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Nine healthy volunteers were divided into a test group

(n ¼ 5) and a control group (n ¼ 4). The test group

consumed 3 grams per d of wheat gluten hydrolysate

for 6 d, and their NK cell activity and hematological

parameters were measured: The same assessments were

performed in the control group, which did not receive

wheat gluten hydrolysate.

In the test group, NK cell activity increased signifi-

cantly (P ¼ 0:018) after wheat gluten hydrolysate

intake. No adverse effects were observed in either

group.
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Wheat gluten has a unique amino acid composition:
glutamyl residues account for about 40% of the amino
acids.1) Due to its amino acid composition, wheat gluten
has been considered a natural glutamine source.2,3)

Glutamine, the most abundant amino acid in the body,
has many roles in the physiological system.4) It is the
preferred substrate for rapidly dividing cells, such as
those in the gut and the immune system. It has been
reported to modulate the functions of immune cells, e.g.,
lymphocytes,5,6) monocytes,7) and granulocytes.8) A
meta-analysis revealed that glutamine supplementation
reduced the incidence of infectious complications in
surgical patients.9)

In addition, studies have been conducted on the
specific physiological functions of wheat gluten hydro-
lysate apart from the effect of glutamine. In 1980,
Schusdziarra et al. reported opioidergic activity in
wheat gluten hydrolysate,10–12) and in the early 1990s
Fukudome et al. identified the active peptides.13,14)

Motoi and Kodama identified an inhibitory peptide
against angiotensin-I converting enzyme.15) In addition,
we encountered some cases with mild hepatitis that
exhibited significant improvement in response to the
administration of wheat gluten hydrolysate.16)

We examined the effects of the administration of
wheat gluten hydrolysate on the immune function of

healthy human volunteers. All experiments were per-
formed in accordance with the guidelines of the Helsinki
Declaration and the ethical committee of the clinic. Nine
volunteers (ages 22–59) were divided into two groups, a
test group (n ¼ 5; 3 male and 2 female; mean age, 41.6,
range, 23–58) and a control group (n ¼ 4; female; mean
age, 32.8, range, 22–59). The test group (GP group) took
one gram of wheat gluten hydrolysate after every meal
(3 grams per d) for 6 d. The wheat gluten hydrolysate
used was ‘‘Glutamine Peptide’’ (GP) of Amino Health
(Sakaide, Japan), a product consisting of granulated
wheat gluten hydrolysate ‘‘Glutamine Peptide GP-1’’
(Nisshin Pharma, Tokyo), slightly sweetened. The wheat
gluten hydrolysate was the same hydrolysate as that used
by Sawaki et al.,3) and by us in our previous report.16)

The control group did not receive a placebo. Although
no instructions were given to subjects concerning food
intake, they did not eat or drink immoderately during the
experimental period. Blood samples were collected at a
time between 9:00 and 11:00 AM before and after the
administration period. The blood count and differential
white blood count were measured at our institute. NK
cell activity was determined using K562 target cells in
a 51Cr-release assay17) at SRL Laboratories (Tokyo).
Peripheral blood mononuclear cells (PMBC) were
separated from heparinized blood by Ficoll-Conray
density gradient centrifugation. After two washings with
PBS, they were suspended at 1� 106 cell/ml with
RPMI 1640 with 10% FBS and used as a source of NK
cells. The target cells were labeled with 51Cr and
suspended at a concentration of 1� 106 cell/ml. Then
triplicates of 10 ml of the target cells and 200 ml of
PMBC were mixed together and incubated in microtiter
plates for 3.5 h. The plates were centrifuged for 10min,
150 ml of the supernatant was transferred to new tubes,
and radioactivity was determined. Spontaneous release
was determined by incubation of 10 ml target cells with
200 ml of medium. Maximum release was determined by
incubation of 10 ml target cells plus 200 ml of 1N
hydrochloric acid. NK cell activity (51Cr release) was
calculated as
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NK cell activity (%) ¼
½experimental 51Cr release� spontaneous 51Cr release�
½maximum 51Cr release� spontaneous 51Cr release�

� 100:

Figure 1 shows the change in NK cell activity in the
GP group and the control group. In the GP group, an
increase in NK cell activity was observed in all subjects
(P ¼ 0:018, before vs. after intake), whereas the control
group did not show any significant change during the
same period (P ¼ 0:897). In this experiment, there were
apparently some biases in the grouping, such as gender
and age, due to the limited number of subjects. Such
differences should affect NK activity. Therefore, it is
invalid to compare the two groups directly. However,
changes within the subjects are worth discussing. As
shown in Fig. 1, an increase in NK activity was
observed in all, five out of five, subjects in the GP
group, whereas the subjects in the control group showed
one increase, one decrease, and two unchanged. This
result suggests that intake of wheat gluten hydrolysate is
effective in augmenting NK cell activity in healthy
people.
NK cells are known to play a critical role in immune

surveillance against tumor development and viral func-
tions.18,19) Activation of NK cells is regarded as effective
in patients with autoimmune disease or cancer20) and in
elderly people,21) who usually have low levels of NK
cell activity. Therefore, the ability of various materials
that affect NK cell activity in human subjects has been
investigated.
Morphine22) and simvastatin23) have been reported to

decrease NK cell activity, while ubenimex,24) sizofir-
an,25) refecoxib,26) low-molecular-weight-heparin,27) and

hochu-ekki-to28) enhanced it. Many functional food
materials, e.g., glutamine,29) tomato extract,30) conjugat-
ed linoleic acid,31) and bitter melon,32) have been
investigated, but were not found to influence NK cell
activity. Among food components, only probiotics33–35)

and polysaccharides36,37) have been consistently reported
to increase NK cell activity.

Independent groups have reported that continuous
intake of fermented milk containing Lactobacillus
casei,34,35) L. rhamnosus,35) or Bifidobacterium lactis35)

augments NK cell activity. Polysaccharides from the
mushrooms Ganoderma lucidum (450mg/d, 12
weeks)36) and Sparassis crispa (300mg/d, 8 weeks)37)

have been reported to elevate NK cell activity. The
polysaccharides from lactobacilli and mushrooms are
known to contain �(1-6) and �(1-3) glucans in large
quantities. Therefore, the reported immunomodulatory
effects might result from indigestible polysaccharides.

The granulated wheat gluten hydrolysate we used
in this study contained 0.1% of an extract of Stevia
rebaudiana (stevia), an intense sweetening agent widely
used in Japan. Since the stevia content is very limited,
the immunoenhancing effect appears to result from the
wheat gluten hydrolysate itself. The hydrolysate was
manufactured by hydrolyzing wheat gluten by protease
and amylase; it contained 70% protein (Kjeldahl
method, F ¼ 5:70), 0.1% fat, and 6% water. The hull
of the wheat kernel is known to contain indigestible
polysaccharides such as hemicellulose38) and arabinox-
ylan,39) and some reports suggest that these kinds of
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Fig. 1. NK Cell Activity before and after the Experimental Period.

Changes in values were analyzed using the paired t test. Statistical difference was considered significant at P < 0:05.
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polysaccharides have immunomodulatory activity.40,41)

However, dietary fiber was not detectable (Prosky
method42,43)) in the wheat gluten hydrolysate. Since
only protease and amylase were used in the preparation,
this means that the content of indigestible polysaccha-
rides was not more than the detectable limit of 1 g/kg,
in other words, 3mg per d at most. Hence it does not
appear likely that the small amount of polysaccharide
provoked the increase in NK cell activity.

Changes in blood count and differential white blood
count parameters are summarized in Table 1. These
parameters stayed within the normal range and did not
show significant changes during the study. There were
no clinical incidents indicative of adverse effects in
either the GP group or the control group during the
study. Therefore, the intake of wheat gluten hydrolysate
is considered to be safe under the conditions used.

In conclusion, intake of wheat gluten hydrolysate
might possibly augment NK cell activity without severe
side effects. Although the mechanism of the immunoen-
hancing effect observed in this study remains to be
elucidated, it is meaningful to note the phenomenon that
such proteinous material might possess immunoenhanc-
ing activity in humans.
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Vannucci, L., Kacprzak, G., Kolodzej, J., Majewski, A.
M., and Hoffman, R. M., Anticoagulant drugs increase
natural killer cell activity in lung cancer. Lung Cancer,
47, 215–223 (2005).

28) Kuroiwa, A., Liou, S., Yan, H., Eshita, A., Naitoh, S.,
and Nagayama, A., Effect of a traditional Japanese
herbal medicine, hochu-ekki-to (Bu-Zhong-Yi-Qi Tang),
on immunity in elderly persons. Int. Immunopharmacol.,
4, 317–324 (2004).

29) Krzywkowski, K., Petersen, E. W., Ostrowski, K.,
Kristensen, J. H., Boza, J., and Pedersen, B. K., Effect
of glutamine supplementation on exercise-induced
changes in lymphocyte function. Am. J. Physiol. Cell
Physiol., 281, C1259–1265 (2001).

30) Watzl, B., Bub, A., Briviba, K., and Rechkemmer, G.,
Supplementation of a low-carotenoid diet with tomato or
carrot juice modulates immune functions in healthy men.
Ann. Nutr. Metab., 47, 255–261 (2003).

31) Albers, R., van der Wielen, R. P., Brink, E. J., Hendriks,
H. F., Dorovska-Taran, V. N., and Mohede, I. C., Effects
of cis-9, trans-11 and trans-10, cis-12 conjugated linoleic
acid (CLA) isomers on immune function in healthy men.
Eur. J. Clin. Nutr., 57, 595–603 (2003).

32) Pongnikorn, S., Fongmoon, D., Kasinrerk, W., and
Limtrakul, P. N., Effect of bitter melon (Momordica
charantia Linn) on level and function of natural killer
cells in cervical cancer patients with radiotherapy.
J. Med. Assoc. Thai., 86, 61–68 (2003).

33) Nagao, F., Nakayama, M., Muto, T., and Okumura, K.,
Effects of a fermented milk drink containing Lactoba-
cillus casei strain Shirota on the immune system in
healthy human subjects. Biosci. Biotechnol. Biochem.,
64, 2706–2708 (2000).

34) Parra, M. D., Martinez de Morentin, B. E., Cobo,
J. M., Mateos, A., and Martı́nez, J. A., Daily ingestion
of fermented milk containing Lactobacillus casei
DN114001 improves innate-defense capacity in healthy
middle-aged people. J. Physiol. Biochem., 60, 85–91
(2004).

35) Gill, H. S., Rutherfurd, K. J., and Cross, M. L., Dietary
probiotic supplementation enhances natural killer cell
activity in the elderly: an investigation of age-related
immunological changes. J. Clin. Immunol., 21, 264–271
(2001).

36) Gao, Y., Zhou, S., Jiang, W., Huang, M., and Dai, X.,
Effects of ganopoly (a Ganoderma lucidum polysaccha-
ride extract) on the immune functions in advanced-stage
cancer patients. Immunol. Invest., 32, 201–215 (2003).

37) Hasegawa, A., Yamada, M., Dombo, M., Fukushima, R.,
Matsuura, N., and Sugitachi, A., Sparassis crispa as
biological response modifier. Jpn. J. Cancer Chemother.
(in Japanese), 31, 1761–1763 (2004).

38) Klinke, H. B., Ahring, B. K., Schmidt, A. S., and
Thomsen, A. B., Characterization of degradation prod-
ucts from alkaline wet oxidation of wheat straw.
Bioresource Technol., 82, 15–26 (2002).
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