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Effect of long-term intake of isoleucine-proline-proline (IPP) and valine-proline-
-proline (VPP), or a sour milk product containing these peptides on development of
hypertension was investigated in spontaneously hypertensive rats (SHR). Six-week-old
SHR were given: 1) water (control group), 2) IPP and VPP dissolved in water
(peptide group) or 3) sour milk containing IPP and VPP (sour milk group) for 12
weeks. Systolic blood pressure (SBP) was measured by tail-cuff method. Development
of hypertension was attenuated in the groups receiving tripeptides or sour milk as
compared to the control group. At the end of treatment period, SBP was 176 � 1
mmHg in sour milk group, 181 � 2 mmHg in peptide group, and 193 � 1 mmHg in
control group (P < 0.001). After treatment withdrawal, SBP rose gradually reaching
the level of control group within four weeks’ follow-up. In functional bioassay of
ACE inhibitory activity, effect of the tripeptides on angiotensin I or angiotensin
II-induced contraction in rat mesenteric arteries was evaluated. IPP inhibited the
angiotensin I -induced contraction, whereas the angiotensin II-induced contraction
remained unaltered. In conclusion, long-term intake of IPP and VPP, or a sour milk
containing these tripeptides attenuated the development of hypertension in SHR. One
possible mechanism underlying this effect is ACE inhibition.
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INTRODUCTION

Several milk proteins are precursors of peptides which possess various

biochemical and physiological properties, including antithrombotic, immuno-

modulatory and antihypertensive effects (1). These biologically active peptide

fragments can be released from milk proteins in enzymatic proteolysis either

during gastrointestinal digestion or during fermentation of milk by lactic acid

bacteria (2).
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Various milk-derived peptides given acutely lower blood pressure in animal

experiments (3—6). A dose-dependent reduction in systolic blood pressure

(SBP) after single oral administration of tripeptides isoleucine-proline-proline

(IPP) or valine-proline-proline (VPP) has been reported in adult spontaneously

hypertensive rats (SHR) (3). An antihypertensive effect in SHR has also been

observed after single oral administration of a sour milk product containing

these peptides (Calpis�) (3).

One possible mechanism for the antihypertensive effect of milk peptides is

inhibition of the activity of angiotensin converting enzyme (ACE) (7). IPP and

VPP have been reported to possess a weak ACE inhibitory activity in a

spectrophotometric assay in vitro (8). Other mechanisms for milk peptides have

been suggested as well. A dipeptide Tyr-Pro lowers blood pressure in SHR, but

the effect does not correlate with its ACE inhibitory activity (5). We have studied

blood pressure lowering effect of tetrapeptide �-lactorphin (Tyr-Gly-Leu-Phe),

which corresponds to the amino acid sequence 50—53 of milk whey protein

�-lactalbumin (9). �-Lactorphin was found to possess a naloxone-sensitive

antihypertensive effect in SHR, which suggests that opioid receptors might be

involved in the response to �-lactorphin (6).

In the present study, we investigated the effect of long-term oral

administration of IPP and VPP, or a sour milk product containing these

peptides on blood pressure in young prehypertensive SHR. These milk peptides

have previously been reported to possess acute antihypertensive effects after

single oral administration (3). Moreover, the ACE inhibitory activity of these

peptides was evaluated in a functional bioassay using mesenteric artery

preparations of Wistar rats.

MATERIALS AND METHODS

Six-week-old male SHR (Harlan Sprague Dawley, Indianapolis, IN, USA)

were used in the long-term experiment investigating the development of

hypertension. In the functional bioassay of ACE inhibitory activity, mesenteric

artery preparations of female Wistar rats (220—240 g) (Laboratory Animal

Centre, University of Helsinki, Finland) were used. The protocol of the study

was approved by the Animal Experimentation Committee of the Institute of

Biomedicine, University of Helsinki, Finland.

Effect of long-term intake of IPP and VPP and a sour milk containing the

tripeptides on blood pressure

At the beginning of the study, the blood pressure- and body weight-matched

SHR were divided into three groups (n = 10–11/group) to receive different
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treatments ad libitum for 12 weeks: 1) a control group drinking tap water, 2) a

peptide group receiving IPP and VPP dissolved in drinking water, and 3) a

sour milk group receiving a fermented milk product containing IPP and VPP

(Valio Ltd, Helsinki, Finland). The sour milk was manufactured from skim

milk by inoculation with 10% of Lactobacillus helveticus (LBK16H strain).

The rats were weighed weekly. The consumption of drinking fluids and

freely accessible feed (R36, Lactamin, Stockholm, Sweden) was monitored

throughout the experiment. The contents of energy, nutrients and the tripeptides

in different drinking fluids and in the food are shown in Table 1. The estimated

intake of electrolytes was calculated on the basis of these values. The peptide

content in the sour milk and the feed and the electrolyte composition of the

sour milk were analysed by Valio Ltd (Helsinki, Finland).

The intakes of IPP and VPP in the sour milk group were calculated on the

basis of the daily consumption. In the peptide group, the intakes of the

tripeptides were adjusted to correspond the intakes in the sour milk group. The

intakes of IPP and VPP were approximately 2.5—3.5 mg/kg/day during the

experiment. Previously, these peptides have been shown to reduce blood
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Table 1. Contents of energy, nutrients and tripeptides IPP and VPP in different drinking fluids

and in the feed.

Variable Water IPP & VPP Sour milk Food

Energy, kJ/100 g 0 0 180 1260

Protein, g/100 g 0 0 2.4 18.5

Fat, g/100 g 0 0 0.49 4

Carbohydrate, g/100 g 0 0 7.2 56

Sodium, mg/100 g 0.6 0.6 26 275

Potassium, mg/100 g 0.2 0.2 150 600

Calcium, mg/100 g 2.1 2.1 330 980

Magnesium, mg/100 g 0.2 0.2 33 200

IPP, mg/l 0 16—30 16—18 0

VPP, mg/l 0 16—30 16—18 0



pressure acutely after single oral administration at doses ranging from 0.1—5

mg/kg in SHR (3).

After 12 weeks of treatment, all groups received tap water for additional 4

weeks (the follow-up period).

SBP was measured weekly during the 12 weeks’ treatment period and every

second week during the 4 weeks’ follow-up period using a tail cuff blood

pressure analyser (IITC Life Science, Model 179, Woodland Hills, CA, USA).

Before the measurement, the rats were kept at 30—32°C for 30 min to make

the pulsations of the tail artery detectable. When three consecutive blood

pressure values were obtained without disturbance of the signal, the arithmetic

mean was recorded as the SBP.

During the last week of treatment period, the rats were housed individually in

metabolic cages for 24 hours. The consumption of feed and drinking fluids was

measured, and the estimated daily intake of electrolytes was calculated. Urine

was collected and urinary volume was measured. Urine samples were stored at

-80�C until the biochemical determinations were performed. Urinary sodium and

potassium concentrations were analysed by flame emission spectrometry (10),

and urine calcium and magnesium were determined by flame atomic absorption

spectrometry (11) (HUCH, Laboratory Department, Helsinki, Finland). At the

end of the experiment, the animals were made unconscious with CO2/O2

(70/30%) (AGA, Riihimäki, Finland) and sacrificed by decapitation.

Functional bioassay of ACE inhibitory activity

In a separate set of experiments, 3 mm long sections of the mesenteric artery

were cut 5 mm distally from the mesenteric artery-aorta junction. The rings were

placed between stainless steel hooks and mounted in an organ bath chamber in

Krebs-Ringer buffer (pH 7.4) of the following composition (mmol/l): NaCl

119.0, NaHCO3 25.0, glucose 11.1, CaCl2 � 2H2O 1.6, KCl 4.7, KH2PO4 1.2,

MgSO4 � 7H2O 1.2 and aerated with O2/CO2 (96/4%). The rings were

equilibrated for 30 min at 37°C with a resting tension of 1.0 g. The presence of

intact endothelium in vascular preparations was confirmed by observing a

relaxation response to 1 µmol/l acetylcholine (ACh) in 1 µmol/l noradrenaline

(NA) precontracted rings. The force of contraction was measured with an

isometric force displacement transducer and registered with a polygraph (FTO3

transducer, Model 7P122E Polygraph; Grass Instrument Co, Quincy, MA, USA).

The ACE inhibitory activity of IPP and VPP (0.1—3.3 mmol/l) and

captopril (10 µmol/l) was assayed in vitro by preincubating mesenteric artery

preparations with test substances for 15 min and measuring the response to a

single administration of 0.1 µmol/l angiotensin I or angiotensin II. Angiotensins

were only administered once in order to avoid tachyphylaxis (12).
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Drugs

The following substances were used: IPP and VPP (Peninsula Laboratories

Europe Ltd, St. Helens, England), acetylcholine chloride, angiotensin I acetate,

angiotensin II acetate, captopril and noradrenaline bitartrate (Sigma Chemical

Co, St. Louis, MO, USA). Stock solutions were dissolved in distilled water. All

solutions were prepared before use and protected from light.

Statistical analysis

Data for SBP were analysed by two-way analysis of variance (ANOVA) with

repeated measures for overall treatment effect. Other data were analysed by

one-way ANOVA. The Tukey’s test was used for multiple pairwise comparisons

of the treatment groups. P < 0.05 was considered significant. The results are

expressed as means � SEM.

RESULTS

Effect of long-term intake of IPP and VPP on development of hypertension

SBP was similar in all groups at the beginning of the study (Fig. 1). Blood

pressure rose gradually during the experiment, and after 10 weeks of treatment,

the blood pressure persisted in a stabile hypertensive level in all groups. Intake

of milk peptides IPP and VPP or sour milk containing the tripeptides

attenuated the development of hypertension in SHR as compared to the control

group (P < 0.01). After the 12 weeks’ treatment period, the SBP level was 12

mmHg lower in the peptide group (181 � 2 versus 193 � 1 mmHg, P < 0.001)

and 17 mmHg lower in the sour milk group (176 ± 1 versus 193 � 1 mmHg,

P < 0.001) than in the control group (Fig. 1). After the treatment withdrawal,

the SBP in the treated groups rose gradually reaching the level of control group

within the four weeks’ follow-up period (Fig 1).

There were no differences in the body weight gain between the groups

(Table 2). In the group receiving sour milk, the consumption of drinking fluid

was higher, whereas the consumption of food was lower than in the control

group and in the peptide group. The estimated intake of electrolytes was

similar in the peptide group and in the control group, whereas in the group

receiving sour milk the estimated intake of sodium was lower and the intakes

of potassium and calcium were higher than in the control group (Table 2). No

differences between the groups were observed in the estimated intake of

magnesium. Urinary volume was increased in the sour milk group as compared
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with other groups. Urinary excretion of potassium, magnesium and calcium

was higher in the sour milk group as compared to the other groups, but no

differences were observed in the sodium excretion (Table 2).

Functional bioassay of ACE inhibitory activity in mesenteric arteries

Angiotensin I (0.1 µmol/l) contracted mesenteric arterial preparations similarly

to angiotensin II (0.1 µmol/l) (contraction force 0.19 � 0.03 g after angiotensin

I, 0.21 � 0.03 g after angiotensin II). The angiotensin I-induced contraction

was abolished by preincubation with the ACE inhibitor captopril (10 µmol/l)

(contraction force 0.01 � 0.004 g; P < 0.001). IPP also dose-dependently

inhibited the angiotensin I-induced contraction. The smallest effective

concentration which inhibited the contraction was 1 mmol/l (contraction force

0.04 � 0.01 g; P < 0.01). The largest concentration of IPP (3.3 mmol/l) abolished

the contraction response to angiotensin I (contraction force 0.02 � 0.01 g;

P < 0.001), while the angiotensin II-induced contraction remained unaffected

(contraction force 0.29 � 0.03 g; P > 0.05). VPP up to 3.3 mmol/l had no

effect on the angiotensin I-contraction.
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Fig. 1. Effect of long-term intake

of IPP and VPP on the

development of hypertension in

SHR. Circles indicate the control

group, squares indicate the peptide

group and triangles indicate the

sour milk group. Solid bar: the

treatment period, open bar: the

follow-up period. Data are mean ±

SEM (n = 10—11 in each group).

***P < 0.01 versus control group,

†P < 0.05 versus peptide group.



DISCUSSION

We have shown in the present study that long-term intake of milk peptides

IPP and VPP attenuated the development of hypertension in young SHR. These

tripeptides have previously been shown to reduce blood pressure acutely after

single oral administration in SHR (3). Thus, we have now verified that these

peptides are effective also during long-term intake. The development of

hypertension was also attenuated by a chronic intake of a sour milk containing

these peptides. After the 12 weeks of treatment, when hypertension had

established and reached a stabile level in all groups, SBP was significantly

lower in the peptide group and in the sour milk group than in the control

group. After the withdrawal of the treatments, SBP in the peptide and sour

milk groups rose gradually reaching the level of the control group, confirming

that the antihypertensive effect was due to the treatments.
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Table 2. Weight gain, consumption of food and drinking fluid, estimated intake of electrolytes,

urine volume and urinary excretion of electrolytes in groups receiving water, IPP and VPP

dissolved in water, or sour milk containing IPP and VPP. Variables other than baseline weight

were measured at the end of the treatment period.

Variable Water IPP & VPP Sour milk

Weight, g, baseline 138 ± 4 138 ± 5 137 ± 5

Weight g, end of treatment 333 ± 8 334 ± 5 324 ± 10

Consumption of food, g/day 17 ± 1 17 ± 1 6 ± 1***†††

Consumption of drinking

fluid, ml/day
33 ± 2 31 ± 3 64 ± 2***†††

Estimated intake of

Sodium, mmol/d

Potassium, mmol/d

Magnesium, mmol/d

Calcium, mmol/d

2.09 ± 0.12

2.67 ± 0.15

1.43 ± 0.08

4.26 ± 0.24

1.98 ± 0.08

2.53 ± 0.10

1.36 ± 0.06

4.05 ± 0.16

1.46 ± 0.07***††

3.39 ± 0.12**†††

1.37 ± 0.05

6.74 ± 0.23***†††

Urine

Volume, ml/d

Sodium, mmol/d

Potassium, mmol/d

Magnesium, mmol/d

Calcium, mmol/d

10 ± 1

1.12 ± 0.06

1.44 ± 0.20

0.15 ± 0.01

0.02 ± 0.001

12 ± 2

0.99 ± 0.06

1.36 ± 0.22

0.15 ± 0.02

0.02 ± 0.001

35 ± 2***†††

0.97 ± 0.1

2.91 ± 0.1***†††

0.45 ± 0.01***†††

0.24 ± 0.016***†††

**P < 0.01, ***P < 0.001 versus control; †† P < 0.01, ††† P < 0.001 versus IPP & VPP.



The antihypertensive mechanism of the tripeptides has been suggested to be

ACE inhibition (3, 7, 8). In our functional bioassay in rat vascular preparations,

IPP possessed ACE inhibitory activity. However, because this property of IPP

was observed only at millimolar concentrations, and VPP did not seem to

possess ACE inhibitory activity, other mechanisms underlying the antihypertensive

effect of milk peptides may be possible.

In the group receiving sour milk, the development of hypertension was

somewhat more extensively attenuated than in the peptide group. Because the

intakes of IPP and VPP were similar in these groups, another antihypertensive

factor besides the peptides may be present in the sour milk. Milk products

contain electrolytes, which can affect blood pressure, eg. calcium, magnesium,

potassium, and sodium. Calcium supplementation attenuates the development

of hypertension in SHR (13, 14). The estimated intake and the urinary

excretion of calcium were higher in the sour milk group than in other groups.

Thus, calcium may have played a role in the antihypertensive effect in the sour

milk group. Magnesium supplementation has also evoked an antihypertensive

effect in some experimental studies (15, 16). In the present study, the urinary

excretion of magnesium was highest in the sour milk group. This may be

related to the relatively high intake of calcium, which enhances magnesium

loss into the urine (17). There is some evidence of a protective effect of

potassium on blood pressure (18—20). However, the advantageous effect of

supplemental potassium seems to be most potential, when the diet is

simultaneously high in sodium (20). In our study, the amount of sodium in the

diet was moderate, and no differences were found in the urinary excretion of

sodium between the groups. Therefore, magnesium, potassium, and sodium

have presumably not had a major influence on our results.

The oral bioavailability of IPP and VPP is not known. Both tripeptides have

been detected from abdominal aorta of SHR after single oral administration of

a sour milk product containing the peptides (21). Di- and tripeptides can be

absorbed intact from the gastrointestinal tract (22, 23). Moreover, peptides

possessing a carboxy terminal Pro-Pro -bond seem to be relatively resistant to

degradation (24, 25). Hence, some amount of IPP and VPP may have been

absorbed as such to elicit an antihypertensive action.

In conclusion, long-term oral administration of IPP and VPP attenuated the

development of hypertension in SHR. In addition, a sour milk product

containing the tripeptides attenuated the development of hypertension in SHR.

One possible mechanism underlying the observed antihypertensive effect is

ACE inhibitory activity of the milk peptides. However, the role of other

factors, e.g. calcium, cannot be ruled out. Considering the future possibilities of

using milk-derived peptides in the non-pharmacological treatment of

hypertension, it is essential to confirm the bioavailability of the peptides and

perform clinical studies.

752



Acknowledgements: The study was supported by the National Technology Agency (TEKES,

Finland). MS was supported also by the Foundation for Nutrition Research, the Yrjö Jahnsson

Foundation and the Finnish Cultural Foundation. The excellent technical assistance of Ms.

Anneli von Behr and Ms. Lahja Eurajoki is acknowledged. We also thank MSc Outi Kerojoki for

the peptide analyses and Ms. Elina Lausvaara for manufacturing the sour milk product.

REFERENCES

11. Meisel H. Overview on milk protein-derived peptides. Int Dairy J 1998; 8: 363—373.

12. Yamamoto N. Antihypertensive peptides derived from milk proteins. Biopoly 1997; 43:

129—134.

13. Nakamura Y, Yamamoto N, Sakai K, Takano T. Antihypertensive effect of sour milk and

peptides isolated from it that are inhibitors to angiotensin I-converting enzyme. J Dairy Sci

1995; 78: 1253—1257.

14. Abubakar A, Saito T, Kitazawa H, Kawai Y, Itoh T. Structural analysis of new

antihypertensive peptides derived from cheese whey protein by proteinase K digestion. J

Dairy Sci 1999; 81: 3131—3138.

15. Yamamoto N, Maeno M, Takano T. Purification and characterization of an antihypertensive

peptide from a yogurt-like product fermented by Lactobacillus helveticus CPN4. J Dairy Sci

1999; 82: 1388—1393.

16. Nurminen M-L, Sipola M, Kaarto H, et al. �-Lactorphin lowers blood pressure measured by

radiotelemetry in normotensive and in spontaneously hypertensive rats. Life Sci 2000; 66:

1535—1543.

17. Takano T. Milk derived peptides and hypertension reduction. Int Dairy J 1998; 8: 375—381.

18. Nakamura Y, Yamamoto N, Sakai K, Okubo A, Yamazaki S, Takano T. Purification and

characterization of angiotensin I-converting enzyme inhibitors from sour milk. J Dairy Sci

1995; 78: 777—783.

19. Antila P, Paakkari I, Järvinen A, et al. Opioid peptides derived from in-vitro proteolysis of

bovine whey proteins. Int Dairy J 1991; 1: 215—229.

10. Burtis CA, Begovich JM, Watson JS. Factors influencing evaporation from sample cups, and

assessment of their effect on analytical error. Clin Chem 1975; 21: 1907—1917.

11. Cali JP, Bowers GN, Young DS. A referee method for the determination of total calcium in

serum. Clin Chem 1973; 19: 1208—1213.

12. Khairallah PA, Page IH, Bumpus FM; Türker RK, Angiotensin tachyphylaxis and its

reversal. Circ Res 1966; 19: 247—254.

13. Pörsti I, Wuorela H, Arvola P, et al. Effects of calcium and deoxycorticosterone on blood

pressure, plasma renin activity and vascular reactivity in spontaneously hypertensive rats.

Clin Exp Hypertens 1990; A12: 1159—1174.

14. Civantos B, Lopez-Miranda V, Ortega A, Aleixandre de Artinano MA. Alpha-adrenoceptor-

-mediated pressor responses in pithed rats fed diets with different calcium contents. Eur J

Pharmacol 1999; 382: 91—101.

15. Wolf JP, Luthinger C, Berthelot A, Berthelay S. Blood pressure and plasma renin activity

after magnesium supplementation in the spontaneously hypertensive rat: a study during

developing and established hypertension. Magnesium 1987; 6: 243—248.

16. Adachi M, Nara Y, Mano M, Yamori Y. Effect of dietary magnesium supplementation on

intralymphocytic free calcium and magnesium in stroke-prone spontaneously hypertensive

rats. Clin Exp Hypertens 1994; 16: 317—326.

753



17. Mäkynen H, Kähonen M, Arvola P, Wuorela H, Vapaatalo H, Pörsti I. Dietary calcium and

magnesium supplements in spontaneously hypertensive rats and isolated arterial reactivity. Br

J Pharmacol 1995; 115: 1455—1462.

18. Whelton PK, He J, Cutler JA, et al. Effects of oral potassium on blood pressure.

Meta-analysis of randomized controlled clinical trials. JAMA 1997; 277: 1624—1632.

19. Dolson GM, Wesson DE, Adrogué HJ. Vascular relaxation probably mediates the

antihypertensive effect of a high-potassium diet: a role for enhanced vascular Na, K-ATPase

activity. J Hypertens 1995; 13: 1433—1439.

20. Mervaala EM, Himberg J-J, Laakso J, Tuomainen P, Karppanen H. Beneficial effects of a

potassium- and magnesium-enriched salt alternative. Hypertension 1994; 19: 535—540.

21. Masuda O, Nakamura Y, Takano T. Antihypertensive peptides are present in aorta after oral

administration of sour milk containing these peptides to spontaneously hypertensive rats. J

Nutr 1996; 126: 3063—3068.

22. Silk DBA, Grimble GK, Rees RG. Protein digestion and amino acid and peptide absorption.

Proc Nutr Soc 1985; 44: 63—72.

23. Webb KE, Matthews JC, DiRienzo DB. Peptide absorption: a review of current concepts and

future perspectives. J Anim Sci 1992; 70: 3248—3257.

24. Kim YS, Brophy EJ, Nicholson JA. Rat intestinal brush border membrane peptidases. J Biol

Chem 1976; 251: 3206—3212.

25. Mock WL, Green PC, Boyer KD. Specificity and pH dependence for acylproline cleavage by

prolidase. J Biol Chem 1990; 265: 19600—19605.

R e c e i v e d: July 7, 2001

A c c e p t e d : October 18, 2001

Author’s address: Marika Sipola, MSc Institute of Biomedicine, Pharmacology BIOMEDICUM

HELSINKI P.O. Box 63, FIN-00014 University of Helsinki, FINLAND Tel. +358-9-191 25351,

Fax +358-9-191 25364.

Email: marika.sipola@helsinki.fi

754


