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Abstract

The decreases in the glutathione (GSH) level in the mouse spleen and liver after immune stimulation are suppressed by
the oral administration of cystine and theanine (CT). GSH is considered to be important for the control of immune
responses. Antibody production in mice after infection is enhanced by the oral administration of CT. In humans, also,
the oral administration of CT has been confirmed to enhance antibody production after vaccination against Flu and
also reduce the incidence of cold. However, the GSH level is reduced by intense exercise and surgery. In clinical studies
of body-builders and long-distance runners, the intake of CT suppressed excessive inflammatory reactions and a decline
in immune functions after intense training. Surgery as well as intense exercise induces excessive inflammatory reactions.

foods is anticipated.

In mice, the preoperative administration of CT suppressed excessive inflammatory reactions associated with surgery
and promoted the postoperative recovery. Moreover, in clinical studies of gastrectomized patients, CT intake
suppressed excessive postoperative inflammatory reactions and induced early recovery. If infection is regarded as
invasive stress, CT intake is considered to exhibit an immunomodulatory effect by suppressing the decrease in GSH due
to invasive stress. The clarification of their detailed action mechanisms and their application as medical or function
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Introduction

Cystine is a sulfur-containing amino acid consisting of 2
cysteine molecules connected by an S-S bond. This sulfur-
containing amino acid is one of the precursors of glutathi-
one (GSH), which is vital for antioxidant reactions in the
body, and its supply is considered to be a rate-limiting fac-
tor in GSH synthesis (Grimble 2006; Rimaniol et al. 2001).
GSH has been shown to play an important role in the
regulation of immune functions as well as in antioxidant
reactions in the body, and is known to decrease when the
body is exposed to stress such as intense exercise and sur-
gery (Droge and Holm 1997; Luo et al. 1996; Margonis
et al. 2007). Theanine (y-glutamylethylamide) is an amino
acid abundant in green tea and is known to be absorbed
after oral ingestion through the small intestine and hydro-
lyzed into glutamate and ethylamine in the intestine and
liver (Asatoor 1966; Bukowski et al. 1999). Indeed, the
blood level of glutamate was reported to significantly
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increase after the intake of green tea or a capsule contain-
ing theanine (Scheid et al. 2012).

An experiment using human peripheral blood macro-
phages (M¢) showed that the intracellular GSH content
was dose-dependently increased by treatment of M¢ with
cystine, and was increased further by the addition of glu-
tamate (Rimaniol et al. 2001). This report suggests that
the GSH content is increased additively or synergistically
by the simultaneous intake of cystine and glutamate. How-
ever, most of the glutamate orally ingested is known to be
metabolized in the small intestine and not to enter the cir-
culation (Windmueller and Spaeth 1975). As mentioned
above, theanine, a glutamate derivative, is metabolized into
glutamate and ethylamine in the intestine and liver after
oral intake. Therefore, theanine is considered to function
as a donor that supplies glutamate to the body (Figure 1).
In fact, in an experiment using mice orally administered
cystine and theanine alone or in combination before im-
mune stimulation, no significant increase in the GSH level
was observed in the liver after immune stimulation in
the groups administered either agent alone compared with
the control group, but it was significantly increased, and
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Figure 1 Working hypothesis regarding the immunomodulative actions of cystine and theanine. After the oral administration of cystine
and theanine, cystine is incorporated into antigen-presenting cells (APCs: monocytes, M@, or dendritic cells) which express cystine transporter
(xCT/4F2hc) and reduced to cysteine. Theanine is hydrolyzed into glutamate and ethylamine and the glutamate is incorporated into APCs. The
incorporated cysteine and glutamate enhance glutathione synthesis (Rimaniol et al. 2001) and then induce immunomodulative activity. On the
other hand, the ethylamine derived from theanine acts on yoT cells (Bukowski et al. 1999).
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the antigen-specific immunoglobulin (Ig) G production in
blood was also significantly augmented, in the group ad-
ministered both agents (Kurihara et al. 2007). Further-
more, in an experiment using influenza-infected old mice,
a combination of cystine and theanine (CT) was con-
firmed to increase GSH synthesis and enhance resistance
to infection (Takagi et al. 2010). From these results of ani-
mal experiments, not yet confirmed in human trials, the
oral administration of CT is considered to increase GSH
synthesis and reinforce immune functions. We, therefore,
performed studies using several models to clarify the use-
fulness of CT for strengthening immune functions in
humans. These studies are summarized and reviewed.

Immune response-improving effect after vaccination
against influenza in older people

Vaccination against influenza is important in older people
for preventing exacerbation of the course of, and reducing
the mortality due to, the disease (Jefferson et al. 2005;
Mullooly et al. 1994; Nordin et al. 2001). However, as im-
mune functions decline with aging, enhancement of the ef-
fectiveness of vaccination is considered important in older
people (McElhaney et al. 1990; Remarque et al. 1996; Vu
et al. 2002). Therefore, a clinical study was performed to
confirm the effectiveness of CT intake at vaccination
against influenza in 67 users of a nursing home affiliated to
a hospital (mean age: 77 years) (Miyagawa et al. 2008). The
67 institutionalized elderly people, who were given

sufficient explanation about the clinical study and con-
sented to participate in it, were randomly divided into pla-
cebo and CT groups, and given either a placebo or CT
once a day for 2 weeks prior to vaccination. The effective-
ness of vaccination was analyzed by examining the anti-
body level (HI titer) in blood 1 month after vaccination.
The rate of seroconversion, which is the percentage of
people who have acquired an antibody level effective for
the prevention of infection by vaccination among those
who did not show an effective antibody level before vaccin-
ation, was higher in the CT group than in the placebo
group regardless of the vaccine type (type A (HIN1), type
A (H3N2), or type B), but the differences were not signifi-
cant (Miyagawa et al. 2008). Therefore, we performed ana-
lysis by stratification using nutritional parameters in blood
reportedly related to an aging-associated decline in the im-
mune function (Hara et al. 2005), and observed a marked
increase in the rate of seroconversion, particularly for type
A (HIN1), in the groups with subaverage blood total pro-
tein and hemoglobin levels, i.e., those in a relatively poor
nutritional state (Miyagawa et al. 2008). These results sug-
gest that CT enhances the effectiveness of vaccination
against influenza in older people with aging-associated de-
clines in immune functions, and that this effect is more
notable in older people with a poorer nutritional state.
However, more trials in older people are needed, especially
in those with malnutrition, to ascertain the effectiveness of
CT intake after vaccination against influenza in the elderly.
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Cold-preventing effect

The common cold is an infection usually caused by the
entry of viruses into the upper airway in the dry season
(Heikkinen and Jarvinen 2003). This process of infection
can be naturally prevented more often if the host’'s immune
competence increases. We performed a clinical study to
evaluate the effect of CT intake on vulnerability to the
common cold in winter in 176 adult male volunteers
(mean age: 40 years) (Kurihara et al. 2010). The 176 adult
males, who were given an explanation about the clinical
study and consented to participate in it, were randomly di-
vided into placebo and CT groups, administered the
assigned preparation daily for 5 weeks, and answered a
questionnaire concerning the body temperature and vari-
ous common cold symptoms daily. The responses to the
questionnaire were quantified according to the literature
on clinical studies of cold and influenza infection (Hayden
et al. 1999; Hayden et al. 1997), conditions of the appear-
ance of various symptoms of cold and the occurrence of
cold itself were defined using our original method, and the
records during the 5-week period were analyzed. In the
CT group, the frequency of fever and chills, which are
cold symptoms, was significantly lower, and symptoms
due to inflammation (nasal secretion, throat pain, etc.)
were milder, compared with the placebo group. More-
over, the incidence of cold and total number of days
with symptoms during the investigation period were
significantly reduced (Kurihara et al. 2010). From these
results, CT intake (980 mg/day, containing 700 mg of
cystine and 280 mg of theanine) is considered to be ef-
fective for the prevention of cold and its various symp-
toms due to inflammation during winter in middle-aged
and elderly people. Future human trials may reveal the
specific effects of CT intake on cold prevention.

Suppressive effect against decline in immune functions
due to intense exercise

It is known that we become more vulnerable to infections
including cold after vigorous exercise such as marathon
running (Nieman 1997). Vigorous exercise induces exces-
sive inflammatory reactions, promotes the secretion of
stress hormones such as corticosterone and glucagon, and
weakens the immune functions of individuals (Gleeson
and Pyne 2000; Suzuki et al. 2000). Moreover, disruption
of the immune system associated with vigorous exercise
has been reported to lead to problems during training and
the poor physical condition of athletes, such as in over-
training syndrome (MacKinnon 2000; Smith 2003). We,
therefore, carried out clinical studies to evaluate the effects
of CT intake on changes in immune functions before and
after intense training using college body-builders as a
model of resistance training and college long-distance run-
ners as a model of endurance exercise (Kawada et al. 2010;
Murakami et al. 2009). First, 15 male body-builders who
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provided informed consent to this clinical study were ran-
domized to placebo and CT groups and given the test food
once a day at dinner during a 2-week training period. The
training intensity was doubled during the final week com-
pared with the first week of the training period, and
changes in blood natural killer (NK) cell activity were seri-
ally monitored. In the placebo group, NK cell activity de-
creased gradually after the beginning of training compared
with the pre-training level, with a significant drop after 2
weeks. In the CT group, on the other hand, no decrease in
NK cell activity associated with intense training was noted
(Kawada et al. 2010). Similarly, 15 male college long-
distance runners who consented were randomized to pla-
cebo and CT groups and given the test food once a day at
dinner for 10 days during a regular training period. There-
after, they participated in an 11-day summer training
camp, and changes in immunological parameters in blood
before and after this period were analyzed. In the placebo
group, the neutrophil count and high-sensitivity CRP level,
which are blood inflammation markers, increased signifi-
cantly, and the number of lymphocytes, which are im-
munocompetent cells in blood, decreased after the camp,
but no significant change in these parameters was noted
in the CT group (Murakami et al. 2009). These results
suggest that CT suppresses an increase in inflammatory
reactions associated with the stress of sustained intense
exercise such as that during a training camp, and prevents
an associated decline in immune functions. Therefore, we
further analyzed changes in blood immunological parame-
ters immediately after intense endurance exercise in the
long-distance runners. Similarly, 16 male college long-
distance runners who consented were randomized to pla-
cebo and CT groups and given the test food once a day at
dinner for 7 days of regular training and 9 days during a
training camp (daily for a total of 16 days). Interval train-
ing of 1,000 m x 15 times was performed as intense endur-
ance training before breakfast on the first and last days of
the camp, blood was sampled before and after the training,
and changes in blood markers were analyzed. The neutro-
phil count and myoglobin level showed marked increases,
but the lymphocyte count decreased, due to intense exer-
cise stress on the first day of the camp, but these changes
were significantly milder in the CT group than in the pla-
cebo group (Murakami et al. 2010). On the last day of the
camp, the changes in blood markers associated with in-
tense exercise were reduced, probably due to the physical
and mental effects of the training, and no particular effect
of CT intake was noted at this point. The results on the
last day suggest that CT exert no effect when inflamma-
tory reactions due to exercise stress are mild. Thus, CT
are considered to suppress excessive inflammatory reac-
tions without inhibiting physiologic and necessary inflam-
matory reactions. From the results of these clinical studies
involving athletes, CT are considered to suppress excessive
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inflammatory reactions induced by severe stress, such as
that due to intense exercise training, and prevent a decline
in immune functions.

Promotion of recovery after surgery

Postoperative anti-inflammatory/recovery-promoting effects
in mouse surgery models

Surgery was selected as an invasive stress other than ex-
ercise. Generally, laparotomy, which involves more in-
testinal manipulation, is considered to cause severer
inflammation than endoscopic surgery (Hiki et al.
2006). Therefore, using a mouse intestinal manipulation
model (Kalff et al. 1998) as a model of laparotomy, the
effects of the preoperative oral administration of CT on
inflammation associated with surgical stress were evalu-
ated according to changes in the blood inflammation
marker interleukin (IL)-6 level (Biffl et al. 1996). Com-
pared with a sham operation group, the blood IL-6 level
showed a marked increase in the intestinal manipula-
tion group administered the vehicle (V: 0.5% methylcel-
lulose) alone, but this increase was suppressed by
preoperative CT administrations (oral administration
once a day for 5 days including the day of surgery),
significantly at 70 mg/kg. The GSH levels in the intes-
tine and Peyer’s patches were significantly reduced by
intestinal manipulation, but these decreases were sig-
nificantly inhibited by the preoperative oral CT admin-
istration. Moreover, on linear regression analysis of the
GSH levels in the intestine and Peyer’s patches and
blood IL-6 level, the GSH levels in the intestine and
Peyer’s patches both showed significant negative corre-
lations with the blood IL-6 level. From these results,
preoperative oral CT administration is considered to
suppress the decrease in the intestinal GSH level and
increase in the blood IL-6 level associated with intes-
tinal manipulation, i.e., control excessive postoperative
inflammatory reactions. Next, to clarify whether or not
the suppression of excessive inflammatory reactions by
CT leads to early postoperative recovery, behavioral
analysis was carried out. While the spontaneous activity
level recovered rapidly from Days 1 to 4 after surgery in
the sham operation group, little recovery was noted in
the manipulation (V) group, and the spontaneous activ-
ity level was significantly lower than in the sham oper-
ation group on Days 1 to 4. In the manipulation (CT)
group, however, the spontaneous activity level recovered
gradually from Days 1 to 4, and it was significantly
higher than in the manipulation (V) group on Day 4.
Regarding the changes in the body weight and food in-
take from Days 1 to 4, both were significantly lower in
the manipulation (V) group than in the sham operation
group, but were significantly higher in the manipulation
(CT) group than in the manipulation (V) group. From
these results in the mouse surgery model, preoperative
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CT administration is considered to suppress excessive
inflammatory reactions and promote postoperative re-
covery by preventing the decrease in the intestinal
GSH level associated with surgical stress (Shibakusa
et al. 2012).

Postoperative recovery-promoting effect in stomach cancer

patients after distal gastrectomy

On the basis of the data obtained in the mouse surgery
model, we then carried out a clinical study of stomach
cancer patients after distal gastrectomy at Sendai City
Medical Center. Forty-three patients aged 75 years or
younger underwent elective surgery were randomized
to placebo (P) and CT groups. They were given the test
food for 10 days from 4 days before surgery, and the
resting energy expenditure (REE), blood granulocyte
and lymphocyte counts, CRP and IL-6 levels, and body
temperature were measured serially. Eventually, 10 pa-
tients were excluded due to the retraction of consent
and intraoperative complications, and 18 patients in the
P group and 15 in the CT group were evaluated. First,
the IL-6 level, a blood inflammation marker, showed a
peak immediately after surgery and decreased thereafter,
but it decreased more rapidly in the CT group and be-
came significantly lower compared with the P group on
Day 4 after surgery. Similarly, the CRP level, another
blood inflammation marker, showed a peak on Day 1
after surgery and decreased thereafter, but was normal-
ized earlier in the CT group similarly to the IL-6 level,
being significantly lower than in the P group on Day 7
after surgery. Also, as mentioned above, CT intake sup-
pressed the increase in granulocytes and decrease in
lymphocytes induced by intense exercise, which is acute
stress, in athletes (Murakami et al. 2009; Murakami
et al. 2010). Therefore, we examined changes in the
granulocyte count after gastrectomy, which is also acute
stress, compared with the preoperative value. It was in-
creased on Day 1 after surgery and decreased gradually
thereafter in both the P and CT groups, but the decrease
was faster in the CT group, and became significantly
lower than in the P group on Day 4 after surgery. The
lymphocyte count was lowest on Day 4 after surgery
and recovered thereafter, but no significant difference
was noted between the 2 groups. Since the body
temperature increases with an inflammatory reaction,
we also analyzed postoperative changes in the body
temperature as differences compared with the preopera-
tive level. As a result, the temperature was 2.5°C or
more higher on the day of surgery compared with the
preoperative value and decreased thereafter, but it de-
creased faster in the CT group than in the P group, and
became significantly lower than in the P group on Day 5
after surgery. As there are reports that inflammatory re-
actions and the REE increased after surgery (Kotani
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et al. 1996) and that the REE after burn injury, which is
an acute stress similar to surgery and intense exercise,
was reduced by nutritional therapy with an anti-
inflammatory effect (early enteral nutrition) (Mochizuki
et al. 1984), we also analyzed the effects of CT adminis-
tration on the postoperative REE. In the P group, the
REE increased to 1.15 times the preoperative level on
Day 1 after surgery and decreased thereafter, but had
not decreased to the preoperative level even on Day 7
and eventually recovered on Day 14. In the CT group,
the REE level did not show an increase as observed in
the P group on Day 1 after surgery, when it was signifi-
cantly lower than in the P group, and remained lower
thereafter. From these results, the perioperative admin-
istration of CT is considered to accelerate the recovery
of the granulocyte count, IL-6, and CRP levels from the
postoperative increase and to prevent the postoperative
increase in the REE. Therefore, CT administration is
considered to promote the postoperative recovery of
gastrectomized patients (Miyachi et al. 2013). In the
series of trials on intense exercise and surgery men-
tioned above, we observed the decreasing effects of CT
intake on inflammatory markers and immunosuppres-
sion, not only in athletes after intense exercise but also
in surgery patients. Cystine is a nonessential amino acid.
In a clinical trial targeting surgery patients, cystine be-
came essential during the perioperative period (Dale
et al. 1977). In addition, the synthetic pathway from me-
thionine to cysteine remains inhibited in rats under sur-
gical stress (Vina et al. 1992). These reports support a
role for cystine in suppressing the decrease in GSH dur-
ing surgical stress. In addition, theanine may act as a
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glutamate donor in vivo and enhance GSH synthesis via
cystine treatment in cells (Rimaniol et al. 2001). Based
on these reports and our findings, preoperative oral CT
administration has a useful anti-inflammatory and im-
munosuppressive effect.

Conclusion and perspectives

As mentioned in this review, CT were shown by clinical
studies to not only enhance the antibody-producing
ability on infection but also suppress excessive inflam-
matory reactions induced by intense exercise and sur-
gery. Infection as well as intense exercise and surgery
can be regarded as invasive stress. From this viewpoint,
CT intake is considered to enhance the antibody-
producing ability, control excessive inflammatory reac-
tions, and, in consequence, promote early recovery by
inhibiting the decrease in GSH due to invasive stress
(Figure 2). However, to prove the hypothesis, more
studies are needed that investigate the correlation be-
tween GSH levels and immune response to CT intake in
mice and humans. While more detailed analysis of the
action mechanism is necessary, CT with such effects are
expected to be used, for example, as: (1) an oral adju-
vant food on the vaccination of older people with re-
duced immunological functions, (2) a supplement for
those who wish to maintain their physical condition
throughout the year, (3) a conditioning food for expert
and amateur athletes undergoing intensive training, and
(4) a medical food to promote postoperative recovery
for those expected to undergo surgery (Fearon et al.
2005; Wilmore and Kehlet 2001).
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Figure 2 Scheme of enhanced recovery due to cystine and theanine after the indicated trauma. Trauma/stress due to exercise, surgery, or
infection induces excessive inflammation and immunosuppression. It also delays recovery after trauma. Cystine and theanine suppress the
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