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Leucine supplementation via drinking water reduces
atherosclerotic lesions in apoE null mice
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Aim: Recent evidence suggests that the essential amino acid leucine may be involved in systemic cholesterol metabolism. In this
study, we investigated the effects of leucine supplementation on the development of atherosclerosis in apoE null mice.

Methods: ApoE null mice were fed with chow supplemented with leucine (1.5% w/V) in drinking water for 8 week. Aortic atherosclerotic
lesions were examined using Oil Red O staining. Plasma lipoprotein-cholesterol levels were measured with fast protein liquid chroma-
tography. Hepatic gene expression was detected using real-time PCR and Western blot analyses.

Results: Leucine supplementation resulted in 57.6% reduction of aortic atherosclerotic lesion area in apoE null mice, accompanied

by 41.2% decrease of serum LDL-C levels and 40.2% increase of serum HDL-C levels. The body weight, food intake and blood glucose
level were not affected by leucine supplementation. Furthermore, leucine supplementation increased the expression of Abcg5 and
Abcg8 (that were involved in hepatic cholesterol efflux) by 1.28- and 0.86-fold, respectively, and significantly increased their protein
levels. Leucine supplementation also increased the expression of Srebfl, Scd1 and Pgclb (that were involved in hepatic triglyceride
metabolism) by 3.73-, 1.35- and 1.71-fold, respectively. Consequently, leucine supplementation resulted in 51.77% reduction of liver
cholesterol content and 2.2-fold increase of liver triglyceride content. Additionally, leucine supplementation did not affect the serum
levels of IL-6, IFN-y, TNF-«, IL-10 and IL-12, but markedly decreased the serum level of MCP-1.

Conclusion: Leucine supplementation effectively attenuates atherosclerosis in apoE null mice by improving the plasma lipid profile and

reducing systemic inflammation.
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Introduction

Atherosclerosis (AS) is the leading cause of cardiovascular
death worldwide. Inflammation, lipid deposition and foam
cell formation are well-established pathological features of AS.
The essential steps of AS development include the migration
of circulating monocytes into the subendothelial arterial space
and their differentiation into macrophages, the rapid uptake of
modified low-density lipoprotein (LDL), and the subsequent
formation of foam cells. Plasma lipoprotein levels are closely
related to the onset and development of AS. High-density
lipoprotein (HDL) levels have been reported to be negatively
correlated with cardiovascular disease occurrence, which is
due to the role of HDL in reverse cholesterol transport!l. By
contrast, LDL levels have been positively correlated with car-
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diovascular disease occurrencel” due to the ability of modified
LDL to promote foam cell formation.

Leucine is one of the 8 essential amino acids. Previous stud-
ies have shown that leucine and its metabolites can stimulate
skeletal muscle protein synthesis and inhibit skeletal muscle
protein degradation®. Recent studies have shown that leucine
is also involved in glucose and lipid metabolism. Zhang et
al showed that leucine supplementation via drinking water
significantly improved high fat diet-induced obesity and
insulin resistance™. However, Cheng ef al demonstrated that
a leucine-deficient diet promoted the hydrolysis of white fat
tissue and stimulated heat production, indicating that leucine
impaired insulin sensitivity™. Another study by Newgard et
al revealed that feeding mixed branched-chain amino acids to
mice on a high-fat diet activated mammalian target of rapamy-
cin (mTOR) signaling, which increased insulin resistance and
reduced food intake!. Although many studies have reported
distinct roles of leucine in different animal models of diabetes,
clinical data have shown that plasma leucine levels are signifi-



cantly increased in obese people with hyperlipidemia com-
pared with non-obese people!®. Furthermore, leucine supple-
mentation decreased total and LDL cholesterol levels by 27%
and 53%, respectively, in high-fat diet-treated mice!". These
studies suggest that leucine may be involved in systemic cho-
lesterol metabolism. Because plasma cholesterol, especially
LDL cholesterol, play pivotal roles in AS development, we
hypothesize that leucine supplementation inhibits AS devel-
opment.

In this study, apoE null mice on a chow diet were pro-
vided leucine supplementation through drinking water for
8 weeks. The leucine-supplemented apoE null mice showed
significantly attenuated progression of atherosclerotic plaques.
Mechanistically, leucine improved the plasma lipid profile in
apoE null mice by promoting ABCG5/ ABCG8-mediated cho-
lesterol efflux from the liver and inhibiting systemic inflamma-
tion.

Materials and methods

Animals

Female 14-week-old apoE null mice were provided by the
Animal Center of Peking University Health Science Center
(Beijing, China). ApoE null mice were fed with chow supple-
mented with or without 1.5% (w/v) leucine (Sigma, St Louis,
MO, USA) in drinking water for 8 weeks. The treatment of the
laboratory animals and the experimental protocols followed
the guidelines of Peking University and were approved by the
Institutional Authority for Laboratory Animal Care.

Analysis of atherosclerotic lesion area
Serial 6-pm-thick cryosections of mouse aortas, beginning at
the aortic sinus, were collected every 400 pm. Sections were
stained with Oil Red O. Oil Red O-positive areas in digitized
color images of stained aortic sinus sections were quantified
using ImagePro Plus 5.02 (Media Cybernetics Inc, MD, USA).
For en face analyses, aortas were longitudinally opened from
the heart to the iliac arteries, and atherosclerotic lesions were
stained with Oil Red O. Images of en face aortic lesions were
obtained using an Olympus E-520 digital camera. Images
were analyzed with ImagePro Plus 5.02; data are presented as
percentages of total section/aorta area.

Plasma lipid analyses

Plasma total triglyceride and cholesterol contents, as well as
HDL and LDL cholesterol levels, were measured with kits
from BioSino Biotechnology & Science Inc (Beijing, China).
Plasma lipoproteins were fractioned by fast protein liquid
chromatography as previously described!.

Serum levels of tumor necrosis factor a (TNF-a), monocyte
chemotactic protein-1 (MCP-1), interferon y (IFN-y), interleu-
kin (IL)-6, IL-10, and IL-12 were determined by BD Cytometric
Bead Array (CBA) (BD Biosciences, Franklin Lakes, NJ, USA).

Cell culture
Peritoneal macrophages were isolated as described®. Male
8-week-old C57BL/6] mice were intraperitoneally injected
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with 2 mL of 4% (w/v) thioglycollate broth (BD Biosciences
Clontech, CA, USA). Three days later, the mice were anes-
thetized with ketamine/xylazine, and macrophages were
obtained by peritoneal lavage with 10 mmol/L EDTA and 10%
fetal bovine serum (FBS) in 8 mL of cold phosphate-buffered
saline (PBS). Cells were plated at 1.0x10°/mL RPMI-1640 with
10% FBS. After incubation for 3 h at 37°C, non-adherent cells
were washed off, and adherent cells were collected for the
experiments.

RNA extraction and real-time PCR

RNA from apoE null mice livers were isolated by RNA TRIP
reagent (Applygen, Beijing, China); 1 pg of RNA was reverse
transcribed by a reverse transcription system (Promega, Madi-
son, WI). Then, the reaction mixture was amplified using
real-time PCR. The amount of PCR products formed in each
cycle was evaluated by SYBR Green I fluorescence. The prim-
ers used for mouse glucose/lipid metabolism-related genes
are presented in Table 1. All amplification reactions used the
Mx3000 Multiplex Quantitative PCR System (Stratagene, La
Jolla, CA, USA). The results were analyzed using Stratagene
Mx3000 software.

Statistical analysis

Data are presented as the mean+SEM. Student’s t-test was
used to compare pairs (GraphPad Prism; GraphPad). P<0.05
was considered significant.

Results

Leucine supplementation reduces atherosclerotic lesions in apoE
null mice

ApoE null mice were fed with chow and had free access to dis-
tilled water with or without supplementation of leucine (1.5%
w/v) for 8 weeks. Atherosclerotic lesions were examined in
these mice. Leucine supplementation significantly reduced
the en face lesion of the entire aorta as shown by the Oil Red
O staining (Figure 1A). The quantification of en face-prepared
aortas revealed a significant 57.6% reduction in lesion area in
leucine-treated apoE null mice (Figure 1B). We then stained
the frozen slices of the aortic sinus with Oil Red O, which
revealed a 40% lesion reduction in the leucine-treated mice
(Figure 1C, 1D). Leucine supplementation by drinking water
did not influence food intake in the mice (Figure 1E) or body
weight (Figure 1F).

Leucine supplementation improves plasma lipid profile but not
blood glucose levels in apoE null mice

Inflammation, lipid deposition and foam cell formation are
well-known features of AS. The plasma lipoprotein level is
closely correlated with the onset and development of AS. Sev-
eral studies have indicated that leucine participates in body
lipid metabolism™ °!. Therefore, we measured the total serum
cholesterol, triglyceride, LDL-cholesterol, and HDL-choles-
terol concentrations at the end of the leucine supplementation
period. The results showed that the serum triglyceride and
total cholesterol levels did not change after leucine supple-
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Table 1. Changes in expression of glucose/lipid metabolism related genes in the liver. °P<0.05, °P<0.01 vs Control.

Gene name Primers Fold changes
Forward (5'—3") Reverse (5'—3") Control (n=8) Leucine (n=9)
Triglyceride metabolism
Fasn (NM_007988) GTTGGCCCAGAACTCCTGTA GTCGTCTGCCTCCAGAGC 1.54+0.57 1.53+0.41
Scd1 (NM_009127) CAGCCGAGCCTTGTAAGTTC GCTCTACACCTGCCTCTTCG 1.68+0.35 3.95+0.65°
Srebfl (NM_011480) TGGTTGTTGATGAGCTGGAG GGCTCTGGAACAGACACTGG 1.00+£0.11 4.73+0.74°
ChREBP (NM_021455) AACCACACACTGGGCTCTTC CTTCAAAGGCCTCAAGTTGC 0.64+0.13 0.13+0.02
Lxra (NM_013839) TGGAGAACTCAAAGATGGGG TGAGAGCATCACCTTCCTCA 0.84+0.08 1.02+0.08
Lxrb (NM_009473) AGAACTTGTGGGGGAAGACA GGTGCAGTCATGAGCCCC 0.90+0.09 1.10+0.07
Pparg (NM_001127330) TCTTCCATCACGGAGAGGTC GATGCACTGCCTATGAGCAC 1.14+0.10 1.75+0.27
Ppard (NM_011145) GGTCATAGCTCTGCCACCAT ACTCAGAGGCTCCTGCTCAC 1.11+0.37 2.07+0.82
Pgcla (NM_008904) TGAGGACCGCTAGCAAGTTT TGTAGCGACCAATCGGAAAT 1.02+0.23 1.26+0.38
Pgclb (NM_133249) GAGGTCAAGCTCTGGCAAGT GCTCTCGTCCTTCTTCCTCA 0.66+0.16 1.7940.28°
Fatty acid transfer
Slc27al (NM_011977) AGCCGAACACGAATCAGAAC TTCTGTGTGTACGTGGGTGG 0.99+0.34 1.10+0.29
Slc27a5 (NM_009512) GGCCAAGGTAGAAGCAGTGA CCAGTGTGCTGATTGTGGAT 1.03+0.12 1.35+0.07
Cd36 (NM_007643) CCTGCAAATGTCAGAGGAAA GCGACATGATTAATGGCACA 0.65+0.14 0.75+0.16
Fabp1 (NM_017399) GATTTCTGACACCCCCTTGA TGCAGAGCCAGGAGAACTTT 0.93+0.33 1.29+0.22
Cholesterol metabolism
Hmgcr (NM_008255) CACAATAACTTCCCAGGGGT GGCCTCCATTGAGATCCG 1.33+0.18 1.92+0.31
Srebf2 (NM_033218) CACAATATCATTGAAAAGCGCTACCGGTCC TTTTCTGATTGGCCAGCTTCAGCACCATG 0.86+0.10 1.3310.21
Abcgh (NM_031884) ACCTTACCCACGGTTCCTTTC CGCCCTTTAGCGTGTTGTTC 1.02+0.18 2.33+0.29°
Abcg8 (NM_026180) AGCTGGGCATCCGAAATCTA GTTGGGCAGCAGTTGGTCAT 1.11+0.24 2.07+0.18°
Abcgl (NM_009593) TTTCCCAGAGATCCCTTTCA ATCGAATTCAAGGACCTTTCC 1.12+0.13 1.52+0.13°
Abcal (NM_013454) GCTGCAGGAATCCAGAGAAT CATGCACAAGGTCCTGAGAA 0.93+0.03 0.97+0.05
Glucose metabolism
G6pc (NM_008061) GTGTCCAGGACCCACCAATA ACTGTGGGCATCAATCTCCT 0.85+0.11 0.34+0.09°
Pck1 (NM_011044) TGTCTTCACTGAGGTGCCAG CTGGATGAAGTTTGATGCCC 0.66+0.18 1.05+0.11

mentation (Figure 2A and 2B). Interestingly, the LDL-choles-
terol level was significantly lower (Figure 2C), but the HDL-
cholesterol level was significantly higher (Figure 2D) in the
leucine-supplemented mice than those in the control mice. To
confirm the improved lipid profile in mice supplemented with
leucine, we performed fast protein liquid chromatography
(FPLC) to detect the serum lipoproteins. The results revealed
that VLDL-cholesterol and LDL-cholesterol levels were sig-
nificantly reduced in the leucine group compared with the
control group (Figure 2E). However, the fasting and fed blood
glucose levels were not affected by leucine supplementation in
apoE null mice fed with the chow diet (Figure 2F).

Effect of leucine supplementation on hepatic triglyceride and
total cholesterol contents

The liver is the main organ for VLDL synthesis and is the
most important organ for lipid metabolism. Because leucine
supplementation improved the plasma lipid profile, we next
determined whether leucine supplementation affected the
hepatic lipid content. The results showed that compared with
control mice, apoE null mice supplemented with leucine had
significantly increased triglyceride content (Figure 3A) but
significantly decreased cholesterol content in the liver (Figure
3B). These results indicate that leucine supplementation mod-
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ulated the hepatic lipid content.

Effect of leucine supplementation on the expression of glucose/
lipid metabolism-related genes in the liver

To investigate the mechanisms through which leucine supple-
mentation improved the serum lipid profile, we detected glu-
cose/lipid metabolism-related gene expression in the livers
of the control and leucine-supplemented mice using real-time
PCR. The mRNA levels of Abcgs and Abcg8, which partici-
pate in hepatic cholesterol efflux to bile, were significantly
increased in the liver tissue of the leucine-supplemented mice
compared with the control group (Table 1). The mRNA levels
of HMG-CoA reductase, the rate-limiting enzyme in choles-
terol synthesis, and sterol regulatory element binding factor 2
(Srebf2) did not significantly change (Table 1). The mRNA lev-
els of genes related to triglyceride metabolism, such as Srebfl,
stearoyl-coenzyme A desaturase 1 (Scd1), and Pgclb, signifi-
cantly increased in the livers of the leucine group (Table 1),
whereas those of other genes related to triglyceride synthesis,
such as fatty acid synthase (Fasn), Lxra, Lxrb, Pparg/PPAR-
gamma, Ppard/PPARdelta, and Pgcla, did not significantly
change (Table 1). Genes that contribute to fatty acid uptake
and transfer, including Slc27a1/Fatp1, Slc27a5/ Fatp5, Fabpl
and Cd36, were not affected. The expression of the glucose-
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Figure 1. Leucine reduced aortic atherosclerotic lesions in apoE null mice. ApoE null mice were fed with chow and supplemented with or without
leucine (1.5%) in drinking water for 8 weeks. (A) Representative images of en face Oil Red O staining in the full aorta. (B) Relative quantification of
lesion area in the control and leucine treatment mice; data are presented as the percentages of total en face aortic area. (C) Representative images of
Oil Red O staining in the frozen section of the left ventricular outflow tract. (D) Quantification of lesion area in the control and leucine treatment mice,
data are presented as the lesion areas (x10° um?). (E) Food intake was measured at the first week of leucine supplementation. (F) Body weight was
measured every two weeks. Data are presented as the mean+SEM. n=8 in control group. n=9 in leucine group. °P<0.01 vs control.

6-phosphatase gene (G6pc) was downregulated, whereas that
of the phosphoenolpyruvate carboxykinase 1 (Pckl) gene was
not changed. Additional Western blot analyses confirmed the
increased ABCG5 and ABCGS protein levels in the leucine-
treated mice (Figure 3C, 3D). These results indicate that
hepatic triglyceride synthesis and cholesterol efflux to bile are
increased in apoE null mice supplemented with leucine.

Effect of leucine supplementation on the systemic inflammation
of apoE null mice

The above results indicated that leucine supplementation
improved the plasma lipid profiles in apoE null mice. Next,
we explored the effect of leucine supplementation on chronic
systemic inflammation in apoE null mice. The results revealed
that among the six examined cytokines [tumor necrosis fac-
tor (TNF)-a, (MCP)-1, interferan (IFN)-y, interleukin (IL)-6,
IL-12, and IL-10], the concentration of MCP-1 was significantly
lower in the leucine group compared with the control group,
whereas the concentrations of the other 5 cytokines were not
significantly influenced (Figure 4).

Discussion
The present work investigated the effect of leucine supple-
mentation on atherosclerotic lesion development. The results
showed that leucine supplementation through drinking
water (1.5%) significantly reduced atherosclerotic lesion for-
mation in apoE null mice, without changes in body weight,
food intake or fasting/fed glucose concentration compared
with the control group. This beneficial effect of leucine on
AS may be attributed to an improved plasma lipid profile
(increased HDL-C levels and decreased VLDL-C and LDL-C
levels) and ameliorated inflammation. The increased expres-
sion levels of hepatic Abcg5 and Abcg8 potentially resulted
in cholesterol efflux, the decreased liver cholesterol contents
and subsequently, lowered serum VLDL-C and LDL-C levels.
By contrast, hepatic Srebfl, Scdl and Pgclb expression levels
increased and may have contributed to the increased hepatic
triglyceride content.

Recently, several studies have demonstrated that compared
with carbohydrate-rich diets with identical caloric contents,
protein-rich diets promoted better glycemic control and weight

Acta Pharmacologica Sinica
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Figure 2. Effect of leucine on plasma lipid profile and glucose level of apoE null mice. After leucine supplementation (1.5%) in drinking water for
8 weeks, (A) serum total triglyceride (TG), (B) total cholesterol (TC), (C) low-density lipoprotein cholesterol (LDL-C) and (D) high density lipoprotein
cholesterol (HDL-C) concentrations were measured. (E) Distribution of cholesterol in plasma lipoproteins from control and leucine treated apoE null
mice was measured by use of fast protein liquid chromatography (n=3). (F) Blood glucose levels at fasted and fed states were measured. Data are
presented as the mean+SEM. n=8-9. °P<0.05 vs control.
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loss! Branched-chain amino acids (BCAA), especially rich diets™ ™. Leucine, as an essential amino acid, stimulates

leucine, are thought to play pivotal roles in these protein- protein synthesis in skeletal muscles> and is known to be
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Figure 4. Effect of leucine on plasma inflammatory cytokine levels in apoE null mice. The serum inflammatory cytokines MCP-1, IL-6, IFN-y, TNF-a, IL-
10, IL-12 levels were measured. Data are presented as the mean+SEM. n=8-9. °P<0.01 vs control.

involved in glucose and lipid metabolism (however, conflict-
ing reports regarding the metabolic role of leucine exist in the
literature). Zhang et al reported that leucine supplementation
through drinking water significantly reduced diet-induced
obesity and insulin resistance and improved cholesterol
metabolism in C57BL/6] micel*. In their study, the loss of fat
mass was due to increased resting energy expenditure, which
was caused by increased expressions of uncoupling protein 3
in white adipose tissue (WAT), brown adipose tissue (BAT),
and skeletal muscle; food intake was unchanged between
the control and leucine groups. Additionally, Zhang et al
showed that leucine supplementation decreased hyperglyce-
mia caused by a high-fat diet, and alleviated insulin resistance
and lowered concentrations of glucagon, glucogenic amino
acids, and glucose-6-phosphatase in the liver!". These ben-
eficial effects of leucine on improving insulin resistance have
been confirmed by several other studies">'**?"l. By contrast,
Cheng et al reported that a leucine-deficient diet significantly
decreased fat mass in C57BL/6] mice®. They reported that
the rapid fat mass loss caused by a leucine-deficient diet was
due to decreased fatty acid synthesis in WAT and increased
lipolysis and thermogenesis resulting from an upregulation of
uncoupling protein 1 in BAT®.. In other studies using leucine-
deficient diets, hepatic insulin sensitivities were improved in
leucine-deficient groups and were associated with GCN2/
mTOR/S6K1 pathways® *. However, the application of a
leucine-deficient diet is controversial. Leucine is an essential
amino acid that cannot be synthesized by the body and plays
critical roles in metabolism™!. The elimination of an essential
amino acid will likely result in abnormal metabolic condi-
tions as other chemicals will compensate for the deficiency.
Cheng et al®™ reported that leucine deprivation resulted in an

activated sympathetic nervous system, elevated serum T3
concentration and increased Dio2 (T3 generator) mRNA levels
in BAT compared with control groups. This result indicated
that leucine-deprived mice demonstrated a hyperthyroid state.
Thus, elevated resting thermogenesis, increased fat mobiliza-
tion and decreased body weights were expected. Furthermore,
Newgard et al® reported that feeding mixed branched-chain
amino acids activated mTOR and caused insulin resistance.
The branched-chain amino acid supplementation reduced
food intake in mice on high-fat diets, indicating an effect dif-
ferent from leucine supplementation. For this reason we used
a chow diet with leucine supplementation.

Although contradictory effects of leucine supplementation
on glucose metabolism have been reported in distinct models,
studies have reported more consistent effects of leucine sup-
plementation on lipid metabolism. Cheng et al® demonstrated
elevated plasma leucine level in obese humans with hyper-
lipidemia; Zhang et al'¥! showed that leucine supplementation
alleviated hypercholesterolemia caused by high-fat diets.
These studies indicate that leucine may be involved in body
cholesterol metabolism.

There are two ways to maintain body cholesterol homeo-
stasis. The first way is by reducing the intestinal absorp-
tion of cholesterol; the second way is by transporting excess
cholesterol in peripheral tissues to the liver and excreting
cholesterol into bile by reverse cholesterol transportation.
Excess cholesterol in the liver is excreted either directly to bile
or indirectly by conversion to bile acids™. The members of
adenosine triphosphate (ATP) binding cassette transporter
(ABC) superfamily ABCA1 and ABCGI are two important fac-
tors in reverse cholesterol transportation®. These two mem-
bers promote lipid efflux from hepatocytes and macrophages

Acta Pharmacologica Sinica
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and provide a protective mechanism for the removal of excess
cholesterol in the body. However, ABCA1 and ABCG1 do not
encompass the mechanism of cholesterol efflux from the liver
to the bile duct. ABCG5 and ABCGS8 have recently been iden-
tified as members of the ABC superfamily G subfamily. They
are transmembrane transporter proteins involved in reverse
cholesterol transport and are known to reduce the absorption
of intestinal steroids, promote the excretion of hepatic steroids
and control the level of plasma steroids. ABCG5 and ABCGS8
play key roles in maintaining the balance of steroids but not
at the same levels as ABCA1 and ABCG1%®"*!. ABCG5 and
ABCGS are highly expressed in the liver and the proximal
small intestinal epithelial cells™®. Unlike ABCAT1, which is
located on the basolateral side of hepatocytes, in situ hybrid-
ization has shown that ABCG5 and ABCGS are arranged
along the intestinal epithelial cell microvilli of the absorb-
ing section of the bowel. This finding suggests that ABCG5
and ABCGS8 participate in preventing the intestinal absorp-
tion of cholesterol and promoting cholesterol efflux from the
liver®™. Abcg5/Abcg8 transgenic mice®™ and wild-type mice
fed a high cholesterol diet™ * or a synthetic liver X receptor
(LXR) ligand T0901317% % showed significantly increased
cholesterol effluxes from the liver to the bile duct. Moreover,
the knockout of Abcg5™, Abcg8™, or both® may, in general,
cause the opposite effect. In the present study, ABCG5 and
ABCGS8 expression levels were significantly increased in the
livers of the leucine group when compared with those of the
control group. Additionally, the levels of HMG-CoA reduc-
tase and Srebf2 mRNA did not change. Thus, the elevated
level of cholesterol efflux and the unchanged cholesterol syn-
thesis capacity contributed to the decreased cholesterol content
in the liver of the leucine group. This effect may further result
in the observed decreased hepatic VLDL production levels
and the improved lipid profile in the leucine-treated mice.

However, genes associated with triglyceride metabolism,
such as Srebf1, Scdl and Pgclb, were significantly upregulated,
indicating enhanced triglyceride synthesis in the leucine-
treated mice. By contrast, LDL and VLDL, which are associ-
ated with triglyceride transport from the liver to peripheral
organs, were significantly decreased in the leucine group.
Because the apoE null mice were unable to absorb LDL, the
observed decreased serum LDL level was due to the decreased
hepatic VLDL/LDL production. Thus, increased triglyceride
synthesis and decreased hepatic VLDL/LDL secretion caused
the accumulation of triglycerides in the livers of leucine-
treated mice, whereas fatty acid uptake and transfer-related
genes did not change.

In addition to a lipid metabolism disorder, atherosclerosis
is also an inflammatory disease®™. In this study, the MCP-1
concentration in the leucine group significantly decreased.
Although this result may be attributed to the improved serum
lipid profile, the reduced inflammation may have also partly
contributed to the reduction in atherosclerotic lesions. Nota-
bly, similar to other BCAAs, the catabolism of leucine primar-
ily occurs in skeletal muscle and to lesser extents in the small
intestine, liver and kidneys. In these organs, arginine will
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be metabolized to citrulline and produce nitric monoxide!..
Nitric monoxide is a vasodilator and an important protective

[38]

factor of the cardiovascular system Many studies have

shown that nitric oxide plays an important role in the inhibi-

tion of atherosclerosis®®-*%

. Similarly, the beneficial role of leu-
cine could be due to its metabolite nitric oxide.

Taken together, leucine supplementation attenuates AS in
apoE null mice. It is likely that leucine reduces inflammation
and improves the serum lipid profile by increasing hepatic
cholesterol efflux through the up-regulation of Abcgs/Abcgs,
leading to a reduction in atherosclerotic plaques. Thus, leu-
cine supplementation may be a novel strategy for preventing
AS.
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