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SPECIFICATION

Antistress Agents and Functional Foods

Field of Art

This invention relates to an anti-stress agent ahd functional
food having effects of preventing and mitigating mental and
physical symptoms caused by stress.

Background Art.

In the modern society, people undergoes various kinds of
stress céused by highly advanced and complicated scientific
technoiogy, or drastically'changing social circumstances.
Particularly, in the internatiohalized society, complex human
relationships are formed,'causing mental stress. It has been
reported that a variety of symptoms are caused by mental stress.

It is recognized that mental stress has a great influence
on circﬁlatory system aﬁd immune system. However, the
scientific concept and definition of stress have not yet been
well established, so that means of evaluation of stfess still
have many problems, combined with methodological difficulties.
However,lin the recent years; studies of stress have béen.made
from the medical point of wview.

For example, it is reported that when one undergoes stress,
angiotensin II increases, and intracorporeal sodium due to
sodium reabsorbancy becomes excess, which causes rise in blood
pressure (Osamu Mobara et al.: Taisha, 28, 2, 323, 1991). Based

on such findings, studies have been made on the effect of
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enalapril and alacepril, which are angiotensin converting enzyme
inhibitors and used as antihypertensive agents, on hypertension
caused by stress (The American Journal of Cardiology: 68, 15,
1362(1991), Internal Medicine; 32, 9, 691(1993)). However, it
is considered that suffering stress not only causes rise in blood
pressure, but also influences various factors to cause stomach
ulcer, ischemic heart diseases, cerebrovascular diseases,
hyperlipemia, or the like. Theréfore, though stress is regarded
as one of the causes of hypertension, it is not believed that
the anti—*stréSs effect is achieved merely by suppressing the rise
in blood pressure.

As an agent for prevenfing énd_mitigating mental and physical
symptoms caused by stresé, chemically synthesized medicaments
such as a tranquilizer, an antiaﬁiciety agent, and sleeping pills
are presentiy used. Howéver, these medicaments have
habituation and side effect problems, sothat it is not preferable
to use them daily. for the purpose of prevehting mental and
physical symptoms caused by stress. Accofdingly, an anti-
stress agent that can be taken repeatedly and daily without any
problems with safety, and that can mitigate and prevent mental
and -physiéal symptoms caused by stress are desired and are under
development.- For example, thére are proposals such as an
anti—stréss agent containing as an effective ingrediént L-
theanine contained in tea leaves (Japanese Laid-open Patent
Application No. 6-100442), an anti-stress composition

containing imidazole compounds such as anserine, valenine,
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n-methylhistidine, ort-methylhistidihe (Japanese Laid-open
PatentA@plicationNo.9—26660),andanti—stressfoodcontaining
a composition of glutathione and antioxidant (Japanese Laid—
open Patent Application No.8-275752). There is'also a repoft_
on stress reducing effect of fragrance (Fragrance Journal:
1991-11, p44-49). However, there has nqtlbéen reported that a
tripeptide has the effect of mitigating and preventing mental
and physical symptoms caused by stress.
Di r i

.It is an object of the present invention to provide an
anti-stress agént and functional food which can fulfill thé
social demand as mentioned above, which can be taken repeatedly
and daily without any problems with safety, and which canmitigate
and prevent mental and physical symptoms caused by stress.

According to the present invention, there is provided an
aﬁti—stress agent comprising as an effective ingredient a
tripeptide and/or a salt thereof having angiotensin converting
enzyme inhibitory éctivity.

According to the present invention, there is also provided

- the anti-stress agent wherein said tripeptide is Ile-Pro-Pro

ahd/ér Val-Pro-Pro.

According to the present invention, there is further provided
use of the tripeptide and/or the salt thereof for the manufacture
of an anti-stress agent..

According to the present invention, there is also provided

food having an anti-stress effect and comprising said.anti-
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stress agent.

According to the p:ﬁesent invention, there is further provided
use of fhe tripeptide and/or the salt thereof for the manufacture
of food having an anti-stress effect.

According to the present invention, there is further provided
a method for pfoducing the food having anti-stress effect
comprising ferﬁenting a medium containing a peptide and/or a
proteinihcludingwasequenceIle—Prq—Proand/orValQP:o—Prowith
lactic acid bacteria under'conditiqns for a tripeptide Ile-
Pro-Pro and/or Val—Pio—Pro to_be prdduced.in a resulting
fermented medium.

According to the p;esent_invéntion, there is also provided
a;methéd for reducing stress compriSing'orally'admiﬁistering'an
effective amount of a tripeptide and/or a salt thereof having
angiotensin—converfing enzyme iﬁhibitory activity.

The anti-stress agent of the present invention contains, as
an effective ingredient, a tripeptide and/or a salt thereof
having angiotensin- conv.ertin_g enzyme inhibitory activity. 1In
the present invénfion, “anti-stress” effect means an activity
to cause'approximétion of the conditioﬁs of a subject to the
conditions without stress, e.g., an acﬁivity'to reduce systolic

and diastolic blood pressures which have been increased due to

'stress, and an activity to inhibit or prevent lowering in

immunological function caused by stress, such as lowering in

spleen cell response.
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The tripeptide may be preferably selected from the group
cbnsisting of Ile-Pro-Pro, Val-Pro-Pro (abbreviated hereinbelow
as IPP and VPP, respectively) and mixtures thereof that have
angiotensin converting enzyme inhibitory activity.

The salt of the tripeptide may include pharmacologically
acceptable salts, such as inorganic salts such as hydrochloride,
sulfate and phosphate, and organic salts suchas citrate, maleate,
fumarate, tart.rate and lacta.te.l

The tripéptide may be produced by, e.g., fermentation with
microorganism, enzyme hydrolyé;is, or chemical synthesis.

The fermentation with microorganism can be pérformed by
culturing laétic acid bat;*feria in a medium of a food material

containing a peptide and/or a protein including an amino acid

sequence corresponding to the tripeptide, such as sequences

Ile-Pro-Pro énd/or-Val-Pro—Pro.

The medium is preferably a food material containing a pep.tide
and/or a protein includirig an amino acid sequence corresponding’
to the tripeptides. The food material may be milk, milk casein,

corn, corn protein, wheat, wheat protein, soybean, de-fat

‘soybean or soybean protein. The medium may further contain othei:

ingredients such as yeast extract, vitamins and minerals, if

necessary.
 As the lactic acid bacteria, lactic acid bacteria of the genus

Lactobacillus may be employed. For example, Lactobacillus

helveticus, Lactobacil‘lus délbrueki‘i subsp. bulgariéus,

Lactobacillus acidophilus, Lactobacillus fermentum or
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Iactobacilluscaseisubsp.caseimaybeemployed. Specifically,
Lactobacillus helveticus ATCC55796, Lactobacillus delbruekii
subsp. bulgaricus ATCC11842, Lactobacillus acidophilus ATCC4356,
Léctobacillus fermentum ATCC14931 or Lactobacillus casei subsp.
casei ATCC393 may be employed.

The fermentation may be pe;fdrmed by heat-sterilizing fhe
medium, cooling the medium to a desired culturing temperature,
and then inoculating the medium with a -pre—cultu_l;ed lactic acid
bacteria starter. The inoculation amount of the lactic acid
bacteria starter is preferably 10° to 10’ cells of the lactic
acid bécteria per 1g of the medium. The culture temperature may
be 20 to 50° C, and preferably 30 to 45° C. The culturing time
may be 3 to 4.8 hours, and preferably 6 to 24 hours. The culturing
may be terminated when number of cells of the lactic acid bacteria
reaches 10®% cells/g or more and acidity of the lactic acid reaches
1 or more. The resulting cultured medium usually contains 0.1
to 100 ng/g of IPP and/or VPP, élthough it depends on the material
and composition of the medium.

The cultured medium itself containing live lactic acid
baéteria may be used as thé anti-stress agent'of the preseht
invention; Alternatively, the cultured mediummay be used after
heat-steriliziﬁg, e.g., up td 80° C. Further, the cultured
medium may be used after being powdered by freeze drying, spray
drying or drum dryer dryingr

The cultured medium may be concentrated to purify the

tripeptide before use as the anti-stress agent of the present
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invention. The concentration and purlification may be carried
out b.y subjectihg the cultured medium to centrifugation and
taking supernatent of the centrifuged liquid. The supernatant
may further be subjected to electrodialysis, ion exchange resin
treatment, hollow fiber membrane diaiysis, reverse OSmOSis
treatment, hydrophobic_oolumn chromatography, or combinations
thereof, to obtain a further concentrated and purified
tripeptide. |

The enzyme hyd.rolysis for producing the tripeptide may
include treating a food material oontaining a peptide and/or a
protein ihcluding an amino acici sequence -corresponding to. the
tripeptides such as Ile—Pro—Pro and Val_—P.ro-Pro, _suc'clessively
with proteinase and carboxypeptidase. The proteinase may be
proteinase derived from microorganisms, from plants, or from
animals, and may be prepared by a publiclly known method. The
carboxypeptidase ma.y be carboxypeptidese derived from
microorganisms, fromplants, or from an‘imals',- ahd may be prepared
by a .publicly known method.

The chemical synthesis for producing the tripeptide may
include publicly known otganic synthesis. For example, the
tripeptide may be obtained by preparing amino acids that are
components of the objective tripeptide, protecting the amino
group of each amino acid with a fluorenylmethoxycarbonyl group,
successively reacting the amino acids protected with the
fluorenylmethoxycarbonyl group in accordance with the amino lacid

sequence of the objective tripeptide by any conventional method,
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to obtain a tripeptide bound to a resin, and then removing the
resin by any conventional method and purifying the tripeptide.

The content of the tripeptide in the anti-stress agent of
the present invention is not particularly limited as long as it
enables administration of the effective arﬁount of the tripeptide
to be discussed later. The content of the tripeptide may usually
be 0.001 to 1 wt% of the agent.

The anti-stress agent of the present invention may contain,
in addition to the tripeptide and/or the salt thereof, other
édditives such as sugars, proteins, lipids, vitamins, minerals,
flavoring agents andlcoloring agents.

The anti-stress agent of the present invention may be
administered to humans or animals. The administration may be
perf_orméd orally or intravenously, with the oral administration
being preferable.

Effective administration amo;int of the anti-stress agent
of the present invention may usually be, for example, in a range
of 0.1 to 40mg/kg body weight"d.ay in terms of the tripeptide for
oral administration, in order to achieve the effect of the present
invén'&ion' such as mitigation and prevention of stress in human.
However, the anti-stress agent may be administered in an amount
exceeding this range.

When the anti-stress agent of the present invention is
administered to a subject, changes in various physiological
indices in response to stress, such as rise in blood pressure,

loWer_ing in immunological functions, becomes smaller.than that
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in a case in which the present agent is not administered, and
appfoximates to that in a case in which stJ;*ess is not loaded.
The functional fopd 6f the present invention contains the
anti-stress agent. Taking this functional food prevents or
mitigates the stress. |

The content of the anti-stress agent in the functional food

 of the present invention is not particularly limited as long as

it is ih a range to enable the tripeptide and/br the salt therepf
in the' functional food achieves _the anti-stress effect. The
functional food maiz usually contain the anti-stress agent in an
amount to make the content of the tripeptide and/or the salt
thereof in the functional food be 0.001 to 0.1 wEs.

By_taking the functional food of the present invention in
an "amount ranging froin 0.1 to 40 mg in terms of the tripeptide
per kg body weight-day, pre'feJ;”able' ef_fects of the present
invention may be obtaihed. However, the functional food may be
taken in ah'amount exceeding this range.

The functional food of the present invention may include
yogurt, milk—containing acidified beverages, cheese, processed
'foods- and bevén.;ages containing fermented sour milk or health
foods, and may be in the form of solid such as powders, granules
and tablets, or of fluid such as paste, gel and liquid. -

The tripeptide, the effective ingredient of the anti-stress
agent and the functional food of the present- invention may be
obtained by fermenting a food material with lacti_'c acidbacteria,

and thus is quite safe.
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Since the anti-stress agent and the functional food of the
present invention contain the tripeptide, they are quite safe,
and repeated and daily intake thereof can mitigate and prevent
mental and physical symptoms caused by various kinds of stress.
Examples of the Invention

The present invention will be expla{ined more in detail

referring to the-Examples, but the present invention is not

limited thereto.

Example 1
| 9g of skim milk powders were dissolved in 100g of water. .
The resultiﬁg solution was sterilized at 115° C for 20 miﬁutes,
cooled to room tempei:ature, inoculated with 1 platinum loop of
LaCtobacillus helveticus ATCC-8205, and cultured at 37° C for
24 hours,l to prepare a primary starter (5x10% cells/ml, PH 3.5).
Subsequently, 2kg of skim milk (containing 9wt% solids)
sterliliz.ed by heating up to 90° C was inoculated with 80g of the-
primajfy starter, and cultured at 37° C for 24 hours, té prepare
a secondary starter. Then, 4.5kg of skim milk powdérs were
d_issolved in 50kg of water. The resulting solution was
s_terilj:zed by heating ub to 90° C, cooled to room temperature,

inoculated with 2 kg of the secondary starter, and cultured at

- 37° C for 24 hours, to obtain 56kg of fermentedmilk. The content

of IPP and VPP in the fermented milk thus obtained was 5.4mg and

9.5mg per litter, respectively.
Example 2

6 kg of the fermented milk prepared in Example 1 was adjusted

10
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to pH 7.3 with 10N aqueous solution of sodium hydroxide, admixed
with one liter of an ion exchange resin (trade na:ﬁe “Amberlite
XAD-2” manufactured by ORGANO CORP. .) r and further admixed with
distilled water so that the total weight of the resulting mixture
was 20lkg. The mixtﬁre was stirred with a stirrer for 90 minutes,

and filtrated with a suction filtration device to séparate the

resin. The resin on the filter was washed with 20kg of distilled

v;rater, and then the washed resin was cbllected. The'collected'
resin was admixed with 0.8kg of methénol, and ‘stirred for 30
minutes with a stirrer. The resulting mixture wés filtrated
through nylori wool (200 mesh) and then through a hard Ifilter paper
by suctién. The obtained filtrate was concentrated under a
reduced pressure at 55° C with an evaporator, to obtain 200 g
of concentrated liquid. The liquid was admixed with 250 ml of
an ion exchange resin (trade name “Amberlité IRA—liOO (CH type)”,
manufactured by ORGANO CORP.), stirred for 10 mint_ltesl, and
filtrated through a filter paper by suction. The filtrate was
adjusted to_pH 7 with 1N hydrochloric acid solution, and freeze
dried. The product thus purified and dried was uniformly
d_issblved in 5ml of distilled water, applied to a column (trade
name “Sephadex G-25" manpfactured by PHARMACIA co. ), and eluted
with distilled water, to collect a tripeptide fraction. The
fraction was freeze dried to obtain 50 mg of powders of the
burifi_ed tripepfide fraction. 50mg of the powders of the
purified tripeptide fréction contained 0.6mg of IPP and 1.0mg

of VPP,

11
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Example 3

IPP and VPP were synthesized by the following organic
chemistry synthesis. The synthesis was performed in accordance
with solid phase method using automatic peptide synthesis
apparatus (Type PSSM-8) manufactured by SHIMADZU CO. As a solid
phase carrier, 20 umol of a polystyrene resin of benzyloxybenzyl
alcohol type to which proline h.aving an amino group protected
with.a fluorenylmethoxyca_rbonyl group (referred to hereinbelow
as .Fmoc) was bouna was emplloyed. In accordance with the aminp
acidl séquence, Fmoc-Ile, F‘Inoc—PJfo and Fmoc-Val eéch having an

amino group protected with the Fmoc group were successively

reacted by 100pmol each by a conventional method, to obtain a

peptide-bound resin.  The peptide~bound resin was suspended in

1 ml of a reaction liquid (containing 1lwt$ ethanedithiol, 5wt%

. anisole and 94wt% trifluoroacetic acid) and reacted for 2 hours

at room temperature to separate the peptides from the resin and
to remove the side chain protecting grdup from the peptides. The
reaction mixture was filtrated through a glass filter, admixed

with 10ml of anhydrous ether to precipitate the purified peptide,

and centrifuged at 3000rpm for 5 minutes to separate {:he

precipitate. The precipitate was washed with anhydrous ether

several times, and dried by blowing nitrogen gas. All the crude

- synthesized peptides thus obtained was dissolved in 2 ml of 0.1N

hydrochloric acid aqueous solution, and then purified by HPLC
on a reverse phase column of C;3 in accordance with the following

conditions:

12
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Pump: Type L6200 intelligent pump (HITACHI, LTD.)
Detector: Type L4000 UV detector (HITACHI, LTD.) for detecting
UV absorbance at 215 nm
Column:.MICROBONDASPHERE 5uCig (ménufactured by WATERS INC.)
Elﬁent: liquid A; 0.1 wt% TFA aqueous solution
liquid B; acetonitrile containing 0.1 wt®% TFA

(E/A+B)x100(%); 0 — 40% (60 minutes)

Flow rate: 1lml/min.

Eluate fraction at the maximum absorbance were collected

-and freeze dried to obtain the objective synthesized peptides,

i.e., 2.1g of IPP and 0.9mg of VPP. The purified peptides were

analyzed from their N-terminus with a full automatic protein

. primary structure analyzer (Type PPSQ-10 manufactured by

SHIMADZU CO.), and with an amino acid analyzer (Type 800 series,
manufactured by NIHON BUNKOU KOUGYO_CO.). AS a result, these
peptides were found to be as designed.
Example 4

24 male Wister rats (body weight about 300g) were
preliminarily fed for one week. During the preliminary feeding
period and the experimental.périod, the rats were restrictively
fed with commercial diet (trade name “CE-2” manufactured by NIHON
CREA CO.), and allowed to take water ad libitum.

After the preliminary feeding period, the rats were divided
into three groups (eight rats each), namely, (1) the group not
exposed to stress and given saline, (2) the group exposed to

stress and given saline, and (3) the group exposed to stress,

13
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and given VPP and IPP. The animals of groups (2) and (3) were
exposed to stress for 9 days by putting them in a cold room (4°
C) for 4 hours per one day.

On thé day 10, rats of groups (1) and (2) were given 1ml
of saline, and rats of group (3) were given 1Iml of saline
containing 3 mg/kg body weight each of IPP and VPP synthesized
in Example 3, by forcible administration into stomach via an oral

sonde. After the administration, the rats of groups (2) and (3)

were exposed to cold stress for 4 hours. Two hours after

finishing the stress loading, blood pressure of the rats in each
group was measured by tail-cuff method using a non-warming,
non~invasive rat sphygmomanometer (Type PE-300, manufactured by
CSI CO.). The results are shown in Table 1.

The results of blood pressure are shown in Table 1. As shown
in Table 1, both systolic and diastolic blood pressﬁres were -
higher in group (2) which were exposed to stress than in group
(1) which were not exposed to stress. On the contrary, both
systblic and diastolic blood pressures of group (3) rats which

received VPP and IPP were lower than those of group (2) rats which

recéived saline, and approximated to those of group (1) rats which

were not exposed to stress.

14
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Table 1

Experimental Groups Systolic Blood Diastolic Blood
Pressure (mmHg) Pressure (mmHg)
(l)no-stress, given saline 121 97
(2)stressed, given saline 136%* 107
(3)stressed, given VPP and IPP 129 101

*significantly different from group (1) with significance level

of 5%

Changes in blood.pressﬁre before and after the cold stress
are'shown in Table 2. As shown in Table 2, both systolic and
diastolic blood pressures were increased significantly in group
(2) which were expoéed to stress, compared to group (1) which
ﬁere not exposed to stress. Increase in both systolic and
diastolic blood pressures were suppressed in group (3) which
receivedVPPandIPP,comparedtogroup(2)whichreceivedsaline.
Particularly,. -‘suppressi'on of inci:ease in systolic blood pressure
was significant. From these results, it was confirmed that
ad.ministfation of IPP and VPP results in suppression of increase

in blood pressure induced by stress.

15
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Table 2

Experimental Groups Systolic Blood Diastolic Blood
Pressure - Pressure
( AmmHg) ( AmmHg)
(l)no-stress, given saline -2.2 -2.5
(2) stressed, given saline 11.2+% 6.1*
(3)stressed, given VPP and IPP 3.7# -0.6

*significantly different from group (1) with significance level
of 5%
#significantly different from group (2) with significance level

of 5%

Example 5
24 male Wister rats (body weight about 300g) were
preliminarily fed for one wéek. -During the preliminary feeding

period and the experimental period, the rats were restrictively

| fed with commercial diet (trade name “CE-2" manufactured by NIHON

CREA CO.), and allowed to fake water ad libifum.

After thefpreliminary feeding period, the rats were divided
info three groups (eight rats each), namely, (1) the group.given
saline, (2) the group‘given VPP, and (3) the group given IPP.
Thg rats of groups (1) to (3) were exposed to stress for 9 days
by, as in Example'4, putting them in a cold room'(4°-C) for 4
hours per one day;

On the day 10, rats of group (1) were given 1lml of saline,
and rats of group (2) and (3) were given 1ml of saline containing
3 mg/kg body weight of IPP or 3mg/kg body.weight of VPP,
respectively, syhthesized in Example 3, by forcible

administration into stomach via an oral sonde. After the

16
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administration, the rats of groups (1) to (3) weie exposed to
cold stress for 4 hours, aﬁd blood pressure was measured as in
Example 4. The results are shown in Table 3.

The results of blood pressure are shown in Table 3. As shown
in Table 3, both systolic and diastolic blood pressures were
signifiqaﬁtly lower in groups (2) and (3) which received
tripeptides thén in group (1) which received saline. It was
recognized.that administration of the tripeptides results in

suppression of increase in blood pressure induced by stress.

Table 3
Experimental Groups Systolic Blood Diastolic
Pressure Blood Pressure
(mmHg ) (mmHg)
(1)saline 138 110
(2) VPP administration : 131* 101~*
(3)IPP administration 130* 102*

*significantly different from group (1) with significance level

of 5%

. ExampLafﬁ

The test was carried out in.the same way as in Example 5
except that the group (1) rats were given 2ml of saline, and the
rats in group (2) were given 5ml/kg body weight of the fermented
milk obtained in Example 1, and the rats in group (3) were given
2ml of saline containing 150mg/kg of the purified tripeptide
fraction powders obtained in Example 2, respectively. After the
_administration.of the samples and exposure to stress, the blood

pressure of each rat was measured.

17
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The results of blood pressure are shown in Table 4. As shown
in Table 4, 'comparing group (2) which received the fermentedmilk
and group (3) which received the purified tripeptide fraction
powders with group (1) which received saline, both systolic and
diastoli¢ blood pressures were lower in groups (2) and (3)‘than
in group (1). It was thus recqgﬁized'that administration of the
fermented milk and the purified tripeptide fraction results in

suppression of increase in blood pressure induced by stress.

Table 4
Experimental Groups | Systolic Blood Diastolic
Pressure Blood Pressure
(mmHg ) (mmHg)
(1)saline . . 135 106
(2) fermented milk 132 99
(3)purified tripeptide 128%* 101+
| fraction '

*significantly different from group (1) with significance level

of 5%

Example 7

24 male Wister rats (body weight about 300g) were
preliminarily fed for ohe week. Dﬁring the preliminary feeding
period, the rats were restrictively fed with commeréial diet
(trade name “CE-2” manufactured by NIHON CREA CO.), and allowed
to take water éd libitum.

After the preliminary feeding period, the rats were divided
into three groups (eight rats each), namely, (1) the grbup not

exposed to stress and given saline, (2) the grqup exposed to

18




10

15

20

25

stress and given saline, and (3) the éroup exposed to stress,
and given VPP and IPP. The animals of groups (2) and (3) were
exposed to water immersion restlraint stress for 6 hours per one
day for 'c_onsecutive 5 days by putting the animals in a wire cage
for restraint and immer'sing them in a water bath at 25°C with.
their heads above.fhe water surfac_e for breathing. During the
stress loading period, the rats were allowed to take commercial
diet (t:;ade hame “CE-2” manufactured by' NIHON CREA CO.) angi water
ad l_ibitum. |

The rats were given sarﬁples throughout the consecutive 5 days
of stress. As the samples, 1 ml of saline was given to groups
(1) and (2), and 1 ml of ‘'saline containing 3mg/kg body weight
each of IéP and VPP synthesized.in'Example 3 to group (3), by
forcible administration into stomach via an oral soﬁde.

From the second day fo the third déy of stress loading, urine
was collected using a metabolic cage, and analyzed with HPLC to
measure the levels of catecholamine aﬁ_d indoleamiﬁe. A silica
reverse phase column (trade name “Catecholpack”) manufactured
by _N-IHON BUNKOU KOUGYO CO. and an electrochemicall detector (trade
name “Coulochem”) Iﬁan_ufactured by esa CO. were employed in the
analysis.

After the exposure to stress was finiéhed on the final day
of loading stress, the rats were sacrificed by decapitation, to
collect blood and take out thymus and spleen. Amino acid
composition of the serumwas measured by amino acid analyzer (Type

800 series, manufactured by NIHON BUNKOU KOGYO CO.), tocalculate

19
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Fischer ratio (molar ratio of branched chain amino acid /aromatic
amino acid). The weight of thymus and lever was measured.
Spleen cells were prepared from spleen.and measured for
interleukin 2 productivity and mitogen reactivity in accordance
with the following procedure. |
(freparation of Spleen Cells)

Spleen nas finely ground in a homogenizer, subjécted to
hypotonic treatment-to remove hemocyte, washed with MEM
containing 2% fetal calf serum (FCS), and suspended in RPM 1640
medium containing 10% FCS, to prepare a free cell suspension
cbntaining 1x107 cells. |
(Measur.erhnent of Interleukin 2 Productivity)

RPM 1640 medium containing 2.5x10° cells of the spleen cells
prepared above, 5ug/ml of concanavalin A (ConA) and 10% FCS was
prepared, and cultured for 24 hours. The amount of intérleukin
2 in the snpernatant-of the_culturedfmedium.was measured by
bioassay using as an index proliferation of an interleukin 2
reactive cell strain.

(Mitogen R_eactivity) :

RPM 1640 medinm nontaining Su g/ml of either ConA or a pokeweed
mitogen (PWM) as a mitogen, 5x10° cells of the spleen cells
préparedaboveanle%FCSwasprepared,andcultnradfor24hours.
The number of the cells after 24 hours was measured by absorbance,
using intake of MTT (3-(4,5-dimethylthiazoil-2-yl) -2, 5~
diphenyltetrazo.lium bromide) as an index, and 'rep'resented as the

ratio with respect to the number of cells without mitogen.
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The amourit, of nbradrenaline and dopamine excreted in urine
from the second day to .thé third day of stress loading is shown
in Table 5. As shown in Table 5, excretion of noradrénaline and
dopamine in urine was.significantly smaller in group (2) which
was exposed to stress than in gfoup (1) which were not exposed
to stress. In group .(3) which received the tripeptides, the
decrease in excretion of noradrenaline and dopamine tended to
be suppréssed, compared to g'roup_(2.) which received saline. It
was thus recognized lthat IPP and. VPP have a suppressive _effect
in stress induéed deéreaée in excretion of noradrenaline and

dopamine in urine.

' - Table 5
Experimental Groups Noradrenaline Dopamine
(mg/day) (mg/day)
(l)no-stress, given saline 0.296 0.466
(2) stressed, given saline 0.168* 0.287*
(3) stressed, given VPP and IPP 0.231*4% 0.396*#

*significantly different from group (1) with significance level
of 5%
#significantly different from group (2) with significance level

of 10%

Fischer ratio of serum amino acids after sacrifice is shown
in Table 6. As shown in Table 6, Fischer ratio was significantly
lower in group (2) which were exposed to stress than in group
(1) which were not exposed.to stress. On thé other hand, Fischer

ratio was significantly higher in group (3) which received the
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Htripeptide than in group (2) which received saline.

Table 6
Experimental Groups Fischer Ratio
(l)no-stress, given saline _ 3.34
(2)stressed, given saline ' 2.97%
(3) stressed, given VPP and IPP _ 3.27%

*sigﬁificantly'different from group (1) with significance level
of 5%
#significantly different from group (2) with significance level

of 5%

Weight of thymus and spleen after sacrifice is shown in Table
7.' The weight of thymus and spleen.was lowered more in gfoup
(2) which were exposed to sfress than in group (1) which were
not exposed to stress. Wéight of thymus and spleen tended to
be slightly greater in groué (3) which received t;_he tripeptides,

than in group (2) which,:eceived_saline.

Table 7
Experimental Groups _ . Thymus Weight Spleen Weight
' (mg) (mg)
(1)no-stress, given saline . 433 769
(2)stressed, given saline - 202* 453+
(3)stressed, given VPP and IPP| 226%* 495*

*significantly'different from group (1) with significance level

of 5%

Mitogen reactivity of the spleen cells is shown in Table

-8, and interleukin 2 productivity of the spleen cells is shown
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in Table 9. Decrease in mitogen reactivity and_tendency'toward
decrease in interleukin 2 productivity were recognized in group
(2) which were exposed to stress, compared to group (1) which
were not exposed to stress. On the other hand, increase in

mitogen reactivity and tendency toward increase in interleukin
2 productivity were recognized in group (3) which received the

tripeptides, compared to group (2) which received saline.

_ Table 8
Experimental Groups o Mitogen Reactivity
' - ConA 'PWM
(l)no-stress, given saline 1.91 1.45
(2)stressed, given saline . 1.56%* 1.26%*
(3)stressed, given VPP and IPP 1.80# 1.37#%

*significantly different from group (1) with significance level
of 5%

#significantly different from group (2) with significénce level

of 5%
Table 9
Experimental Groups Interleukin 2 Productivity
: L (Unit/ml)
(l)no-stress, given saline _ 6094
(2)stressed, given saline ' 4431
(3)stressed, given VPP and IPP 70864%

#significantly different from group (2) with significance level

of 10%
From these results, it is thus recognized that
administration of IPP and VPP can suppress decrease in indices

of immunological function caused by stress such as change in~
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balance of blood amino acid (Fischer ratio), atrophy of thymus

and spleen, and decrease in spleen cell reactivity.
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WHAT IS CLAIMED IS:
1. An anti-stress agent comprising as an effective ingredient

a tripeptide and/or a salt thereof having angiotensin converting

"enzyme inhibitory activity.

2. The anti-stress agent of claim 1 wherein said tripeptide

is Ile-Pro-Pro and/or Val-Pro-Pro.

3. Use of a tripeptide and/or a salt thereof having angiotensin

converting enzyme inhibitory activity for the manufacture of an

anti-stress agent.

4. Food having anti-stress effect comprising the anti-stress

agent of claim 1.

5. Useofatxipeptideand/arasaltthereofhavingangiotensin
converting enzyme inhibitory activity for the manufacture of

food having anti-stress effect.

6. A method for producing the food having anti-stress effect
of claim 4 comprising fermenting'a medium containing . a peptide
and/or a protein including a sequence Ile-Pro-Pro and/or
Val-Pro-Pro with lactic acid'bécteria under conditions for
tripeptide Ile-Pro-Pro and/or Val-Pro-Pro to be produced in a

resulting fermented medium.
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7. A method for reducing stress comprising orally
administeriﬁg an effective amount of a tripeptide and/or a salt
thereof having angiotensin-converting enzyme inhibitory

activity.
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