Novel introduction of recipe engineered omega-3 food lipids in cosmetic formulations for better and safer health
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“Leave your drugs in the Chemist’s pot. If you can heal the patient with food” 

Hippocrates, the Father of Medicine.

Heart, brain and skin are the three major organs, which should be kept in the best health. Skin is the largest remarkable organ of the human body performing several important functions. Each square centimetre of skin has 6 million cells of which each cell has a plasma membrane composed of phospholipids. Dietary lipids are capable to influence the fatty acids composition of these membrane phospholipids and therefore can play a major role in the different mechanisms within the body like the immune response. 
Tracing back to the historical volume 82 of the Journal of Biological Chemistry clearly revealed two opposing views developed by McAmis and co-workers and Dr and Mrs Burr in which essentiality of omega-6 and omega-3 fatty acids were discussed. The high impact of linoleic acid, so-called omega-6 essential fatty acid saw blatant growth in the minds of scientists and technologists leading to over consumption of linoleic acid containing products. Not much attention was paid to the findings of McAmis and co-workers.

The nomenclature omega 6 or n-6 and omega 3 or n-3 fatty acids is related to the position of the first unsaturation in the fatty acid chain relative to the methyl end. In case of linoleic acid, it lies at the sixth carbon and as regards linolenic acid it lies at the third carbon atom from the methyl end of the molecule. Thus linoleic acid is termed omega 6 (or n-6) and linolenic acid is called omega 3 (or n-3) fatty acid. In fact, any fatty acid with similar positioning of the first double bond (6th or 3rd carbon) is termed accordingly (n-6 or n-3).   

Oils rich in polyunsaturated fatty acids (PUFAs) have been acknowledged to have great health benefits. For the last three decades, human nutrition research has been heavily focused on establishing the beneficial aspects of PUFA oils on human physiological functions and huge volumes have been written.

The essential PUFAs of the omega-3 and omega-6 families are the precursors of prostanoids and eicosanoids of a variety of structures and functions. Fish oils and other marine oils are rich in long chain polyunsaturated omega-3 fatty acids (LCPUFA) such as eicosapentanoic acid (EPA) and docosahexanoic acid (DHA) and have antiatherosclerotic and hypotriglyceridemic effects. It has been stated that omega-3 fatty acids have a direct effect on the heart muscle itself, increase the blood flow, decrease in arrhythmias, improve the arterial compliance and influence other cellular processes that are associated with heart functions. Marine oils may also retard atherogenesis through their effects on platelet function and platelet-endothelial interactions. 

Linoleic acid and (-linolenic acid (ALA) are converted to other long chain omega-6 and omega-3 fatty acids by metabolic pathways in mammals through enzymatic catalysis as shown below (Figure 1).
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Figure 1. Metabolic pathways of essential fatty acids

Yet mammals cannot synthesise these essential fatty acids in vivo and are thus dependant on external sources. (-linolenic acid is found in plants, phytoplankton, zooplankton and many marine species. In plants, (-linolenic acid is found in glycolipids in leaves while oils from seeds like flax, blackcurrant, rape, perilla and chia contain moderate to high amounts of (-linolenic acid (Figure 2). Soybeans, navy beans and walnuts are also sources of (-linolenic acid. Some sources of essential fatty acids in vegetables are shown in Table 1.  

Table1. Essential fatty acids in vegetable (% of total fatty acids)

	
	Linoleic acid (C18:2, omega-6) 
	(-Linolenic acid (C18:3 omega 3)

	Leafy vegetables:

	Romaine lettuce
	19.6
	51.9

	Iceberg lettuce
	41.6
	26.6

	Spinach
	10.7
	49.7

	Chicory 
	18.2
	54.7

	Crucifere vegetables:

	Broccoli
	16.4
	45.1

	Brussels sprouts
	21.4
	47.0

	Cabbage
	23.3
	37.2

	Legumes

	Peas
	51.1
	10.1

	Green beans
	24.2
	42.1

	Wax beans
	26.6
	38.7
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Figure 2. Principal fatty acids of vegetable oils rich in ALA

In modern western society, human diet is basically made up of wheat, maize, rice and a variety of pre-cooked or industrially fried food leading to relative deficiency of omega-3 polyunsaturated fatty acids compared with those of omega-6 ones. Coupled with lack of exercise, the huge intake of hydrogenated oils (and trans fatty acids there from) from various sources also significantly contributes to deterioration of human health. This imbalance of essential fatty acids, is worsened by consumption of meat from intensively reared farm animals who are fed with grain, relatively rich in omega-6 PUFA rather than with wild plants with a high omega-3 PUFA content. Even farmed fish contain lower amounts of omega-3 PUFA than those living wild. Overall, the ratio of omega-6/omega-3 PUFA in the modern diet is as high as 20-25:1 instead of the ideal ratio of 1:1. 

The harsh chemical and thermal treatment during the food processing steps also destroys the natural antioxidants and other micro-nutrients that are vital for basic human physiological functions. To replenish the deficiency of essential fatty acids, it is often recommended to have frequent fish diets. However Table 2 shows that a substantial amount of calories and cholesterol can also be acquired in the process. A comparison of weights of fish, with cholesterol and calories necessary to provide one gram of EPA + DHA with a typical fish oil concentrate is shown in Table 2. 

 Table 2. 

	Diet component
	gms consumed per 1 gm of EPA + DHA
	Cholesterol (mg)
	Calories

	Cod fillet
	500
	185
	410

	Flounder (fried)
	500
	230
	1070

	Salmon (steamed)
	100
	74
	199

	Trout (steamed)
	200
	114
	262

	Crab (boiled)
	250
	195
	317

	Shrimp (boiled)
	500
	640
	570


Though the awareness of the need for a nutritionally balanced diet is slowly emerging, many people consider taking encapsulated products and other dietary supplementation forms to be the easiest and quickest way to compensate bad eating habits. Yet such encapsulated outlets may have a dark side. 

Encapsulated health food oils such as fish oils are readily available in health food stores, pharmacies and super markets. They are highly popular in USA as well as in European countries. However, such oil, because of their high degree of unsaturation, are easily oxidised and form complex mixtures of high molecular weight oxidation products. Autoxidation is a natural process involving free radicals between molecular oxygen and the unsaturated fatty acids of oils. High performance size exclusion chromatography (HPSEC) had revealed that, many of the fish oil capsules contain 1-10% dimeric triacylglycerols and one was reported to contain 6.3% trimeric triacylglycerols and 3.1% oligomeric triacylglycerols and a total of 36.3% polar materials. We have also found very high peroxide and Anisidine values in various capsules available in the world market.

The return of omega 3 fatty acids into the food supply

Omega-3 fatty acids must be incorporated into foods and cosmetics rather than be used solely as dietary supplement, which is a quasi-pharmaceutical approach. 

International Cosmetic Science Centre ApS, Denmark has developed a cosmeceutical oil blend, Danomega-3, from cold pressed vegetable oils which has an omega-6/omega-3 ratio less than 1. It has a very high (-linolenic acid content and can be extensively used for cosmeceuticals. 

Due to the propensity of autoxidation for oils rich in polyunsaturated fatty acids, Danomega-3 has been internally stabilised with natural rosemary extracts. Oil stability index (OSI) was determined as a tool to judge oxidation stability. The instrument chosen for determining OSI was Rancimat 679 from Metrohm Ltd, Switzerland. The principle of Rancimat analysis depends on the measurement of increase of electrical conductivity by the volatile carboxylic acids generated in the oxidising oil sample. The data obtained, the induction period (IP) from the Rancimat test were plotted as a function of time to obtain bar diagrams (Figure 3) which show the increase of oxidative stability relative to the control sample. 
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Figure 3

Figure 3 shows a marked improvement in oxidative stability of Danomega-3 compared to omega-3 oil (used as control) which is the same blend as Danomega-3 but without any antioxidants. The mixture of diterpene alcohols present in Rosemary extracts act as natural antioxidants and prevents oxidation. The main antioxidative effect of Rosemary extracts come from three phenolic compounds namely, carnosic acid, carnosol and rosmarinic acid of which over 90% of the antioxidant activity is from carnosic acid and carnosol. The oxygenation of the free radical from the fatty acid of the lipid to form the lipid peroxyl radical is very rapid. Carnosic acid and carnosol, the main active ingredients of rosemary extracts are effective radical scavengers for peroxyl radicals, the primary product of autoxidation and interrupts the propagation steps. In turn they form antioxidant radicals of very low activity inactivating any further reaction with lipids. It has been shown that the molecules of carnosol and the radicals generated from them participate in the reactions of chain initiation and propagation to a much lower degree compared to most natural and synthetic antioxidants.

Rosemary extracts have also been reported to have antimicrobial, antiviral, antimutagenic, antioxidants-aging and anticarcenogenic activities.

Danomega-3 can be successfully used in following products:

· General skin conditioning body lotions and creams

· Night Cream

· Dry and sensitive skin cream

· Winter sport cream

· Day cream

· Anti-wrinkle products

Special features Danomega-3 are described below:

· Obtained from vegetable sources

· The oils used are extracted by mechanical means using principles of “Greener Technology” and are thus solvent free

· Extremely low ratio of omega-3 and omega-3 fatty acids, approx. 0.5

· Use of natural herb extracts, provides various physiological benefits

· Very high oxidative stability

The flooding of the skincare market with synthetics and chemicals can be controlled by the use of Danomega-3 containing Rosemary extracts. Danomega-3 has a number of additional benefits for formulators such as:

· Shifts the balance of pro-inflammatory to anti-inflammatory compounds avoiding   

      steroids.

· Prolonged shelf life of the cosmetic products they are used in.

· Stronger antioxidant properties compared to natural tocopherols.

· Strong antimicrobial properties, which can reduce the amount of chemical preservatives in the final formulation of the skincare product.

· Strong anti-inflammatory, anti sunburn and anti-aging properties.

· No need to add antioxidants in the formulation of the cosmetic product.

· Adds a more ‘natural’ label to the product.

Other omega-3 food lipids

Fruits and vegetables contain myriad of phytochemicals that act as protecting agents against major diseases and disorders of the cardiovascular, digestive and endocrine systems, their protective role is much less known in cosmeceutical world. 

Berries are excellent source of natural antioxidants and essential fatty acids. Cold pressed marionberry, boysenberry, red raspberry, black raspberry, blueberry, gooseberry provide both linoleic and linolenic acid together with strong natural antioxidants. These oils are extremely stable providing OSI values ranging from 20-50 hours.

“Let Food be thy medicine and medicine by thy food” 

Hippocrates 

The Natural Management of pain and inflammation

Inflammation is defined as a localised reaction of tissue to irritation, injury or infection. Its symptoms include pain, swelling, redness and sometimes loss of movement or function. It is sometimes through as the painful component of arthritis. It is when inflammation becomes excessive or uncontrolled that we may begin to see delayed healing or chronic inflammatory conditions.

It is an established fact that common western high fat, high sugar diet is likely to increase inflammation while a healthy low fat, protein sources and combined with fruits, vegetables and greens may help decrease inflammation.

How to manage inflammation?

· Eicosanoids balance

· Herbs and spices

· Proteolytic enzymes

· Bioflavonoids

Eicosanoids

The effects of dietary lipids are related more to their quality i.e. the degree of their saturation or unsaturation. For example, in animal studies omega-6 family of polyunsaturated fatty acids causes a great suppression of immune response. In addition, excessive omega-6 eicosanoid signalling has been associated with numerous inflammatory disorders, arthritis, asthma and cancer proliferation. These alterations are largely responsible for changes in immune function, through either influences on membrane-bound enzyme activity or the availability of fatty acid precursors of immune-modelling eicosanoids e.g. the omega-6 fatty acids are precursors to the 1- and 2-series prostaglandins and leukotrienes of 3- and 4-series. The omega-3 fatty acids are the precursors to the 3-series prostaglandins and leukotrienes of 5-series (Figure 1). The omega-6-induced leukotrience B4 is powerful inducer of inflammation and leukocyte chemotaxis and adherence, while the omega-3-induced leukotriene B5 is anti-inflammatory. Since skin absorbs and uses nutrients applied topically, the dietary lipids can also be applied topically. Instead of producing soaps and lotions containing synthetic chemicals, which at best the skin has no use for and at worst can be irritating and toxic, the cosmetic products should contain omega-3 fatty acids. 

Since omega-3 fatty acids are extremely prone to oxidation thus it is important to protect these with strong antioxidants as is achieved through our internal stabilisation techniques.

Herbal Management

The abundance of phytochemicals found within plant Kingdom provide a hidden range of activity yet to be explored to the fullest. Some of these are reported to demonstrate pain and inflammation reducing properties. These are presumed to work through blocking the cyclooxygenase and lipoxygenase pathways (figure 1) and possibly by other mechanisms as well. Modern research suggests that bioflavonoids, such as quercetin present in apples and red onions may confer pain and inflammation reducing activity by inhibiting cyclooxygenase, lipoxygenase and phospholipase activities. 

The anti-inflammatory properties of curcumin

The principal compound found in the oleoresin of turmeric is widely studied. This yellow coloured phenolic pigment provides a wide spectrum of therapeutic effects such as anti-inflammatory, antibacterial, antiviral, antifungal, antitumor, antispasmodic and hepatoprotective. Recently its potential utility in autoimmune deficiency syndrome (AIDS) has been demonstrated. 

The activation of nuclear transcription factor KB has now been linked with a variety of  inflammatory diseases. Extensive research has unfolded the mystery of interruption of the pathway that activates this transcription factor through phytchemicals derived from spices such as turmeric (curcumin), red pepper (capsaicin), cloves (eugenol), ginger (gingerol), cumin, anise and fennel (anethol), basil and rosemary (ursolic acid), garlic (diallyl sulphide, s-allylmercaptocysteine, ajoene) and pomegranate (ellagic acid).

Proteolytic Enzymes

Proteolytic enzymes play a major role in subsiding pain and inflammation through eicosanoid modulation. These are derived from plant and animal sources. Common proteases include bromelain from pineapple; papain and chymopapain from papaya; the fungal protease from the Aspergillus oryzae fungi; and trypsin, chymotrypsin, and pancreatin usually from procine (pig) or bovine (cow) origin. However, porcine sources provide higher specific activity than do bovine sources.

Natural antioxidants

Inflammation always results in an increase of free radical production and these free radicals react with polyunsaturated fatty acids of cell membranes leading to the eventual destruction of the cell thus during inflammation the need for a variety of antioxidant nutrients may be increased. Some animal studies suggest that a deficiency of vitamin E may lead to a significant increase in arachidonic acid metabolites. 

Thus an enhanced level of natural antioxidants is necessary to modulate the mechanisms of inflammation and thus providing safety of cell membranes.

Conclusions and future prospectives

This paper provides food for thought in manipulating cyclooxygenase and lipoxygenase pathways to design cosmeceuticals with naturals for better and safer health. 

In order to develop the genius cosmetic products, which have the high-valued properties like high Sun protection factor (SPF), antiageing, antiwrinkle, anti-inflammatory, antimicrobial, anti-oxidative, anti-fungal we have to develop cosmetic formulations marching towards the nature. In these formulations omega-3 fatty acids plays a major role. In addition to omega-3 fatty acids, more attention has to be paid to spices in cosmetic formulation, since most agents derived from spices have antioxidant and anti-inflammatory properties e.g curcumin, the active ingredient in turmeric powder, has wound healing properties and also has been shown to decrease psoriasis and cancer. Therefore the clear agenda for the future cosmetic chemists should be to make skin care formulation with naturals and we should learn to use the diversity of complex natural lipids, herbs and spices and their offering to beautify the world of cosmetics.  

Recently Dow Corning a global leader in silicon-based technology and innovation has entered an alliance with International Cosmetic Science Centre ApS to offer high quality natural ingredients to the cosmetic industry.
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