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Obese subjects usually have hyperaminoacidemia. Because leptin can affect the metabolism of

amino acids, the relationship between them in obesity was investigated. The results showed obese
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women had significant elevation of plasma large neutral amino acids, which was positively correlated
with the values of leptinemia and HOMA-IR. Hyperinsulinemia and hyperleptinemia might contribute to

the alteration in plasma amino acids profile in these subjects.

Introduction

Obesity, characterized as excessive fat accumulation, is caused
by interactions of genetic, environmental, and lifestyle factors [1].
Obesity increases the risk of various diseases including type 2 diabetes
mellitus. Insulin resistance, commonly occurring in obese subjects, is
attributed to the defects in insulin action on mediating the metabolism
of macronutrients in target tissues [2]. Insulin increases amino acids
uptake and protein biosynthesis in a tissue-specific manner [3]. In
turn, certain amino acids can mediate insulin secretion [4].

(BCAA=valine+leucine+ isoleucine) and
(AAA=tyrosine+phenylalanine+tryptophan)
acids are of particular interest because they have distinctive effects
to against obesity formation, as in regulating glucose oxidation [5]
and satiety factors secretion [6,7]. Paradoxically, obese subjects
have hyperaminoacidemia [8]. A close link between elevated plasma
BCAA and obesity-related diabetes has also been found [9]. Elevated
plasma BCAA may inhibit insulin signaling and contribute to insulin
resistance [10]. Moreover, obese subjects have depressed activity in
BCAA catabolism [11]. Leptin, produced by adipocytes, is secreted
in proportion to the amount of body fat mass [12]. Besides regulating
energy metabolism, leptin also positively affects amino acids uptake
[13]. Since the changes in fasting plasma BCAA profile among ob/ob
mouse (leptin deficiency), fa/fa rat (leptin receptor deficiency), and
high-fat obese rodents (leptin resistance) are inconsistent [11,14,15],
an interaction between leptin and amino acids in blood was thus
proposed.

Methods

Branched-chain

aromatic amino

A cross-sectional study was designed to assess the relationship
between leptinemia and aminoacidemia. This study was approved by
the Research Ethics Committee of the Overseas Chinese University
(Ocit92A097). By using a online software “Raosoft Sample Size
Calculator”, a sample size of 40 was selected to ensure a desired
analysis power of 0.9 for 2-sides tests at a=0.05. Forty women with

obesity (BMI=30.8+3.5 kg/m2, age=25.1¥4.3 yr) and their age-
matched controls (BMI=20.7+1.8 kg/m2, age=25.6+5.8 yr) were
recruited from university staff and students during their annual
physical check-up. All participants had no diabetes mellitus or
cardiovascular disorders. Subjects who were taking any drug or
nutritional supplement, or who were on a special diet were excluded.
After obtaining signed consents, overnight fasting blood sample of
each participant was collected. A 3-day food record was also obtained
to exclude the possibility of there being any significant differences
in diet. Glucose, insulin, and leptin were measured as described
elsewhere [12]. Amino acids were assessed by the High Performance
Amino Acid Analyzer (Beckman Model 7300, Beckman Coulter Inc.,
Atlanta, GA, USA) following the manufacturer’s instructions [16].
Because plasma large neutral amino acids (LNAA=BCAA+AAA)
determine the bioavailability of some amino acids like tryptophan,
the ratio of Leu/LNAA was also determined. Statistical analyses were
conducted by ANOVA and unpaired Student’s t-test. The difference
was considered to be significant when P value was < 0.05. Measured
parameters, unless specifically indicated, which reached the statistical
significance were presented in Tables.

Results

As expected, obese women had higher insulin, leptin and
HOMA-IR (homeostasis model assessment-insulin resistance),
whereas similar glucose levels compared to normal controls (Table
1). Furthermore, obese women had significant elevation in LNAA,
ornithine and taurine, but reduction in glutamine. When all data
were pooled, there was a significant correlation between LNAA and
leptin, HOMA-IR, Leu/LNAA, respectively (Table 2). Leptin also
correlated with HOMA-IR and Leu/LNAA.

Discussion

Leptin is an adipocyte-derived protein and closely related to the
amount of body fat mass [12]. It is well known that visceral fat secrets
less leptin into circulation than subcutaneous fat dose [13]. These facts
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Table 1: Determined plasma variables in women with or without obesity

Normal (n=40) Obese (n=40)
Glucose (mg/dL) 86+ 13 91+15
Insulin (MU/mL) 58+3.2 152+7.2*
HOMA-IR 1.2+0.7 42+24*
Leptin (ng/mL) 6.7+29 178+53*
Leucine (umol/L) 120+9 161+£12*
Isoleucine (umol/L) 84 £ 25 95+18*
Valine (umol/L) 169 + 23 295+ 16 *
Phenylalanine (umol/L) 58 £+ 10 85+15*
Tryptophan (umol/L) 63+5 84+7*
Tyrosine (umol/L) 66 + 20 76+15*
Glutamine (umol/L) 118 £ 21 74+£13*
Ornithine (umol/L) 63 +13 126 + 38 *
Taurine (umol/L) 48 £ 14 81+22*
LNAA (umol/L) 560 + 87 796 +43*
Leu/LNAA 0.29 +£0.04 0.25+0.02*

Mean + SD. ns: non-significance. *: P<0.05

HOMA-IR= [(fasting glucose mg/dL+18) x (fasting insulin pU/mL)] + 22.5.
LNAA=Large neutral amino acids, including leucine, isoleucine, valine, tyrosine,
phenylalanine, and tryptophan.

Table 2: Significant correlation (rvalue, P<0.05) between measured parameters.

Leptin HOMA-IR Leu/LNAA
LNAA 0.752 0.608 -0.720
Leptin 0.431 -0.415
HOMA-IR -0.305

also explain the discrepancy in leptinemia between males and females.
Though this study was limited by only conducting in women to the
evaluation of the relationship between leptinemia and aminoacidemia
in obesity, some new evidence is presented. Obesity-related
hyperaminoacidemia has long been interpreted as a consequence
of insulin resistance [8,9,13]. However, hyperaminoacidemia can
simply occur because obese subjects commonly eat more. Our obese
women exhibited moderate insulin resistance (HOMA-IR < 5), thus,
the elevation of plasma LNAA might be mainly due to increased food
consumption. Furthermore, obese subjects usually have reduced
lean mass, and most of the increment in body weight is from fat
accumulation [1]. Because amino acids metabolism mainly occurs
in lean mass, large body fat deposit should affect the partitioning of
plasma amino acids. Indeed, BCAA catabolism is reduced in obese
subjects, which leads to the elevation of plasma BCAA levels [11].
Although we did not measure the change in BACC metabolism
because of the limitation in obtaining tissue samples, our data of
a positive correlation between LNAA and leptin supported this
assumption.

Ob/ob mice, but not fa/fa rats, have higher plasma BCAA levels
than lean controls [11]. Because leptin can increase amino acids
uptake [12], this discrepancy may be caused by whether leptin is
functionally produced. However, LNAA and leptin were significantly

elevated in our obese women. Interestingly, a recent report showed
leptin inhibits intestinal absorption of amino acids [17]. Further
investigation on identifying the real action of leptin (systematic
or local) on amino acids uptake in intestinal or adipose tissues is
warranted. Since leucine contributes to about 40% of plasma leptin
[7], lower Leu/LNAA in our obese women and its inversed relation
with leptinemia might reflect more leucine has been taken into
adipocytes to synthesize leptin. Whether lower Leu/LNAA also can
denote an effective insulin-dependent increase in leucine uptake or
that leptin can prompt leucine influx into adipocytes in our obese
women needs to be elucidated.

Glutamine is derived from 2-oxoglutarate in the TCA cycle
[18]. Lower plasma glutamine in obese women might result from
reduced BCAA uptake into tissues, leading to less 2-oxoglutarate
availability [18,19]. Ornithine, an intermediate of urea cycle,
was elevated in obese women suggesting that they might have
abnormal hepatic urea synthesis [11,18]. Taurine supplementation
to obese subjects can effectively increase fatty acid oxidation [20].
Furthermore, high-fat obese rodents have high hepatic taurine
content with accompanying hypotaurinemia [18,20]. Thus, elevated
hepatic taurine is a compensatory mechanism to overcome high-fat
supply. As in a previous animal study [15], our obese women also
had hypertaurinemia. However, whether this finding is attributed to
insulin resistance-induced reduction in taurine uptake into target
tissues remains unclear.

Our data revealed obese women had significant alterations
in plasma levels of various amino acids, including LNAA.
Hyperinsulinemia and hyperleptinemia, caused by the increase
in food consumption and body fat accumulation, contributed
to the alteration in plasma amino acids profile in these subjects.
Furthermore, long-term elevation of plasma LNAA could aggravate
insulin resistance and lead to the development of type 2 diabetes.
Thus, our results might be practical for those who receive obesity
therapy to include a diet-exercise program to increase their lean mass.
It is also recommended that clinicians should periodically monitor
these described factors to avoid the risks associated with insulin
resistance. Nevertheless, these suggestions remain to be elucidated by
further studies of larger study groups containing both genders.
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