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ABSTRACT

Background: Insulin resistance is a pathological condition characterized by inadequate peripheral tissue
metabolic response to circulating insulin. High dietary fructose causes insulin resistance syndrome, primarily
due to simultaneous induction of genes involved in glucose, lipid and mitochondrial oxidative metabolism.
Rice bran oil (RBO) is a rich source of antioxidants which contribute to higher oxidative stability and longer
shelf life than other edible oils. Aim of the work: The current study investigated the effects of the daily intake
of RBO on insulin resistant rat liver, as a central organ in carbohydrate metabolism.

Materials and methods: Rats were allocated in 5 groups. Animals in groups 1 and 2 received standard diet
and standard diet containing RBO, respectively. Group 3: animals fed high fructose diet (HFD), which was
categorized into: rats fed HFD either for one month (HFD1) or for 2 months (HFD2). Group 4, rats were fed
HFD containing RBO for one month (HFD1+RBO), while rats in group 5 were fed HFD for 30 days then
RBO was added to the diet for another 30 days (HFD2+RBO). Results and conclusion: addition of RBO to

this model improved insulin sensitivity in liver.
Keywords: insulin resistance, rice bran oil, glycogen.

INTRODUCTION

Insulin resistance is increasing at an alarming rate,
becoming a major public and clinical problem
worldwide. Insulin resistance is defined as impaired
ability of insulin to promote glucose uptake and it
exerts its metabolic effects in liver, skeletal muscle
and adipose tissue®?. Experimental studies in
animals documented that the general increase in
fructose  consumption is  correlated  with
hyperglycemia, dyslipidemia and insulin
resistance®?.

Fructose, a simple sugar found in honey, fruit and
high-fructose corn syrup, has a unique metabolism
that results in oxidative stress and lipogenesis®”.
Fructose intake has increased markedly due to the
increasing intake of beverages sweetened with
sucrose (50% fructose) and high fructose corn syrup
(55-90% fructose)®.

Rice bran oil (RBO) is unique among edible oils
as a result of its nutritional and functional properties
such as y-oryzanol, phytosterols and tocopherols®.
These bioactive compounds reduce oxidative stress
which causes many diseases such as diabetes,
cancers and neurodegenerative diseases’”. Several
studies have demonstrated that RBO possesses
hypoglycemic activity®*" since chronic exposure to
hyperglycemia may induce dysregulation of gene
expression that converge on impaired insulin
secretion and increased apoptosis™?.

This study was designed to monitoring the effects
of the daily intake of RBO on insulin resistant rat
liver, as a central organ in carbohydrate metabolism.
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MATERIALS AND METHODS

Animals: A total of 60 adult female Albino rats
weighing 140-220 g were used throughout this
study. Animals were purchased from the breeding
unit of the Egyptian Organization for Biological
Products and Vaccines (Helwan, Egypt) and they
were housed in steel mesh cages (4/cage). Rats were
maintained for a week (Acclimatization period),
they were fed on a commercial pellet diet. Food and
water were provided ad libitum.

Preparation of diets

The standard, high fructose (60g/100g) diets and
diet containing 10% RBO were prepared as
previously described by Rajasekar et al. ™ and
Wang et al. .

Study design

Rats were allocated into 5 groups. Normal control
group (NC): rats were fed on a standard diet. Rice
Bran Oil group (RBO): rats were fed on a standard
diet contained 10% RBO as the sole source of fat.
High Fructose Diet group (HFD): this group was
subdivided into 2 sub-groups: rats were fed on HFD
for only one month (HFD1) and rats which were fed
on HFD for 2 months (HFD2) and served as
reference groups for the corresponding treated
groups. Rats were fed on HFD which contained
10% RBO for one month (HFD1+ RBO).

Rats in this group were fed on HFD for 30 days,
and then received HFD with 10% RBO for another
30 days (HFD2+ RBO). Animals were maintained
in their designed groups for 4 weeks except group 5.
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Body weight of the animals in all groups was
recorded weekly. All animal experiments were
carried out in accordance with the principles
outlined in the Declaration of Helsinki (Adopted by
the 18" WMA General Assembly, Helsinki,
Finland, June 1964).

Blood collection and tissue sampling:

Rats were anesthetized and then blood samples
were taken from the retro-orbital venous plexus
after overnight fasting. Blood was immediately
centrifuged. Serum samples were aliquoted and
stored at -20°C. Liver was quickly excised and
rinsed from blood in phosphate buffer saline (PBS,
pH 7.4), dried and weighed.

Biochemical assay

Fasting serum glucose level was assayed by the
enzymatic colorimetric method®, while serum
insulin was assayed using the enzyme linked
immunoassay (Rat insulin ELISA kit, Glory science
Co., USA) according to the method of Dhahir et
al."®.  Homeostasis model assessment insulin
resistance index (HOMA-IR) was calculated:
HOMA- IR= [Fasting insulin (uIU/ml) x fasting
glucose (mmol/L)] /22.5"". Hepatic glycogen was

determined by the colorimetric method of Carroll et
al.®.

Histological analysis

Liver sections (Three independent rats from
each group) were fixed in 10% neutral-buffered
formalin then they were paraffin embedded.

The paraffin embedded sections were cut into 4-
um slices and stained with hematoxylin and eosin,
while examination of hepatic glycogen was
performed using Best's carmine stain.

Statistical analysis

Data were expressed as means * standard error of
mean. Differences between the mean values were
assessed with one way analysis of variance
(ANOVA) and followed by post-hoc test (least
significant difference analysis, LSD). A p-value <
0.05 was considered significant. The statistical
analyses were applied using computer-based
software (SPSS) version 16.

The study was approved by the Ethics Board
of Al-Azhar University.

RESULTS

Non-significant changes in the body weight were
observed in HFD-fed rats, compared to the control
group (Table 1).

Histopathological observations of H&E stain of
livers were performed as supporting evidence in
biochemical analysis.

Figure (1-A) showed the normal morphological
characteristics of the hepatic cells, whereas the
hepatic cells of HFD-fed rats (For 1 and 2 months)
showed cytoplasmic vacuolation and focal hepatic
necrosis associated with mononuclear cells
infiltration as illustrated in figure 1 (B and C,
respectively).

Slight cytoplasmic vacuolation was realized in
hepatocytes of HFD1+RBO group, in addition to
activation of Kupffer cells of HFD1+RBO and
HFD2+RBO groups were observed in figure 1 (D
and E, respectively).

Our results showed moderate insulin resistance in
the fructose-fed rats, as demonstrated by
hyperinsulinemia and increased HOMA-IR value in
HFD1 and HFD2 groups. Beside, hyperglycemia
was observed in rats fed HFD for 4 weeks, while
rats fed HFD diet for 8 weeks revealed significant
reduction in serum glucose (p<0.01), compared to
those fed HFD for 4 weeks (Table 2).

Table 1: statistical significance of body weight
change (%) in all the experimental groups.

Percentage of body weight

Groups change%o
NC 3.25
RBO 7.25
HFD1 4.06
0
HFD1+RBC
HED? 10.58
HFD2+RBC 10
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Table 2: statistical significance of plasma glucose, serum insulin in addition to calculated HOMA-IR and
hepatic glycogen concentration in all the experimental groups.

Glucose Insulin Glycogen
Groups (m/dL) muiy  HOMAIR 00 liver
NC
Mean+SE 120 +3.95 7.46+0.36 2.24+0.11  0.82+0.26
Range (108-136) (6.50-10.1)  (1.81-275)  (0.53-1.09)
RBO
Mean+SE 117.6+4.37 8.85+0.36 2.56+0.13  0.81+0.57
Range (90-134) (7.50-10.5)  (1.67-3.00)  (0.26-1.78)
HFD1
Mean+SE  180.4+10.13*  14.64+0.83" 5.37+056* 2.51+0.88*
Range (134-230) (10.6-16.7)  (2.24-7.33)  (1.76-4.07)
HFD1+RBC
MeantSE  142.7+2.48™  11.79+0.75®° 4.14+0.26" 1.47+0.74%°
Range (135-159) (9.03-14.90)  (3.05-5.33)  (0.55-2.86)
HFD2
Mean+SE 134.244.93°  21.54+1.16*° 7.17+0.55%  1.37+0.25%°
Range (121-161) (17.6-25.5)  (5.51-10.13  (1.15-1.78)
HFD2+RBC
Mean+SE 125.54¢7.23  11.55+0.73" 3.53+0.26*°  1.02+0.36
Range (99-148) (8.90-15.7)  (2.64-5.58)  (0.62-1.43)

-a: significance vs NC, b: significance vs RBO, c: significance vs HFD1, significant at p<0.05

In spite of the improvement in the serum insulin
level in HFD1+RBO and HFD2+RBO groups
(p<0.01 and p<0.001, respectively), compared to
their respective control groups (HFD1 and HFD2)
insulin level was still highly elevated than the
control group. Addition of RBO to the HFD diet
(HFD1+RBO) improved serum glucose (p<0.001),
as compared to HFD1. Moreover, HFD contained
RBO (HFD1+RBO and HFD2+RBO) reduced

HOMA-IR significantly (p<0.02 and p<0.001,
respectively) as compared to their respective control
group.

Rats fed on HFD for 4 and 8 weeks showed a
significant  elevation in  hepatic  glycogen
concentration especially in HFD1 group. However,
rats fed on the diets containing RBO revealed
reduced levels (Table 1& figure 2).
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CV: cytoplasmic vacuolation, FHN: Focal hepatic necrosis, KC: Kupffer cells, CV: cytoplasmic vacuoles
Figure 1. photomicrophotograph of rat hepatic tissue of control group (A), (HFD fed groups) for one month

(B) and two (C) months and (RBO groups) [HFD1+RBO group (D) and HFD2+RBO group (E)]. (X400, H &
E).
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@ glycogen particles.

Figure 2. Microphotograph of rat liver tissue of control (A), (HFD fed groups) for one month (B) and 2 (C)
months and (RBO groups) [HFD1+RBO group (D) and HFD2+RBO group (E)] (Best’s carmine stain, X400)

DISCUSSION

Insulin resistance syndrome is a cluster of
related variables that included resistance to insulin-
induced glucose uptake and hyperinsulinemia®®??,
Insulin resistance occurs at multiple levels in cells,
from the cell membrane to the nucleus®.

Feeding rats with HFD either for one or two
months revealed non-significant change in the body
weight gain, compared to the control group. These
results agree with those of Al-Okbi et al.*? and
Palavicino-Maggio & Kuzhikandathil®,

However, Hsieh et al.*” and Rajarshi et al.®
showed that feeding a high-fructose diet (60%),
significantly increased body weight compared to the
control group. Toop & Gentili®? also reported that
consumption of a 10%-21% fructose beverage
resulted in increased body weight in adult male
rodents. On the other hand, Bantle et al.*” observed
reduction in the body weight after feeding rats with
a diet contained 17% fructose.

Based on the histopathological examination,
HFD groups revealed pathological changes in the

liver architecture, as indicated by cytoplasmic
vacuolation, hepatocytes necrosis and mononuclear
cells infiltration. These results confirm the induction
of liver dysfunction by HFD. However, RBO
administration reduced these pathological changes
and showed somewhat normal appearance, which
proved the protective and therapeutic effects of
RBO.

Previous studies confirmed that the high-
fructose diet induced elevation in the serum levels
of ALT and AST, the specific markers of
hepatocellular injury®??)  These elevations were
significantly reduced in groups fed HFD containing
RBO, compared to their respective control rats.

Insulin resistance induced by high fructose diet
in rats was well documented®®*°3" and has been
established in the present study. The degree of
insulin resistance was higher in HFD1 and HFD2
groups as indicated by the significant elevation of
serum insulin levels and HOMA-IR. The
development of hyperglycemia in HFD1 group may
be due to the formation of glucose from fructose by
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gluconeogenesis and impaired utilization of glucose
by tissues, due to insulin resistance®?.

Addition of RBO restored insulin sensitivity
and reduced HOMA-IR, compared to the normal
control and fructose fed rats (HFDland HFD?2).
Diminishes in insulin level along with the reduction
in glucose and HOMA-IR suggested that RBO acts
as a hypoglycemic agent through improving insulin
action rather than insulin secretion. These results
agree with those of Abd elbast et al.*? and Abd
El-Wahab et al.®), who reported that addition of
RBO to high fructose diet-fed rats, improved insulin
resistance. The appreciable amount of oleic acid and
tocotrienols in RBO may be the causes of glucose
reduction and insulin sensitivity in rats fed HFD
containing RBO®3*%,

Because of the absence of glucose in our
fructose diet, so the substrate for glycogen synthesis
in the fructose-fed groups likely came from dietary
fructose through the gluconeogenic pathway due to
the induction of fructose-1,6-bisphosphatase as
reported by Koo et al.®®.

Rats fed HFD for 30 days had elevated levels
of hepatic glucose-6-phosphatase which catalyzes
the terminal reaction of both glycogenolysis and
gluconeogenesis®®. Moreover,
phosphoenolpyruvate carboxykinase is another
regulatory enzyme in gluconeogenesis and its
activity is greater in animals fed high fructose
diets®”. Together with the current results, these
findings suggest that the reduction in IRS-1/PI3-
kinase association, due to impaired insulin signaling
in the liver of rats fed HFD, can reduce the effects
of insulin on glucose-6-phosphatase  and
phosphoenolpyruvate carboxykinase and
consequently increases the hepatic glycogen as
observed in HFD1 and HFD2 groups. In addition,
feeding fructose for 8 weeks (HFD2) increased the
hepatic  glucose release  which  promotes
hyperinsulinemia and insulin insensitivity. As a
result of insulin sensitivity improvement due to
addition of RBO, the hepatic glycogen content was
reduced significantly as compared to HFD groups.

CONCLUSION

The present results indicated that rats fed high
fructose containing RBO alleviated insulin
impairment originating from high fructose feeding
for 4 weeks.

REFERENCES

1.Koo S H, Satoh H, Herzig S, Lee C H, Hedrick S,
Kulkarni R, Evans R M, Olefsky J and Montminy M
(2004): PGC-1 promotes insulin resistance in liver

through PPAR-alpha-dependent induction of TRB-3. Nat.
Med.,10: 530-534.

2. Kahn B B and Flier J S(2000):Obesity and insulin
resistance. J. Clin. Invest., 106: 473-481.

3. Mohamed M A (2010): Impact of L-Carnitine and
Cinnamon on Insulin-Like Growth Factor-1 and
Inducible Nitric Oxide Synthase Gene Expression in
Heart and Brain of Insulin Resistant Rats. Am. J.
Biochem. Biotech., 6: 204-212.

4. Mahfouz M H, Ghanem H M and Mohamed M A
(2010): Modulation of insulin receptor substrate-1 and
some inflammatory variables in hyperinsulinemic rats
treated with cinnamon extract. Am. J. Biochem. Biotech.,
6:11-18.

5. Abd EI-Wahab H M F, Mohamed M A, EI Sayed H
H and Bauomy A E (2017): Modulatory effects of rice
bran and its oil on lipid metabolism in insulin resistance
rats. J. Food Biochem., 41: 12318.

6. Johnson R J, Segal M S, Sautin Y, Nakagawa
T,Feig D I,Kang D H, Gersch M S, Benner S
and Sanchez-Lozada L G (2007): Potential role of sugar
(fructose) in the epidemic of hypertension, obesity and
the metabolic syndrome, diabetes, kidney disease, and
cardiovascular disease. Am. J. Clin. Nutr., 86: 899-906.
7. Havel P J (2005): Dietary fructose: implications for
dysregulation of energy homeostasis and
lipid/carbohydrate metabolism. Nutr. Rev., 63: 133-157.
8. Bray G A, Nielsen S J and Popkin B M (2004):
Consumption of high-fructose corn syrup in beverages
may play a role in the epidemic of obesity. Am. J. Clin.
Nutr., 79: 537-543.

9. Arab F, Alemzadeh | and Maghsoudi V (2011):
Determination of antioxidant component and activity of
rice bran extract. Scientia Iranica, Transactions C:
Chemistry and Chemical Engineering, 18: 1402—-1406.
10. Rubalya V S and Neelamegam P (2012):
Antioxidant potential in vegetable oil. Res. J. Chem.
Env., 16: 87 - 94.

11. Abd Elbast S A, Rashed L A, Mohamed M A,
Ahmed M A and Ahmed E A (2016): Amelioration of
Insulin Resistance in Rats Treated with Rice Bran Oil.
Egyp J. Hosp. Med., 65: 547- 552

12. Gilbert E R and Liu D (2012): Epigenetics: the
missing link to understanding beta-cell dysfunction in the
pathogenesis of type 2 diabetes. Epigenetics, 7: 841-852.
13. Rajasekar P, Kaviarasan S and Anuradha C V
(2005): L-carnitine administration prevents oxidative
stress in high fructose fed insulin resistant rats.
Diabetologia Croatica, 34: 21-28.

14. Wang Z Q, Zuberi A, Zhang X H, Macgowan J,
Qin J, Ye X, Son L, Wu Q, Lian K and Cefalu W T
(2007): Effects of dietary fibers on weight gain,
carbohydrate metabolism and gastric ghrelin gene
expression in high fat diet fed mice. Metabolism, 56:
1635-1642.

15. Sharp P (1972): Interference in glucose oxidase-
peroxidase blood glucose methods. Clin. Chem. Acta.,
40: 115-120.

2890


https://www.ncbi.nlm.nih.gov/pubmed/?term=Evans%20RM%5BAuthor%5D&cauthor=true&cauthor_uid=15107844
https://www.ncbi.nlm.nih.gov/pubmed/?term=Olefsky%20J%5BAuthor%5D&cauthor=true&cauthor_uid=15107844
https://www.ncbi.nlm.nih.gov/pubmed/?term=Montminy%20M%5BAuthor%5D&cauthor=true&cauthor_uid=15107844
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nakagawa%20T%5BAuthor%5D&cauthor=true&cauthor_uid=17921363
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nakagawa%20T%5BAuthor%5D&cauthor=true&cauthor_uid=17921363
https://www.ncbi.nlm.nih.gov/pubmed/?term=Feig%20DI%5BAuthor%5D&cauthor=true&cauthor_uid=17921363
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kang%20DH%5BAuthor%5D&cauthor=true&cauthor_uid=17921363
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gersch%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=17921363
https://www.ncbi.nlm.nih.gov/pubmed/?term=Benner%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17921363
https://www.ncbi.nlm.nih.gov/pubmed/?term=S%C3%A1nchez-Lozada%20LG%5BAuthor%5D&cauthor=true&cauthor_uid=17921363

Sohaier Abd Elbastet al.

16. Dhahir F J, Cook D B and Self C H (1992):
Amplified enzyme-linked immunoassay of human pro-
insulin in serum. Clin. Chem., 38: 227-232.

17. Pickavance L C, Tadayyon M, Widdowson P S,
Buckingham R E and Wilding J P (1999): Therapeutic
index for rosiglitazone in dietary obese rats. Separation of
efficacy and haemodilution. Br. J. pharmacol., 128: 1570-
1576.

18. Carroll N V, Longlev R W and Roe J H (1956):
The determination of glycogen in liver and muscle by use
of anthrone reagent. J. Biol. Chem., 220: 583-593.

19. Ye J (2013): Mechanisms of insulin resistance in
obesity. Front. Med., 7: 14-24.

20. Bermudez V, Salazar J, Martinez M S, Chavez
Castillo M, Olivar L C, Calvo M J, Palmar J,
Bautista J, Ramos E, Cabrera M, Pachano F and
Rojas J (2016): Prevalence and associated factors of
insulin resistance in adults from Maracaibo City,
Venezuela. Advanc. Prev. Med., ID 9405105.

21. Guo S (2011): Insulin signaling, resistance, and the
metabolic syndrome: insights from mouse models into
disease mechanisms. J. Endocrinol., 220: 1-23.

22. Al-Okbi S Y, Mohamed D A, Hamed T E and
Esmail R S H (2014): Rice bran oil and pumpkin seed
oil alleviate oxidative injury and fatty liver in rats fed
high fructose diet. Pol. J. Food Nutr. Sci., 64: 127-133.
23. Palavicino-Maggio C B and Kuzhikandathil E V
(2016): Dietary Fructose and GLUTS5 Transporter
Activity Contribute to Antipsychotic-Induced Weight
Gain. Schizophr. Bull., 42(5): 1270-1279.

24. Hsieh FC,LeeCL,ChaiCY,Chen WT, LuY
C and Wu C S (2013): Oral administration of
Lactobacillus reuteri  GMNL-263 improves insulin
resistance and ameliorates hepatic steatosis in high
fructose-fed rats. Nutrition & Metabolism, 10:35
25.Rajarshi S, Ray D and Chakrabort A S (2015):
Glycyrrhizin - ameliorates metabolic  syndrome-
induced liver damage in experimental rat model.
Molecular and Cellular Biochemistry, 409: 177-
189.

26. Toop C R and Gentili S (2016): Fructose Beverage
Consumption Induces a Metabolic Syndrome Phenotype
in the Rat: A Systematic Review and Meta-
Analysis.Nutrients, 8(9): 577.

27. Bantle J P, Raatz S K, Thomas W and
Georgopoulos A (2000): Effects of dietary fructose on
plasma lipids in healthy subjects. Am. J. Clin.

Nutr., 72(5):1128-1134.

28. de Castro U G M, Santos A S D, Silva M E, de
Lima W G, Campagnole-Santos M J and Alzamora A
C (2013): Age-dependent effect of high-fructose and
high-fat diets on lipid metabolism and lipid accumulation
in liver and kidney of rats. Lipids in Health and Disease,
12:136.

29. Hu Y, Hou Z, Yi R, Wang Z, Sun P, Li G, Zhao X
and Wang Q (2017): Tartary buckwheat flavonoids
ameliorate high fructose-induced insulin resistance and
oxidative stress associated with the insulin signaling and
Nrf2/HO-1 pathways in mice. Food Funct., 8: 2803.

30. Mahfouz M H, Ghanem H M and Mohamed M A
(2009): Therapeutic effect of L-carnitine on sialic acid,
soluble Fas (sFas) and other biochemical variables in
hyperinsulinemic rats. Life Sci. J., 6: 76 — 82.

31. Shawky N M, Shehatou G S G, Abdel Rahim M,
Suddek G M and Gameil N M (2014): Levocetirizine
ameliorates high fructose diet-induced insulin resistance,
vascular dysfunction and hepatic steatosis in rats. Eur. J.
Pharmacol., 740: 353-363.

32. Konopelnyuk V, Yurchenko A, Karpovets T and
Ostapchenko L (2015): The development of obesity and
prediabetes under conditions of long-term consumption
of fructose solution in rats. J. App. Pharm. Sci., 5: 001-
005.

33. Shakib M C, Gabrial S and Gabrial G (2014): Rice
bran oil compared to atorvastatin for treatment of
dyslipidemia in patients with type 2 diabetes.
Macedonian J. Med. Sci., 7: 95-102.

34. Vafa M, Haghighat N, Moslehi N, Eghtesadi S and
Heydari | (2015): Effect of tocotrienols enriched canola
oil on glycemic control and oxidative status in patients
with type 2 diabetes mellitus: A randomized double-blind
placebo-controlled clinical trial. J. Res. Med. Sci., 20:
540-547.

35. Koo H Y, Wallig M A, Chung B H, Nara T Y, Cho
B H S and Nakamura M T (2008): Dietary fructose
induces a wide range of genes with distinct shift in
carbohydrate and lipid metabolism in fed and fasted rat
liver. Biochimica. Biophysica, Acta., 1782: 341-348.

36. Nandhini A T and Anuradha C V (2002): Taurine
modulates kallikrein activity and glucose metabolism in
insulin resistant rats. Amino Acids, 22: 27-38

37. Blakely S R, Hallfrisch J, Reiser S and Prather E
(1981): Long-term effects of moderate fructose feeding
on glucose tolerance parameters in rats. J. Nutr., 111:
307-314.

2891


http://pubmedcentralcanada.ca/pmcc/solr?term=author:(Caroline%20B.%20Palavicino-Maggio)
http://pubmedcentralcanada.ca/pmcc/solr?term=author:(Eldo%20V.%20Kuzhikandathil)
https://link.springer.com/journal/11010
https://www.ncbi.nlm.nih.gov/pubmed/?term=Toop%20CR%5BAuthor%5D&cauthor=true&cauthor_uid=27657120
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gentili%20S%5BAuthor%5D&cauthor=true&cauthor_uid=27657120
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5037561/
http://ajcn.nutrition.org/search?author1=John+P+Bantle&sortspec=date&submit=Submit
http://ajcn.nutrition.org/search?author1=Susan+K+Raatz&sortspec=date&submit=Submit
http://ajcn.nutrition.org/search?author1=Angeliki+Georgopoulos&sortspec=date&submit=Submit
https://www.ncbi.nlm.nih.gov/pubmed/11063439
https://www.ncbi.nlm.nih.gov/pubmed/11063439

