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|. High blood pressure

Epidemiological studies

Epidemiological studies suggest that consumption of milk and milk product is inversely related to
the risk for hypertension. The association between milk consumption and blood pressure was
reported in the analysis of first National Health and Nutrition Examination Survey (NHANES I) (1).
In this cross-sectional study with over 10000 persons, low consumption of milk products was
associated with a high incidence of hypertension. The prevalence of hypertension has also been
reported to be twice as high in middle-aged men in Puerto Rico who drank no milk as in middle-aged
men in Puerto Rico who drank at least one litre of milk a day (2). The consumption of milk has also
been shown to be lower in hypertensive than normotensive persons in American and Italian
population studies (3, 4). The milk product consumption has also been shown to relate to the risk of
stroke. During 22-years of follow-up of 3000 men the consumption of milk was related to the lower
rate of thromboembolic stroke (5). In this study and in a prospective Nurses’ Health Study with
85000 American women (6) the inverse association between calcium intake and stroke was stronger
for dairy calcium than for non-dairy calcium. It is therefore possible that some components of milk
other than calcium e.g. other electrolytes proteins or peptides had been important in relation to the
incidence of stroke. However beneficial relationship between consumption of milk and incidences

of hypertension and stroke has not been seen in all studies (7, 8).

Intervention studies

Intervention studies have investigated the effects of milk and milk products on blood pressure. One
of the most remarkable recent studies is the DASH (Dietary Approaches to Stop Hypertension) trial
with almost 500 normotensive or mildly hypertensive subjects, which shows that a diet rich in fruits,
vegetables and low-fat dairy products (the so-called combination diet) was shown to reduce blood

pressure significantly. Mean systolic blood pressure and mean diastolic blood pressure decreased by
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5.5 mmHg and 3.0 mmHg, respectively, in total study cohort. Among the hypertensive subjects the
reductions were greater. Mean systolic blood pressure decreased by 11.4 mmHg and mean diastolic
blood pressure by 5.5 mmHg. Blood pressure lowered more on the combination diet than on the diet
rich only in fruits and vegetables (9, 10). In a follow-up study (DASH II), in which sodium intake
was restricted to a maximum of 1.5 g/day, mean systolic blood pressure fell further in the
normotensive subjects, by 7.1 mmHg (11).

Although it has been shown also in some other intervention studies that consumption of milk
products reduces blood pressure (12-15), the relationship has not been demonstrated in all studies
(16).

Protein and blood pressure

Milk contains many constituents including electrolytes, proteins and peptides, which could affect
blood pressure beneficially. Milk contains about 3.5 % of protein, which is consist of caseins (80%)
and whey proteins (20%). Caseins have been classified as a-, B- and x-caseins. Whey contains 3-
lactoglobulin, a-lactalbumin and several minor proteins with different biological activities like
enzymes, mineral binding properties, inmunoglobulins (17).

Some epidemiological studies suggest that protein intake is inversely related to the risk for
hypertension (18-20). In two cross-sectional studies, the Honolulu Heart Program study and the
Intersalt study have shown inverse relation between protein intake and blood pressure (18, 19).
Association between protein intake and the risk of stroke was also seen in Nurses’ Health Study (6).
However, in some epidemiological studies, no inverse relationship between high protein intake and
blood pressure has been seen (21).

Also in intervention studies the effects of dietary protein on blood pressure has been investigated
(22, 23). The results of some of these studies show that a high dietary protein intake was associated
with a low incidence of hypertension. However, in some intervention studies no significant effects
of level of protein intake on blood pressure were observed (for review, see 24).

The antihypertensive mechanism of protein is still unknown. One possibility is the degradation of
protein into peptides, which have antihypertensive effects. In this review we concentrate to discuss

about the blood pressure lowering effect of milk derived peptides.

Peptides and blood pressure

Peptide production and absorption

Biologically active peptide fragments are formed when milk proteins are broken down by digestive
enzymes, or by the proteinases formed by lactobacilli during fermentation of milk (24, 25). Lactic

acid bacteria are suitable for milk fermentation because they have a proteolytic activity and capacity
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to produce peptides, e.g. a starter containing L. helveticus strain has reported to produce bioactive
peptides (26, 27). Milk peptide activities include binding to opioid receptors, inhibition of
angiotensin-converting enzyme (ACE), and modification of antithrombotic and immune responses
(24, 25). Phosphopeptides, formed from casein, may enhance the absorption of minerals, especially
calcium, from the digestive tract into the circulation (24).

Milk peptides that are not degraded in proteolysis can theoretically be absorbed intact. It has been
suggested that dipeptides and tripeptides (Ile-Pro-Pro and Val-Pro-Pro) are absorbed in the intestine
(28, 29). Val-Pro-Pro has been reported to transport via the Caco- 2 cell monolayer via paracellular
diffusion (29). Also the absorption of longer peptides has been studied. The ACE inhibitory peptide,
lactokinin, Ala-Leu-Pro-Met-His-Ile-Arg has been found to be transported intact through the Caco-2
monolayer (30).

Animal studies

Ile-Pro-Pro and Val-Pro-Pro have been shown to reduce blood pressure in spontaneously
hypertensive rats (SHR) after a single oral administration (27). They also prevent the development
of hypertension in SHR after long-term, twelve and thirteen weeks, oral feeding (31, 32). At the end
of the twelve-week treatment period systolic blood pressure was 17 mmHg lower in the group
receiving L. helveticusLBK-16H fermented milk containing Ile-Pro-Pro and Val-Pro-Pro than in the
control group receiving water (p<0.001) and 12 mmHg lower in the group receiving the tripeptides
in water than in the control group (31). In a thirteen-week study, L. helveticus LBK-16H fermented
milk-containing Ile-Pro-Pro and Val-Pro-Pro tripeptides attenuated the development of
hypertension more effectively than water (p<0.001) or the L. helveticus and S. cerevisiae fermented
milk containing half as much the same peptides than L. helveticus LBK-16H fermented milk
(p<0.001) (32). It has been shown that a-Lactorphin (Tyr-Gly-Leu-Phe) lowers blood pressure
dose-dependently in SHR and in normotensive Wistar-Kyoto (WKY) rats. The blood pressure was
measured with continuous radiotelemetric monitoring and the maximal reductions in systolic and
diastolic blood pressure were 23+4 and 17+4 mmHg, respectively (33). Two L. helveticus strains, L.
helveticusCHCC637 and L. helveticus CHCC641 in fermented milk have an ACE inhibition effect.
This fermented milk reduced blood pressure more than the control group in SHR (34).

Clinical studies

Lactobacillus helveticus fermented milk containing Ile-Pro-Pro and Val-Pro-Pro tripeptide has also
been shown to decrease systolic and diastolic blood pressure in hypertensive subjects (35-38). In a
placebo-controlled study on hypertensive subjects, L. helveticus and S. cerevisiae fermented milk
reduced systolic and diastolic blood pressure (p<0.05) during the eight-week intervention more than

placebo-fermented milk (35). In an eight-week placebo-controlled study on 17 hypertensive subjects
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systolic and diastolic blood pressures were lowered more in the group receiving L. helveticus
fermented milk containing Ile-Pro-Pro and Val-Pro-Pro tripeptides than in the control group
receiving normal fermented milk fermented with Lactococcus sp. mixed culture (p=0.05 and
p<0.05) (37) and also in the long-term clinical study (21 weeks) systolic and diastolic blood pressure
were decreased more in L. helveticus fermented milk group (n=22) than in the control group
receiving fermented milk (n=17) (SBP 6.7+3.0, p=0.030 and DBP 3.6£1.9, p=0.059) (36). Tablets,
containing Ile-Pro-Pro and Val-Pro-Pro tripeptides, have been shown to decrease blood pressure in
mild or moderately hypertensive subjects (39). Milk that has been fermented using Lb. casei and Lc.
lactis and that contains ¥-aminobutyric acid (GABA) reduced blood pressure during a 12-week
treatment period. Systolic blood pressure lowered more in fermented milk group than in the control
group (p<0.05), but diastolic blood pressure of the fermented milk group did not differ from the
control group (40). In an other eight-week-long study systolic blood pressure was significantly
lower in the group receiving yoghurt fermented with two strains of Streptococcus thermophilus and
two strains of Lactobacillus acidophilus and in the group receiving yoghurt fermented with one
strain of Enterococcus faeciumand two strains of Streptococcus thermophilus compared to the group
receiving yoghurt fermented with two strains of Streptococcus thermophilus and one strain of

Lactobacillus rhamnosus (41).

Mechanisms of the antihypertensive effects of milk peptides

Angiotensin-converting enzyme inhibition

One mechanism by which milk-derived peptides can reduce blood pressure is inhibition of ACE
(26, 27, 32, 33, 42-45). This is the mechanism that has been studied most in relation to the
antihypertensive effects of milk peptides. ACE is an enzyme that plays a crucial role in the function
of the renin-angiotensin system (RAS). The RAS is an important regulator of blood pressure and
fluid and electrolyte balance (46). In the RAS angiotensin I is converted to angiotensin II by ACE.
Angiotensin 11 is a strong vasoconstrictor that induces release of aldosterone and therefore increases
sodium concentration and furthers the blood pressure. ACE inhibitors have two effects on the
renin-angiotensin system. They reduce production of angiotensin II and inhibit the degradation of
the vasodilator bradykinin by Kininase II, the same enzyme as ACE.

Several antihypertensive peptides that inhibit ACE have been isolated from milk products and the
ACE inhibition activity of these peptides has been determined. The ICso values are the
concentrations at which ACE activity in vitro is inhibited by 50%. The relationship between ACE
inhibitory peptides and the chemical structure has not been confirmed, but it has been suggested that
peptides, with hydrophobic amino acids at the C terminal position could be the most likely ACE
inhibitors (47).

Peptides derived from casein by L. helveticus proteases have been shown to have ACE inhibitory
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activities (48). ACE inhibitory activity of casein-derived tripeptides Ile-Pro-Pro and Val-Pro-Pro
has been shown in vitro (26). L. helveticus fermented milk-containing Ile-Pro-Pro and Val-Pro-Pro
raised plasma renin activity in SHR during long-term treatment (32). Also ACE activityin aorta of
SHR was reduced after single oral administration and after long-term treatment with L. helveticus
and S. cerevisiae fermented milk containing lle-Pro-Pro and Val-Pro-Pro tripeptides (28, 49).
Antihypertensive peptides with insignificant ACE-inhibitory activity have also been isolated from
milk products (33, 43, 45). Therefore milk-derived peptides could also affect blood pressure by

mechanisms other than ACE inhibition.

Other possible mechanisms

Several milk peptides have opioid-like activities. Typical opioid peptides originate from three
precursor  proteins:  pro-opiomelanocortin (endorphins), pre-enkephalin (enkephalins) and
prodynorphin (dynorphins). All have the same N-terminal aminoacid sequence, Tyr-Gly-Gly-Phe
(25). Opioids bind to opioid receptors and have morphine-like effects. The opioid system contains
several different endogenous opioid peptides and receptors. Opioids are present in the central
nervous system and in peripheral tissues, where they are involved e.g. in the regulation of circulation
(50). Opioids also affect blood pressure (51). Opioid-like activity has been discovered in many
peptide fragments from casein and the first characterized opioid milk peptide agonist was derived
from B-casein (-casomorphin). The peptides with opioid-like activity derived from a-casein are
called a-exorphins and from y-casein derived are called casoxins. In addition opioid peptides can
be derived from the whey proteins a-lactalbumin and B-lactoglobulins. a-Lactorphin, found from a-
lactalbumin, has been shown to lower blood pressure in SHR. Because the antihypertensive effect of
a-lactorphin was completely prevented by an opioid receptor antagonist naloxone, it has been
proposed that the antihypertensive effect is mediated via opioid receptors (33).

Some peptides, like caseinophosphopeptides, have also been shown to increase the solubility of
calcium and enhance the absorption of calcium (52, 53) and some milk peptides have antitrombotic
effects by e.g. inhibiting the aggregation of ADP-activated platelets (54). This might also have some
role in the beneficial cardiovascular effects of milk-derived peptides.
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|I. Bone mineralization

Milk protein and bone

Correlations with milk consumption and bone

Milk is a good source of several nutrients, such as protein, calcium, phosphate, magnesium,
potassium and zinc that are considered important for bone health. In epidemiological studies milk
consumption in childhood and during adolescence has been related to higher bone mineral density in
adulthood (Sandler et al. 1865, Hirota et al. 1992, Stracke et al. 1983, Murphy et al. 1994, Soroko et
al. 1994, Teegarden et al. 1995, New et al. 1997, Kalkwarf et al. 2003). This effect has been
particularly established in white women (Optowsky and Bilezikian 2003). In cross-sectional studies
milk intake has been shown to correlate to bone mineral density in children (Black et al. 2002), in
adult men (Egami et al. 2003) and in women (Lacey et al. 1991, Tylavsky et al. 1992, Davis et al.
1996, Hawker et al. 2002).

Intervention studies show that milk and milk products increase bone mineral density in
adolescents, both in girls (Chan et al. 1995, Cadogan et al. 1997, Merrilees et al. 2000) and in boys
(Renner et al. 1998). In pre- and postmenopausal women, 2-4-year interventions with milk and milk
products prevented the bone loss that occurred in the control group, who had no dietary intervention,
although there was no increase in bone mineral density (Baran et al. 1990, Chee et al. 2003). The
control groups of these intervention studies did not have adequate calcium intake, thus the result of
the interventions may be the result of a higher calcium intake by the groups receiving milk products.
In calcium-controlled studies, calcium supplementation and ingestion of dairy products increased
bone mineral density in adolescents (Matkovic et al. 2004) and reduced bone loss in postmenopausal
women (Prince et al. 1995), Daity products have also been shown to increase not only bone mineral
density but also bone growth (Matkovic et al. 2004).

The effect of milk and milk products on fracture risk has been evaluated in children and in women.
It has recently been found that children with low milk intake are at higher risk of prepubertal bone
fractures (Gouding et al. 2004). Higher milk consumption by women during the past 12-14 years has
been shown to prevent fractures in Japanese population (Fujiwara et al. 2003). In North America
retrospectively obtained information about childhood milk intake was associated with lower fracture
risk in females over the age of 50 (Kalkwarf et al. 2003), but milk consumed during adulthood did
not relate to fracture risk (Feskanich et al. 1997, 2003).

These results show that the consumption of milk and milk products correlates with higher bone
mineral density during growth and prevents age-relatedbone loss. This may be the result of a higher

calcium intake, in view of the fact that in western countries milk contributes 80% of dietary calcium
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(Fleming and Heimbach 1994). However, there are other components in milk that may contribute to

the effect on bone.

Protein intake and bone

Protein intake is important for bone health. Both inadéquate and excess intakes have been
postulated as having detrimental effects on bone (for reviews see Dawson-Hughes 2003, Ginty
2003). The effect of protein on bone is dependent on the intake of calcium (Meyer et al. 1997).
Increase in protein intake causes increased calcium excretion through acid production, but this effect
is not significant when calcium intake is adequate (Heaney 1998, Dawson-Hughes and Harris 2002,
Dawson-Hughes et al. 2004). In addition to the effect on calcium, protein affects bone through
insulin-like growth factor 1 (IGF-1) (for review see Bonjour et al. 1997), which regulates bone
growth and bone mineral density (Yakar et al. 2002). Protein supplementation increases serum IGF
levels (Schiirch et al. 1998) and restriction of protein decreases IGF levels (Bourrin et al. 2000). The
intake of milk has been associated with higher IGF-1 levels, possibly due to the effects of protein
(Cadogan et al. 1997, Heaney et al. 1999).

Protein intake has been associated with higher bone mineral density in adults (Promislow et al.
2002), in postmenopausal women (Kerstetter et al. 2000) and in the alderly (Hannan et al. 2000, for
review see Bell and Whiting 2002). The effect of protein on farcture risk is controversial (negative:
Feskanich et al. 1996, Sellmeyer et al. 2001, positive: Munger et al. 1999).

Whey protein and bone

3% of milk is protein, of which 80% is casein and 20% whey protein. Whey proteins, such as alpha
lactalbumin and beta lactoglobulin, bind calcium, but this has also no effect on calcium balance and
retention in vivo (Takada et al. 1997a, for review see Gueguen and Pointillart 2000). In fact, whey
protein has been shown to increase the bone-breaking energy of rats compared to casein, by
increasing the total amino acid content of the femur (Takada et al. 1997a). In growing rats, a whey
protein supplementation did not make any difference to femoral density, bone mineral content or the
biomarkers of bone metabolism after a 7-week intervention (Kelly et al. 2003). However, in the
same study the whey protein-supplemented casein diet increased bone formation after 14 days in a
model of ectopic bone formation (Kelly et al. 2003), implying that the intervention was too short to
demonstrate the effect on bone. These results suggest that whey protein does not increase mineral
bioavailability but supports bone by increasing bone protein, especially bone collagen content.

Whey protein reduces the formation of osteoclasts and their activity (Takada et al. 1997b).
Osteoclast formation measured by multi-nuclei cell formation decreased dose-dependently with the

highest concentration of 1 mg/ml whey. Whey protein has also been shown to activate osteoblasts
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(Takada et al. 1996).

The effects of whey protein on bone could be derived from the basic part of the protein (milk basic
protein, MBP). Isolated MBP decreases bone deterioration in ovariectomised rats (Kato et al. 2000).
In human studies short-term ingestion of MBP increases radial and calcaneus BMD and decreases
bone resorption markers (Aoe et al. 2001, Toba et al. 2001, Yamamura et al. 2002). The active
component of MBP has been found to be kininogen, belonging to high-mobility-group-like proteins
(Yamamura et al. 1999, 2000). One of the mechanism by which this active compound affects bone is
through cystatin C, which inhibits osteoclast activity by decreasing the secretion of collagen-
digesting cathepsin (Matsuoka et al. 2002).

To summarise the effect of milk on bone, milk consumption has a positive correlation with bone
mineral density. In addition to its calcium content, milk contains proteins, which are beneficial to

bone health in the presence of adequate calcium.

Milk-derived bioactive peptides on calcium and bone metabolism

In the gastrointestinal tract, food protein is digested into smaller peptides, some of which have
physiological effects (for review see Korhonen and Pihlanto 2003). These bioactive peptides can be
formed by enzymatic hydrolysis with digestive enzymes, but also by fermentation with starter
cultures (for review see Korhonen and Pihlanto 2003). In fermentation, the formation of peptides
depends on the bacteria used (Matar et al. 1996). The active peptides are usually small, consisting of
3-20 amino acid residues. Bioactive peptides have been found in many different foods, such as milk,
eggs, beans, fish and com (for review see Kitts and Weiler 2003), but milk protein is the most
important source of bioactive peptides (for review see Korhonen and Pihlanto 2003).

The bioavailability of peptides most often requires that they should not be digested in the
gastrointestinal tract. The absorption of small peptides is well known (for review see Fricker and
Drewe 1996). Peptides can be absorbed through the gastrointestinal wall by different mechanisms,
such as passive diffusion through the enterocytes, paracellularly, through cytosis or through a carrier
(for review see Fricker and Drewe 1996). Some peptides, such as caseinphosphopeptides, express
their activity in the gastrointestinal tract without being absorbed.

Bioactive peptides have been shown to have various physiological effects both in vitro and in vivo
(for review see Pihlanto-Lepp#ld1999, Korhonen and Pihlanto 2003, Maisel and FitzGerald 2003).
Opioid peptides from casein or whey proteins possess an affinity to opiate receptors as well as
opiate-like effects. They act either as agonists or antagonists in the opioid receptors. Opioid peptides
influence the nervous system, gastrointestinal transit time, nutrient intake and the secretion of
insulin and glucagons. Antithrombotic peptides derived from casein have been shown to suppress
platelet aggregation. Inmunomodulating peptides stimulate the proliferation of human lymphocytes

and the phagocytic activities of macrophages. Antimicrobial effects have been shown with small



whey proteins binding iron, an essential nutrient of micro-organisms (for review see Clare et al.
2003). Other casein-derived antimicrobial peptides have shown anticariogenic effects (for review
see Aimutis 2004). The antioxidative and hypocholesterolemic effects of bioactive peptides have
only recently been discovered (for review see Korhonen and Pihlanto 2003). One bioactive peptide
may have several physiological effects, e.g. casein-derived beta-casomorphin 7 has both angiotensin
converting enzyme (ACE)-inhibitory effects and opioid-like effects (for review see Meisel and
Bockelmann 1999). The only milk-derived bioactive peptides that have been studied on calcium
metabolism are caseinphosphopeptides (CPP) (for review see Scholz-Ahrens and Schrezenmeier
2000).

Caseinphosphopeptides (CPP)

CPP are a large group of peptides that have a phosphoseryl residue in common. Phosphopeptides
are formed either from casein by proteolytic enzymes during fermentation or in the gastrointestinal
tract. CPP increase calcium absorption by forming a hydrophobic complex with calcium, thus
preventing the formation of insoluble calcium phosphates (Meisel and Bockelmann 1999). In vitro
studies have shown the effects of CPP on calcium absorption by inhibiting the precipitation of
calcium in the intestine (Sato et al. 1986).

In animal studies, the effect of CPP has produced inconsistent results. In most of the studies the
CPP have increased calcium absorption (Mykkinen and Wasserman 1980, Lee et al. 1980, 1983,
Kitts et al. 1992, Hirayama et al. 1992, Tsuchita et al. 1993, 2001, Bennett et al. 2000), but some
studies failed to show any effect on calcium absorption (Brommage et al. 1991, Kopra et al. 1992).
Only one study examined the effect of CPP on bore. In this study CPP was found to prevent bone
loss in ovariectomised rats (Tsuchita et al. 1996).

An early as 1950 Mellander reported the first finding of the effect of CPP in humans in his study on
rachitic children (Mellander 1950). Increased calcium absorption was independent of the effect of
vitamin D, suggesting that CPP increase calcium absorption in the distal small intestine. In later
human studies, the effect of CPP has been shown to be influenced by the calcium status of the
subjects and by other nutrients affecting calcium absorption (Heaney et al. 1994, Hansen et al.
1997a, 1997b). A CPP preparation increased calcium absorption in women whose calcium
absorption rate was low (Heaney et al. 1994). The effect of the addition of 1-2 g of CPP to different
food products has produced conflicting results on calcium absorption. Calcium was shown to be
more efficiently absorbed from rice meal compared to whole-grain whey (Hansen et al. 1997a);
however, in later study CPP did not show any greater effect on calcium absorption from low or high
phytate foods (1g) (Hansen et al. 1997b),

In conclusion, CPP increase calcium absorption in animal studies but the effect in humans is not
conclusive.
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L. helveticus fermented milk

During fermentation, bioactive peptides with physiological effects are formed. These peptides have
been shown to enhance such processes as mineral absorption. Nevertheless, there are no prior
studies on the effects of bioactive peptides and bone. The aim of our study was to clarify the effect of
Lactobacillus helveticus (L. helveticus) fermented milk, phosphopeptides on the bone metabolism of
rats in vivo, on osteoblast and osteoclast precursor cells in vitro and on acute changes in calcium
metabolism in man.

The following conclusions can be drawn from the series of studies:

1. L. helveticus fermented milk supports bone mineral density in growing rats and reduces bone loss
in ovariectomised rats. The effect of L. helveticus fermented milk may be mediated through the
isoleucyl-prolyl-proline (IPP) and valyl-prolyl-proline (VPP) peptides formed during fermenta-
tion.

2. The IPP and VPP peptides increase the bone formation of osteoblastic precursor cells. However,
the IPP and VPP peptides given in water have no effect on bone metabolism in vivo in animal
models.

3. L. helveticus fermented milk increases calcium absorption in postmenopausal women acutely.
However, it does not increase calcium bioavailability, measured as the calcium content of the

bones in rats.

To summarise, L. helveticus fermented milk increases calcium absorption and supports bone
mineral density. This study suggests that L. helveticus fermented milk may have an additional value
as part of a healthy diet in achieving high peak bone mass and in preventing bone loss during the

aging process.
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ud| ¥, 53] 4g9 F5E FAAUTH24).

S R Ao A B HA G $HAUEEE o]EHOE AH IR FrHAG F A
WA Al 79 olulAto R o]2oejA €] E(lle-Pro-Progt Val-Pro-Pro)S2 oA S4drh
424 At} Val-Pro-Pros MEFS e AA Caco2 AE @3¢ AAH FFE0L EX
OJA I UTH29). Ed £ 7 HE=E F4E AdFHoAT ok (A WA HH R A(ACE)
A HE Q) FEF|U(Ala-Leu-Pro-Met-His-Ile-Arg)= Caco-2 ©&& £3) 2 192 &4
5oty ¥sA ItH30).

s= A7

Zerd 739t 7 R Y(SHR)Y A Ile-Pro-Prog} Val-Pro-Prove @ +715Fo ¥ 8t Z4a
7 BAH27). T3, AT 120K 1353 Fx9] 2 7| x FEYESS A2E 18
g # TdojAde] TEHLR APg AP 1259 FAH7T oA MHAM A FF7)
gete 28 wre gz Ht} lle-Pro-Pro9} Val-Pro-Pro7} T3 L. helveticus LBK-16H #-F
7} 4E $55 w2 AgFo| 17mmHgrt ¥ Wt (p<0.001), ) Z 2Bt A7) HEIE7} §9
JdeE BS e A¥Fel 12mmHgrt o B¥RtH31). 13FA AFPAE  le-Pro-Prost
Val-Pro-Pro S El=7} =319 L. helveticus LBK-16H & $-§-7} E(p<0.001) =+ LBK-16H
g $H(p<0.001)] HEIE %] ube E§3 L helveticus$} S. cerevisia Bt} 1] E&HC 2
TEFY AP FAANFTH32). AEFH THLFHSHR)S B3 Wistar-KyotoF(WKY) ]
Al &u FEESH(Tyr-Gly-Leu-Phe)o] B8 vl F o2 ¥t ZAA7lE AE EAFATh
e A5 YANYESE BUHYSR ST, AT F5719 447G A9
AU Zrae Zhzb 23349 1744 mmHgHtH33). 2E oM 5 N2 L. helveticus 4F9) L.
helveticus CHCC6373} L. helveticus CHCC641= QA L€l A A3 F A(ACE) 94 a3HE 713
th o] WE SR ARH GHAA R FET 6 S TARAHATH3A).

of
=

0z

AT

%3 Ile-Pro-Pro$} Val-Pro-Pro M El=7} £3H¥ Lactobacillus helveticus & &+ 18%
< 71 FAAFEAANA AR F5719 A7 F37] S AT ALE BYAY o
(35-38). Z¥ELS 717 HAdFAY gk 9] eKplacebo) Aol APANA L. helveticus9} S.
cerevisige MR R 8F WA Ftel 4 AR SRFEG AFFFI|S AFSY] "t
(p<0.05)& o ZAAZATH3S). 1799 2L 71 HAPA ] & 85717 Sl zo) A+
AM AZ #5719 473 471 ¢ Lactococcus sp. EFu) Y3t Lad duk 27 S /-5
w2 o) 2 F(p=0.05%} p<0.05)E.t} Ile-Pro-Pro9} Val-Pro-Pro RE|=7} Z&9 L. helveticus
R RE T2 AT BRIGY), B ) A4 AFQIF)NA A% #5719 4% &
7] 84 2R R@=17) ZZHRT L helveticus L& $F APF0=22)°] tPo] 74
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E AHSBP 6.7+3.0, p=0.030 18] 3 DBP 3.6%1.9, p=0.059)(36). lle-Pro-Pro$} Val-Pro-Pro
gt 28 FAES A Ax HL TGS 7 dAJAENA BG4S RFolFE AE

2 ATH39). Fetobu i HE]AHGABA)ol 39 Lb. casest Le. Lactisg AHg-3te] &
EAZ R 12F A7 S AAAAT A% £57] G dE2F(p<0.05) Bt
BE f AFFAA go] ¥o), E f AFTY AF 7] Y¢S HEREH Aolvt
AATH40). =} 837 AP A Strepiococcus thermophilus 253 Lactobacillus rhamnosus
128 23 AF 2AEE we Uz H|8|A Enterococcus faecium 1£3} Streptococcus
thermophtlus 228 BaANZ QAHEE B2 HAYFT Streptococcus thermophilus 2% %
Lactobacillus acidophilus 22& A A 7] QAHEES W A FoM AR %7 42 A3}
Al oA THAL.

25 HEl=E(milk peptide)el getzst &zl(antihypertensive effect)
ZHEI|H

SHX|2HIA ME &

—

>

o

SFolA FUE HEl=rh S BHEE FEUIAL AN AFE A6, 27, 32, 33,
42-45)8 gA| 3t Aolth o] F&r|HL THY A} EFet AUt AL Ho gtk AAL
HA A 3EA(ACE)E renin-angiotensin system (RAS)E] 7559 23 9&E sl £4004,
RASE 8¢9 2383 MY A2 g8 o3 92 5“‘4(4 RAS °ﬂ"14 AA LEA
[2 A OHN AFELo] oM AL 2 AZdth AW 1IE G=EZHE
(aldosterone)9) . W&& #E3ls a7 ArEA oA, UEFY & %‘7}"]7]3’- ozt
e mol: QL ok AR LHA AFEL: AAAE RAS F 7HA 4FS Fod, s
& AAHA 119 FarFE Fo|T ALK HAF¥EAL 7+ A4 Kininase 110 &3 &
#3844 bradykinine] 23 E ==t

FAZNA B8 22 78 A HE=E AW HBEAE A s FEE o
o] 59 oA ZAo] ZAHAUTE ICs L AAHA AT A S APANA 50%= A
& & & AE FEE BETh ALHAN ARF D As) PE|=o FH TR M ot
98 A vt QAT WE =9 Cterminal 93] 24743 ofriito] A 2EAe] AR 2
Atz FEHI QU @47).

L. helveticus proteasesol] 2318 71A1¢l & HESE= AA 6N AfdaA A €L 7}
A AR Bk (48). FHAAAA FE 3709 oAt E FAE JEE Ile-Pro-Prost
Val-Pro-Prog} StAQ el A3a s As] @40l AP FFHUT (26). L. helveticus=
240 TFE o] & lle-Pro-Prost Val-Pro-ProZ W& A7 Y, AAIZE Melshd Add 1yt
7 299 87 renin TAL FAFT (32). T &ApiE 18 7 2do] oA AL
Al AZFFTAY AL L helveticus$t S cerevisiaeEZ FAANZF A& /4 FHE
Ile-Pro-Pro$} Val-Pro-Prog& WEAI7|Y ¢ 3 7ZHAgch (28, 49). A e6A AZda4s A} &

|

—100-



Aol A 3¥Y Asl WE= A FAFNAM LeAHAT (33, 43, 45). A 79 HEE=
2 AW AREL: A o9 E e e FFE vIAE AR Enk
o|9|o| Ittt AEIH

B 6 AYSE oMHKAIGED WEE GBS doh AYFY olUAAGE AHEE 4
7} AFA, pro-opiomelanocortin (endorphins), pre-enkephalin (enkephalins)$} prodynorphin
(dynorphins)el} 4 f-2i €k Al 7k B5 N-2w7] ot A Fo] Tyr-Gly-Gly-PheZ F 3}
o (25). olHAAIHEE L U EAS APsel REWF 2 A& Bk HBAALE A
Ae d87kA & QA ol HFA FEl = 1 FEA S0l Aok o f /\P“ 2 F
At 22z s, £8A 9 22 & vAVIE G (50). oA F’#%—‘é—
g HohlxE gFS wAT (51). FHAR1Y BE HEE 274E0] olAfASER 2 B0
A AR wazon S22 FHE oHHFAM 1+ e =(B-casomorphin)E W EHHA <
o2 ¥ fAHAt SAAAANN D HAFAY BEISE a-exorphinsolzh Beiv) 5
FAAANN FEE AL casoxinsol 2 FErh T lBFAGE HHSE 8 99d L
FESTUS WHFEIZLASZYE 492 & Atk IRFESRANA Fohd q
-Lactorphin& #h#d 18¢H # Tdoly P4e ¥a 2oz #AEAth olactorphing] 8
WEeh A oHBRAIFE FA, naloxone A SJah B A7) W WP
Z3He olAAAIEY $EAE $5el AYEn (33).

FHAA-ARE =9} 22 HEEE g Sl 59 259 F4EE w0t 982
Aoz RIS (52, 53), o|d - HE == ADP-84 3} @’\3}«1 THE AH e
FEd aHE /AL ok (54). o1 AL +F HE =7 A3 K& 982 = A2
# AUtk

|

KU o o
e © A

o 1

i

1. Sipola M. Effects of milk products and milk protein-derived peptides on blood pressure and
arterial function in rats. Doctoral Thesis supervised by Docent Riitta Korpela, PhD, Institute of
Biomedicine, Pharmacology, University of Helsinki, Finland.

2. The list of other references can be obtained from Dr. R. Korpela.
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. me| 7| £ & (Bone mineralization)

Serzt

el 4H|9 wete] AT A

(o]

e vud, 24, Q, B4, BES ok 2 WY AP 328 4TS H: [
Gl EFT Yotk Furlsh AYsY $4 Avlol @ %A APE HAY W 2
7]& YU X (bone mineral density)9} ¢#o] it} (Sandler et al. 1865, Hirota et al. 1992, Stracke
et al. 1983, Murphy et al. 1994, Soroko et al. 1994, Teegarden et al. 1995, New et al. 1997,
Kalkwarf et al. 2003). o8& &E3E 53] W A FyPso| gt} (Optowsky and
Bilezikian 2003). -5 43¢ IR A A3 o]Ho] (Black et al. 2002), A9 FA) (Egami et
al. 2003), 183 oA (Lacey et al. 1991, Tylavsky et al. 1992, Davis et al. 1996, Hawker et
al. 2002)8] B 27|18 YEo AzBdo) g Aow waldh

289 S$AZEo] AAA7]9 A1 (Chan et al. 1995, Cadogan et al. 1997, Merrilees et al.
2000)e} A3 o)A (Renner et al. 1998) 25, W 7718 D& Aok HA o)A} ojF9 o4
AAM, S/ FAES A HFA Yot W FIE DE7 FotAA ¥ dE2Fdd 93
2~4d 5 FAES AF a2 A4S0 FAY &40l At A ZFst Aok (Baran et al.
1990, Chee et al. 2003). ©] A9 WEZFE FET AFS AFAV} o FAAA &%L, wetA
1 A3 FAFES AT 180 2w AR B 22E veigth 2] 748 43
NME, §AZe) HAE 53 dF9] B2 Hadr e 78 dEE Fo|n] (Matkovic et
al. 2004) H7A7] M)A 22 £48 =9 4 Uvh(Prince et al. 1995). A F-L W F7]
2 Axig olugr We] AAYE ¢S FE Zlog Helu (Matkovic et al. 2004).

FHo fAFS 2 A= HE FFE ool A s A7 gt I
S/ A7 AL otolEe] A7 °1%i—4 ZA-q] L A¥YS Edde AWV AU
(Gouding et al. 2004). YE9] & APoME 12~14d E¢ £ ¢4 285 BUP 5L
249 %ol A S veksivh (Fujiwara et al. 2003). Hv]dA IYB APAHE 471
o] 4 A7 504 1% Ao FAH I E wEue BV UAJUA T (Kalkwarf et al.
2003), A9le] 6 AHFE =2 9Px9 Bl Y= ALE Bt} (Feskanich et al. 1997,
2003).

S AFEL 49 FAEY 2u7F 7] St W 2% UEE ok AP ki
9 FUY 2R AL UETE AL DR oA Bl 2E AHY 80%E &
AEANN JEohe g TH B W, 5 249 A0l 98 FHYAE ZEoh(Fleming
and Heimbach 1994). L2t} Mo} &L vAE +79 dE HEE°) Uk

o

2 rir _{)
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CHYE Aot

e M3 W Az o 98-S . AgF AYAFH EF M {AE 9T
o] 21t} (for reviews see Dawson-Hughes 2003, Ginty 2003). to] o g chz e} of 5k Z4 9]
AFol #F5-dt (Meyer et al. 1997). ©9F 9 4F F7te 49 5718 58 Z2g vigd d¢
o] i} oy Z T4t FET ue & F8S n XA ¥+=r)(Heaney 1998, Dawson-Hughes
and Harris 2002, Dawson-Hughes et al. 2004). %= T 2 o] Zhgrol gt G2 mo| A4z 7
718 U5 E XA3t=(Yakar et al. 2002) insulin-like growth factor 1 (IGF-1)& EsA = o] F
o] At} (for review see Bonjour et al. 1997), ¢l " o] ZTF2 Ao IGF L Fo] 7 (Schiirch
et al. 1998) i o] A3 IGF )28 EojxAcKBourrin et al. 2000). $-F2 HF &
IGF-1 #d9] dAAL chulzge] ¢Jske]l Ao E HQltCadogan et al. 1997, Heaney et al.
1999).

il o] M= AMole w F/E Wxel F#Ho] itk (Promislow et al. 2002), R #HA
7] A ® T8 dxox o] ot (Kerstetter et al. 2000) (Hannan et al. 2000, for
review see Bell and Whiting 2002). 23 93] t§ thujAde] J3e A3l ot} (negative:
Feskanich et al. 1996, Sellmeyer et al. 2001, positive: Munger et al. 1999).

R ST

79 3% dyjdoln, o719 80%= FHAIQ, 20%E 7 @ ot ¢FEGTUHG
HetES2 B 22 A9 d 2 ded 233k 23y A WelA Zge #3eT
olUz} f AT ¢S )= AL ot} (Takada et al. 1997a, for review see Gueguen and
Pointillart 2000). AHd, #73 @A FHA A} vlwste] hEFL] F olv|it FFS F7HA
74 el F4 ol A|(bone-breaking energy)E Eolx AoZ #aAF¢tKTakada et al. 1997a).

Z2e] AYAAE AR e Aol FRUAYL TIAAFY HBe U= FL W)
71789 tid o2 A ESHY FAE JFE AR gEcKKelly et al. 2003). 2, £ ©
AL FFoE AAQ Hold AL oa4 T B4 Bdo] 147 Fol W BHo| Z7HY
—g— % SISATHKelly et al. 2003). o} A@71zke] 4% B¥Ao] Mol WAL AP 54

e VT BRSES Julgth ol @ AHE AAWNLe] Fr1g] AT FEET =
Aol ohle W B -53 oA AE-2 ATHE AL Tu
=¥

)

_..‘..'.Ulo_l::._,

mlo

A=

9 A2 3Axe] A 848 ATt (Takada et al. 1997b). HTM T FA
< oY Az oz A o)A HX Img/mle] F30] g3 AP §F gL
L3t ZEZHEE A3 71t (Takada et al. 1996).

Mol B RAVRAY JES Y GARRRAN & & U@ fTU). F
714 frEE 34 A F9 me 338 Z9Frh(Kato et al. 2000). %Vb"é‘ﬁﬂ]"i
2717 471 FeAS AATRCEN QI $F FUSE FolX W §4 FE AR
AN E AHE IAtHAoe et al. 2001, Toba et al. 2001, Yamamura et al. 2002). d7)

r

o=
o

ar

hul

s sy

L Y
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A s g4 RS =2 2=2A 7§ WA (high-mobility-group-like proteins) & 3}t
ol kininogen® 2 ur& At} (Yamamura et al. 1999, 2000). o] A EA ] 28714 F sy
Zeba - 23 FHIA BHE 22 FBTAE EA4S AsstE 2382 717 cystatin CE o] &
sta] we)] 9ae FL ZoltiMatsuoka et al. 2002).

wol thdt 79 ¢S FHNEY, 7o LulE W 7713 Sl IHAA dFE A
o Ed f oA T AEY 'E"—EL 2w A7l g S mAth

Al
L
=
e

AANA g AEL Z JE=2 Astdrh o] A3tE FEE Fo 2 /A= A
4L z+=rt} (Korhonen and Pihlanto 2003). AEH| o) z-&8l= AE=E 2stasd o5 7}

w3 slol gHHAY ZEE We B YR ¢ 4P 4 Ao Korhonen and
Pihlanto 2003). #& 34 Ft FAHE Y =v AHEHE v ot mlet g2t (Matar et
al. 1996). Aol At HEI=E 374~207] BxE9 ofvlicit 7|2 o] FojA ok AEAd
L3l HAYEE 8, AT, Z, A4 T2 S5t 22 S2oA 2t} (Kitts and Weiler
2003). A9 AEA Y 2ALslE HPse F2F FHE $f Ao} (Korhonen and
Pihlanto 2003).

od WEEF ARG FEe7] AAME AFoIA 237 99 ¢ Bk FE AY=S F
5228 A e Qu} (Fricker and Drewe 1996). R E]E & enterocytosis, 53] cytosist} &
WA B¢ S $Eus0] ARAE 28s)Be] oz 49 4 9lvh(Fricker and Drewe
1996). &}A)9t CPP (caseinphosphopeptides)s} 2 HE| == YAAE 2871FNM FHA
%3 159 848 et

ABA A& WETE in virodt in vivodl N oA 71 A gRe Hazn
(Pihlanto-Leppala 1999, Korhonen and Pihlanto 2003, Maisel and Fitzgerald 2003). 74191 &
WA} FATNANA AL olAAL HETE ohAA G e A 2Y B ohfe} v]
HA #LAd g AFHE AT Yok TELS oHUFAIGE FEAC da 34 £ 2

A2 Feath olHfAl HSE ARAA, 9% B3 A%, P T4 297 Q4R 2

37120} Bulo) 9L Foh A BN FEY $UA YUSE Fawe $UE A

Ik Bezd PESE GAAE] GAT5H A FET 43S FANU vl Ee
3

Yol A AFstE T e FE FFETHAL FFBAES /AL Atk (Clare et
al. 2003). 7HAIQ D ANA F2E HE=e FFEAH BT ol F944 4= /AL 9
t} (Aimutis 2004). HZ x| 93l AESH A4S 71N HE =T FA3 A AFA
HE A% 7IAZ ok e AESE 84S /A E HE e 48 A Ay a3E
Uitk o2 o 7AQ @uAdAN fX¥ beta-casomorphin 7 A Q€A HITEA
(ACE) A & 7}¢} ol ALk E 3 722 32 Jehdth (Meisel and Bockelmann 1999). &
apEgol A7 22 SFadddr ¥ CPP Eojtt

ll‘ ot
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Caseinphosphopeptide (CPP)

CPPE HE A#7|E 71 HElZo|nh AMEEE HaFHA FAoluh 7 Ty Es)
g0 osf s dAZRE G CPPE Zad I 244 FEAE At 2F
o] £42 ZJMIZY. ojd 422 Eo) ¥ ¢ calcium phosphates] ¥4-& Asjdct
(Meisel and Bockelmann 1999). oA Ztgo] AL AsigozZN AFY FF —% Z7kA71=
CPP & 37} In vitro A5tk (Sato et al. 1986). CPPo] of2]d Axt= FTEAHAA A&
otk dlREEe Ao CPPE A4 F4E Z71A1 71tk Mykkanen and Wasserman 1980,
Lee et al. 1980, 1983, Kitts et al. 1992, Kirayama et al. 1992, Tsuchita et al. 1993, 2001,
Bennett et al. 2000). A7 BE AFNAE L F4o dis] CPP A3 E HAFA Zid
(Brommage et al. 1991, Kopra et al. 1992). oA ©x] shi}e] Agte] CPPe] A 7o) tis)
ALE Aok o] AN daEA FHelAd wo £4& gty EEH (Tsuchita et al
1996).

19503 %ol Mellanders F3Ho] AA olo|Eg A3t At e CPPY] E3E A&
o2 urayrt} (Mellander 1950). &4 F42 ~7}7} Hlg}el Dol EFolgt= AMLE CPPY
g Zg T Fvke 2T 27dA dojdne A ¢AETh ol E CPPY A= 24
o) BgAUS BE T e FE O °ﬂ°k€’§_°ﬂ G wegde Ao YA
uHa) z o} (Heaney et al. 1994, Hansen et al. 1997a, 1997b). &5 FFE°] ¥ dA<A CPP
2 e Ax 24 E47F Z71stg Tt (Heaney et al. 1994). 31x| ot ©k & S24]¢] CPPE 1-2g
S T A 2g S50l i ool Ao} AtEE AE vel 2L AN AE
BE HFste AR BAA HASES o d 2359 F4E vehlg (Hansen et al
1997a); 28} 3o dd Ao o5t CPPd o8 Z4 E4 &3 phytateZ} &8 &4
of 4& WA o= ASZ ¥Rt (Hansen et al. 1997b).

ABA oz CPPE EEATANE 24 48 Z/MIAAT IANY A% #3014 R
3}tk

Lactobacillus helveticus Y& 5

HEHY ¢ AUF 848 7R BEA A FEete AE=rE A4 o] AEEE 7S
9 F5E F7MIAG 2doE B AEA F-Eshe HEI =9} wWote] #A A s A7

Z2e ik 8 979 FEE invivodll X FE, invirod e ZIA XSG EAE A
THEE o]&3ste] ANEI =9 W) thA=HE-9] A+-E F3) Lactobacillus helveticusol] 9J8) &
29 ¥4 £4E ke Aotk

A7 A%}E Uds) BE oo ﬂc}

1. L. helveticuso 2j&] wasd
A HAME wWeo] £48 £t L helvetlcusfﬂl .43}] agd 979 iiﬂr
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A A H isoleucyl-prolyl-proline(IPP)$} valyl-prolyl-proline(VPP) #E]=o) 2ol&] el A

t}.

2. IPPS} VPP HEEE £F AA XA Mo A& F7HAZ T 1A T PP} VPP JE =
g 2o %o TERU 548 2% Mo BAFEe olEd EFHE UehhA %okt

3. L. helveticus] ©|8] ¥EHE f= H73 F9 A4 g F54E T7MAAT, raty © Z
TFT T4 £ 23 ZgY A2T7F olfew FUMEHA &t

myl o

Q089 L. helveticusd] 98] WAH 7= g F5S
A3tk o] AFoAM L. helveticuso] &5 HEd 5=
ANF|Z We] &AL At ARAZToZA 747 Atk

o g d
1. Narva M. Effects of Lactobacillus helveticus fermented milk and milk-derived bioactive peptides
(CPP, IPP and VPP) on calcium and bone metabolism. Doctoral Thesis supervised by Docent

Riitta Korpela, PhD, Institute of Biomedicine, Pharmacology, University of Helsinki, Finland.
2. & A3 EHL Dr. Riitta korpela =8-& #7173 4A1 L
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