
Food and Nutrition Sciences, 2023, 14, 480-493 
https://www.scirp.org/journal/fns 

ISSN Online: 2157-9458 
ISSN Print: 2157-944X 

 

DOI: 10.4236/fns.2023.145032  May 31, 2023 480 Food and Nutrition Sciences 
 

 
 
 

Chronic Supplementation with L-Isoleucine 
Alone or in Combination with Exercise Reduces 
Hepatic Cholesterol Levels with No Effect on 
Serum Glucose, Insulin, or Lipids in Rats Fed a 
High Fructose Diet 

Michael Dellogono1, Lyra Clark1, Cynthia Ferrara2, Mahdi Garelnabi1,3, Thomas A. Wilson1,3* 

1Biomedical Engineering and Biotechnology Program, University of Massachusetts Lowell, Lowell, MA, USA 
2Department of Health Sciences, Merrimack College, North Andover, MA, USA 
3Department of Biomedical and Nutritional Sciences, University of Massachusetts Lowell, Lowell, MA, USA 

 
 
 

Abstract 
The thought of using branched-chain amino acids (BCAA) in the prevention 
and treatment of certain disorders is becoming increasingly popular. Indi-
vidual BCAA use has been associated with improving glucose tolerance and 
liver disease. Previous studies have cited improvements in glucose metabol-
ism with a single dose of L-isoleucine (ILE). However, it is still unclear whether 
chronic consumption of ILE has any direct benefit. The objective of this study 
was to examine the influence of chronic ILE supplementation alone or in 
combination with exercise on fasting serum glucose, insulin, lipids, and lipo-
protein cholesterol levels; glucose tolerance; and hepatic lipids in rats. Male 
Sprague-Dawley rats (n = 40) were divided into Control (low fructose diet); 
High Fructose diet (HF); HF plus 1.5% ILE (HF + ILE); HF plus exercise (HF 
+ EX); and HF plus 1.5% ILE and exercise (HF + ILE + EX). The HF diets 
consisted of 70% kcalories from fructose. After 6 weeks of treatment, no sig-
nificant differences were observed between groups for changes in fasting se-
rum glucose, insulin, lipids, or lipoprotein cholesterol levels. However, he-
patic total cholesterol was significantly lower in the HF + ILE + EX compared 
to the Control and HF, while, the HF + ILE had significantly lower hepatic 
free cholesterol compared to the HF. We also found no differences between 
groups for serum glucose response following an oral glucose tolerance test. In 
conclusion, our study shows that ILE supplementation in rats does not influ-
ence serum glucose and lipid biomarkers but may have an influence on lipid 
metabolic pathways within the liver. 
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1. Introduction 

With the rising rates of metabolic diseases and type 2 diabetes, nutritional in-
terventions to help improve health have become increasingly important. The 
Branched Chain Amino Acids (BCAAs): leucine, isoleucine, and valine; are essen-
tial for healthy tissue growth and development. However, the role of BCAAs re-
mains unclear with regards to prevention and/or treatment of metabolic diseases. 
Mangge et al. [1] reported a significant correlation beteween serum BCAAs and 
increased cardiometabolic risk. Contrary to this, Jennings et al. [2] found, in a study 
of twins, that participants with a higher dietary intake of BCAAs resulted in a 
lower prevalence of cardiometabolic risk factors, including insulin resistance. 

BCAAs are commonly supplemented to stimulate muscle protein synthesis 
and recovery following bouts of exercise [3] [4] [5]. BCAA supplementation 
during endurance exercise has been shown to decrease the rate of protein degra-
dation and delay muscle glycogen depletion [6] [7]. In regards to tissue growth, 
leucine, a specific branched-chain amino acid, has been shown to be a key regu-
lator and potent stimulator of the muscle protein synthesis pathway via mTOR 
activation [5] [8] [9]. When examining the BCAAs individually, leucine has been 
shown to have a more significant impact on stimulating muscle protein synthe-
sis, while isoleucine appears to have a greater effect on blood glucose homeosta-
sis [10] [11] [12] [13].  

Unlike leucine, isoleucine does not appear to play a pivotal role in stimulating 
muscle protein synthesis [10]. Instead, isoleucine’s physiological impact appears 
to be on glucose metabolism [12]. Using rats, Doi et al. [10] compared leucine 
and isoleucine and showed that 0.45 g/kg of isoleucine significantly decreased 
plasma glucose compared to controls, while leucine showed no significant effect. 
Also, the addition of isoleucine to the diet increased skeletal muscle glucose up-
take as well [10]. Another study [12] showed that isoleucine supplementation in 
rodents decreases the glucose response to an oral glucose tolerance test when 
compared to leucine and valine. 

When myotubes are treated with rapamycin, an mTOR inhibitor; glucose up-
take with isoleucine was significantly increased compared to the control [11]. 
Alternatively, when cells treated with a PI3-K inhibitor significantly decreased 
glucose uptake compared to the controls; thus isoleucine may influence glucose 
uptake through PI3-K [11]. This also suggests that in a typical BCAA supple-
ment, the presence of leucine, which stimulates mTOR activity, may also prevent 
muscle tissue from reaching maximum glucose uptake.  

The current state of research on isoleucine suggests that it can have a signifi-
cant blood glucose-lowering effect and the use of isoleucine could play a role in 
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the prevention or treatment of pathologies related to glucose metabolism, such 
as diabetes and metabolic disease. The primary objective of this study was to 
examine the influence of chronic L-isoleucine supplementation on serum glu-
cose, lipids, and lipoprotein cholesterol levels and hepatic cholesterol levels in 
rats fed a high fructose diet and whether exercise also impacts the effects of iso-
leucine on these parameters.  

2. Materials and Methods 
2.1. Animals and Diet 

We obtained forty, male Sprague Dawley rats (weighing 350 ± 12.2 g) from 
Charles River Breeding Labs (Wilmington, MA). They were group housed (2 per 
cage) in polystyrene cages with bedding in a temperature-controlled room at 
23˚C on a 12-hour light-and-dark cycle. We provided animals with tap water 
and food ad libitum. The animals were maintained in accordance with the guide-
lines set by the Committee on Animals of the University of Massachusetts Lowell 
Research Foundation and the National Research Councils, Committee on Care 
in Use of Animals Resources. 

During the assimilation week, animals were fed a standard chow-based diet 
(Purina, St. Louis, MO). Following the one-week acclimation period we placed 
them on one of three semi-purified diets (Research Diets, Huntley, NJ). A con-
trol diet with no added fructose or isoleucine (Control), a high fructose diet 
containing 10% kcal from fat and 70% kcal from fructose (HF), and a HF plus 
ILE diet (which contained 10% kcal from fat, 70% kcal from fructose and 1.5% 
added isoleucine) (HF + ILE).  

2.2. Experimental Groups  

We randomly divided the forty animals into five equal groups of eight animals. 
Group 1 was fed the Control. Group 2 was HF diet. Group 3 was fed the HF + 
ILE diet. Group 4 was fed the HF diet and were exercised (HF + EX). Group 5 
was fed the HF + ILE and exercised (HF + ILE + EX). 

2.3. Training Protocol 

We acclimated animals from both exercise groups to a rodent treadmill (Co-
lumbus Instruments, Columbus, OH) for one week. Exposure began with free 
roaming on an unmoving treadmill belt and gradually increased to a pace of 10 
m/min for 10 minutes over the duration of 1 week. Upon initiation of the dietary 
intervention both exercise groups were run on the treadmill three days per week 
for six weeks. The animals ran for: week 1, 15 minutes at 10 m/min; week 2, 20 
minutes at 15 m/min; week 3, 20 minutes at 20 m/min; week 4, 20 minutes at 25 
m/min; week 5, 20 minutes at 30 m/min; and week 6, 20 minutes at 35 m/min.  

2.4. Sample Collection  

We collected blood samples for the measurements of the serum concentrations 
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of glucose, total cholesterol, lipoprotein cholesterol, and triglycerides following a 
12-hour fasting period. We drew up to 1mL of blood from the tail vein at base-
line, two, and six-week time points. Samples were centrifuged upon collection at 
1500 × g 4˚C for 20 minutes and stored at −80˚C until analyses of all samples at 
the same time.  

2.5. Oral Glucose Tolerance Test  

At the end of 6 weeks, all animals were fasted 12 hours before the start of the 
oral glucose tolerance test (OGTT). Animals had a fasting blood sample col-
lected via the tail vein and were then given an oral bolus of glucose (1 g/kg body 
weight) via oral gavage. Whole blood samples were collected from the tail vein at 
30, 60, 90, and 120 minutes and were measured for glucose. 

2.6. Tissue Collection and Hepatic Cholesterol Measurement 

Upon completing the study, liver tissue was removed, cleaned and blotted dry 
before weighing and stored at −80˚C until analyses. Hepatic cholesterol concen-
trations were measured using a previously described method [14] [15], in the 
following manner: a 100 mg portion of liver was homogenized with 50 mg of so-
dium sulfate. Five mL of methanol was added, and the tissue homogenized a 
second time followed by addition of 10 mL of chloroform. After mixing, a 3 mL 
solution containing 1.25% KCl and 0.05% H2SO4 was added and centrifuged at 
400 × g at room temperature for 10 min. The bottom layer was transferred and 
the supernatant was re-extracted with 3 mL of chloroform/methanol (2:1) and 
centrifuged at 400 × g at room temperature for 10 min. The bottom layer was 
transferred and pooled with the previous step. The solution was placed in a 37˚C 
water-bath and placed under N2. When approximately half of the solution was 
evaporated, 1mL of chloroform with 1% Triton-100 was added, mixed and eva-
porated to dryness at 37˚C under N2. A total of 500 mL of distilled water was 
added to the samples, vortexed and placed in a shaking water bath at 37˚C for 20 
min to solubilize the lipid. After incubation, hepatic total and free cholesterol 
concentrations were determined enzymatically (Wako Chemicals, Richmond, 
VA). Hepatic cholesteryl ester concentration was defined as the difference be-
tween the total and the free cholesterol concentrations. 

2.7. Serum Glucose, Insulin, Lipid and Lipoprotein Cholesterol  
Measurements  

Serum glucose, lipids, and lipoprotein cholesterol were measured using the Me-
dica EasyRA Clinical Chemistry Analyzer (Medica Corporation, Bedford, MA). 
Glucose values were calculated through an enzymatic reaction that causes the com-
plete oxidation of glucose and the simultaneous reduction of NAD to NADH. 
Serum triglycerides values were calculated based on the reaction rate of a cata-
lytic enzyme. Serum total cholesterol was quantified using an enzymatic Trinder 
endpoint reaction. Serum high-density lipoprotein (HDL) cholesterol quanti-
fication required two reagents. The first reagent removed the non-HDL compo-
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nent of the lipoproteins in the sample, and the second reagent acted as a deter-
gent to solubilize HDL. Serum low-density lipoprotein (LDL) cholesterol reacted 
with a reagent to solubilize the non-LDL particles. The cholesterol realized was 
then consumed by cholesterol esterase and cholesterol oxidase in a non-color 
forming reaction.  

Serum insulin was measured using the Millipore sandwich type immunoassay 
for Rat/Mouse Insulin ELISA kit (EMD Millipore Corporation, Billerica, MA). 
The 96-well microplate was washed with Wash Buffer using an automated washer 
(BioTek Instruments, Winooski, VT, USA). Following the 3-washes of the plate 
the standards, controls, and samples were added to the microplate wells in dup-
licate. Detection Antibody was then added to all wells and the microplate was 
then incubated on a microplate shaker at 500 rpm for two hours. After the first 
incubation was complete, the solutions were decanted, and the plate was washed. 
The enzyme solution was added to each well and incubated for 30 minutes fol-
lowed by decanting and washing. A substrate was added to each well and incu-
bated on a shaker for 20 minutes. Stop Solution was then added to each well and 
the absorbance at 450 nm, and 590 nm was quickly measured by the Tecan Infi-
nite 200 Pro microplate reader (Tecan Group Ltd., Mannedorf, Switzerland). 
The intensity of the color generated was directly proportional to the amount of 
insulin in the sample. 

2.8. Statistical Analyses  

Statistical evaluations were performed using SPSS for Mac 24.0 software (SPSS, 
INC., Chicago, IL). The dataset was analyzed using a one-way ANOVA, two-way 
mixed ANOVA, and t-tests where appropriate to assess within group and be-
tween-group variations. Post hoc analysis was performed using Tukey’s test when 
appropriate. We calculated area under the curve (AUC) for the glucose tolerance 
test. All values are expressed as means ± SD and statistical significance was set to 
a p-value ≤ 0.05. 

3. Results 
3.1. Animal Characteristics  

A total of 40 Sprague-Dawley rats, randomly placed into five groups of eight 
completed the study. The average baseline weight was 353.65 ± 12.28 g with no 
significant difference between groups. Following the six-week diet and exercise 
intervention, the average weight gain was 137.73 ± 46.92 g. The Control group 
gained the most weight, with an average increase of 170.12 ± 33.92 g, whereas, 
the HF + EX group gained the least with an average increase of 113.50 ± 38.78 g. 
All groups gained a significant amount of weight when comparing their baseline 
and final weights at 6 weeks (p ≤ 0.05). Between groups, the HF + EX group had 
a significantly lower weight at every time point when compared to the Control 
group (p ≤ 0.05). The HF group had a significantly lower weight than the control 
at weeks one, three, five and six (p ≤ 0.05). HF + EX + ILE weighed significantly 
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less than the Control group at week 4 (p ≤ 0.05) (Figure 1).  

When we calculate the average rate of weight change (
y
x

∆
∆

, where y = weight  

and x = time) we find the HF group and the HF + EX group both gained at a 
significantly slower rate than Control group (p ≤ 0.05). The Control group 
gained weight at an average rate of 28.35 g/week whereas the HF group gained at 
22.94 g/week and the HF + EX group gained 18.92 g/week (p ≤ 0.01).  

3.2. Dietary Intake 

No significant difference was seen between the groups for total food intake at 
any time point (data not shown). On average, each animal consumed approx-
imately 21.20 ± 2.30 g/d. This equated to an average intake of 81.53 ± 8.85 
kCal/d. Animals in the Control group consumed a weekly average of 4.42 g leu-
cine, 2.46 g ILE, and 3.03 g of valine. Animals in the HF and HF + EX consumed 
an average of 4.52 g leucine, 2.38 g ILE, and 2.93 g of valine. Animals in the HF 
+ ILE and HF + ILE + EX consumed 55% more ILE than the other groups (p ≤ 
0.005). On average, animals within in the ILE groups consumed 6.9 grams of ILE 
each week, 4.42 g of leucine, and 2.96 g of valine. 

3.3. Fasting Serum Glucose and Insulin, Lipid and Lipoprotein  
Cholesterol Measurements 

Serum glucose concentrations from baseline to six-weeks within each group were 
not significantly different from each other (Table 1). Although insignificant, the  
 

 
Figure 1. Sprague-Dawley rats (n = 40; 8/group). Average weight from baseline through 
the end of the 6th week. Each group gained a significant amount of weight when compar-
ing their baseline to final (p < 0.05). HF had significantly lower body weight at weeks one, 
three, five and six (#, p < 0.05). The HF + EX group had a significantly lower weight than 
the Control group at every time point (p < 0.05). The HF + EX + ILE group weighed sig-
nificantly less than the Control at week four (*, p < 0.05).  
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Table 1. Fasting serum glucose, insulin, lipids and lipoprotein cholesterol concentrations at baseline and after 6 weeks of inter-
vention. Values displayed as group mean (standard deviation). * Significant difference from baseline, p < 0.05. 

 
Control HF HF + ILE HF + EX HF + ILE + EX 

Baseline Final Baseline Final Baseline Final Baseline Final Baseline Final 

Glucose (mg/dL) 
110.50 
(23.08) 

120.88 
(21.63) 

103.13 
(29.47) 

120.62 
(19.69) 

110.25 
(26.30) 

136.50 
(44.43) 

100.37 
(17.21) 

112.12 
(34.03) 

131.62 
(21.39) 

126.37 
(26.31) 

Insulin (pg/mL) 
247.50 
(93.62) 

422.25 
(421.07) 

200.00 
(144.22) 

448.75 
(388.93) 

330.00 
(231.21) 

355.00 
(385) 

200.00 
(140.61) 

135.00 
(43.35) 

306.25 
(316.90) 

187.50 
(179.02) 

Total Cholesterol 
(mg/dL) 

73.38 
(11.25) 

78.38 
(14.60) 

80.25 
(14.68) 

79.28 
(10.93) 

76.12 
(12.03) 

86.12 
(18.12) 

80.50 
(15.81) 

81.12 
(18.89) 

73.75 
(14.22) 

80.12 
(14.62) 

HDL-cholesterol 
(mg/dL) 

24.63 
(2.45) 

24.75 
(4.40) 

24.86 
(3.98) 

27.25 
(2.92) 

25.12 
(2.95) 

26.87 
(5.00) 

26.75 
(3.41) 

26.62 
(3.66) 

27.00 
(4.41) 

25.62 
(4.03) 

LDL-cholesterol 
(mg/dL) 

13.13 
(4.49) 

10.43 
(2.37) 

13.37 
(2.83) 

11.00 
(1.20) 

11.62 
(3.02) 

11.5  
(4.21) 

14.62 
(4.50) 

12.25 
(4.53) 

11.75 
(3.24) 

11.00 
(3.38) 

Triglycerides (mg/dL) 
53.25 

(19.24) 
159.63* 
(43.32) 

48.37 
(20.33) 

160.37* 
(59.75) 

51.50 
(12.01) 

165.62* 
(72.67) 

43.88 
(10.41) 

125.87* 
(44.64) 

61.50 
(17.86) 

125.88* 
(36.49) 

 
HF + ILE group had slightly higher values after 6 weeks of treatment compared 
to non-ILE treatment groups and the two EX groups (HF + EX and HF + EX + 
ILE) were slightly lower than their respective non-EX groups (HF and HF + ILE) 
(Table 1). 

Serum insulin concentrations were not significantly different between groups 
at any time point (Table 1). However, the two exercise treatment groups had 
slightly but not significantly, lower serum insulin concentrations after 6 weeks of 
treatment (HF + EX, −32.50% and HF + ILE + EX, −38.77%) while the Control 
group (70.70%) and the HF group (124.37%) increased (Table 1) from baseline 
to 6 weeks. 

Serum total cholesterol, LDL-cholesterol, HDL-cholesterol, and triglyceride 
concentrations were not significantly different between treatment groups at ei-
ther time point (Table 1). However, serum triglyceride concentrations did show 
a significant increase (p ≤ 0.05) across all treatment groups, including the Con-
trol, from baseline to 6 weeks (Table 1). The Control group increased 199.76%, 
the HF group increased 231.55%, the HF + ILE group increased 221.59%, the HF 
+ EX group increased 141.88%, and the HF + ILE + EX group increased 104.68% 
(Table 1). 

3.4. Hepatic Cholesterol Levels  

We found the HF + ILE + EX group had a 131.86% lower total hepatic choles-
terol than the Control, and 113.73% less than the HF group (p ≤ 0.05) (Figure 
2). Free cholesterol was found to be significantly lower in the HF + ILE group 
when compared to the HF group (145.31% decrease, p ≤ 0.05). Hepatic Choles-
terol Ester was not found to have any significant differences between groups 
(Figure 2).  
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Figure 2. Hepatic Cholesterol (mg/g liver) following six weeks of treatment. HF+ILE+EX 
group had a significantly lower total cholesterol level than the Control and HF group (*, 
p<0.05). Free cholesterol was found to be significantly lower in the HF+ILE group when 
compared to the HF group (+, p<0.05). Hepatic Cholesterol Ester was not found to have 
any significant differences between groups. 

3.5. Oral Glucose Tolerance Test  

With the exception of HF group, each group had a significant increase in serum 
glucose from baseline to 30 minutes (p ≤ 0.05) following a single oral dose of 
glucose (Table 2). At 60-minutes every group except the HF + EX was signifi-
cantly elevated from their baseline measurement (p ≤ 0.05). At 60-minutes the 
HF group was the only group continuing to rise; all other groups began return-
ing towards baseline values (Table 2). At 90 minutes the Control, HF, and HF + 
ILE + EX groups remained significantly elevated from baseline (p ≤ 0.05). At 120 
minutes, the Control group remained 14.09% elevated from baseline (p ≤ 0.05), 
HF was elevated 10.71%, and HF + ILE was elevated 8.21%. The HF + EX group 
was the only group to drop below baseline with a 5.05% decrease from baseline. 
HF + ILE + EX remained slightly elevated from baseline with a 2.98% increase. 
Between groups we see significantly lower blood glucose in the HF + EX group 
at 90-minutes when compared to HF + ILE (p ≤ 0.05). A significant decrease in 
blood sugar was seen at 120 minutes in the HF + ILE + EX group when com-
pared to the Control and HF + ILE groups (p ≤ 0.05). When we looked at the 
total response and calculated the Area under Curve (AUC), we noticed the HF 
(12961.88) and HF + ILE (12941.25) had nearly identical responses. Exercise groups 
had a slightly reduced AUC compared to the Control and non-exercise groups. We 
found no significant differences between treatments for AUC (Table 2). 

4. Discussion 

As expected with the normal growth of Sprague-Dawley rats, the average weights  
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Table 2. Blood glucose response to oral glucose tolerance test following six weeks of 
treatment. Significant elevations were seen within each group 30-minutes and 60 minutes 
after feeding (p < 0.05). 

 
Time 

AUC 
Baseline 30 minutes 60 minutes 90 minutes 120 minutes 

Control 
93.13 
(8.11) 

121.50a 
(22.49) 

114.75a 
(13.52) 

106.88a 
(13.27) 

106.25a 
(13.86) 

13254.38 
(1512.77) 

HF 
94.50 
(7.03) 

112.13 
(19.74) 

116.13 a 
(15.32) 

104.25 a 
(7.65) 

104.63 
(11.96) 

12961.88 
(991.78) 

HF + ILE 
98.75 

(13.16) 
116.13a 
(13.62) 

112.38a 
(13.46) 

106.75c 
(9.18) 

106.86 
(12.68) 

12941.25 
(1384.06) 

HF + EX 
98.25 

(15.40) 
112.50a 
(10.53) 

106.75 
(11.48) 

95.12 
(11.48) 

93.29  
(11.38) 

12129.38 
(1086.88) 

HF + ILE + EX 
88.00 

(5.29) 
111.75a 
(11.73) 

109.88a 
(16.15) 

101.50a 
(9.78) 

90.63b  
(6.39) 

12373.13 
(654.98) 

Values displayed as mean (standard deviation), a: significant difference from baseline; b: 
significantly different from control; c: significantly different than HF + EX; d: significant-
ly different than HF + ILE (p < 0.05). 
 
increased throughout the study and each group significantly increased weight 
from baseline to final. Within each group, the average increase was 41% over the 
six-week period. The HF + EX group had a significantly lower weight than the 
control at every time point and the HF + EX + ILE group had significantly lower 
weight at week four (p ≤ 0.05). No significant differences occurred in the total 
food consumption, which was on average a total of 1141 kCals of food per week 
or an average of 296.83 grams per week (148 grams per animal, per week). Ami-
no Acid consumption showed no significant difference between the control, HF, 
and HF + EX groups. The HF + ILE and HF + EX + ILE groups consumed an 
average of 187% more ILE than the non-ILE groups. The increase in ILE did not 
lead to any significant changes in weight gain. It appears that while exercise was 
able to attenuate the gain in weight, ILE did not influence the change in weight 
at the current dosage level.  

Previous studies have shown that blood glucose is lowered in rodents when 
supplemented with ILE. The glucose-lowering is associated with increased mus-
cle glucose uptake along with no significant changes in serum insulin [10] [11]. 
Prior studies have primarily assessed the impact of ILE through a glucose chal-
lenge with or without ILE. In our design, we provided rats with either a tradi-
tional chow or one enriched with ILE. We found that the addition of ILE to 
every meal caused no significant changes in fasting blood glucose or insulin, al-
though there were some trends on positive changes with serum insulin levels, 
which may have been significant if not for the great variability in mean levels 
between groups baseline. The possible reason for this variability is unknown. 
Contrary to our results, a previous study in glucose intolerant mice showed a 
slight, but significant, decrease in fasting blood glucose. In their study, ILE was 
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provided ad libitum at a 2% concentration of the water source [13] rather than 
through the diet as in the current study.  

In the present study we examined how treadmill running would influence the 
effects of ILE. While we did not identify a statistically significant difference we 
did see a trend towards a lower fasting glucose. Following the six-week treatment 
the HF + ILE + EX group was the only group to have a fasting glucose measure-
ment less than the baseline measurement. HF + ILE + EX reduced glucose by 
3.99%, whereas the HF + EX group increased 11.71%. We also saw the HF + ILE 
+ EX group reduce fasting insulin 38.75% and the HF + EX group decrease 
32.5%. Although not significant in this study it doses suggests there may be ad-
ditive effect on glucose management when ILE and exercise are combined and 
could be an area for future study. 

To our knowledge, this is the first study to specifically look at the influence of 
ILE in isolation on lipids. Total cholesterol did not significantly vary between 
treatments and remained relatively unchanged. ILE groups had the most sub-
stantial increases in cholesterol, but the elevation did not demonstrate a signifi-
cant increase. Exercise groups also had no significant difference in total choles-
terol levels. HDL remained relatively unchanged from baseline to final in all 
groups, and LDL decreased slightly in all groups except HF + ILE. Overall, total, 
HDL, and LDL cholesterol remained unchanged over the course of the six-week 
treatment. Triglyceride values increased significantly from baseline to final in all 
groups. Exercise did attenuate the elevation in triglycerides but did not signifi-
cantly reduce values when compared to the non-exercise groups. While not sig-
nificant, the smallest increase in TG levels was found in the HF + LE + EX 
group. With the high fructose diet, we anticipated an elevation in triglyceride 
levels. Previous studies have demonstrated an increase in blood triglyceride le-
vels with a high fructose diet [16] [17].  

Previous rodent studies have demonstrated a significant decrease in the blood 
glucose response following an oral glucose tolerance test when ILE is provided 
[10] [12] [18]. The majority of previous work had specifically looked at the acute 
change in the glucose response when the OGTT was supplemented with ILE. In 
the current study, we performed the OGTT without ILE to determine if chronic 
feeding would alter the glucose response in the absence of ILE. We showed that 
providing ILE at every meal in a concentration 1.5 times greater than Leucine, 
and 2.3 times greater than Valine, did not influence glucose regulation after six 
weeks. This suggests that ILE must be supplemented during a high glucose meal 
to see benefits. Neither of the ILE groups showed a significant improvement in 
glucose AUC. To our knowledge, this is the first rat study to measure glucose 
response to a traditional OGTT following chronic feeding of ILE. Our findings 
align with the previously referenced study in mice by Ikehara et al. [13]. Both 
studies found no change in glucose response when ILE was not provided during 
the OGTT. While we did not measure the insulin response to the OGTT, Ikehara 
et al., noted significantly lower insulin AUC, and suggested that role of ILE in 
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glucose regulation may be through an insulin-independent mechanism [13]. 
We found that six weeks of supplementing ILE to meals does not significantly 

impact glucose or blood lipid profiles. We also found no significant influence of 
exercise combined with ILE on blood profiles. In the current study animals fed 
the ILE consumed an average of 0.97 g/day per cage, for an estimated 0.48 grams 
per animal each day. Previous work had identified 0.45 g/kg to be the optimal 
quantity of ILE to produce glucose lower effects [10]. Our study introduced chow 
fortified with ILE and greatly reduced the g/kg consumed. We have a second sig-
nificant study design variation, wherein we provided the ILE throughout the 24 
hours eating cycle and not in a single dosage. The dosage of ILE per meal may 
have been too low to alter glucose metabolism in the current study compared to 
previous studies showing a lowering in blood glucose.  

Our analysis of hepatic cholesterol showed that ILE had a positive influence 
on hepatic cholesterol. Total hepatic cholesterol decreased 131.86% with HF + 
ILE + EX compared to the control, and 113.73% compared to HF (p ≤ 0.05). 
This decrease was also significant with free cholesterol when comparing HF vs. 
HF + ILE (−145.31%) (p ≤ 0.05) (Figure 2). This is the first study we are aware 
of to identify changes in hepatic cholesterol with ILE feeding. Previously it had 
been identified that ILE decreases hepatic gluconeogenesis in Wistar rats [10]. 
The reduction of hepatic gluconeogenesis is one mechanism proposed to explain 
the glucose lower effects of ILE.  

Multiple research groups have a looked at the impact of BCAAs on symptoms 
and progression of liver disease. BCAA supplementation has been shown to im-
prove the outcomes of patients with liver disease [19] [20]. In an analysis of he-
patic cholesterol in patients diagnosed with either non-alcoholic fatty liver (NAFL) 
disease or non-alcoholic steatohepatitis (NASH), an increase in free cholesterol 
is seen without an associated increase in cholesterol esters [21]. Much like the 
research on BCAAs in exercise, the research looking at the influence on liver 
disease has primarily looked at BCAAs as a group. Future studies should further 
examine how ILE alone may positively influence liver metabolism of lipids and 
glucose.  

5. Conclusion  

We demonstrated that the addition of 0.48 g/day of ILE for six weeks did not al-
ter glucose metabolism compared to animals not consuming ILE. Furthermore, 
we also did not find an additive effect of ILE plus exercise on glucose metabol-
ism. However, the current study did show a positive influence of ILE on hepatic 
cholesterol levels. Further research needs to be completed to identify how ILE 
alone may be used to benefit patients with liver disease and associated symptoms 
such as insulin resistance.  

Acknowledgements 

This project was supported by an Internal Seed Grant from the University of 

https://doi.org/10.4236/fns.2023.145032


M. Dellogono et al. 
 

 

DOI: 10.4236/fns.2023.145032 491 Food and Nutrition Sciences 
 

Massachusetts Lowell. The authors would like to thank Amy Finneral for her 
technical and training support in working with the animals. 

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this pa-
per. 

References 
[1] Mangge, H., Zelzer, S., Prüller, F., Schnedl, W.J., Weghuber, D., Enko, D., Bergsten, 

P., Haybaeck, J. and Meinitzer, A. (2016) Branched-Chain Amino Acids Are Asso-
ciated with Cardiometabolic Risk Profiles Found Already in Lean, Overweight and 
obese Young. The Journal of Nutritional Biochemistry, 32, 123-127.  
https://doi.org/10.1016/j.jnutbio.2016.02.007 

[2] Jennings, A., MacGregor, A., Pallister, T., Spector, T. and Cassidy, A. (2016) Asso-
ciations between Branched Chain Amino Acid Intake and Biomarkers of Adiposity 
and Cardiometabolic Health Independent of Genetic Factors: A Twin Study. Inter-
national Journal of Cardiology, 223, 992-998.  
https://doi.org/10.1016/j.ijcard.2016.08.307 

[3] Layman, D.K. and Walker, D.A. (2006) Potential Importance of Leucine in Treat-
ment of Obesity and the Metabolic Syndrome. The Journal of Nutrition, 136, 
319S-323S. https://doi.org/10.1093/jn/136.1.319S 

[4] Norton, L.E. and Layman, D.K. (2006) Leucine Regulates Translation Initiation of 
Protein Synthesis in Skeletal Muscle after Exercise. Journal of Nutrition, 136, 
533S-537S. https://doi.org/10.1093/jn/136.2.533S 

[5] Anthony, J.C., Anthony, T.G. and Layman, D.K. (1999) Leucine Supplementation 
Enhances Skeletal Muscle Recovery in Rats following Exercise. Journal of Nutrition, 
129, 1102-1106. https://doi.org/10.1093/jn/129.6.1102 

[6] Blomstrand, E., Ek, S. and Newsholme, E.A. (1996) Influence of Ingesting a Solution 
of Branched-Chain Amino Acids on Plasma and Muscle Concentrations of Amino 
Acids during Prolonged Submaximal Exercise. Nutrition, 12, 485-490.  
https://doi.org/10.1016/S0899-9007(96)91723-2 

[7] Hood, D.A. and Terjung, R.L. (1990) Amino Acid Metabolism during Exercise and 
Following Endurance Training. Sports Medicine, 9, 23-35.  
https://doi.org/10.2165/00007256-199009010-00003 

[8] Liu, H., Liu, R., Xiong, Y., Li, X., Wang, X., Ma, Y., Guo, H., Hao, L., Yao, P., Liu, 
L., Wang, D. and Yang, X. (2014) Leucine Facilitates the Insulin-Stimulated Glucose 
Uptake and Insulin Signaling in Skeletal Muscle Cells: Involving mTORC1 and 
mTORC2. Amino Acids, 46, 1971-1979. https://doi.org/10.1007/s00726-014-1752-9 

[9] Guimaraes-Ferreira, L., Cholewa, J.M., Naimo, M.A., Zhi, X.I., Magagnin, D., de Sa, 
R.B., Streck, E.L., da Silva Teixeira, T. and Zanchi, N.E. (2014) Synergistic Effects of 
Resistance Training and Protein Intake: Practical Aspects. Nutrition, 30, 1097-1103.  
https://doi.org/10.1016/j.nut.2013.12.017 

[10] Doi, M., Yamaoka, I., Nakayama, M., Sugahara, K. and Yoshizawa, F. (2007) Hy-
poglycemic Effect of Isoleucine Involves Increased Muscle Glucose Uptake and 
Whole Body Glucose Oxidation and Decreased Hepatic Gluconeogenesis. American 
Journal of Physiology-Endocrinology and Metabolism, 292, E1683-E1693.  
https://doi.org/10.1152/ajpendo.00609.2006 

[11] Doi, M., Yamaoka, I., Fukunaga, T. and Nakayama, M. (2003) Isoleucine, a Potent 

https://doi.org/10.4236/fns.2023.145032
https://doi.org/10.1016/j.jnutbio.2016.02.007
https://doi.org/10.1016/j.ijcard.2016.08.307
https://doi.org/10.1093/jn/136.1.319S
https://doi.org/10.1093/jn/136.2.533S
https://doi.org/10.1093/jn/129.6.1102
https://doi.org/10.1016/S0899-9007(96)91723-2
https://doi.org/10.2165/00007256-199009010-00003
https://doi.org/10.1007/s00726-014-1752-9
https://doi.org/10.1016/j.nut.2013.12.017
https://doi.org/10.1152/ajpendo.00609.2006


M. Dellogono et al. 
 

 

DOI: 10.4236/fns.2023.145032 492 Food and Nutrition Sciences 
 

Plasma Glucose-Lowering Amino Acid, Stimulates Glucose Uptake in C2C12 Myo-
tubes. Biochemical and Biophysical Research Communications, 312, 1111-1117.  
https://doi.org/10.1016/j.bbrc.2003.11.039 

[12] Doi, M., Yamaoka, I., Nakayama, M., Mochizuki, S., Sugahara, K. and Yoshizawa, F. 
(2005) Isoleucine, a Blood Glucose-Lowering Amino Acid, Increases Glucose Up-
take in Rat Skeletal Muscle in the Absence of Increases in AMP-Activated Protein 
Kinase Activity. The Journal of Nutrition, 135, 2103-2108.  
https://doi.org/10.1093/jn/135.9.2103 

[13] Ikehara, O., Kawasaki, N., Maezono, K., Komatsu, M. and Konishi, A. (2008) Acute 
and Chronic Treatment of L-Isoleucine Ameliorates Glucose Metabolism in Glu-
cose-Intolerant and Diabetic Mice. Biological and Pharmaceutical Bulletin, 31, 
469-472. https://doi.org/10.1248/bpb.31.469 

[14] Nicolosi, R.J., Wilson, T.A. and Krause, B.R. (1998) The ACAT Inhibitor, CI-1011 
Is Effective in the Prevention and Regression of Aortic Fatty Streak Area in Ham-
sters. Atherosclerosis, 137, 77-85. https://doi.org/10.1016/S0021-9150(97)00279-7 

[15] Carr, T.P., Andresen, C.J. and Rudel, L.L. (1993) Enzymatic Determination of Trig-
lyceride, Free Cholesterol, and Total Cholesterol in Tissue Lipid Extracts. Clinical 
Biochemistry, 26, 39-42. https://doi.org/10.1016/0009-9120(93)90015-X 

[16] Hwang, I.S., Ho, H., Hoffman, B.B. and Reaven, G.M. (1987) Fructose-Induced In-
sulin Resistance and Hypertension in Rats. Hypertension, 10, 512-516.  
https://doi.org/10.1161/01.HYP.10.5.512 

[17] D’Angelo, G., Elmarakby, A.A., Pollock, D.M. and Stepp, D.W. (2005) Fructose Feed-
ing Increases Insulin Resistance but Not Blood Pressure in Sprague-Dawley Rats. 
Hypertension, 46, 806-811.  
https://doi.org/10.1161/01.HYP.0000182697.39687.34 

[18] Nishitani, S., Takehana, K., Fujitani, S. and Sonaka, I. (2005) Branched-Chain Amino 
Acids Improve Glucose Metabolism in Rats with Liver Cirrhosis. American Journal 
of Physiology Gastrointestinal and Liver Physiology, 288, G1292-G1300.  
https://doi.org/10.1152/ajpgi.00510.2003  

[19] Muto, Y., Sato, S., Watanabe, A., Moriwaki, H., Suzuki, K., Kato, A., Kato, M., Na-
kamura, T., Higuchi, S. and Kumada, H., the Survival Group (2005) Effects of Oral 
Branched-Chain Amino Acid Granules on Event-Free Survival in Patients with Liv-
er Cirrhosis. Clinical Gastroenterology and Hepatology, 3, 705-713.  
https://doi.org/10.1016/S1542-3565(05)00017-0 

[20] Marchesini, G., Bianchi, G., Merli, M., Amodio, P., Panella, C., Loguercio, C., Rossi 
Fanelli, F. and Abbiati, R., Itallian BCAA Study Group (2003) Nutritional Supple-
mentation with Branched-Chain Amino Acids in Advanced Cirrhosis: A Double-Blind, 
Randomized Trial. Gastroenterology, 124, 1792-1801.  
https://doi.org/10.1016/S0016-5085(03)00323-8 

[21] Puri, P., Baillie, R.A., Wiest, M.M., Mirshahi, F., Choudhury, J., Cheung, O., Sar-
gent, C., Contos, M.J. and Sanyal, A.J. (2007) A Lipidomic Analysis of Nonalcoholic 
fatty Liver Disease. Hepatology, 46, 1081-1090. https://doi.org/10.1002/hep.21763 

 
 
 
 
 

 

https://doi.org/10.4236/fns.2023.145032
https://doi.org/10.1016/j.bbrc.2003.11.039
https://doi.org/10.1093/jn/135.9.2103
https://doi.org/10.1248/bpb.31.469
https://doi.org/10.1016/S0021-9150(97)00279-7
https://doi.org/10.1016/0009-9120(93)90015-X
https://doi.org/10.1161/01.HYP.10.5.512
https://doi.org/10.1161/01.HYP.0000182697.39687.34
https://doi.org/10.1152/ajpgi.00510.2003
https://doi.org/10.1016/S1542-3565(05)00017-0
https://doi.org/10.1016/S0016-5085(03)00323-8
https://doi.org/10.1002/hep.21763


M. Dellogono et al. 
 

 

DOI: 10.4236/fns.2023.145032 493 Food and Nutrition Sciences 
 

List of Abbreviations 

BCAA (Branched chain amino acids);  
mTOR (mammalian target of rapamycin); 
PI3-K (Phosphoinositide 3-kinase);  
ILE (Isoleucine);  
HF (High fructose diet);  
HF + ILE (High fructose diet with isoleucine);  
HF + EX (High fructose diet plus exercise);  
HF + ILE + EX (High fructose diet with isoleucine and exercise);  
EX (Exercise);  
OGTT (Oral glucose tolerance test);  
KCL (Potassium chloride);  
H2SO4 (Sulfuric acid);  
N2 (Nitrogen gas);  
HDL (High density lipoprotein);  
LDL (Low density lipoprotein);  
ELISA (Enzyme-linked immunosorbent assay);  
AUC (Area under curve);  
NAFL (Non-alcoholic fatty liver);  
NASH (Non-alcoholic steatohepatitis).  
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