). The blood glucose
measurement at the end of the HFD induction period
exhibited a moderate increase by 11% in HFDI group
compared to the normal one. Although the blood
glucose level of rats under HFD regimen has shown
increase within experimental period in comparison with
the normal group, changes were not significantly
different (Table 1).

There was a slight increase in Triglyceride (TG) level of
rats under the diet compared to the normal rats.
Increased TG level was seen after 10 weeks HFD
induction from 0.9+0.03 mmol/L in normal rats to
1.0£0.03 mmoliL in rats fed with HFD (+0.16 mmol/L).
However, there was no significant difference in the
changes (Table 1).

Figure 1-3 shows the effect of HFD administration for 10
weeks on plasma CRP, IL-6 and IL-4 levels of rats. The
plasma levels of CRP were not elevated in HFDI rats
compared to those of normal. C-reactive protein level of
normal and HFDI groups was shown in Fig. 1. The CRP
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Fig. 2: Values are meantSEM, N = 6 rats per group, N =
normal, HFDI = High Fructose-Induced,
Interleukin-6 level of normal and HFD- induced

rats during the experiment. There were no
differences in values between different groups
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Fig. 3: Values are mean+SEM, N = & rats per group, N =
normal, HFDI = High Fructose-Induced,
Interleukin-4 level of normal and HFD-induced
rats during the experiment. There were no
differences in values between different groups

level of HFDI group was only 10 ug/ml higher than
normal which raised from 589.0+28.33 pg/ml in normal
to 600.3+£32.83 pg/ml in HFDI group. The administration
with high concentration of fructose could slightly elevate
the IL-8 level (Fig. 2) from 232.7+14.44 pg/ml in normal
10 285.01£12.42 pg/ml in HFDI rats. The IL-4 level {(Fig. 3)
of normal rats was similar to HFDI while the IL-4 levels
were 100.310.09 pg/ml and 99.71£0.06 pg/ml in HFDI
and normal rats, respectively. However, the changes
were not significantly different.

Figure 4-8 show pancreas, liver and kidney sections of
normal and HFDI groups after 10 weeks of high fructose
administration. Hematoxylin and eosin staining of the
pancreas micrographs did not exhibit any morphological
changes in Langerhans islets among acinar cells. Even

Fig. 4: Histological structure of rat pancreas sections. (A)
Normal pancreas sections, (B) Pancreatic section
of HFD-induced rat (Hematoxylin and Eosin
staining at x400 magnification)

Fig. 5: Histological structure of rat pancreas sections. (A)
Normal liver sections, (B) Liver section of
HFD-induced rat (Hematoxylin and Eosin
staining at x400 magnification)

Fig. 6: Histological structure of rat pancreas sections. (A)
Normal kidney sections, (B) Kidney section of
HFD-induced rat (Hematoxylin and Eosin
staining at x400 magnification)

after 10 weeks under this diet, no necrosis or damaged
Langerhans islets were observed. Besides, results from
liver portal tracts did not illustrate any inflammatory
infiltration such as neutrophils presence within
surrounding scanty connective tissues, even after 10
weeks under the HFD. Moreover, the HFDI rats showed
similar kidney histology as in normal group. No tubular
foaming changes were observed, as well.

DISCUSSION

A practical procedure to understand the eticlogy and
pathogenesis of diseases is study on animal models.
The benefits of using animal models in research works
involved the ability to access its multifactorial genetics
and complications. However, correlations between
animal diseases and that in human Kkind are well
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established. Different characteristics in animals
compared to human and lack of any exact similar model
to study are some of the major concerns that render the
inconclusiveness of the outcome observed
(Chattopadhyay ef al., 1997). Few established methods
are available to induce experimental diabetes in animal
model. An approach in developing diabetic experimental
animal model is through dietary modification which has
been identified as one of the major factors that is
associated with the development of diabetes mellitus
type 2. In animal model of experimental diabetic diet
containing higher levels of fructose has been reported to
contribute to a metabolic disturbance in animal models
and result in hyperglycemia and hyperlipidemia (Kasim-
Karakas et al, 1996). Animals on HFD showed an
increased body weight compared to ND which can be
the consequence of high fructose daily consumption.
Gradual weight elevation was observed throughout the
study pericd with a higher rate in HFD induced rats.
Excess fructose consumption is a cause of weight gain.
It is the result of higher plasma TG which is made from
excess fructose in the liver (Basciano et al., 2005). There
are many studies demonstrated the association
between high fructose diet with elevation of plasma
glucose, insulin and triglycerides in animal models. A
10% (wiv) fructose solution given for 12 weeks period,
increased blood glucose and TG level in 200 g-male
Wistar rats (Dai and McNeill, 1995). In ancther report, a
10% (wiv) of HFD supplementation for four weeks has
been shown to induce insulin resistance in male
Sprague-dawley rats (Carranza et al., 2004). Yadav et al
(2007) showed that a 21% (wfv) concentration of fructose
in diet conferred a significant increase in blood glucose
and TG after eight weeks on the diet regimen. In a more
recent study, a high fructose diet (10% whv) for eight
weeks has been shown to induce diabetes mellitus type
2 in two-month old male Sprague-dawfey rats (Berkane
et al., 2008). Absorbed fructose is metaholized rapidly by
the liver. The exposure of the liver to large quantities of
fructose leads to high stimulation of lipogenesis and TG
accumulation. In such condition, insulin sensitivity is
reduced and hepatic insulin resistant, occurs. In contrast
with other carbohydrates, fructose can continuously
enter the related pathways to produce glucose and
glycogen and promote the over production of TG. These
negative effects of fructose metabolism have
summoned its usage on DM induction in animal models
(Mayes, 1993). To be sure of any hyperglycemic signs
among HFD groups, rats TG level was determined.
Similar studies that showed elevated blood glucose in
rat fed HFD, had observed a higher TG level, as well
(Islas-Andrade et a/,, 2000). In the present study, the
average TG level was 1.09+0.39 mmol/L which is low to
be considered as diabetic. The normal way for
diagnosing of DM emphasizes blood glucose as the
best test to identify DM among asymptomatic subjects.
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Blood glucose level =11.1 mmol/lL (200 mg/dL) is
enough for diagnosis of DM (Braunwald et a/., 2008). In
the immune regulation of DM, T helper cells play a key
role in initial inflammatory process. Increased cytokines
secreted by Th1 cells and reduced cytokines secreted by
Th2 cells, gradually  cause imbalance in
proinflammatory/ anti inflammatory level of the system
and lead to early inflammation in diabetics (Raz et af,,
2005). In the present study, three major inflammatory
biomarkers, CRP, IL-6 and IL-4 were measured. C-
reactive protein is a sensitive hiomarker of inflammatory
system and used mainly as a major marker of
inflammation and vascular inflammatory processes in
DM. It had been shown that CRP levels are elevated in
either diabetic patients or rats (Jialal et a/., 2004; Wellen
and Hotamisligil, 2005; Cho et al., 2008; Crook et al,
1993; Rodriguez-Moran and Guerrero-Romero, 1999).
Interleukin-6, one of the proinflammatory cytokines in
vascular inflammation (Kern et al., 2001; Singh et a/,
2005), involved in the regulation of glucose metaholism
in skeletal muscles and adipose tissues (Grunfeld and
Feingold, 1991; Loéfgren et al, 2000). Since IL-6 is a
major cytokine of the acute phase response, increased
levels of IL-6 could reduce insulin sensitivity (Halse et
al., 2001; Fernandez-Real et al., 2001). Elevated levels
of IL-6 in the blood of many diabetic patients has been
reported in many previous studies (Jain ef af, 2007;
Hussain et al., 1996; Pickup et al., 1997; Pradhan et a/,
2001) which is suggested to be the result of an
inflammatory response of DM. Interleukin-4 is a major
Th2 secreted cytokine with anti inflammatory properties.
Interleukin-4 is an important immunomodulatory
cytokine. Due to its essential role in protective immunity
and inflammatory diseases, it is recognized markers in
DM. Inflammatory biomarkers of rats on the HFD were
similar to the normal group without exhibition of any
inflammatory or hyperglycemic alteration. No immune
response was observed in the HFD group during the
experimental period and no change in their measured
inflammatory biomarkers, as well. All histological
sections of rats on the HFD were similar to the normal
group. No inflammatory or hyperglycemic alters was
exhibited. Also, no inflammatory invasion and its
associated immune responses were seen in order to
the HFD administration during the experimental period.
There were no significant increases in the blood
glucose, TG level, body weight and inflammatory
markers in the HFDI rats compared to the normal rats.
Also, no hyperglycemic histological changes were seen.
This observation indicates that hyperglycemia can not be
induced by HFD in male Sprague-dawlfey rats for
duration of 10 weeks. Besides, Stark ef al (2000),
illustrated that feeding rats with a high fructose (53%
wiv) and high sucrose (10% wi/v) diet was not able to
assert hyperglycemia, hyperinsulinemia,
hypertriglyceridemia and hypercholesterolemia hence
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unable to develop diabetes mellitus type 2 models
among rats, although many other researchers have
shown a positive results. The present study did not
show the potential of HFD in inducing hyperglycemia. It
may be due to the differences in the characteristic of the
rat's species used in various studies. Diverse breeds
are not physiologically similar. They can show different
reactions based on their sensitiviiy to various
environmental factors. Since Sprague-dawley rats are
from diverse breeds, their colonies can appear
genetically variable throughout the world. It is acceptable
that studies carried out in different countries, may not
exhibit similar findings despite similar experimental
conditions. The age of rats may also be a contributing
factor. Different metabolic reactions happen to similar
diet at different age of the rats. It was shown in a
previous study that blood glucose level of the young rats
can be altered by the HFD (Han ef al., 1997). The length
of exposure can also be another factor that may alter
experimental outcomes, includes exposure time to HFD,
metabolic profiles of the rat during experiment and
time of measurements. However, it was found that
healthy animals were able to adapt to the HFD after 12
weeks without developing metabolic disorders (Stark et
al., 2000). The results of the present study allow for the
conclusion that high fructose diet for duration of 10
weeks was unable to induce hyperglycemia and its
relevant histological and inflammatory changes in male
Sprague-dawley rats.

REFERENCES

Basciano, H., L. Federico and K. Adeli, 2005. Fructose,
insulin resistance and metabolic dyslipidemia. Nutr.
Metab., 2. 5.

Basciano, H., L. Federico and K. Adeli, 2005. Fructose,
insulin resistance and metabolic dyslipidemia. Nutr.
Metab., 2. 1-14.

Berkane, A., F. Tranchida, S. Pietri, M. Culcasi, H.
Nguyen and D. Merlin, 2008. High energy fructose
diet induced type 2 diabetes in rats. Atherosclerosis
Suppl., 9: 71.

Braunwald, E., S. Hauser, J. Jameson and E. India,
2008. Harrison’s principles of internal medicine.
17th Edn., U.S: McGraw-Hill Companies, Inc.

Bunnag, P., M.T. Hori, B. Ormsby, M.E. Berger, M.S.
Golub and M.L. Tuck, 1997. Impaired in vivo
adrenergic responses in diet-induced hypertensive
rats. Hypertens. Res.. Off. J. Japanese Soc.
Hypertens., 20: 17.

Carranza, A., C. Mendez, M. Barontini and S. Nowicki,
2004. Insulin enhances I|-dopa renal proximal
tubule uptake: A regulatory mechanism impaired in
insulin esistance. Pfligers Archiv. Eur. J. Physiol.,
448: 85-92.

Chattopadhyay, S., M. Ramanathan, J. Das and S.
Bhattacharya, 1997. Animal models  in
experimentals diabetes mellitus. Indian J. Exp. Bio.,
35:1141-1145.

25

Cho, W., T. Yip, W. Chung, A. Leung, C. Cheng and K
Yue, 2006. Differential expression of proteins in
kidney, eye, aorta and serum of diabetic and non-
diabetic rats. J. Cell. Biochem., 89: 256-2683.

Crook, M., P. Tutt, H. Simpson and J. Pickup, 1993.

Serum sialic acid and acute phase proteins in type

1 and type 2 diabetes mellitus. Clinica Chimica

Acta, 219: 131-138.

S and J. McNeill 1995, Fructose-induced
hypertension in rats is concentration-and duration-
dependent* 1. J. Pharmacol. Toxicol. Methods, 33:
101-107.

Dhindsa, S., D. Tripathy, P. Mohanty, H. Ghanim, T. Syed
and A. Aljada, 2004. Differential effects of glucose
and alcohol on reactive oxygen species generation
and intranuclear nuclear factor-B in mononuclear
cells. Metabolism, 53: 330-334.

Dimo, T., S.V. Rakotonirina, P.V. Tan, J. Azay, E. Dongo
and G. Cros, 2002. Leaf methanol extract of Bidens
pilosa prevents and attenuates the hypertension
induced by high-fructose diet in Wistar rats. J.
Ethnopharmacol., 83: 183-191.

Fernandez-Real, J., M. Vayreda, C. Richart, C. Gutierrez,
M. Broch and J. Vendrelll 2001. Circulating
interleukin 6 levels, blood pressure and insulin
sensitivity in apparently healthy men and women. J.
Clin. Endocrinol. Metab., 86: 1154.

Grunfeld, C. and K. Feingold, 1991. The metabolic
effects of tumor necrosis factor and other cytokines.
Bictherapy, 3: 143-158.

Halse, R., S. Pearson, J. McCormack, S. Yeaman and R.
Taylor, 2001. Effects of tumor necrosis factor-on
insulin action in cultured human muscle cells.
Diabetes, 50: 1102.

Han, D., P.A. Hansen, H.H. Host and J.O. Holloszy,
1997. Insulin resistance of muscle glucose
transport in rats fed a high-fat diet. Diabetes, 46:
1761-1767.

Hussain, M., M. Peakman, H. Gallati, S. Lo, M. Hawa and
G. Viberti, 1996. Elevated serum levels of
macrophage-derived cytokines precede and
accompany the onset of IDDM. Diabetologia, 39: 60-
69.

Islas-Andrade, S., M. Monsalve, J. Pena, A. Polanco, M.
Palomino and A. Velasco, 2000. Streptozotocin and
alloxan in experimental diabetes. Comparison of
the two models in rats. Acta Histochemica et
Cytochemica, 33: 201-208.

Jain, 8., J. Rains and J. Croad, 2007. Effect of chromium
hiacinate and chromium picolinate
supplementation on lipid peroxidation, TNF-, IL-6,
CRP, glycated hemoglobin, triglycerides and
cholesterol levels in blood of streptozotocin-treated
diabetic rats. Free Radical Biol. Med., 43. 1124-
1131.

Jialal, |., S. Devaraj and S. Venugopal, 2004. C-reactive
protein: Risk marker or mediator in
atherothrombosis? Hypertension, 44: 6.

Dai



Pak. J. Nutr., 11 (1): 21-26, 2012

Kasim-Karakas, S., H. Vriend, R. Almario, L. Chow and
M. Goodman, 1996. Effects of dietary carbohydrates
on glucose and lipid metabolism in golden Syrian
hamsters* 1. J. Lab. Clin. Med., 128: 208-213.

Katakam, P.V.G., M.R. Ujhelyi, M.E. Hoenig and A W.
Miller, 1998. Endothelial dysfunction precedes
hypertension in diet-induced insulin resistance. Am.
J. Physiol.-Regul., Integr. Comp. Physiol.,, 275:
R738.

Kern, P., 8. Ranganathan, C. Li, L. Wood and G.
Ranganathan, 2001. Adipose tissue tumor necrosis
factor and interleukin-6 expression in human
obesity and insulin resistance. Am. J. Physiol.-
Endocrinol. Metab., 280: E745.

Léfgren, P., V. Van Harmelen, S. Reynisdottir, E.
Naslund, M. Ryden and S. Réssner, 2000. Secretion
of tumor necrosis factor-alpha shows a strong
relationship to insulin-stimulated glucose transport
in human adipose tissue. Diabetes, 49: 688-692.

Lee, M., J. Koh, S Han, K. Ko and S. Kim, 2002.
Prevention of autoimmune insulitis by delivery of
interleukin-4  plasmid using a soluble and
biodegradable polymeric carrier. Pharm. Res., 19:
246-249.

Mathews, C., W. Suarez-Pinzon, J. Baust, K. Strynadka,
E. Leiter and A. Rabinovitch, 2005. Mechanisms
underlying resistance of pancreatic islets from
ALR/Lt mice to cytokine-induced destruction. The J.
Immunol., 175: 1248.

Matsuzaki, T., A. Takagi, H. Ikemura, T. Matsuguchi and
T. Yokokura, 2007. Intestinal microflora: Probiotics
and autoimmunity. J. Nutr., 137: 7985.

Mayes, P., 1993. Intermediary metabolism of fructose.
Am. J. Clin. Nutr., 58: 754.

Mohanty, P., W. Hamouda, R. Garg, A. Aljada, H. Ghanim

and P. Dandona, 2000. Glucose challenge
stimulates reactive oxygen species (ROS)
generation by leucocytes. J. Clin. Endocrinol.

Metab., 85: 2970.

Pickup, J., M. Mattock, G. Chusney and D. Burt, 1997.
NIDDM as a disease of the innate immune system:
Association of acute-phase reactants and
interleukin-6  with  metabolic  syndrome X
Diabetologia, 40: 1286-1292.

26

Pradhan, A., J. Manson, N. Rifai, J. Buring and P. Ridker,
2001. C-reactive protein, interleukin 6 and risk of
developing type 2 diabetes mellitus. Jama, 286:
327

Raz, |., R. Eldor and Y. Naparstek, 2005. Immune
modulation for prevention of type 1 diabetes
mellitus. Trends Biotechnol., 23: 128-134.

Rodriguez-Moran, M. and F. Guerrero-Romero, 1999.
Increased levels of C-reactive protein in
noncontrolled type |l diabetic subjects. J. Diabetes
and its Complications, 13: 211-215.

Singh, U., S. Devaraj and |. Jialal, 2005. Vitamin E,
oxidative stress and inflammation. Nutrition, 25:
151.

Stark, A., B. Timar and Z. Madar, 2000. Adaption of
Sprague dawley rats to long-term feeding of high fat
of high fructose diets. Eur. J. Nutr., 39: 229-234.

Suzuki, M., C. Nomura, H. Odaka and H. |keda, 1997.
Effect of an insulin sensitizer, pioglitazone, on
hypertension in fructose-drinking rats. Japanese J.
Pharmacol., 74: 297.

Thorburn, AW., L.H. Storlien, A.B. Jenkins, S. Khouri and
EW. Kraegen, 1989. Fructose-induced in-vivo
insulin resistance and elevated plasma triglyceride
levels in rats. Am. J. Clin. Nutr., 49: 1155-1563.

Tobey, T.A., C.E. Mondon, |. Zavaroni and G.M. Reaven,
1982. Mechanism of insulin resistance in fructose-
fed rats. Metabolism, 31: 608-612.

Vrana, A and L. Kazdova, 1986. Effects of dietary
sucrose or fructose on carbohydrate and lipid
metabolism.  Animal studies. Progress in
Biochemical Pharmacol., 21: 58-73.

Wellen, K. and G. Hotamisligil, 2005. Inflammation,
stress and diabetes. J. Clin. Invest., 115 1111-

1119.
Yadav, H., S. Jain and P. Sinha, 2007. Antidiabetic effect
of probiotic dahi containing Lactobaciius

acidophifus and Lactobacilius casef in high fructose
fed rats. Nutrition, 23: 62-68.
Zavaroni, |., Y.D. Chen and G.M. Reaven, 1982. Studies

of the mechanism of fructose-induced
hypertriglyceridemia in the rat. Metabolism, 31:
1077-1083.



	PJN.pdf
	Page 1


