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Effects of corn gluten hydrolyzates, branched chain amino acids, and leucine on
body weight reduction in obese rats induced by a high fat diet
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Abstract

In this study, we compared corn gluten hydrolyzates, BCAAs, and leucine for their effects on body weight reduction in high fat-induced obese
rats in order to determine the major active components in the corn gluten hydrolyzates. After obesity was induced for 13 weeks with high fat
diet, the overweight-induced SD rats (n=64) were stratified according to body weight, randomly blocked into eight treatments, and raised for 8
weeks. Four groups were changed to a normal diet and the other groups remained on the high fat diet. Each of the groups within both diets was
fed either casein, corn gluten hydrolyzates, leucine, or branched chain amino acids, respectively. Daily food intake, body weight gain, and food
efficiency ratio were significantly lower in the corn gluten hydrolyzate groups compared to the other groups, regardless of the high fat diet or
normal fat diet. The rats fed the com gluten hydrolyzates diet had the lowest perirenal fat pad weights whereas muscle weight was significantly
increased in the corn gluten hydrolyzates groups. Plasma triglyceride, hepatic total lipid, and total cholesterol contents were significantly reduced
in the corn gluten hydrolyzates groups. Other lipid profile measurements were not significantly changed. Plasma triglyceride and hepatic total lipid
were also significantly reduced in the BCAA and leucine groups. Leptin levels were significantly lower and adiponectin was significantly higher
in the corn gluten hydrolyzates groups. Fasting blood glucose, insulin, C-peptide, and HOMA-IR levels were also significantly reduced in the corn

gluten hydrozylates groups, regardless of fat level.
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Introduction

Obesity is defined as “abnormal or excessive fat accumulation
in the body due to an imbalance between energy intake and
consumption.” This obesity can lead to chronic disease complica-
tions such as cardiac disorders, hypertension, hyperlipidemia, and
diabetes, which threaten the health of humankind. The cause of
obesity is very complicated results from interactions among a
variety of factors, however, two reasons are suggested as the
main cause: over-nutrition and insufficient energy consumption.
Diet control, in particular, is emphasized to prevent and treat
obesity [1,2]. In Korea, the obesity occurrence rate (above 19
years old) was increased 5.7% over 10 years, from 26.0% in
1998 to 31.7% in 2007 [3].

In the early stage of obesity research, the focus was merely
on cutting calorie intake to prevent obesity, but this method may
cause loss of not only body-fat but also body-protein. As a result,
research is now focused on the effects of specific nutrients and
substances. As plant proteins usually have inferior functional

qualities compared to animal proteins, particular attention has
been given to the enzymatic hydrolysis of plant proteins. Among
plant sources, soybeans are widely used to obtain protein
hydrolyzates, but several studies on the preparation of corn gluten
hydrolyzates have also been reported [4,5,6,7,8,9,10,11].
Com is a major cereal crop throughout the world. Corn gluten
is used mainly for animal feed because it lacks functional
properties essential for food. However, based on its biochemical
structure such as high hydrophobicity, as well as its low price
and high abundance, corn gluten is becoming an interesting
source for food and non-food applications [4]. Corn has a high
amount of branched chain amino acids (BCAAs), especially
leucine, which plays an important role in body metabolism [12,
13]. Leucine is well known to stimulate muscle protein synthesis,
on the other hand, it has been recently demonstrated to decrease
food intake and body weight by stimulating hypothalamic
mammalian target of rapamycin (mTOR) signaling [14]. Thus,
the potential role of corn gluten and its hydrolyzates containing
high amount of BCAAs especially leucine in body weight control
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Table 1. Amino acid composition of corn gluten hydrolyzates (g/100 g)

Amino acids Free amino acids Total amino acids
ASP 1.14 4.72
THR 1.56 2.44
SER 1.32 2.66
GLU 3.51 15.21
PRO 1.31 527
GLY 0.62 1.61
ALA 4.83 741
CYS 0.59 0.00
VAL 2.65 2.98
MET 1.57 1.57
ILE 212 2.8
LEU 8.55 11.51
TYR 1.92 0.00
PHE 2.90 3.02
HIS 0.65 1.19
LYsS 0.68 1.19
NH3 0.23 0.49
ARG 0.00 0.34

makes this an interesting area for further investigation.

In our previous research we studied the effects of various
vegetable proteins and protein hydrolyzates on weight loss in
rats with obesity induced by a high-fat diet [11]. That study
revealed that corn gluten hydrolyzate, having high free amino
acids, reduced weight gain; however, it showed negative nitrogen
balance. We cautiously speculated that the effects of the corn
gluten hydrolyzate may be explained by its high amounts of

Table 2. The composition of the experimental diets (g/kg diet)

BCAA and leucine (Table 1). Thus in this study, we compared
corn gluten hydrolyzate, BCAAs, and leucine for their effects
on body weight reduction in high fat-induced obese rats in order
to determine the major active components of the corn gluten
hydrolyzates.

Materials and Methods

Corn gluten peptide, leucine, and branched chain amino acids

The corn gluten peptide used in this study was provided by
Sempio Food Company (Seoul, Korea) and was the same as that
used in our previous study [11], which was manufactured using
alcase, protamex, and flavourzyme (Novo Nordisck’s Enzyme
Business, Denmark). Food grade leucine and branched chain
amino acids (BCAAs; valine, isoleucine, leucine) were kindly
provided by Vixxol Korea (Ajinomoto, Japan). The total amino
acid composition of the corn gluten peptides is shown in Table 1.

Animals

Eight-week-old male Sprague-Dawley rats (CD (SD)IGS,
Outbred, Charles River Origin; Jung-Ang Lab. Animal, Inc., Seoul,
Korea) were placed in individual stainless steel wire-mesh cages
in an air-conditioned room (22-24C) with a 12 h light/dark cycle
and 45 + 5% humidity in compliance with the Guide for the Care
and Use of Laboratory Animals [15]. Feed (chow or experimental

Groups Normal fat diet High fat diet
Ingredients Control ﬁ%?ogl;;: BCAA Leucine Control ﬁ%?()g,l:;?g BCAA Leucine
Cornstarch 397.49 318.50 401.50 399.70 0 0 0 0
Dextrinize cornstarch 132.00 132.00 132.00 132.00 149.76 45.00 155.00 151.80
Sucrose 100.00 100.00 100.00 100.00 102.11 102.11 102.11 102.11
Casein (>85% protein) 200.00 0.00 139.00 161.00 272.29 0.00 199.00 225.00
Corn gluten hydrolyzate 0.00 279.00 0.00 0.00 0.00 378.80 0.00 0.00
BCAAs" 0.00 0.00 56.507 0.00 0.00 0.00 67.84 0.00
Leucine 0.00 0.00 0.00 36.307 0.00 0.00 0.00 43.55
Soybean Oil 70.00 70.00 70.50 70.50 95.30 93.50 95.50 97.00
Lard 0.00 0.00 0.00 0.00 243.70 243.70 243.70 243.70
Fiber 50.00 50.00 50.00 50.00 68.07 68.07 68.07 68.07
Mineral mix 35.00 35.00 35.00 35.00 47.65 47.65 47.65 47.65
Vitamin mix 10.00 10.00 10.00 10.00 13.61 13.61 13.61 13.61
L-Cystine 3.00 3.00 3.00 3.00 4.08 4.08 4.08 4.08
Choline bitartrate 2.50 2.50 2.50 2.50 3.40 3.40 3.40 3.40
Tert-butylhydroquinone 0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.02
Total amount 1,000.0 1,000.0 1,000.0 1,000.0 1,000.0 1,000.0 1,000.0 1,000.0
Total Calorie (kcal) 3,737.6 3,719.3 3,764.2 3,755.7 5,088.8 5,050.9 5,118.6 5,116.4
Carbohydrates (% as kcal) 63 63 63 63 20 20 20 20
Protein (% as kcal) 20 20 20 20 20 20 20 20
Fat (% as kcal) 17 17 17 17 60 60 60 60

U The composition and proportion of BCAAs (valine : isoleucine : leucine = 125:1:4,04) corresponded to the amino acid composition of the comn gluten hydrolyzates,
A The amounts of leucine and BCAAs were the same as the amounts in the com gluten peptide,
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diets) and water (boiled and filtered) were provided ad libitum
at all times. All animals were used in the experiments after 10
days of acclimatization and were sacrificed after the experiments.

Experimental design and diets

The SD rats (n="72) were fed a modified American Institute
of Nutrition (AIN)-93M diet [16] with high fat (60% of energy
as fat) for 13 weeks. The lipid sources in the high fat diet were
lard and soybean oil. Each amount of protein, fiber, minerals,
and vitamins per total calories in the high fat diet was equalized
to that of the AIN-93M diet (Table 2) [17]. Besides the high
fat group, in order to confirm overweight, 8 SD rats were fed
a normal fat diet as a control group. After 13 weeks, 8 SD rats
were randomly selected and sacrificed with the control diet group
in order to confirm that overweight was induced using body
weight and fat mass. Body weight, body weight gain, and fat
mass were significantly higher in the high fat diet group than
in control diet group (Table 3). We confirmed that overweight
was induced based on these results. The overweight-induced SD
rats (n=64) were then stratified according to body weight,
randomly blocked into eight treatments, and raised for 8 weeks.
Four groups were changed to a normal fat diet and the other
groups remained on the high fat diet. Each of the groups within
both diets was fed either control protein, corn gluten peptide,
leucine, or branched chain amino acids, respectively. The corn
gluten peptide group was fed corn gluten peptide as the only
protein source, and the amounts of leucine and BCAAs in the
corn gluten peptide were calculated and then adjusted with casein
for the same protein concentration in all experimental diets. The
composition and proportion of BCAAs (valine : isoleucine :
leucine =1.25: 1 : 4.04) also corresponded to that of the amino
acid composition of the com gluten hydrolyzate. The compositions
of the experimental diets are shown in Table 2. All other materials
were purchased from Dyets Inc. (Bethlehem, PA, USA). Body
weight and food intake were measured every week. After the
8-week period, the rats were sacrificed by exsanguination from
the heart under light ether anesthesia. The plasma was separated
by centrifugation and the livers were removed, weighed, and cut
into small pieces. All the samples were then stored at -80C until
further analysis. Feces were collected using metabolic cages for
the final three days of the experimental period. Perirenal fat pads,
epididymal fat pads, interscapular brown adipose tissue, and
soleus muscle tissue were removed and weighed after sacrificing
the animals.

Biochemical analysis

The total lipid concentrations in plasma, liver and feces were
measured using the Frings & Dunn’s method [18] and Bligh &
Dyer’s method [19], respectively. Plasma concentrations of
triglycerides, total cholesterol, and high density lipoprotein
(HDL) cholesterol, as well as hepatic and fecal concentrations
of triglyceride and total cholesterol were measured using a
commercial kit (Asan Pharmaceutical, Seoul, Korea). Serum
glucose was measured using an enzymatic method with a test
kit from Kodak Ektachem (Rochester, NY, USA). Insulin was
determined by ELIZA with a kit from Mercodia (Uppsala,
Sweden). Insulin sensitivity was estimated by the homeostasis
model assessment of insulin resistance (HOMA-IR) [Fasting
plasma insulin (uU/ml) x fasting blood glucose (mmol/1)/22.5].
Leptin and adiponection in the plasma were analyzed using
two-site enzyme immunoassay kit (Linco Research, USA;
B-bridge, Japan, respectively).

Statistical analysis

All statistical analyses were performed using the SAS program
package version 9.1. Differences between the control and treatment
groups were analyzed by Student’s #-test. As a way to compare
several groups, one-way analysis of variance (ANOVA) with
Duncan’s multiple range tests were used at P <(.05. Data were
also analyzed using two-way ANOVA to test for main effects.
All results are expressed as the mean + standard error (SE).

Results

Body weight changes and food intakes are shown in Fig. 1.
Body weight in the group of corn gluten hydrolyzates was
reduced regardless of a high fat or normal fat diet and significant
effects began to appear at 2 weeks (Fig. 1A). Food intake was
significantly influenced by corn gluten hydrolyzates (P < 0.05).
Groups fed the corn gluten hydrolyzates had significantly lower
calorie intakes than other groups (data not shown). Because of
scarifying and collecting metabolic samples, we did not measure
daily food intake at 8 weeks. With body weight decrease, food
intake was also decreased in the group of corn gluten
hydrolyzates, however, from 4 weeks, and the level of food intake
was increased and reached the same level as other groups (Fig.
1B). Food intake was not significantly influenced by dietary fat

Table 3. Body weight and Fat pad weights in rats fed diets with different levels of dietary fat during and after an overweight induction period

Group” Body weight Body weight gain Perirenal fat Epidydimal fat Brown adipose tissue
P (9) (9/13 week) (9/100 g BW) (9/100 g BW) (9/100 g BW)
CON 573.83 + 47.73%* 243.54 + 16.89* 4.20+0.17* 2.88 +0.20* 0.13+0.02*
HF 751.63£21.27 384.05+8.30 5.83+0.36 3.60+0.13 0.10+0.01

Y CON: 17% calories from fat, HF: 60% calories from fat
2 Mean + standard error (S.E)
* Significantly different at the level of @ =005 by using Student's t-test,
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Fig. 1. The changes of body weight (A) and food intake (B) during 8 weeks treatment of corn gluten hydrolyzates, BCAAs, and leucine. Because of scarifying and
collecting metabolic samples, food intake was measured for 7 weeks, Values are expressed as means + SE shown by vertical bars, Statistical significance was calculated
by one-way ANOVA, Comparison were done among different groups (* £<0.05) (O casein as control, @ com gluten hydrolyzates, A BCAAs, Il Leucine).

levels (data not shown), and rats fed high fat diet showed
increasing tendency slightly. BCAAs and leucine did not affect
the body weight reduction and daily food intake in this study.

The weights of the perirenal fat pads, epididymal fat pads,
brown adipose tissue, and muscle tissue are shown in Table 4.
The rats fed the corn gluten hydrolyzate diet had the lowest
weight for perirenal fat pads, whereas muscle weight was
significantly increased in the corn gluten hydrolyzate groups. On
the contrary, the BCAA and leucine groups showed no significant
changes in body weight or body fat reduction.

Lipid concentrations in the plasma, liver, and feces are shown
in Table 5. Plasma triglyceride and hepatic total lipid were
significantly reduced in the corn gluten hydrolyzate groups. Other
lipid profile measurements were not changed significantly.
Plasma triglyceride and hepatic total lipid were also significantly
reduced in the BCAA and leucine groups.

We also examined levels of adipokines such as leptin and
adiponectin, which are hormones secreted by adipose tissue.
Leptin levels were high in the high fat diet group, however,
adiponection showed no effect depending on the fat level. Levels
of both of these hormones were significantly affected by protein
source, in which leptin levels were significantly lower and
aiponectin levels significantly higher in the com gluten hydrolyzate
groups (Table 6).

Fasting blood glucose, insulin, C-peptide, and HOMA-IR levels
were also significantly reduced in the corn gluten hydrolyzates
groups, regardless of fat level (Table 7). Fasting blood glucose
did not show significant differences between dietary fat levels
but was significantly reduced depending on the protein source,
and the rats fed the corn gluten hydrolyzate had significantly
lower fasting blood glucose levels. Plasma insulin level showed
a similar pattern to fasting blood glucose and HOMA-IR, an
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Table 4. Fat pad weights and muscle weights in rats fed diets with corn gluten hydrolyzates, BCAAs, and leucine

Grou Epididymal fat pad Perirenal fat pad Brown adipose tissue Muscle
P (9/100 g BW) (9/100 g BW) (9/100 g BW) (9/100 g BW)
Control 2.84+0.62"2N 5.67 +1.93°% 0.11+0.05" 0.98 +0.17™
. Corn gluten hydrolyzates 259 +0.77 4.27 +1.65™ 0.12+0.04 1.11+£0.13°
Normal fat diet . o
BCAA 2.68+0.45 4.86+1.31 0.13+0.05 0.90+0.12
Leucine 2.83+0.59 519+ 1.72°% 0.11+0.03 0.94+0.13%
Control 3.09+0.90 6.65 + 2.50° 0.13+0.02 0.82+0.07°
. , Corn gluten hydrolyzates 2.25+0.38 3.75+0.75° 0.10+0.06 1.08%0.10®
High fat diet b -
BCAA 3.18+0.65 6.23 + 1.49 0.11+0.02 0.86+0.12
Leucine 3.10+0.56 6.13£1.72%®° 0.13+0.03 0.84+0.11%
Significant factor” B AB
Y Mean + SE
?Values are not significantly different among the groups by Duncan’s multiple range test,
9Values with different levels within a cell are significantly different at < 0,05 by Duncan’s multiple range test,
4 Statistical significance of experimental factors was calculated using two-way ANOVA,
A: Effect of dietary fat level was significant at « =005,
B: Effect of protein source was significant at « =005,
AB: Interaction of dietary fat and protein source was significant at « =005,
Table 5. Lipid concentrations in plasma, liver, and feces of rats fed diets with corn gluten hydrolyzates, BCAAs, and leucine
Normal fat diet High fat diet
Groups Control Com gluten BCAA Leucine Control Com gluten BCAA Leucine
hydrolyzates hydrolyzates
TG 247.91+34.93" 107.73+4.38° 188.59+19.15° 182.74 +17.64° 148.07 +11.01®™ 100.87 £ 12.33° 134.21+9.08™ 125.33 + 12.96"
Plasma  Cholesterol  141.82+12.12%% 141.95+10.81 150.72£10.22 13247+558 14556+11.15 164.44+2244 14505+10.70 149.41+13.11
(mg/d)  HDL-cholesterol 39.24+4.42 ™  4059+531 4459+315  3947+7.73 50.56+562  3852+537 60.55+4.37 48.72+6.43
LDL-cholesterol ~ 52.99+872°  79.81+12.17® 6841+87°  56.45+8.17° 65.38+6.5° 105.75+17.24° 57.66+11.34° 75.63 + 10.96™
Liver Total lipid 72.80+7.03°°  54.03+4.66° 66.74+13.65° 62.55+67.2° 117.30+10.54° 60.33+12.33° 94.20+6.97" 86.56+8.27"
(”\:\%tg TG 3544+370%  2688+3.94 30.75+6.73  30.99+5.53 50.87+7.27  29.89+853 4514+6.04  38.58+5.40
weight)  Cholesterol 9.96 +0.58™ 9.08+046° 10.12+0.32®° 10.64+028™ 11.34+058 10.01+£0.32° 10.97+0.40® 10.46+0.32%
Total lipid 28.38+2.03°  3876+580° 41.06+844™ 2313+1.32° 4143+573" 4289+292° 34.35+1.13™ 3586+ 1.28%°
(Fn?gfgs) TG 6.98 +0.32"° 7254023  7.51+047 7.25+0.31 7.59+0.36 794044  764$029  929+0.34
Cholesterol 8.91+047" 8.10+0.36 8.47 +0.51 9.07 +0.40 9.58+0.32 8.95+0.44 9.44+0.73 7.22+0.28
Y Mean + SE

FValues with different levels within a cell are significantly different at ~<0,0001 by Duncan’s multiple range test,
9 Values are not significantly different among the groups by Duncan’s multiple range test,

Table 6. Adipokine concentrations in plasma of rats fed diets with corn gluten
hydrolyzates, BCAAs, and leucine

Group Leptin (ng/mL)  Adiponectin (ng/mL)
Control 28.36 +4.34"%2 6.11+0.91°
Nommal fat diet r%%r::)l?'z‘;t;g 11.89 £ 3.75° 9.23+1.43°
BCAA 24.08 £2.67° 6.57 + 0.60°
Leucine 24.83 +2.66° 576+ 0.57°
Control 35.13£2.54° 5.67 +0.29°
Corn gluten 9.24 +1.57° 9.39 +1.68°
High fat diet ~ hydrolyzates
BCAA 32.71£4.31% 5.93+0.53
Leucine 35.37 £2.79° 6.71+0.98°
Significant factor” AB B

' Mean + SE

AValues with different levels within a cell are significantly different at £< 0,001 by

Duncan’s multiple range test,

9 Statistical significance of experimental factors was calculated using two-way

ANOVA,

A: Effect of dietary fat level was significant at « =005,

B: Effect of protein source was significant at « =005,
AB: Interaction of dietary fat and protein source was significant at « =005,

index of insulin resistance, and was significantly improved in
the corn gluten hydrolyzate groups. C-peptide, which is a
precursor of insulin, was also significantly reduced depending
on the protein source and regardless of dietary fat level. C-peptide
was significantly lower in the com gluten hydrolyzate and leucine
groups, and the corn gluten hydrolyzate groups had the lowest
levels.

Discussion

Several studies have examined the effects of plant proteins and
their hydrolyzates on weight reduction in experimental animals
[1,20-23]. Some soybean protein isolates showed weight reduction
effects [1,20] but other plant protein hydrolyzates did not [21-23].
Our previous report indicated that body weight was decreased
by corn gluten hydrolyzate; however, corn gluten and other
hydrolyzates did not decrease body weight [11]. In that report,
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Table 7. Fasting blood glucose, insulin, C-peptide, and HOMA-IR in rats fed diet with corn gluten hydrolyzates, BCAAs, and leucine

111

Group Fasting blood glucose (mg/dL) Insulin (ug/mL) C-peptide (pmol/L) HOMA-IR
Control 110.50 + 14.35"% 2.29+0.73 893.75 + 170.45° 11.36 £ 3.71%
Normal fat Com gluten hydrolyzates 89.50 +7.65° 0.92+0.32* 349.10 £46.15° 3.59+1.18"
diet BCAA 97.71 £ 10.89™ 1.66 % 0.34%° 892.61+93.02° 717 £1.44°
Leucine 102.63 + 0.87* 0.98+0.19® 607.77 £ 83.21°* 4.38+0.84™
Control 98.38 + 10.56™ 2.33+0.58" 940.78 + 132.27° 10.01 £2.37®
High fat Com gluten hydrolyzates 94.00 +0.82" 0.75+0.20° 433.84 +77.39" 3.27+0.97°
diet BCAA 103.25 + 10.94™ 2.07 £0.45® 737.40 £ 8351 9.38+2.10°°
Leucine 103.25+10.81® 2.29+0.31° 767.59 + 119.57° 10.62 +1.61°
Significant factor® B B B B
Y Mean + SE

AValues with different levels within a cell are significantly different at 2< 0,05 by Duncan’s multiple range test,

9 Statistical significance of experimental factors was calculated using two-way ANOVA,

A: Effect of dietary fat level was significant at « =005,
B: Effect of protein source was significant at « =005,
AB: Interaction of dietary fat and protein source was significant at « =005,

we proposed that the different results of various studies examining
the effects of plant proteins and their hydrolyzates on body
weight might be explained by several possible differences, such
as the ratio of free amino acids and peptides in the experimental
diets, the amounts of BCAAs and indispensible amino acids in
the experimental diets, the fecal lipid excretions or the activities
of hepatic enzymes related to lipid metabolism in the experimental
animals. In the previous report, we showed that down-regulation
rather than up-regulation of hepatic lipogenic enzyme activities
seemed to contribute to decreased body and adipose tissue
weights, but we could not determine the exact mechanism [11].
In addition, we did not determine the working mechanism of
each dietary factor, or how much each dietary factor had
contributed to weight reduction. Thus, in this study, we studied
the effects of corn gluten hydrolyzate, having high BCAA and
leucine contents, compared to BCAA and leucine using high
fat-induced obese rats, respectively.

In this study, we confirmed that corn gluten hydrolyzate was
significantly effective for body weight reduction and improvements
of lipid metabolism. However, we did not reveal whether the
effectiveness of the corn gluten hyrolyzate was attributed to
BCAAs or leucine. Although corn gluten hydrolyzate has high
amounts of BCAAs and leucine compared to other amino acids
as free amino acid, it still seems to have many small peptides
inferred by its free amino acid and total amino acid contents
(Table 1). Therefore, in order to find the active compounds for
body weight reduction in corn gluten hydrolyzate, further studies
on the purification and isolation of active peptides are required.
With decreased body weight, daily food intake was also
decreased (Fig. 1B). At the first half period of this research, daily
food intake and body weight were reduced with a slight curve,
however, from 4 weeks, and the daily food intake started to
increase while body weight has continued to decrease. Cota et
al. [14] reported that high leucine intakes affected to decrease
food intake and body weight by stimulating the hypothalamic
mammalian target of rapamycin (mTOR) signaling and there are
relatively specific interactions among mTOR, leptin and insulin

resistance. Therefore, we studied the effect of corn gluten
hydrolyzate on insulin sensitivity and adipokine levels.

Although leucine is known to be an enhancer of insulin
sensitivity, it seems that prolonged, very high intakes of leucine
may lead to insulin resistance and ultimately lead to a blunting
of the stimulation of muscle protein synthesis [24]. However,
in our other previous study, we showed that leucine supplementation
for 5 weeks improved insulin resistance [25]. In this study, we
also confirmed that the com gluten hydrolyzate, which has a high
amount of leucine, improved insulin resistance, and the leucine
diet also showed a slight tendency for improving insulin resistance.
However, the amount of leucine may not have been high enough
to raise insulin resistance.

In this study, we measured different adipokine levels such as
leptin and adiponectin depending on dietary fat level and protein
source. Leptin levels were high by feeding the high fat diet;
however, adiponectin showed no effects depending on fat level.
Levels of both of these hormones were significantly affected by
protein source, and leptin levels were significantly lower and
aiponectin was significantly higher in the corn gluten hydrolyzate
groups (Table 6). Leptin is a hormone secreted by adipose tissue
in direct proportion to the amount of body fat. The circulating
leptin levels serve as a gauge of energy stores, thereby directing
the regulation of energy homeostasis, neuroendocrine function,
and metabolism [26]. In the most diet induced obesity animal
models, leptin resistance is occurred. Obese rodents have elevated
leptin levels but blunted leptin sensitivity. It is presumably
reversible if the high fat diet is withdrawn [27]. In our study,
although high fat induced obese rats had high leptin levels in
their plasma, the food intake was not decreased but increased
slightly, however, when they were fed normal fat diet, and the
daily food intake seemed to be maintained. In the group of corn
gluten hydrolyzates, the daily food intake was decreased until
4 weeks regardless of dietary fat level, and then it became the
normal level at 7 weeks (Fig. 1B). The leptin level in plasma
at 8 weeks was the lowest in the group of comn gluten hydrolyzates
(Table 6). These results suggest that leptin resistance induced
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by high fat diet might be diminished by feeding corn gluten
hydrolyzates. Inferred from daily food intake pattern, corn gluten
hydrolyzates showed the effectiveness in improving leptin
resistance until 4 weeks, after then, the signaling and metabolic
pathway seemed to be normal. Moreover, it also affected to
improve insulin sensitivity. However, we did not measure weekly
leptin levels and other signaling pathway, and more researches
are needed. Adiponectin is an adipose tissue-secreted endogenous
insulin sensitizer, which plays a key role as a mediator of
peroxisome proliferator-activated receptor gamma action. Adiponectin
alters glucose metabolism and insulin sensitivity, exhibits anti-
inflammatory and antiatherogenic properties, and has been linked
to several malignancies. Circulating concentrations of adiponectin
are determined primarily by genetic factors, nutrition, exercise,
and abdominal adiposity. Adiponectin concentrations are lower
in subjects with obesity, metabolic syndrome, and cardiovascular
disease [28]. It is also reported to stimulate fatty acid oxidation
through the phosphorylation of AMPK and acetyl CoA carboxylase
[29]. Our previous study showed that hepatic enzymes related
to lipid metabolism contribute to the role of corn gluten
hydrolyzates in the body weight reduction [11]. In this study,
the corn gluten hydrolyzate also elevated adiponectin levels
compared to control and other amino acid groups (Table 6).
These results indicate that this peptide mixture might signal
energy homeostasis as well as insulin sensitivity. However, the
exact mechanism on signaling pathway must be studied further.

In conclusion, the corn gluten hydrolyzate diet, which had
relatively high amounts of free amino acids and BCAAs,
especially leucine, had weight reduction effects by lowering
adipose tissue weights and levels of adipokines such as leptin
and adiponectin. Moreover, it improved insulin resistance by
lowering fasting blood glucose levels, plasma insulin levels,
C-peptide, and HOMA-IR in the experimental animals, but major
compounds such as BCAAs and leucine did not show these
effects. Therefore, further studies to identify the active compounds
such as small peptides and to determine the exact mechanisms
for body weight reduction and improvements of insulin resistance
are needed.
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