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Amino Acid Profiles in Human Tear Fluids Analyzed by
High-Performance Liquid Chromatography and
Electrospray lonization Tandem Mass Spectrometry

MINA NAKATSUKASA, CHIE SOTOZONO, KAZUTAKA SHIMBO, NOBUKAZU ONO, HIROSHI MIYANO,
AKIRA OKANO, JUNJI HAMURO, AND SHIGERU KINOSHITA

® PURPOSE: To identify the 23 amino acid profiles in
human tear fluids, and to evaluate whether the ocular
disease conditions reflect the amino acid profiles.

® DESIGN: Laboratory investigation.

® METHODS: We evaluated the concentrations and rela-
tive composition of 23 amino acids in tear fluids obtained
from 31 healthy volunteers using reversed-phase high-
performance liquid chromatography and electrospray
ionization tandem mass spectrometry, and compared
them with those in plasma and aqueous humor. We also
evaluated the tear-fluid amino acid profiles from 33
affected subjects.

® RESULTS: The amino acid profiles of the basal tear and
reflex tear were found to be similar, and 4 distinct groups
of healthy volunteers (male, female, young, and elderly)
showed similar profiles. Absolute concentrations of tau-
rine (Tau) and L-glutamine were significantly dominant
in these tear fluids. The relative compositions of Tau,
L-glutamic acid, L-arginine (Arg), and citrulline in the
tear fluid were significantly higher than those in the
plasma and aqueous humor. Analysis of the hierarchical
clustering of the amino acid profiles clearly distinguished
severe ocular surface diseases from non—ocular surface
diseases. The relative compositions of Tau, L-methio-
nine, and Arg decreased in severe ocular surface disease
subjects compared with non—ocular surface disease sub-
jects.

® CONCLUSIONS: Tear-fluid amino acid profiles differ
from those in plasma and aqueous humor. Steady-state
tear-fluid amino acid profiles might reflect ocular-
surface homeostasis and the observed changes of amino
acids might have a close relation with the disease
conditions on the ocular surface. (Am ] Ophthalmol
2011;151:799-808. © 2011 by Elsevier Inc. All
rights reserved.)
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ETABOLISM CAN BE VIEWED AS A NETWORK

that can adapt to various nutritional conditions

and that may become disturbed during disease
and physiologic insults. Specific variations in amino acid
profiles in blood have been reported in the context of liver
failure,' renal failure,® cancer,” diabetes,* and so on.
Conventionally, amino acid has long been considered a
source of protein synthesis in the nutritional term, and the
existence of a free amino acid supply to the tissues plays a
pivotal role in maintaining organ and body protein ho-
meostasis.” However, besides their role as substrates for
protein synthesis, amino acids have multiple and critical
functions, not only in maintaining baseline steady-state
homeostasis, but also in the pathophysiology of diverse
human disorders. [t is now widely accepted that changes in
amino acid availability have profound effects on many
aspects of cellular functions, including the regulation of
cell signaling, gene expression, and the transport of amino
acids themselves.™® For example, the pathophysiologic
relevance of L-glutamine (Gln, GluNH2), L-arginine
(Arg), and L-leucine (Leu) have been implicated in
severely traumatized patients,” in the inflammatory re-
sponse,’® and in activating the mammalian target of
rapamycin (mTOR).!12

Tear fluids provide oxygen and other nutrients, as well
as chemical mediators including antimicrobial and immu-
nologic mediators. Considering the relevance of amino
acids and glucose in the homeostatic metabolism of tissues,
the profound understanding of the function of amino acid
in tear fluids is as crucial as that of chemical mediators.
Previously, a few reports have presented contradicting
results on the amount of a limited number of amino acids
in human tears.!>'* The existence of a significantly higher
concentration of L-valine (Val), L-isoleucine (Ile), and
L-histidine (His) has been reported, and with the excep-
tion of L-aspartate (Asp), L-glutamic acid (Glu), and
taurine (Tau), the quantities found in tears were at a
comparable level with those found in plasma.!>'*

Today, amino acid profiles for biological specimens are
commonly analyzed by ion-exchange chromatography, a
method in which amino acids and related compounds can
be measured.'”!®> Recently, a new method for rapidly
analyzing amino acids was developed that involves deriva-
tization with a novel reagent, followed by reversed-phase
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