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1. INTRODUCTION 

 

General interest in food products, which may be used as a part of normal diet but which 

possess beneficial effects on health or are even used treat specific diseases, has increased. 

Consumers discuss more about different kind of diets, functional foods, nutraceuticals, 

“superfood” and also about potentially harmful effects of processed food, saturated fat, palm 

oil etc. Research around functional foods and nutraceuticals has during the recent years 

increased and new sources for compounds possessing pharmacological effects and 

potentially also affecting health status beneficially, are constantly found, especially from 

natural origins. At the same time, regulatory aspects of novel foods need to be taken account 

by food industry and regulatory authorities. Distinction between food and drugs needs to be 

clear and consumers and patients cannot be misled. Although there is increasing amount of 

evidence that some compounds from food origin possess beneficial effects on health (Morand 

and Tomas-Barberan 2019), serious health conditions and diseases require medical care and 

should be treated with scientifically proven and accepted treatment practices, either by or 

under healthcare professionals’ supervision, and not by the patient himself. 

 

From lifestyle diseases, hypertension is one of the most important risk factors for coronary 

heart disease (CHD), heart failure, cerebrovascular disease and chronic kidney disease 

(WHO Factsheet 2021). It has been estimated that 1.3 billion people worldwide have 

hypertension, most (two-thirds) living in low- and middle-income countries. Less than half 

of the adults with hypertension are diagnosed and treated and only 1 out of 5 have the problem 

under control. Any reductions in blood pressure, however small, are meaningful; a systolic 

blood pressure (SBP) reduction of 9 mmHg and a diastolic blood pressure reduction of 5 

mmHg reduce the risk of stroke by 35–40% and CHD by 20–25% (Mensink et al. 2003). 

  

Besides pharmacological therapy, lifestyle and nutritional factors play a significant role in 

the prevention and treatment of hypertension and related disorders. One of the research areas 

has been milk-derived bioactive peptides, which have been shown to possess 

antihypertensive effects in human subjects (Turpeinen et al, 2013) and in experimental 
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models of hypertension (Nakamura et al. 1995a, Sipola et al. 2002, Jäkälä et al. 2009a, Jäkälä 

et al. 2009b, Jauhiainen et al. 2010). Mechanistic background and effect on vascular function 

has still remained partly unknown. Another focus area in nutritional research has been plant 

sterols and stanols (also called as phytosterols and -stanols): the consumption of 2 g plant 

sterols per day has been shown to lower both total and low-density lipoprotein (LDL) - 

cholesterol concentrations by approximately 10% in human subjects in different population 

groups (Katan et al. 2003, AbuMweis et al. 2008). Little is still known regarding their effects 

on blood pressure and vascular function. 

 

 

2. TERMS 

 

2.1. Food supplements and dietary supplements 

 

Food supplements (ravintolisät in Finnish), which may resemble medicines in their 

formulation (tablets, capsules, powders, liquids), are “food products differing from normal 

foods by either their appearance or the way in which they are used” (Food Supplements, 

Finnish Food Authority 2018). Based on their composition, however, food supplements are 

foods and governed by the Food Act and regulated by the Decree on Food Supplements 

78/2010 (based on Directive 2002/46/EC of the European Parliament and Council, and its 

amendments). In the national decree on food supplements, a food supplement is described as 

a pre-packed product in the form of e.g. tablet, capsule, powder, extract or liquid, or in some 

other equivalent dose form, marketed as a foodstuff to be taken in measured small unit 

quantities whereby the amount of energy received has no relevance to the diet as a whole. 

Food supplements are intended to supplement the normal diet or in some other way affect 

the nutritional or physiological functions of the person through nutrients or other substances 

that characterize it. 

 

Food supplements have a notification requirement. The company who manufactures, imports 

or has a food supplement manufactured with a view to placing it on the Finnish market on 
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his own behalf, needs to submit a written notification to Finnish Food Authority before the 

initiation of the activity. A notification shall also be submitted in the case that the 

composition of the product is changed as to the substances that characterize it or when the 

product exits the market. 

 

One example of food supplements are lactobacillus rhamnosus GG- containing lactic acid 

bacteria capsules, chewing tablets and drops. Another example is melatonin, which according 

to Finnish Medicines Agency (Fimea), will be considered as a medicinal product if the daily 

dose is 2 mg or more (Melatonin products, Fimea 2013). 

 

2.2. Herbal supplements and herbal medicinal products 

 

A herb, which is an ingredient of a herbal medicinal product might be used in smaller 

quantities and for different purposes in cooking, dietary supplements and cosmetic products. 

Such products might together be called herbal supplements (luontaistuotteet in Finnish), but 

this is not an officially regulated term and the sales channels of herbal supplement products 

are not restricted. In contrast, herbal medicinal products (kasvirohdosvalmisteet in Finnish) 

are regulated by same regulations as medicinal products and marketing authorization needs 

to be applied from Fimea (Herbal medicinal products, Fimea 2022). List of approved herbal 

medicinal products can be retrieved from Fimea Internet pages. As an example, there are a 

few herbal medicinal products containing valerian root intended for sleeping disturbances 

sold in pharmacies, but at the same time valerian root is also sold as an herbal supplement 

via various other sales channels. 

 

2.3. Novel foods 

 

There is ongoing reformation of world of foods and at the moment lots of new products are 

introduced to the market. Due to concerns expressed by scientists, legislators and consumers 

related to safety of the products, specific authorization procedures were established and the 

first Novel Food Regulation of the European Parliament and of the Council, Regulation (EC) 
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No 258/97 (updated on 2283/2015), was adopted in May 1997 (Novel foods, Finnish Food 

Authority 2019). Novel foods (uuselintarvikkeet in Finnish) are new products intended for 

use as food. The term refers to products which prior to May 1997 have not been used for 

human consumption to a significant degree within the Community and which fall under 

specific categories; e.g. food with a new or intentionally modified molecular structure or food 

consisting of, isolated from or produced from micro-organisms, fungi, algae, plants or their 

parts, animals or their parts etc. 

 

Only authorized novel foods may be placed on the market and the marketing is authorized 

under the decision of the Commission after applicable safety assessment carried out by the 

European Food Safety Authority, EFSA (Novel food, EFSA 2022a). Examples of authorized 

novel foods include chia seeds (Salvia hispanica) and some food products with added plant 

sterols. Not all plant sterol-containing products are novel foods, because they might have 

been placed on the market before 15 May 1997.  

 

Distinction may be difficult for some foods, because depending on the use of the food 

(consumed alone or part of another food, only leaves consumed but not the whole plant etc.), 

it may fall in the context of Novel Food Regulation, regulation on food additives or regulation 

of flavorings. For example, cinder conk (Inonotus obliquus, pakurikääpä in Finnish), a 

parasitic fungus on birch and other trees, has been used only as is or in food supplements 

before 15 May 1997 and any other food uses of this product have to be evaluated as per the 

Novel Food Regulation. 

 

2.4. Functional foods 

 

Over the past decades, several definitions for functional foods (funktionaaliset elintarvikkeet 

in Finnish) have been presented worldwide. These include e.g. “product which is shown in a 

satisfactory manner that, in addition to adequate nutritional effects, induces beneficial effects 

on one or more target functions of the organism, significantly improving the health status and 

welfare or reducing the risk of disease” (Diplock et al. 1999) or “any food or ingredient that 



5 
 

 

has a positive impact on an individual's health, physical performance, or state of mind, in 

addition to its nutritive value” (Hardy 2000). However, there is no official or commonly 

accepted definition (European Commission Functional Foods Luxembourg 2010). The 

European Commission (EC) Concerted Action on Functional Food Science in Europe 

(FUFOSE) proposed the following working definition of functional food:  

“A food that beneficially affects one or more target functions in the body beyond adequate 

nutritional effects in a way that is relevant to either an improved state of health and well-

being and/or reduction of risk of disease. It is consumed as a part of a normal food pattern. It 

is not a pill, a capsule or any form of dietary supplement”. 

 

Examples of functional foods include pro- and prebiotics and stanols and sterols. The term is 

used to describe a very broad range of products, from foods developed around a particular 

functional ingredient (e.g. stanol- and/or sterol-enriched spreads or probiotic bacteria-

containing dairy products) to regular foods fortified with a nutrient, which would not usually 

be present in high amounts (e.g. omega-3 fatty acids from fish oils added to bread) (Santini 

et al. 2018). 

 

2.5. Nutraceuticals 

 

As for functional foods, the definition of nutraceuticals has not been yet officially established 

and current European legislation does not mention the term nutraceutical (Santini et al. 2018). 

Back in 1995, DeFelice defined a nutraceutical as “food or part of a food that provides 

medical or health benefits, including the prevention and/or treatment of a disease” (DeFelice 

1995). Currently, the definition resides somewhere in the grey area between food, food 

supplements and pharmaceuticals (Santini et al. 2018). Nutraceuticals may be referred to as 

pharma-foods and the area of their possible use as beyond the diet but before the drugs. In 

order for a nutraceutical demonstrating specific pharmacological activities to claim beneficial 

health effects for pathological conditions, the product needs to obtain an authorization for a 

health claim from European Food Safety Authority (EFSA, see also section 3.1.).  The 

beneficial effect on a health condition must be supported by clinical studies - this is a 
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requirement, which separates nutraceuticals from food supplements. Safety of the 

nutraceutical needs to be assessed and demonstrated as well. While food supplements are 

merely addressed to compensate a lack of micro- or macronutrients in the body, an 

appropriate epidemiological target needs to be identified for a nutraceutical (Daliu et al. 

2019). An example of a nutraceutical could be e.g. a grape nutraceutical containing 

resveratrol, which was shown to complement the standard therapy in the primary prevention 

of cardiovascular disease (Tome-Carneiro et al. 2012). 

 

2.6. Medicinal products 

 

In Finland, medicinal products are regulated by EU legislation as well as Finnish Medicines 

Act (395/1987), which defines medicinal products as follows: “Medicinal product means a 

product or substance intended for internal or external use to cure, alleviate or prevent a 

disease or its symptoms in humans or animals. Medicinal products are also considered to 

include substances or combinations of substances used internally or externally than can be 

used to restore, correct or modify the vital functions of humans or animals through 

pharmacological, immunological or metabolic influence or to determine the state of health 

or the reason for a disease.”  

 

Medicinal products need to be prepared or imported according to the Medicines Act and they 

may be sold or released for consumption only if Fimea or an institution of the EU has granted 

an authorization for the product. In order to receive a marketing authorization, the effects of 

the medicinal substance and the medicinal product need to have been shown by appropriate 

preclinical and clinical trials with the exception that for generic medicinal products, 

applicants do not need to submit results from preclinical and clinical trials, if it is possible to 

show that the generic product is equivalent to the reference (original) product. 

 

Medicinal products need to have a summary of product characteristics (SPC) and package 

leaflet and they need to be sold or released for consumption in a sales package. These 

materials need to be approved by competent authorities and they usually need to be available 
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in local languages. A basic register of all authorized medicinal products in Finland is 

available via Fimea Internet pages (Fimea Basic Register 2022). 

 

 

3. RELEVANT ACTS AND REGULATIONS 

 

3.1. Food 

 

Regulation (EC) No 1924/2006 of the European Parliament and of the Council on nutrition 

and health claims made on foods establishes European Union rules on nutrition and health 

claims used in the labelling, presentation or advertising of foodstuffs. This regulation started 

to apply on 1st July, 2007. Regulation (EC) No 1924/2006 is also followed in Finland and 

the national agency, Finnish Food Authority, monitors locally the use of health- and 

nutritional claims presented from food products, as described also in the Finnish Food Act 

297/2021. 

 

European Food Safety Authority, EFSA, assesses the scientific justifications for health 

claims and the wording of the claim. After discussions between the Commission and the 

member states the claim is either authorized or rejected under a Commission Regulation. 

Finnish Food Authority acts as the national competent authority in Finland but does not have 

the right to accept claims; Finnish Food Authority can only give guidance to applicants and 

forwards the claim applications to EFSA for assessment. 

 

EFSA maintains an “EU Register on Nutrition and Health Claims”, which contains permitted 

nutrition claims and their conditions of use, authorized health claims and their conditions of 
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use, if any, and also non-authorised health claims and the reasons for their non-authorization 

(EU Register on nutrition and health claims, EFSA 2022b).  

 

3.1.1. Nutrition claims 

 

A nutrition claim states or suggests that a food has particular beneficial nutritional properties. 

Examples include “low fat”, “source of omega-3 fatty acids” or “high in fibre” (Nutrition and 

health claims, EFSA 2022c). Authorised nutrition claims are described in the Annex to the 

Regulation on nutrition and health claims (EU 1924/2006) and in its Amendments. EC also 

maintains a list of nutrition claims on their website (Nutrition claims, EC 2022). 

 

There should always be nutritional information presented together with the use of a nutrition 

claim. In addition, the regulation defines the required content of the nutrient in the food for 

a nutrition claim to be used. For example, a claim ”low sodium / salt” may only be made if 

the product contains no more than 0,12 g of sodium / the equivalent value for salt, per 100 g 

or per 100 ml. 

 

3.1.2. Health claims 

 

A health claim is any statement used on labels, in marketing or in advertising that health 

benefits can result from consuming a given food or from one of its components such as 

vitamins and minerals, fibre, and ‘probiotic’ bacteria. There are different types of health 

claims. Functional health claims [Article 13(1) claims] are statements that there is a role of 

a nutrient or other substance in growth, development and the functions of the body, 

psychological and behavioural functions, or weight control (EU Regulation 1924/2006; 

EFSA 2022b). The Commission Regulation EU No 432/2012 establishing authorized 

functional health claims was adopted on 14 June 2012. The application of the Regulation 

started on 14 December 2012. This means that Article 13(1) health claims rejected by the EC 

may not be used after a defined date in labelling or marketing of foods. An example of an 
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approved functional health claim is “alpha-linoleic acid (ALA) contributes to the 

maintenance of normal blood cholesterol levels”. 

 

Article 13(5) health claims refer to health claims, which are similar in content to article 13(1) 

health claims, but which are based on newly developed scientific evidence or which include 

a request for the protection of proprietary data. The use of Article 13(5) claims is based on 

an application procedure and these health claims may not be used until the EC has authorised 

the use of the claim under a Regulation. This means that claims may not be used already at 

the stage when the application regarding the claim has been submitted. 

 

Another category of health claims is risk reduction claims, which include statements that a 

nutrient or a substance reduces disease risk or improves or modifies the normal functions of 

the body, e.g. “Plant sterols have shown to reduce cholesterol levels, a risk factor in the 

development of coronary heart disease” or “Calcium helps to reduce the loss of bone mineral 

in post-menopausal women. Low bone mineral density is a risk factor for osteoporotic bone 

fractures”. These are also called as “Article 14 (1)a claims” and their use is based on an 

application procedure. These health claims may not be used until the EC has authorized the 

use of the claim under a Regulation. 

 

In addition, “Article 14 (1) b claims” refer to children’s development and health. These are 

used in products intended only for children, e.g. cereals or carry-on food products. For 

example, an authorized claim is “Iron contributes to normal cognitive development of 

children”. The use of Article 14 (1) b claims is based on an application procedure as well. 

 

3.2. Medicinal products 

 

A medicinal product must have a marketing authorisation before it can be introduced to 

market. Within EU, there are several options for applying a marketing authorisation: national 

procedure, mutual recognition procedure (MRP), decentralized procedure (DCP) and 

centralized procedure (CP) (Marketing authorizations, Fimea 2022c).  Currently, CP is most 
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commonly used procedure when marketing authorization is applied for a new product. Via 

CP, a marketing authorization is simultaneously applied for all EU countries, Norway and 

Iceland. Marketing authorization applications are submitted to the European Medicines 

Agency (EMA) that coordinates the processing of the applications but the actual marketing 

authorization is granted by the European Commission. CP must be used for new 

biotechnological medicines and other innovative medicinal products. 

 

With the Fimea Administrative Regulation “Applying for and maintaining a marketing 

authorization for a medicinal product (04/2019)”, Fimea brings into force the national 

requirements concerning applications for and maintenance of marketing authorisations for 

medicinal products. This regulation is based on and has been harmonised with Directive 

2001/83/EC of the European Parliament and of the Council on the Community code. 

 

As per Finnish Medicines Act, advertising of medicinal products must encourage people to 

use the products appropriately. Fimea monitors the advertising of all medicinal products and 

also private individuals may submit complaints related to possibly illegal advertising of 

medicinal products. Information provided in connection with marketing activities needs to 

be in line with the product’s approved summary of product characteristics. Medicinal 

products requiring a prescription can only be marketed for persons authorized to prescribe or 

dispense medicinal products. 

 

3.2.1. Herbal medicines 

 

A marketing authorization needs to be applied also for herbal remedies, including herbal 

medicinal products, homeopathic products and anthroposophic products, which are also 

medicinal products. As per Finnish Medicines Act, if necessary, Fimea will ultimately decide 
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the correct classification of the product (whether a substance or a product is considered a 

medicinal product or a non-medicinal product). 

 

 

4. REGULATION OF BLOOD PRESSURE AND VASCULAR FUNCTION 

 

4.1. Drugs, blood pressure and vascular function 

 

There are several ways to affect blood pressure and vascular function by drugs. Drugs 

targeting renin-angiotensin system (RAS), namely angiotensin I-converting enzyme (ACE) 

inhibitors and blockers of type 1 angiotensin II receptors (AT1), also called as AT1 receptor 

antagonists, are widely used to lower blood pressure. Other first line antihypertensive drugs 

include calcium channel blockers and diuretics. Blockers of beta-adrenergic receptors 

(betablockers) may also be used in case there is also another indication for them in addition 

to lowering of blood pressure (Increased blood pressure: Current Care Guidelines Abstract, 

2020). Different drugs used to treat hypertension decrease blood pressure to a same extent 

on average – blood pressure decreases 9/6 mmHg (systolic / diastolic pressure) at an average 

dose in a monotreatment. 

 

Endothelium, the monolayer of endothelial cells and the barrier between blood and tissues, 

is one of the key players in the regulation of vascular function. Endothelial dysfunction, and 

more specifically, impaired endothelium-dependent vasorelaxation has been observed in 

several cardiovascular diseases, such as hypertension (Su 2015). There are numerous 

pharmacological substances, which can improve endothelial function and this way affect 

function of cardiovascular system. RAS is present also in the endothelium and e.g. use of 

ACE-inhibitors reduces the amount of angiotensin II and increases bradykinin accumulation. 

Nitric oxide (NO) and endothelial nitric oxide synthase (eNOS) have an important role in 

endothelial function and it has been shown that decreased bioavailability of NO is present in 
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several pathologies, so drugs affecting NO levels and showing endothelial protection seem 

to produce more therapeutic benefits compared to drugs not showing these features. 

 

4.2. Effect of nutrition on blood pressure and vascular function 

 

Nutritional factors have a role in the prevention of the development of hypertension but also 

in the treatment of already elevated blood pressure. Decreasing sodium intake has a positive 

effect on blood pressure both in hypertensive and normotensive patients (Increased blood 

pressure: Current Care Guidelines Abstract, 2020). Also increasing potassium, calcium and 

magnesium intake may decrease blood pressure. Although decreasing the intake of saturated 

fat and replacing it with unsaturated fats decreases the total cholesterol- and LDL-cholesterol 

as well as improves insulin sensitivity, it does not directly lower blood pressure. However, 

omega-3-fatty acids from fish origin have been shown to lower blood pressure if used in high 

doses (Geleijnse et al. 2002). Studies also suggest that consumption of e.g. cocoa flavonoids, 

isoflavones, l-arginine, probiotics, resveratrol and vitamin C would provide clinically 

relevant blood pressure-lowering effects (Borghi and Cicero 2017). 

 

Similar to drugs, also certain dietary products have been shown to improve endothelial 

function and thus vascular health (Auger et al. 2018). This occurs mainly by two following 

mechanisms: 1) by activating endothelial cells which affect vasorelaxation (e.g. by 

stimulation of endothelial formation of NO) and by inhibiting vasoconstrictor responses and 

2) by reducing vascular oxidative stress especially in older arteries. Especially polyphenol- 

and flavonoid-rich food such as red wine, red berries, grape juice, tea, cocoa and chocolate 

have been widely studied and results show that their consumption can either prevent and / or 

improve established endothelial dysfunction. 

 

4.2.1. Bioactive tripeptides derived from milk 

 

Both epidemiological and intervention studies suggest that the consumption of low-fat dairy 

products is inversely related to the risk of hypertension (McCarron et al. 1984, Appel et al. 
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1997, Toledo et al. 2009). The beneficial effect of milk on blood pressure is attributed to its 

high calcium and potassium content, and also to specific peptide sequences, which are 

cleaved from milk protein during gastrointestinal digestion, fermentation of milk with 

proteolytic starter cultures or by enzymic hydrolysis (Korhonen et al. 2009). For example, 

fermentation of milk by Lactobacillus helveticus produces ACE-inhibitory substances, 

peptides consisting of three amino acids, isoleucine-proline-proline (Ile-Pro-Pro) and valine-

proline-proline (Val-Pro-Pro). These tripeptides have been shown to possess 

antihypertensive activity both in animal models and human studies, involving renin-

angiotensin system and ACE-inhibition (Ehlers 2010). Based on a meta-analysis of 

randomized, controlled trials focusing on blood pressure effects of Ile-Pro-Pro and Val-Pro-

Pro in humans, inclusion of Ile-Pro-Pro and Val-Pro-Pro in the diet shows to have significant 

hypotensive effects and although the effect is usually less than with many antihypertensive 

drugs, consumption on Ile-Pro-Pro and Val-Pro-Pro may be considered as a prophylactic 

method for decreasing the risk of hypertension during the life (Fekete et al. 2015). 

 

Tripeptides Ile-Pro-Pro and Val-Pro-Pro have shown to have protective effect on arterial 

function in experimental studies (Ehlers 2010). The effect is observed to be endothelium-

dependent and possible involving endothelium-derived hyperpolarizing factor (EDHF). In 

humans, some benefit on vascular reactivity has been observed, for example what comes to 

ambulatory arterial stiffness index or arterial compliance, but research seem to lack 

sufficiently large randomized, controlled trials and also properly defined and standardized 

control products (Fekete et al. 2013). 

 

4.2.2. Plant sterols 

 

Plant sterols and stanols (also called as phytosterols and -stanols) have well-established 

cholesterol-lowering effects. The consumption of 2 g plant sterols per day has been shown 

to lower both total and LDL-cholesterol concentrations by approximately 10 % in human 

subjects in different population groups (Katan et al. 2003; AbuMweis at al. 2008), but does 
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not seem to decrease blood pressure as such in humans (Tapola et al. 2004, Hallikainen et al. 

2006, Cicero et al. 2017). 

 

Direct effect of plant sterols on vascular function has not been studied so much and often the 

findings have been done as secondary observations in studies focusing on other aspects. 

However, as plant sterols and stanols have been shown to lower vascular expression and 

plasma levels of several inflammatory molecules, including cytokines, leading to decrease in 

endothelial cell activation, beneficial effects on vascular function may be anticipated 

(Vilahur et al. 2019). It has also been discussed that the effects of plant sterols and stanols on 

endothelial function may be secondary to other changes in lipid metabolism, also due to 

extreme low levels of plant sterols and stanols reaching circulation (Yue et al. 2015). 

 

 

5. EXPERIMENTAL PART 

 

5.1. Objectives for the experimental studies 

 

The aim of the experimental studies was to find out if blood pressure can be decreased and 

vascular function improved by bioactive milk-derived tripeptides and plant sterols in an 

experimental animal model. In addition, one of the aims was to investigate if combining 

tripeptides and plant sterols could have an additional benefit to cardiovascular function. In 

previous studies, the mechanisms behind the effects of tripeptides Isoleucine-Proline-Proline 

(Ile-Pro-Pro) and Valine-Proline-Proline (Val-Pro-Pro) on blood pressure and vascular 

function have been at least partly connected to the renin–angiotensin system (RAS) and 

especially to angiotensin-converting enzyme (ACE) inhibition (Jäkälä et al. 2009a, 

Nakamura et al. 1995b, Lehtinen et al. 2010). In the first study (study I), hypothesis was that 

long-term treatment with a fermented milk product containing ACE-inhibitory tripeptides 

and plant sterols could lower already increased blood pressure and improve endothelial 

function in SHR with established hypertension. In order to obtain more insight into the 

mechanistic questions, DNA microarray technology was applied to detect the possible 
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changes in aortic gene expression after long-term treatment with a tripeptide-containing milk 

product in the first study.  

 

Although there are a lot of studies describing beneficial effects of plant sterols on blood 

cholesterol, the effects of plant sterols on blood pressure and vascular function are largely 

unknown. In the second study (study II), it was hypothesized that plant sterols and tripeptides 

could have positive, synergistic effects on the development of hypertension and endothelial 

dysfunction in young spontaneously hypertensive rats (SHR).  

 

As pre-clinical studies precede extensive clinical studies in humans also during the drug 

development processes, one of the objectives was to make a high-level comparison between 

possible beneficial effects of studied food-derived substances to those achieved with widely-

used blood pressure-lowering drugs and to discuss the interfaces between them. 

 

5.2. Materials and methods 

 

The protocols were approved by the National Animal Experimentation Committee according 

to EC Directive 86/609/EEC and the Finnish Experimental Animal Act 62/2006. 

 

5.2.1. Study animals and blood pressure measurement 

 

Twelve 14-weeks-old (study I) and twenty-four 5-weeks-old (study II) male spontaneously 

hypertensive rats (SHR) were obtained from Charles River Laboratories (Sulzfeld, 

Germany). The rats were housed three per cage (study I) and four per cage (study II) in a 

standard experimental animal laboratory (illuminated from 7 am to 7 pm; temperature 22 ± 

2 ºC; humidity 55±15 %). The rats had free access to standard rat pellets (2018 Teklad Global 

18% Protein Rodent Diet; Harlan Laboratories, Madison, WI, USA) and water. 

 

After 1 week of adaptation, baseline blood pressure measurements were performed. The 

systolic blood pressure (SBP) of the rats was assessed by the tail-cuff method using an Apollo 
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2AB Blood Pressure Analyzer (model 179-2AB; IITC Life Science, Woodland Hills, CA, 

USA). Rats were placed in restrainer tubes and warmed in a heated chamber (32–34 ºC) for 

15–20 min to make the pulsations of the tail artery detectable. After obtaining three 

consecutive and successful recordings without disturbance of the signal, the average of the 

values was regarded as the SBP. 

 

In the study I, 15-week-old rats were randomized into two groups (six animals per group) 

based on SBP values and body weights to receive either: (1) a milk product (named as “milk”) 

or (2) a milk product containing tripeptides (18 mg/l) and plant sterols (0.8 g/100 g) (name 

as “active milk’) (for details, see section 5.2.2.) as the drinking fluid ad libitum for 6 weeks. 

Drinking bottles were changed and fluid consumption was monitored daily. Feed 

consumption was monitored weekly. In addition, to confirm that a stable phase of 

hypertension was reached, a similar experimental protocol was performed with age-matched 

SHR (n=6), which received only water as the drinking fluid. 

 

In the study II, based on the SBP values and body weights, 6-week-old rats were randomized 

into 3 groups (n = 8) to receive one of the study products for 8 weeks. Also, water in other 
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bottles was provided ad libitum to avoid dehydration. The drinking bottles were changed and 

the consumption of the study products was monitored daily. 

 

Blood pressure measurements were taken weekly during both studies to determine the effect 

of tripeptides and/or PS on SBP. Measurements were performed on rats at the same time of 

day by the same researcher in random order.  

 

5.2.2. Study products 

 

The study products were drinkable, fermented milk products, which were administered to the 

rats from standard rat drinking bottles. Study products were provided by Valio Ltd (Helsinki, 

Finland). 

 

Study I: 

 

“Active milk” was a yogurt-like milk product, fermented by L. helveticus and added with 

proline-specific endoprotease (DSM, Heerlen, Netherlands), standardized peptide powder 

and a plant sterol mixture during preparation. The plant sterol mixture (Cognis, Monheim, 

Germany) was obtained by esterification of non-esterified plant sterols with fatty acids 

obtained from vegetable oil (5.1 g SFA, 7.6 g MUFA and 27.3 g PUFA per 100 g), and 

contained mainly b-sitosterol (69 %), campesterol (15 %), b-sitostanol (8 %) and 

brassicasterol (3 %). The concentration of tripeptides in the active milk was determined by 

the manufacturing process. Only minor fluctuations in different batches were observed. The 

amount of plant sterols added to the product was based on previous studies (Jäkälä et al. 

2009a, Jäkälä et al. 2009b) and the generally recommended dose of plant sterols for human 

use for lowering high LDL cholesterol (portion size of 250 g giving 2 g plant sterols) (Grundy 

et al. 2004). “Milk” was a fermented milk product containing neither tripeptides nor plant 

sterols in detectable amounts. Both products were sweetened by sucrose (8 %, w/w) and were 

low-fat (˂1%) and low-lactose (˂1%) containing 222 kJ/100 g (milk) and 272 kJ/100 g 

(active milk) energy. The contents of energy nutrients, minerals, tripeptides Ile-Pro-Pro, Val-
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Pro-Pro and Leu-Pro-Pro and plant sterols were analysed by Valio Ltd, R&D (Helsinki, 

Finland). Tripeptides were analysed with the Waters Aquity UPLC–Micromass ZQ2000 

Mass Spectrometry System (Waters, Milford, MA, USA) and total plant sterol content by the 

method of Laakso (2005) with minor modifications. In brief, the samples were first 

saponified with potassium hydroxide in ethanol solution. The unsaponifiable matter 

containing PS and stanols was then extracted into an organic solvent, followed by 

evaporation of the solvent. Sterols were separated as their trimethylsilyl ether derivatives 

with a gas-liquid chromatograph and detected with a flame ionization detector. 

 

Study II: 

 

The contents of the study products were as follows: Plant sterols (PS): contained the same 

PS mixture as in study I. Plant sterols + Tripeptides (PS + T): contained the PS mixture and 

tripeptides Ile-Pro-Pro, Val-Pro-Pro, and Leu-Pro-Pro (as in study I). Control: a fermented 

milk product containing neither PS nor tripeptides in detectable amounts. The intake of the 

tripeptides and PS was kept constant (approximately 4-5 mg/kg/day and 2 g/kg/day, 

respectively) during the experiment by adjusting the amount of milk products according to 

the body weight of the rats. 

 

5.2.3. Collection of the samples and vascular reactivity measurements 

 

After 6 weeks’ (study I) or 8 weeks’ (study II) of treatment, the rats were rendered 

unconscious with CO2/O2 (30%/70%; AGA, Riihimäki, Finland) and decapitated. Blood 

samples, with and without ethylenediaminetetraacetic acid (EDTA, 12 mM) as an 

anticoagulant, were collected for biochemical measurements for plasma and serum samples, 

respectively (study II). Blood samples were centrifuged at 1800 × g for 20 minutes at +4°C 

and stored at −20°C until analysis. The hearts, left kidneys, and adrenal glands were excised, 

washed with ice-cold saline, blotted dry, and weighed (study I and II). The left ventricle was 

separated and weighed. Aortas were excised, placed in sterile saline solution, and cleaned of 

adherent connective tissue. Sections of 1 cm were cut, stored in RNA Stabilization Reagent 
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(RNAlater; QIAGEN GMBH, Hilden, Germany), and maintained at +4°C for 24 hours and 

then stored at −20°C. Superior mesenteric arteries were excised and placed in ice-cold 

oxygenated Krebs buffer (pH 7.4-7.6; composition in millimoles per liter: NaCl, 119.0; 

NaHCO3, 25.0; glucose, 11.1; CaCl2, 1.6; KCl, 4.7; KH2PO4, 1.2; MgSO4, 1.2) for vascular 

reactivity studies. 

 

Mesenteric arteries were carefully cleaned of adherent connective tissue, a 5 mm section 

from the proximal end of the mesenteric artery–aorta junction was cut off and the following 

3 mm section was used in the experiments. The endothelium-intact rings (one from each rat) 

were placed between stainless steel hooks (diameter 0.15 mm) and mounted in a standard 

organ bath chamber (volume 10 ml) in Krebs solution (composition, as above, 37°C), and 

oxygenated with O2/CO2 (95%/5%; AGA). The rings were initially equilibrated for 1 h with 

a resting tension of 1.0 g. The force of contraction was measured with an isometric force-

displacement transducer (EMKA Technologies, Paris, France). The vascular reactivity of the 

mesenteric arteries was measured by adding vasoactive agents directly into the chambers 

either cumulatively (acetylcholine (ACh), sodium nitroprusside (SNP)) or as a single dose 

(phenylephrine (PE), KCl, angiotensin I [Ang I]). The concentrations henceforth are the final 

concentrations in the organ chamber. The rings were equilibrated for 20–30 min between 

different experiments and washed two or three times with Krebs solution. After the initial 

equilibration period, arterial rings were exposed to a high-K+-containing Krebs solution (60 

mM) until reproducible contractile responses were obtained. The high-K+ solution was 

prepared by equimolar substitution of NaCl by KCl. Thereafter, arteries were pre-contracted 

with 1 µM PE, and the relaxation to 1 µM ACh was determined to check the presence of 

functional endothelium. 

 

Endothelium-dependent relaxation of the mesenteric arteries was studied by pre-contracting 

the arterial rings with 1 µM PE and constructing a concentration-response curve to ACh (1 

nM–10 µM) in the absence of inhibitors and in the presence of: (1) cyclo-oxygenase (COX) 

inhibitor diclofenac (3 µM); (2) nitric oxide synthase (NOS) inhibitor NG-nitro-L-arginine 

(L-NAME; 100 μM) (only study II), (4) diclofenac and L-NAME, (4) diclofenac, L-NAME, 
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apamin (0.1 µM) and 1-[(2-chlorophenyl)-diphenylmethyl]-1H-pyrazole (TRAM-34) (1 

µM), inhibitors of small- and intermediate-conductance Ca-activated K channels, SKCa and 

IKCa, respectively. Arterial rings were exposed to different inhibitors 20 min before the PE 

pre-contraction. 

 

Endothelium-independent relaxation of the mesenteric arteries was assessed by pre-

contracting the arteries with 1 µM PE and constructing a concentration–response curve to 

SNP (1 nM–10 µM in study I, 1 nM-0.1 µM in study II). In study II, the contractile response 

to Ang I (0.1 μM) was studied at the end of the experimental protocol. ACh- and SNP-

induced relaxations are calculated as the percentage of PE-induced (1 µM) pre-contraction. 

The vascular contractile responses are expressed in grams. 

 

5.2.4. Compounds 

 

Acetylcholine chloride, diclofenac sodium salt, L-NAME, (R)-(2)-phenylephrine 

hydrochloride, SNP and TRAM-34 were purchased from Sigma-Aldrich (St Louis, MO, 

USA). Apamin was from Latoxan (Valence, France). Apamin and diclofenac were dissolved 

in distilled water and TRAM-34 in dimethyl sulfoxide, while all the other compounds were 

dissolved in Krebs solution. 

 

5.2.5. Statistical analysis 

 

All data are presented as means ± SEMs. Statistical analyses were performed using GraphPad 

Prism software (La Jolla, Calif, version 4.02). One-way analysis of variance (ANOVA) 

followed by Bonferroni multiple comparison test was used to compare groups. When the data 

consisted of repeated observations at successive drug concentrations, ANOVA for repeated 
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measurements was applied to investigate between-group differences. Differences were 

considered significant when P < 0.05. 

 

5.2.6. RNA isolation, cDNA preparation and hybridisation and microarray data analysis 

(study I) 

 

The GeneChip® Rat Gene 1.0 ST Array (Affymetrix, Santa Clara, CA, USA) was applied to 

produce DNA microarray gene chips from aortic samples of studied rats (n 3 per group). 

Frozen aortic samples were homogenised and total RNA was prepared by TRIzol® 

(Invitrogen, Carlsbad, CA, USA) and purified using an RNeasy Mini Kit (Qiagen). Total was 

measured by a NanoDrop® Spectrophotometer (NanoDrop Technologies Inc., Wilmington, 

DE, USA) and sample quality was assessed by an Agilent 2100 Bioanalyzer (Agilent 

Technologies Inc., Santa Clara, CA, USA). A quantity of 100 ng of total RNA was used to 

generate single-stranded cDNA by the Ambion® WT Expression Kit (Applied Biosystems, 

Austin, TX, USA). Thereafter, the Gene Chip WT Terminal Labeling Kit (Affymetrix) was 

used for sample fragmentation, labelling and hybridisation for cartridge arrays. Arrays were 

washed, stained and scanned according to the manufacturer’s instructions on the GeneChip® 

Rat Gene 1.0 ST Array (Affymetrix) covering over 27 000 genes. 

 

The data analysis was done using Anduril (Ovaska et al. 2010). Data were normalised with 

the robust multichip average (RMA) method (Irizarry et al. 2003). The median value of three 

sample replicates was used to calculate differentially expressed genes. P values were 

produced by two-sided Student’s t tests. P values were corrected for multiple hypotheses by 

the false discovery rate method (Benjamini and Hochberg 1995). Pathway analysis was 

performed using signalling pathway impact analysis, which combines enrichment and 

pathway perturbation analysis (Tarca et al. 2009). Enrichment analysis counts the amount of 

differentially expressed genes in a given pathway. Perturbation analysis captures the 

topology of the pathway and the position of the gene in that pathway. Differentially expressed 
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genes, where the fold change (fc) was ˂ 0.833 or ˃ 1.2 and P ˂  0.05, were included in the 

signalling pathway impact analysis. 

 

5.2.7. RNA and complementary DNA preparation, real-time polymerase chain reaction 

(study II) 

 

Aortic tissue was homogenized with Precellys 24 (Bertin Technologies, Montigny le 

Bretonneux, France), and RNA was extracted with TRIzol Reagent (Invitrogen, Paisley, 

Scotland, UK) according to the manufacturers' instructions. RNA was treated with DNA-free 

Kit (Ambion, Austin, Texas) to remove genomic DNA contamination. Complementary DNA 

was synthesized from 1.5 μg of RNA by reverse transcription with SuperScript VILO cDNA 

Synthesis Kit (Applied Biosystems, Foster City, California). 

 

Expressions of the genes were measured by real-time polymerase chain reaction (PCR). 

Primers were designed using National Center for Biotechnology Information/Primer-BLAST 

(Basic Local Alignment Search Tool) and optimized to have efficacy of 90% to 110%. 

Primers and their concentrations were as follows: endothelial NOS (eNOS) forward primer 

(200 nM) 5′-CGGCCTGAGCAGCACAAGAGTTA-3′, reverse primer (300 nM) 5′-

GCAAAGGCACAGAAGTGCGGG-3′; cyclooxygenase-2 (COX-2) forward primer (100 

nM) 5′-TTCTCTACAACAACTCCATCCT-3′, reverse primer (100 nM) 5′-

CAGCAATCTGTCTGGTGAAT-3′; angiotensin-converting enzyme (ACE) forward primer 

(200 nM) 5′-GGAGCAGAATCAGCGGAATG-3′, reverse primer (100 nM) 5′-

CACGAACCTGTTAGCCTTGG-3′; P-selectin forward primer (200 nM) 5′-

ACAAGGCAGCTTGGACTGCTCT-3′, reverse primer (100 nM) 5′-

TGTTACACCTTTGCAGGTTGGTGG-3′; and as a normalizing gene B2M forward primer 

(100 nM) 5′-TCACACCCACCGAGACCGATGT- 3′, reverse primer (100 nM) 5′- 

TCTCGGTCCCAGGTGACGGTTT-3′. Brilliant SYBR Green QPCR Master Mix (Agilent 

Technologies, Foster City, California) was used as a reaction mix according to the 

instructions in a Stratagene Mx3005P real-time PCR system. Volume of the PCR reaction 

was 20 μL, and each sample was run in triplicates. Amplification conditions in real-time PCR 
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were as follows: 10 minutes 95°C; 40 × 30 seconds 95°C, 1 minute 60°C; and 1 minute 95°C, 

30 seconds 60°C, 30 seconds 95°C. Specificity of the products was evaluated with 

meltingcurve analysis. The relative messenger RNA (mRNA) expressions were calculated 

using 2−ΔΔ-Ct method. 

 

5.3. Results 

 

In the study I, the main finding was that active milk decreased SBP by 16 mmHg compared 

with water (178 ± 3 mmHg vs 195 ± 3 mmHg; P < 0.001) after 6-weeks’ treatment. Milk also 

had an antihypertensive effect. Active milk improved mesenteric artery endothelial 

dysfunction by NO-dependent and endothelium-derived hyperpolarising factor-dependent 

mechanisms. Treatment with active milk caused mild changes in aortic gene expression; 

twenty-seven genes were up-regulated and eighty-two down-regulated. Using the criteria for 

fold change (fc) < 0.833 or > 1.2 and P<0.05, the most affected (down-regulated) signalling 

pathways were hedgehog, chemokine and leucocyte transendothelial migration pathways. 

ACE expression was also slightly decreased (fc 0.86; P=0.047). 

 

In the study II, long-term treatment with PS + tripeptides attenuated the development of 

hypertension in SHR (SBP, 187 ± 5 mmHg vs 169 ± 4 mmHg in control group; P < 0.01). 

Plant sterols alone did not affect SBP significantly. Endothelial dysfunction was observed in 

all SHR; however, treatment with PS resulted in poorer endothelium-dependent and nitric 

oxide–mediated relaxation compared with other groups. Aortic cyclooxygenase-2 and P-

selectin were significantly down-regulated in PS and PS + tripeptides groups when compared 

with the control group. The expression of endothelial nitric oxide synthase was significantly 
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lower in PS than in PS + tripeptides group, but no differences in ACE mRNA expression 

were found. 

 

5.4. Discussion 

 

Study I concentrated on investigating the long-term effects of a fermented milk product 

containing tripeptides and plant sterols (active milk) on blood pressure, vascular tone and 

aortic gene expression in SHR with already established hypertension. Study II aimed at 

investigating how long-term treatment of young SHR with fermented milk products 

containing PS with or without casein-derived tripeptides affects the development of 

hypertension, endothelial dysfunction, and expression of genes that are linked to 

hypertension and inflammation. The hypothesis was that PS and tripeptides could have 

positive, synergistic effects on the development of hypertension and endothelial dysfunction 

in young SHR. In the study I, the main finding, not previously described, was that the long-

term treatment with active milk decreases the SBP of SHR with established hypertension. In 

addition, endothelial function is significantly ameliorated by active milk involving both NO- 

and EDHF-mediated mechanisms. In the study II, the main finding was that long-term 

treatment with PS and tripeptides attenuated the development of hypertension, but PS alone 

had only a slight and non-significant antihypertensive effect. The study also showed that PS 

alone do not provide any beneficial effects on the endothelial function of SHR; however, a 

combination of PS and tripeptides provided mild anti-inflammatory effects. 

 

Interestingly, milk, as such, also decreased blood pressure of the rats in the study I, although 

not to the same extent as the active milk containing tripeptides and plant sterols. An inverse 

association with milk consumption and blood pressure has been shown in several intervention 

studies in humans (Toledo et al. 2009, Hilary Green et al. 2000, Buonopane et al. 1992, van 

Beresteijn et al. 1990). Milk is rich in minerals (calcium, potassium), which may also 

contribute to the antihypertensive effect but it can also be speculated that during the 

fermentation process of the milk, some other, still unknown antihypertensive peptide 

sequences are cleaved from the milk protein. Although plant sterols and stanols effectively 
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lower LDL cholesterol in humans, they do not seem to decrease blood pressure (Hallikainen 

et al. 2006, Derdemezis et al. 2010). However, they might cause indirect, long-term effects 

on blood pressure, as has been observed with intensive cholesterol reduction by statins 

(Glorioso et al. 1999, Ferrier et al. 2002). In the study II, plant sterols combined with 

tripeptides significantly attenuated the development of hypertension in SHR but plant sterols 

alone produced only a minor attenuating effect on the blood pressure of the rats when 

compared with the control group. The mineral content of the study products did not explain 

the observed effect because the products did not differ in the content of calcium and 

potassium. In the future, more extensive studies containing several groups with varying doses 

of plant sterols and / or tripeptides in combination and alone might give more insight into 

this area. 

 

5.5. Conclusions 

 

The present studies focused on investigating effects of milk-derived bioactive tripeptides and 

plant sterols on blood pressure and vascular function. Food-derived substances were studied 

by using pre-clinical animal models, standard pharmacological methods and gene expression 

analysis. Similar methods are used to study effects of drugs and potential drug candidates 

before they enter clinical trial phases. However, there are some aspects which should be taken 

into account when studying food-derived substances. Drugs are normally available in 

purified format and with detailed specifications but this might not always be with food-

derived substances, or, their stability cannot be fully ensured. When animals are given food-

based study products for a longer time, it can be difficult to estimate the actual amount of 

received product or substance, as the food or drink intake might vary from animal to animal 

or from day to day. 

 

In studies involving food-derived substances, choosing the correct control product can also 

be a challenge. The animals should be given as similar control product as possible but what 

comes to milk-based products, for example, already the control product without the studied 

substance might have an impact on parameters under investigation. The present studies did 
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not either include any drug substance as a positive control – having an ACE-inhibitor, such 

as captopril or enalapril as one study arm might have provided further understanding of the 

extent of beneficial effects of tripeptides on blood pressure and vascular function. 

 

Bioavailability and possible mechanism of action of food-derived substances are also 

important aspects to be taken account when assessing results from these kind of studies. 

Conventional drug molecules are normally smaller in size than e.g. peptides and sterols. 

Thus, absorption might be a limiting step for food-derived substances – however, what comes 

to tripeptides, it has been earlier shown that at least Ile-Pro-Pro can reach blood circulation 

undegraded in humans (Foltz et al. 2007). It has also been previously discussed that one of 

the reasons why the antihypertensive effect of tripeptides is observed later than what is seen 

with antihypertensive drugs, is related to slower absorption. In line with the previous 

findings, the current studies showed that antihypertensive effect of tripeptides comes via 

renin-angiotensin system, but the effect is milder than what it is with antihypertensive drugs. 

However, it may not be even necessary for food-derived products to decrease blood pressure 

to the same extent antihypertensive drugs do, as they in general are supposed to be used as 

part of normal diet in situations where intense blood pressure decrease may not yet be 

required. Functional foods are thus a good alternative for subjects who do not yet implicitly 

need drug treatment and can still try to improve their health status with lifestyle changes 

(nutrition, exercise, stress management etc). 

 

Health claim regulations set by authorities make it impossible for companies manufacturing 

functional foods to market their products with specific claims unless there is sufficient 

scientific evidence to support a beneficial or preventive effect on human health. This often 

means that companies should be able to conduct fairly large clinical trials to collect enough 

data to support the approval of the claim in question. As the effects of food-derived products 

are not generally that intense as with drugs, the number of clinical trial subjects needed to 

show a certain effect should be high as well as the “treatment” time long. This may at least 

partly explain why fairly low number of health claims has actually been approved since the 

new regulation came effective. As of Jan2022, EU Register on Nutrition and Health Claims 
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includes approximately 2300 health claim applications but only 266 of the applications have 

received authorization. This includes both article 13(1), article 13(5), article 14(1)(a) and 

article 14(1)(b) claims. Compared to drug approval process, where clinical trials are a 

mandatory part of the approval process (at least for totally new drug molecules), placing new 

food products in the market has not traditionally involved any clinical trials. Therefore for 

many food companies, the universe of clinical trials might be totally new and requires 

investments and know-how. 

 

Taken together, there are some similarities between functional foods and drugs what comes 

to approval processes, research and effects on blood pressure, for example, but it is important 

to be clear on what is expected from the “treatment” and in what circumstances the food or 

drug is used. For all functional foods, even if the food would have received an approved 

health claim, it should be clearly noted that it cannot be used to replace drug treatment in 

severe health conditions. However, as also unnecessary drug use should also be avoided, it 

would be good to identify those situations in which functional foods, together with other 

lifestyle changes, could be an useful option before drug treatment is initiated. 
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