Open formula purified diets for lab animals

High Fructose/Sucrose Diets for inducing
Hypertriglyceridemia and Insulin
Resistance in Rodents

High Fructose Diets

Consumption of sucrose and more recently of High Fructose Corn
Syrup (HFCS) has increased dramatically through processed foods
such as beverages, jams, jellies, baked goods and dairy products.
HFCS is inexpensive and sweeter than sucrose which increases its
palatability and hence is rapidly replacing sucrose in processed foods;
this has been suggested to induce overeating in humans

In the past few decades, we have learned that an increased intake of
refined carbohydrates such as HFCS and the disaccharide sucrose
(which is composed of fructose + glucose), is associated with
hypertension, obesity, diabetes, kidney disease and cardiovascular
diseases, both in humans and rodents . These detrimental
effects of fructose on health can be attributed to how fructose is
metabolized after its dietary intake. After absorption in the
gastrointestinal tract, fructose is transported via the portal circulation
to the liver, where it enters hepatocytes via the glucose transporter
GLUT5-independently of insulin - and is rapidly metabolized

Also, phosphofructokinase, a hepatic enzyme that governs glycolysis
in liver, negatively regulates glucose breakdown while fructose can
evade this rate-limiting control mechanism and is metabolized into
glycerol- 3-phosphate and acetyl-coenzyme A. These two
intermediate metabolites are then used as substrates for glyceride
synthesis, contributing to very low-density lipoprotein (VLDL)
triglyceride production in the liver . Furthermore, due to the
lack of GLUTS5 expression in B-cells, fructose unlike glucose does not
directly stimulate pancreatic insulin release (16). The exposure of the
liver to such large quantities of fructose leads to rapid stimulation of
lipogenesis and triglyceride accumulation, which in turn contributes
to reduced insulin sensitivity and hepatic insulin resistance/glucose
intolerance (5). A recent finding that dietary fructose fails to stimulate
both insulin and leptin secretion and attenuates postprandial ghrelin
suppression has led to suggestion that prolonged consumption of
diets high in fructose could lead to increased caloric intake and
contribute to weight gain and obesity

Rat Models

Amongst rodents, high fructose diets induce hypertriglyceridemia,
insulin resistance and hypertension in Sprague-Dawley (SD) rats

, Wistar rats and hamsters . The SD (15) and
Wiistar rat (19) are established models of sucrose-induced insulin
resistance and hypertriglyceridemia. Both of these phenotypes
can develop within two weeks when these animals are fed a diet
containing 65% sucrose (by weight) relative to one with 65% corn
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FIGURE 1. Glucose infusion rate (GIR) during the euglycemichyperinsulinemic
clamp in rats fed control (CD) or sucrose-rich (SRD) diets for up to 30 wk.
Values are means + SEM, n = 6. Values that do not share a letter differ (P < 0.05).

starch . It has been shown that, as in humans, the active
ingredient from the high sucrose diet is fructose rather than glucose
which results in the metabolic syndrome; whereas equivalent
amounts of glucose or starch do not induce these indications

Unless fed for a prolonged period of time, these high fructose/sucrose
diets do not appear to lead to excessive weight gain

In addition to inducing the metabolic syndrome, administering a
high fructose diet to SD rats results in the development of renal
hypertrophy, afferent arteriolar thickening, glomerular hypertension,
and cortical vasoconstriction (23). When SD rats were fed a 60%
fructose diet for 10 weeks, it induced hypertriglyceridemia,
hyperinsulinemia and more importantly hyperuricemia

Uric acid has been implicated to play a role in the metabolic
syndrome by inhibiting nitric oxide bioavailability which is required
by insulin to stimulate glucose uptake. Lowering uric acid in these
high fructose fed animals was able to prevent or reverse features of
metabolic syndrome such as hyperinsulinemia, systolic hypertension,
hypertriglyceridemia and weight gain (20). Also, Shapiro et al have
recently shown that chronic fructose consumption induces leptin
resistance in SD rats and accelerates high fat induced obesity
Similar to SD rats, Wistar rats fed with a 66% fructose diet over
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a period of 10 weeks had increased systolic and diastolic blood
pressure and increased pulse pressure, an index of vascular
stiffness (12). When the high fructose diet was supplemented
with long-chain (n-3) polyunsaturated fatty acids the metabolic
and vascular disorders were prevented

Hamster Models

The Syrian Golden hamster (Mesocricetus auratus) is a widely used
model for lipoprotein research since the main plasma cholesterol
carrier in the hamster is LDL and unlike rats, its lipoprotein
metabolism appears to closely resemble that of humans

Hamsters can be made hyperinsulinemic, hypertriglyceridemic,
and insulin-resistant by feeding them with high fructose diets
Similar to rats, hamsters fed high fructose diets (-60% of energy)
may develop insulin resistance and elevations in triglycerides after
only two weeks compared to diets low in fructose

The fructose fed hamster model is characterized by high plasma
levels of VLDL and apolipoprotein B due to hepatic lipoprotein
overproduction (14). Interestingly, hamsters fed high sucrose diets
do not have elevated triglycerides levels and develop only mild
insulin resistance relative to those fed diets high in fructose

Since sucrose is one-half fructose, it appears that the level of dietary
fructose is quite important in the rapid development of insulin
resistance and elevated triglycerides in hamsters.

Mouse Models

In contrast to rats and hamsters, the mouse is used less frequently
as a model for sucrose/fructose- induced insulin resistance and
hypertriglyceridemia. The response to high fructose/sucrose diets is
very strain-dependent in the mouse (26) and commonly used strains
like the C57Bl/6 mice either do not develop insulin resistance or
develop slowly (27). When C57Bl/6 mice and Wistar rats were
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gavaged with high fructose for three weeks, C57Bl/6 mice in contrast
to Wistar rats responded with lowered plasma triglycerides and total
cholesterol thus presenting a biochemical profile that could be
considered to be healthier for the cardiovascular system (25). On the
other hand, when C57/BI6 mice were fed a high fructose diet

for eight weeks, they developed increased mean arterial pressure,
reduced glucose tolerance and increased plasma cholesterol which
was attributed to the activation of the sympathetic and angiotensin
systems (29). Also, Cunha et al showed that twelve weeks of high
fructose feeding of C57/Bl6 mice resulted in impairment of renal
function documented by increase in urinary protein excretion and
increase in urinary volume (30). However, the mouse genome is easier
to manipulate than that of the rat and several knockout models (that
are prone to develop atherosclerosis) also show elevated triglyceride
responses to high dietary fructose

Thus, depending on the rodent model chosen, high fructose/sucrose
diets can replicate several aspects of the human metabolic syndrome
such as hypertriglyceridemia, hypertension and hyperinsulinemia.
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Contact our Resource Center for valuable insight from more
than 25 years of product experience in the field of diabetes
and insulin resistance. Let us formulate the diets to meet your

specific study needs.

Custom OpenSource Diets

Research Diets, Inc has pioneered the formulation and
production of diets which promote hypertriglyceridemia
and insulin resistance in rodents. Our scientists specialize
in providing custom purified OpenSource diets. By
carefully designing the diet formula to fit your protocol,
you have complete control over small or large changes in
diet composition. Plus you are able to report what your
animals were fed, repeat the formula and revise diet
composition as necessary.

Incorporate Test Compounds

Research Diets, Inc. will incorporate your test compound
into pelleted diets for simple, safe dosing. Feeding test
compounds eliminates dosing related stress to the
animal, eliminates vehicle effects, and saves time and
labor. Consult with one of our scientists on the formula,
determine the dosage required and the diet will be
produced and shipped in 5 to 7 business days.

Value Added Resource

The value of our products is in the scientific support we
provide. Our Resource Center is staffed with Masters and
Ph.D. level scientists with access to over 14,000 original
formulas and a database of more than 3,800 journal
articles. We welcome the opportunity to talk science with
researchers throughout the world as we maintain our
leadership role as the knowledge base for OpenSource
Diet formulation.

BioDAQ Episodic Intake Monitor

BioDAQ E2 Episodic monitoring system measures the
ad libitum food and water intake behavior of singly
housed lab rats and mice at very high resolution in their
home cage. Computer controlled electronics record food
and water intake episodically by measuring the moment-
to-moment, undisturbed intake behavior of the animals
being studied. The animal’s behavior defines the variable
period for these intake measurements through their
native behavior.
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