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ABSTRAKT 
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Školitel: Doc. PharmDr. Kateřina Vávrová, Ph.D 

   Dr. Charles M. Heard, Ph.D. 

Název diplomové práce:  Protizánětlivé vlastnosti krémů na bázi extraktu z granátových  

        jablek a jejich průnik do kůže. 

 
Zánětlivé onemocnění kůže představuje pro postižené osoby nepříjemnou životní 

zkušenost. Na tom se mnohdy bohužel podílejí také nežádoucí účinky v současnosti 
nejpoužívanějších léčiv na kožní onemocnění – topicky aplikovaných kortikoidů. Nejspíše proto 
v posledních letech pozorujeme zvýšený nárůst obliby přírodních produktů. Mezi tyto skryté a 
znovu nalezené poklady bezesporu patří i granátové jablko, využívané po tisíciletí a nyní opět 
popularizované pro své antioxidační, protizánětlivé a protirakovinné účinky. 

V této práci jsme se zabývali formulací krémů, obsahujících Emulzifikující mast B. P., 
15%  w/w jako základ, v kombinaci s různými oleji, s důrazem především na oleje ze semen 
granátových jablek (PSO), jedním vyrobeným a jedním zakoupeným, o obsahu 15%  w/w 
v olejových fázích. Vodná fáze obsahující extrakt ze slupky granátových jablek (PRE) tvořila 
70%  w/w. Tyto krémy byly dále zkoušeny na schopnost penetrace kůží ex vivo, za použití kůže 
z vepřových uší, umístěných ve Franzových difuzních celách, na vodní lázni při 37°C, po dobu 
24 h s aplikovaným množstvím 50 mg krému. Z takto ošetřené kůže byly odebrány vzorky 
metodou tape stripping, které byly následně analyzovány pomocí HPLC. Analýza vzorků 
prokázala koncentrace punikalaginů α a β (hlavních účinných komponent PRE) v rozmezí 0.1-
1.0% celkového aplikovaného množství, napříč všemi vrstvami epidermis. 

Schopnost potlačit zánět byla testována analýzou hladin prozánětlivých markerů v kůži, 
enzymu cyclooxygenázy-2 a prostaglandinu E2. 

Exprimace cyklooxygenázy-2 byla testována v kožních lyzátech metodou obecně 
známou jako „Western blotting“, množství přítomného prostaglandinu E2 bylo hodnoceno 
pomocí kapalinové chromatografie - tandemové hmotnostní spekrometrie. 

Ani v jednou z experimentů nebylo dosaženo statisticky významných rozdílů mezi 
kontrolou a vzorkem (p˃0.05). Po určené době aplikace (18, 21, 24 h) nebylo v analyzovaných 
tkáních přítomno dostatečné množství punikalaginů pro projevení jejich farmakologických 
vlastností, z čehož plyne, že protizánětlivé vlastnosti připravených PRE krémů nebyly 
prokázány. Ztráta punikalaginů (popř. jiných aktivních látek) může být vysvětlena buďto 
rozkladem jejich molekul, špatnou schopností průniku do kůže neuvolněním se z vehikula 
(vyšší afinita k emulzním přípravkům), anebo naopak vysokou rychlostí permeace vrstvami 
kůže přímo do receptorové fáze. 
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To affected people, inflammatory skin diseases mean an unpleasant life experience. 
Unfortunately, side effects of currently the most widely used drugs for skin diseases - topically 
applied corticosteroids, are also often involved. That is probably why we can see a growth in the 
popularity of natural products in recent years. Among these hidden and newfound treasures 
undoubtedly belongs pomegranate, a fruit used for thousands of years and now again 
popularized for its antioxidant, anti-inflammatory and anticancer properties. 

In this study, we formulated creams consisting of Emulsifying ointment BP 15% w/w as 
an excipient in combination with various oils, with a focus on pomegranate seed oils (PSO, 
manufactured one and bought one), constituting 15% w/w. The aqueous phase containing 
pomegranate rind extract (PRE) made 70% w/w. These creams were subsequently tested for the 
ability of skin penetration ex vivo on the skin from porcine ears mounted on Franz diffusion 
cells, placed in a water bath at 37 ° C for 24 hours with 50 mg of cream applied. From such 
treated skin, samples were collected by tape stripping, and the analysis was performed using 
HPLC. Chromatograms of the samples showed concentration about 0.1-1.0% of total amount of 
punicalagins, the major active components of PRE, through all layers of the epidermis. 

The ability to suppress inflammation was tested by the analysis of levels of pro-
inflammatory markers in the skin, the enzyme cyclooxygenase-2 and prostaglandin E2. 

Expression of cyclooxygenase-2 was studied in skin lysates by the method generally 
known as “Western blotting” and the amount of prostaglandin E2 was evaluated by liquid 
chromatography - tandem mass spectrometry. 

In none of the experiments statistically significant differences between controls and 
samples (p˃0.05) were achieved. After the time of application (18, 21, 24 h) in analysed tissues 
sufficient quantities of punicalagins for exhibiting their pharmacological properties were not 
presented. We can conclude that none of the PRE-based cream proved any anti-inflammatory 
properties. The loss of punicalagins (or others active substances) can be explained either by 
decomposition of the molecules, a poor ability to penetrate into the skin by not releasing from 
the vehicle (higher affinity for the emulsion formulations), or, on the contrary, high rate of 
permeation through the skin straight to the receptor phase. 
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1 INTRODUCTION AND AIMS OF THE 

STUDY  

Inflammatory skin diseases mean to the affected population directly twofold 

problem. Not only is it limited experience in full life by the very fact that it is a health 

issue as such, in addition, the aesthetic aspect is joined. The skin covers the whole body, 

it can be said that in a way it defines it. It shapes a person visually, this is the first what 

comes into contact with our surroundings, whether that is just what we feel through the 

skin and the sensory cells, or how we are perceived by living beings around us, our 

appearance, our exterior.  

Mainstream drugs in skin problems are currently corticosteroids, especially 

those applied topically, mostly in the form of ointments, creams, gels or solutions. Their 

strong anti-inflammatory effect is also redeemed by negligible side effects. That 

likewise undoubtedly reinforces this for quite some time observed trend of returning to 

natural resources, which are generally considered by the public as safer and therefore 

more popular than the products of the chemical industry. Being this perception not 

always rational is not substantial for the moment. Even medicinal plants contain 

chemical molecules with different pharmacological effects not only on humans, but 

other species, and these effects vary sometimes even within closely homogeneous 

groups of probands - from individual to individual. Therefore, it is not easy to develop a 

safe and effective drug that would work for "all" patients affected by the disease. Hence 

the return to the nature, presumably. Medications are searched for in the traditional 

cultures of the East and indigenous tribes inhabiting wild and less explored parts of the 

Earth for now. 

Such fruit with a thousand-year tradition is certainly a pomegranate. In recent 

years, the research of its pharmacological properties has made great progress, its 

traditional use has been scientifically substantiated, supported, active substances have 

been identified and pomegranate (Pg) has slowly become a hit so far in the field of 

nutrition, food supplements and cosmetics. So why not to explore the other, whether 

expected or unexpected, possibilities? Why not to try to formulate topical application 

forms of pomegranate and test its anti-inflammatory effects on the skin? 
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Most of the articles relating to the anti-inflammatory action of Pg, spoke about 

the oral administration of either juice or Pomegranate Rind Extract (PRE) and yielded 

very encouraging results. Even the application on the skin of animal models showed 

anti-inflammatory properties of PRE. Therefore, we decided to incorporate PRE to a 

cream - a very popular dosage form among patients, and to test its ability to penetrate 

into the skin and inhibit cyclooxygenase 2, and prostaglandin E2, both markers of 

inflammation. 

The aim of this thesis was to formulate a stable semi-solid dosage form - 

emulsion containing PRE in its aqueous phase and different kinds of biologically active 

and inactive oils in the lipid phase, mainly focused on Pomegranate Seed Oil – PSO, 

also exhibiting potential anti-inflammatory properties. The next task was to determine 

the quality of penetration of the formulations into the skin using Franz Diffusion Cells 

(FDC) and tape stripping (TS) ex vivo methods, and verification of their anti-

inflammatory effects analysing markers of inflammation (COX-2 and prostaglandin 

PGE2, its metabolite) using western blotting (WB) and LS-MS-MS methods. 
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2 GENERAL OVERVIEW  

2.1 Why pomegranates? 

Pomegranate is a mysterious fruit, known for many centuries and used for 

treatment of variety of disorders since ancient times. For its curing potential, it has been 

a subject of plenty of studies nowadays and its antioxidant, anti-inflammatory and 

anticancerogenic properties have been proven in several experiments. (Schubert, et al., 

1999) (Banerjee, et al., 2012) (Colombo, et al., 2013) (Shukla, et al., 2008) 

2.1.1 Appearance 

Pomegranate fruit is a brownish-yellow to purplish-red edible berry, nearly 

round, usually attains the size of a large orange with 5 - 12 cm in diameter, crowned at 

the base by the prominent calyx 1-6 cm long. These erect calyx-lobes are believed to be 

the inspiration for Solomon's crown and for all future crowns. (TopTropicals) A smooth 

but tough leathery skin (rind) encloses a quantity of pulp derived from the coats of the 

numerous seeds. The interior is separated by membranous walls and white, spongy, 

astringent tissue into compartments packed with sacs filled with numerous seeds, 

surrounded by a pink to purplish-red or whitish, juicy, sweetly acid and aromatic pulp 

(arils), the edible part of the fruit. In each sac there is one angular, soft or hard seed; 

each fruit provides around 600 seeds. (Sheets, et al., 2013) (Jurenka, 2008) (Viladomiu, 

et al., 2013) 

 

Fig. 2.1: Punica granatum. 
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2.1.2 History 

Pomegranates, one of the oldest known edible fruits, mentioned in the Bible and 

the Koran, are native to south-eastern Europe and Asia and were grown in ancient 

Egypt, Babylon, India, and Iran. Cultured extensively in Spain, pomegranates moved 

with missionaries into Mexico and California in the 16th century. (Sheets, et al., 2013) 

In time it spread into Asia (Turkmenistan, Afghanistan, India, China, etc.), North Africa 

and Mediterranean Europe. The domestication process took place independently in 

various regions. Now it is widely cultivated in tropical and subtropical areas in 

Mediterranean, throughout the Middle East, the drier parts of southeast Asia, northern 

and tropical Africa, and in some extent the United States, specifically California and 

Arizona. (Mars, 2000) 

The best quality pomegranate fruits are produced in regions with cool winters 

and hot, dry summers. (Sheets, et al., 2013) 

The pomegranate's irresistible appeal and legendary medicinal properties have 

been the subject of myths, epics and works of art since always. According to an asian 

legend, the pomegranate was the 'tree of life' in the Garden of Eden. 

Pomegranates are very long-lived. There are specimens in Europe that are 

known to be over 200 years old. (TopTropicals) 

2.1.3 The plant 

The fruit is borne on a small, long-living, shrub or tree Punica granatum, a 

member of the Punicaceae family. It can grow to 6 m, but more typically to 3-3.5 m in 

height. It is deciduous in cooler areas, but may stay evergreen in mild climates. The 

branches are stiff and often spiny with narrow, lance-shaped, glossy, leathery leaves. 

The blossoms of the pomegranate are very attractive and can be scarlet, white or 

variegated, over 2.5 cm across (sometimes 5-8 cm). The flowers may be solitary or 

grouped in twos and threes at the ends of the branches. (TopTropicals) 

The plant of pomegranate can be divided into several anatomical compartments 

including leaf, flower, bark, and root with each possessing interesting pharmacological 

and toxicological activities. (Rahimi, et al., 2012) The fruit itself further consists of the 

seeds and the juice, which represent about 3 and 30% of the fruit weight, respectively, 
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and the peels, which include the mentioned inner network of membranes also with 

distinct chemical compositions and potential medical benefits. Rind and the bark and 

the outer part of the root (containing the alkaloid pelletierine) are valuable as 

astringents. The bark of the root is likewise valued as an anthelmintic in cases of tape-

worm. (Viladomiu, et al., 2013)  

2.1.4 Active substances 

Hundreds of different bioactive compounds, mainly anthocyanins as well as 

pomegranate's distinct and unique fatty acid profile contribute to the reported health 

impacts. (Viladomiu, et al., 2013) Many beneficial effects are related to the presence of 

ellagic acid, ellagitannins (including punicalagins), punicic acid and other fatty acids, 

flavonoids, anthocyanidins, anthocyanins, estrogenic flavonols, and flavones, which 

seem to be its most therapeutically beneficial components. However, the synergistic 

action of the pomegranate constituents appears to be superior when compared to 

individual constituents. (Viladomiu, et al., 2013) All these components have been 

studied for their antioxidant properties in a chemoprevention approach. (Faria, et al., 

2011) 

2.1.4.1 Pericarp (peel, rind, hull are synonyms) 

The peel is the part of the fruit with the highest antioxidant activity, which is in 

line with its high content of polyphenols. The pericarp makes up about 60% of the fruit, 

and besides such compounds as phenolics, flavonoids and ellagitannins (including 

punicalagins – which are its biological properties mainly associated with), it is rich in 

proanthocyanidin compounds, complex polysaccharides, and many minerals including 

potassium, nitrogen, calcium, magnesium, phosphorus, and sodium. (Viladomiu, et al., 

2013) 

Both flavonoids and tannins are more abundant in the peels of wild-crafted 

compared to cultivated fruits. (Lansky, et al., 2007) 

Ellagitannins presented in the pomegranate peel include punicalagin (Fig.2.2) 

and punicalin, both of which contain the polyphenolic chemical compound gallagic 

acid, which is the building block for several tannins. Punicalagin can be found in the 

seeds, peels, and juice and it is unique to pomegranate. Both punicalagin and punicalin 



 

can be hydrolyzed to ellagic acid

activity, thus prolonging the release of this acid into the blood

 

Fig. 2.2: Punicalagin, 2,3-(S)

 

Fig. 2.3: Ellagic acid, 2,3,7,8-Tetrahydroxy

2.1.4.2 Juice 

Pomegranate juice is the main source for pomegranate ingestion, and its 

antioxidant levels are greater than in other natural juices

2011) Its main antioxidative compounds are anthocyanins

flavonoids, providing pomegranate juice with its brilliant color, which increases in 

intensity during ripening

with ellagic acid derivatives, they

Moreover, pomegranate juice is a rich source of vitamin C, vitamin E, coenzyme Q

6 

can be hydrolyzed to ellagic acid (Fig.2.3), a natural phenol with high antioxidant 

longing the release of this acid into the blood. (Gil, et al., 2000)

(S)-hexahydroxydiphenoyl-4,6-(S,S)-gallagyl-D-glucose. (www.sigmaaldrich.com)

 

 

Tetrahydroxy-chromeno[5,4,3-cde]chromene-5,10-dione. (www.sigmaaldrich.com)

Pomegranate juice is the main source for pomegranate ingestion, and its 

reater than in other natural juices. (Basu, et al., 2009)

Its main antioxidative compounds are anthocyanins, 

flavonoids, providing pomegranate juice with its brilliant color, which increases in 

intensity during ripening, and declines after pressing. (Lansky, et al., 2007)

with ellagic acid derivatives, they are the main constituents of the juice. 

Moreover, pomegranate juice is a rich source of vitamin C, vitamin E, coenzyme Q

, a natural phenol with high antioxidant 

(Gil, et al., 2000) 

 

glucose. (www.sigmaaldrich.com) 

dione. (www.sigmaaldrich.com) 

Pomegranate juice is the main source for pomegranate ingestion, and its 

(Basu, et al., 2009) (Stowe, 

 potent antioxidant 

flavonoids, providing pomegranate juice with its brilliant color, which increases in 

(Lansky, et al., 2007) Together 

are the main constituents of the juice. (Jurenka, 2008) 

Moreover, pomegranate juice is a rich source of vitamin C, vitamin E, coenzyme Q10, 
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and lipoic acid (Vroegrijk, et al., 2011) along with minerals including Fe, Ca, Ce, Cl, 

Co, Cr, Cs, Cu, K, Mg, Mn, Mo, Na, Rb, Sc, Se, Sn, Sr, and Zn. (Lansky, et al., 2007) 

 

 

Fig. 2.4: Pomegranate arils. 

2.1.4.3 Seeds 

Pomegranate seeds represent about 3% of the fruit weight. They are a rich 

source of lipids, and their oil (PSO – pomegranate seed oil), which comprises 12–20% 

of total seed weight, contains a unique fatty acid profile. It is characterized by 

approximately 80% conjugated octadecatrienoic fatty acids, with a high content of cis 9, 

trans 11, cis 13 acid (i.e. punicic acid 9Z,11E,13Z-octadeca-9,11,13-trienoic acid). 

Punicic acid is an isomer unique to pomegranate seed oil (constitutes 70–76% of the 

seed oil), synthesized in situ from nonconjugated octadecadienoic fatty acid, linoleic 

acid (itself about 7% of PSO) and linolenic acid. The fatty acid component of PSO 

comprises over 95% of the oil, of which 99% are triacylglycerols, apart from punicic 

acid including oleic, stearic, gadoleic, arachidic, behenic, and palmitic acids. Moreover, 

seed oil also contains minor amounts of other conjugated trienes such as eleostearic acid 

and catalpic acid. (Vroegrijk, et al., 2011) (Lansky, et al., 2007) 

Minor components of the oil include sterols, steroids (estrogenic compounds 

estrone and estradiol) and a key component of mammalian myelin sheaths, cerebroside. 

(Gil, et al., 2000) Proteins, fibres, vitamins, and minerals are found in the whole seed. 
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(Vroegrijk, et al., 2011) Seed matrix also includes lignins, fusion products of cell wall 

components and hydroxycinnamic acids, and potently antioxidant lignin derivatives. 

(Lansky, et al., 2007) 

 

Fig. 2.5: Pomegranate - fatty acids. (Viladomiu, et al., 2013) 

 

2.1.5 Use 

Pomegranate extracts have been used since ancient times to treat several 

conditions. In the Middle East, it has been consumed as a medicinal food for thousands 

of years as a traditional remedy against parasitic, helminthic and microbial infections, 

dysentery, diarrhoea, acidosis, ulcers, aphthae, haemorrhage, and respiratory 

complications. (MedlinePlus) Furthermore, the dried pericarp and the juice of the fruit 

are considered beneficial for treatment of colic, colitis, menorrhagia, oxyuriasis, 

headache, diuretic, acne, haemorrhoids, allergic dermatitis, and treatment of oral 

diseases. Some women use pomegranate to cause an abortion. (Viladomiu, et al., 2013) 

(Rahimi, et al., 2012) 

All parts of the tree have been utilized as sources of tannin for curing leather. 

Tannins have also been identified as the active antiatherosclerotic compounds of the 

juice responsible for its ability to protect human low-density lipoprotein cholesterol 

from oxidation in vivo. (Seeram, et al., 2005) 

Nevertheless, the health effect of pomegranate can vary due to geographical 

region, harvesting, and season, which can alter the fruit composition as well as depends 
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on the fruit cultivar and processing methods. (Viladomiu, et al., 2013) (Seeram, et al., 

2005) 

Also the relationship between the chemical composition of pomegranate and its 

respective therapeutic effects is still not fully understood. Recent studies suggest that 

the synergistic action of several pomegranate constituents is superior to ellagic acid 

alone in the suppression of prostate cancer. (Jurenka, 2008) 

The phytochemistry and pharmacological actions of all Punica granatum 

components suggest a wide range of clinical applications for the treatment and 

prevention of cancer, as well as other diseases where chronic inflammation is believed 

to play an essential etiologic role. (Lansky, et al., 2007) 

Modern applications include hormone replacement therapy and oral hygiene as 

well as the treatment immune suppression and cardiovascular complications such as 

high blood pressure, congestive heart failure, heart attack and atherosclerosis. (de 

Nigris, et al., 2007) Moreover, other therapeutic properties such as antitumor, anti-

inflammatory, antiviral, antibacterial, antidiarrheal, antiobesity and suppression of 

insulin resistance are currently under investigation. (Johanningsmeier, et al., 2011) 

Pomegranate has been shown to possess anticancer activities, including 

interference with tumour cell proliferation, cell cycle, invasion and angiogenesis. It 

exerts antiproliferative, anti-invasive, and antimetastatic effects, induces apoptosis 

through modulation of Bcl-2 proteins, increases p21 and p27, and downregulates cyclin- 

cyclin-dependent kinase (cdk) network. In addition, pomegranate inhibits the activation 

of inflammatory pathways including, but not limited to, the NFκ-B (nuclear factor 

kappa-light-chain-enhancer of activated B cells) pathway. Anti-cancer effects with the 

most impressive data have been demonstrated so far in prostate cancer. (Faria, et al., 

2011) 

Pomegranate peel extracts are currently used for treatment of respiratory 

diseases and in the preparation of tinctures, cosmetics and other therapeutic formulae. 

Pomegranate extracts are also being investigated for their potential use as food bio 

preservatives and for the formulation of products in the nutraceutical industry. (Seeram, 

et al., 2005) 
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2.2 The skin 

2.2.1 Physiology 

Skin is anatomically and physiologically specialized boundary layer forming a 

coherent surface of the human body separating the external and internal environment. 

As the largest contact area between the body and the environment it provides primarily 

a protection against external influences and plays very important role in everyday life, 

maintaining our body in homeostasis. (Rokyta, 2000) 

Skin creates the largest body surface in human adults - approximately 1.5-2 m2, 

with the varying thickness from 1.5 to 4 mm, weighs about 3 kg, with fat tissue up to  

20 kg, and it represents the heaviest body organ.  

Thanks to the extensive fatty tissue it has poor thermal conductivity, so it can 

maintain a constant body temperature and regulates the income and output of heat by 

dilating and contracting of the capillaries and sweating. (Trojan, 2003) 

Skin prevents entering of contaminants and minimizes their damaging effects. Its 

dry and acid surface does not create very friendly environment for pathogens. (CAPE, 

2000) The acid reaction of sweat prevents the growth of microbes, while the secretion 

of sebum acts protective and bactericidal (triacylglyceroles are cleaved by bacteria 

esterases - polyunsaturated fatty acids (PUFAs) = acid pH). (Rokyta, 2000) 

Along with its associated structures - sweat and sebaceous glands – skin is 

primarily determined as a route of excretion and elimination of toxicants or their by-

products. Nevertheless, skin represents both an important physical barrier to absorption 

of toxic substances and simultaneously a significant portal of entry of such substances. 

(CAPE, 2000) 

The stratum corneum (SC) of the epidermis is the most significant in providing 

some degree of physical protection from percutaneous absorption of chemicals and a 

loss of water from the body. The rather complex structure of the stratum corneum and 

the composition of the cornified cells therein provide a highly chemically resistant 

envelope. (Emmett, 1995) Therefore the resorptive properties of skin are quite poor. 

The barrier feature of the epidermis also lies in its function as a natural defence 

mechanism against invasion by microorganisms. (CAPE, 2000) 
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Even if skin contains about 72% water, it is impermeable for water and water-

soluble substances. Liposoluble substances, on the other hand, disrupt the protective fat 

–layer and permeate better. Detergents, such as soaps, also slightly impair this 

physiological barrier. Skin’s impermeability varies with age and physical condition of 

the skin. Due to this water impermeability, it prevents water loss and defends body 

against dehydration (important role in burns). (Rokyta, 2000) 

As it is the very first part of our body that comes to contact with external 

environment, it also informs our brain about what is happening outside. This is managed 

by Vater-Pacini (for pressure, vibrations and touch), Ruffini (for heat) and Krause (for 

cold) corpuscles. Free nerve endings give us information about painful impulses. 

(Trojan, 2003) 

Skin is also important because of its function within the body’s immune system. 

Specialized cells called histiocytes (similar to macrophages) and Langerhans’ cells 

represent the most peripheral part of immune system. They are placed in stratum 

spinosum in epidermis. Together with neighbouring keratinocytes, Langerhans’ cells 

comprise the skin immune system or SALT (skin associated lymphoid tissue). These 

epidermal cells fulfil an immunosurveillance role by recognizing and presenting 

antigens. They also induce delayed hypersensitivity reactions in the skin. (Kamel) 

Cytokines produced by keratinocytes (such as growth factor, interleukins, colony-

stimulating factor, etc.) are increased in inflamed or injured skin. The interaction of 

cytokines and cells leads to inflammation processes. (Rokyta, 2000) 

Another important function of skin is metabolic and storage. Fat serves as an 

energy reservoir, and skin itself is capable of reducing the toxicity of some xenobiotics. 

The ability of biotransformation or photochemical transformation processes is not 

negligible. 

Production of vitamin D resides in stratum granulosum. There is precursor 7-

dehydrocholesterol transformed by the influence of solar radiation to the active 

metabolite – calcitriol. (Trojan, 2003) Melanin, the brown pigment of skin 

manufactured in specialized cells at the base of the epidermis, contributes to protecting 

skin from UV (mainly sun-induced) damage. Melanin is an oxygen scavenger and 

probably reduces genetic damage to the nuclear material of skin cells by removing 

mutagenic oxygen radicals before genotoxic effects occur.  



12 
 

Skin belongs among those tissues that have rapid turnover and constant renewal 

throughout life, representing a vulnerable target from environmental exposures at any 

stage in pre-adult development and over the lifetime of the individual. (CAPE, 2000) 

2.2.2 Structure  

2.2.2.1 The epidermis  

The epidermis contains no blood or lymph vessels and it is comprised of 

stratified squamous epithelium originated from ectodermis. 5 different layers are visible 

under a microscope: at the very surface lies the cornified /barrier layer - the outer layer 

of the epidermis (stratum corneum) and the major barrier to percutaneous absorption as 

well as the protection against microorganisms, drying and such. (Čihák, 1997) 

Germinative cells creating epidermis arise from stratum germinativum (or 

basal/germinal layer) which lies on lamina basalis. Cells go through mitosis and 

differentiation and migrate towards the surface, the stratum corneum. Stratum 

germinativum is the only place, where new cells are created; circa 1% of them are in the 

stage of mitosis.  

In lamina basalis there are embedded Merkel cells – touch-sensitive cells ended 

with nerve fibres – mechanoreceptors – on the basal side towards dermis; together with 

melanocytes (4%), sending dendrites to stratum spinosum providing the protection 

against UV radiation. (Čihák, 1997) 

Spinous layer consists of 2-5 layers in which cells flatten. In the superficial layer 

of stratum spinosum and at the interface of stratum granulosum and SC so called 

Odland bodies (lamellar granules) are secreted from keratinocytes. They release lipids 

to intercellular mass made of proteoglycans (permeable for macromolecules) resulting 

in the cement substance of stratum corneum (keratin layer), which forms the water-

impermeable, lipid-containing membrane that serves as a barrier and is required for 

correct skin barrier function. Hence lipophilic solvents by extracting lipids from stratum 

corneum along with using of detergents lead to cellular membrane imparement. (Bucks, 

1984) Odland body secretion and lipid structure is abnormal in some skin disorders 

characterised by chronic inflammation and universal pruritus (itch). (Fartasch, et al., 

1999) 
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It has been shown that there are numerous enzyme systems beneath the stratum 

corneum in the viable epidermis capable of metabolizing drugs. Apart from lipids the 

substance of spinous layer includes hydrolytic enzymes (e.g. proteases, acid 

phosphatases, glucosidases, lipases) and proteins. These proteins filling the intracellular 

spaces within the corneocytes represent the hydrophilic element of cellular matrix. 

(Bucks, 1984) 

The immune system properties of skin reside largely with the functioning of 

Langerhans’ cells (LCs). LCs are located in stratum spinosum (4-5%) originated from 

mesodermis in bone marrow. They derive from monocytes by colony stimulating factor, 

so they are similar to macrophages. That means that they act as antigen-presenting cells 

by capturing, uptaking and processing microbial antigens. (Čihák, 1997) 

Stratum granulosum is formed by 1-3 layers. Grains of keratohyalin responsible 

for dehydration promoting and keratin fibres aggregation and cross-linking are made up 

there. As the cells migrate towards the surface, they differentiate, lose nucleus, 

disintegrate and die. Further dehydration creates a tightly interlocked layer of cells and 

turns into stratum lucidum (clear layer) with corneocytes filled with eleidin 

(subsequently converted to keratin in the stratum corneum). (Bucks, 1984) 

 Stratum corneum is about 0.01-0.02 mm thick, formed of 15-25 layers of fully 

keratinized, polyhedral, anucleated cells –keratinocytes /corneocytes/ which desquamate 

gradually. This layer is completely changed every 14 days. (Ditrichová, et al., 2002) 

Dead corneocytes are filled with keratin, a hygroscopic protein which causes 

swelling. The cell membranes and the extracellular lipids (so called cement substance), 

however, are hydrophobic and create the main impermeable barrier. Thus the dead 

stratum corneum, by means of its physiological properties, forms the critical structure 

for epidermal barrier function minimizing percutaneous absorption of environmental 

agents and preventing water loss. 

Because of the barrier nature of the stratum corneum, topically applied 

compounds may accumulate, thus the outermost layer may serve as a reservoir from 

which substances can be subsequently absorbed over long periods of time. 

The stratum corneum can be represented as a hydrophilic-lipophylic 

multilayered structure, therefore only substances possesing both lipo- and hydrophilic 

properties will easily penetrate through. (Bucks, 1984) 
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2.2.2.2 The dermis 

The dermis is made up from connective tissue of mesodermal origin. Cells 

(mainly fibroblasts, macrophages, and adipocytes) are interconnected by fibres of 

collagen (for strength) and ellastin (for elasticity), the structural proteins embedded in 

an extracellular matrix of gycosoaminoglycans, proteoglycans, and glycoproteins. This 

assures resistance against tension and compression. The dermis is about 0.5-2.5 mm 

thick and differentiated into 2 layers: 

- stratum papilare, the superficial layer under the epidermis, forms papillae and 

it is vascularised. Blood and lymph vessels provide nourishment and waste removal for 

both dermis and epidermis and maintain temperature as well. It is also site of Meissner's 

(or tactile) corpuscles. 

- stratum reticulare, it is thicker and gives the dermis its properties of strength, 

extensibility, and elasticity.  

Skin adnexa, such as hair follicles, sebaceous and sweat glands, receptors, nails, 

and blood vessels are derived from the skin epithelium. (Ditrichová, et al., 2002) 

(Čihák, 1997) 

The dermis represents the primary site in which cutaneous inflammation occurs 

in response to skin injury. It is a site of vigorous metabolic activity – series of 

biotransformation reactions, both functionalization reactions (phase 1 – reduction, 

oxidation, hydrolysis) and conjugation (phase 2) reactions conducted in the skin 

The enzymes involved in these reactions included those with relatively high 

substrate specificity and those with lower substrate specificity responsible for 

metabolism of xenobiotics. 

The actions of the skin metabolism are important in the design of rational 

cutaneous therapies. Every molecule which passes the SC comes in contact with the 

skin’s enzymes systems. Drug metabolism in the skin can increase or decrease the 

pharmacological activity of a xenobiotic and also influence systemic effects, depending 

whether the metabolites are active or not. (Čihák, 1997) (Bucks, 1984) 
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2.2.2.3  The hypodermis 

Tela subcutanea connects the skin with superficial fascia or periosteum, serves 

as a depot of storage compounds and possesses protective and insulating function. 

(Čihák, 1997)  

 

Fig. 2.6: Diagramatic representation of Human Skin (on the basis of  (Feneis, 1981)) 

1- Epidermis, 2- SC, 3- Stratum lucidum, 4- Stratum granulosum, 5- Stratum spinosum, 6- Stratum basale, 7- 

Dermis, 8- Stratum papillare, 9- Papillae, 10- Stratum reticulare, 11- Tela subcutanea, 12- Corpuscula Vater-Pacini 

+ tactus (Meissneri) 
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2.2.3 Dermal absorption 

Dermal absorption is a complex process, by which a substance is transported 

across the skin and taken up into the living tissue of the body (EPA, 1992). Because the 

skin is a dynamic, living tissue, its absorption characteristics are susceptible to constant 

changes. The ability of either absorbing or being absorbed is influenced by properties of 

both skin and product.  

Depending on the physicochemical properties, desired site of action and 

formulation strategies for the drug, drugs incorporated into semisolids can show their 

activity on the surface layers of tissues or via penetration into deeper layers to reach the 

site of action or through systemic delivery. 

The barrier nature of the stratum corneum greatly limits the entry of drugs into 

the systemic circulation. Nonetheless if the drug is to act locally or systemically, it must 

first penetrate the stratum corneum. Drug molecules penetrate the skin primarily 

through the tortuous and continuous intercellular path. Transport of topical drugs, 

especially with the aid of solvents and enhancers used in the formulation, may also 

occur through a transcellular route, the hair follicles, or sweat ducts. Only the drug in 

the molecular state can penetrate through the skin.  

States with diseased skin, such as atopic dermatitis, psoriasis, and warts, may 

have effects on the barrier property of skin, which must be considered for the drugs 

geared toward these skin diseases. (Chang, et al., 2013) 

2.2.3.1 Factors affecting topical drug delivery 

The skin: its structure differs from one species to another (for instance, in the 

epidermis the stratum corneum is thicker in species without hair), between different 

strains of the same species and even within the same species (for instance, differences in 

absorption for the various parts of the body). Within the dermis, the number and density 

of collagen and elastic fibres and the density and physiology of the vascular system vary 

from one species to another. (European Commission, 2004) 

The rate of dermal absorption of a substance is proportional to both the 

concentration of the substance and the surface area over which it is applied. The 

wider the contact area and the more concentrated the substance, the greater will be the 
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absorption. (CAPE, 2000) From a drug delivery perspective the concentration gradient 

between the formulation and site of action provides the driving force for penetration of 

drug through the skin. Thus saturation of the drug in the vehicle having a 

thermodynamic activity of unity provides a larger driving force for transporting through 

the skin than a formulation at a lower fraction of saturation (e.g., highly solubilized 

system). (Chang, et al., 2013) 

Damage to skin: Even something as innocuous as the removal of outer layers of 

skin with cellophane tape can apparently dramatically increase dermal absorption. 

(CAPE, 2000) 

Occlusion of the area of skin in contact with a substance also serves to enhance 

absorption. (CAPE, 2000) 

Vehicle composition will also determine the absorption of an agent. Lipids and 

lipid-soluble substances absorb more readily. Agents that have lower solubility with the 

vehicle will absorb more easily into skin.  

Excipients that inhibit skin penetration can be used to retain the drug on the 

surface layer of the skin. 

Active substance properties: Physical and chemical properties have a decisive 

influence on the penetration of molecules through the skin. The most important of these 

seem to be: 

- liposolubility (usually maximal when log Pow is between +1 and + 2) 

- molecular weight (molecules with low MW pass more easily) 

- electronic structure and dissociation constant (pKa): highly ionised products do 

not penetrate very much 

- the nature of the carrier and the dilution factor of the substance is decisive 

(polar or non-polar): non-polar carriers increase penetration 

- presence in the molecular structure of certain special radicals favouring or 

inhibiting penetration (water distinctly favours penetration, as does sodium 

chloride, for instance). 

In general, chemicals that travel quickly through the skin have low molecular 

weights, no electrostatic charge and easily dissolve in fat. (European Commission, 

2004) 
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2.3 Inflammation 

Inflammation is a complex defending system of vascularised tissues, responding 

to a pathogenic stimulus, aimed to define the focus, prevent its spread, eliminate the 

cause, divest, regenerate or repair the damaged tissue and restore metabolism and 

function of the affected organ to a state of dynamic equilibrium (homeostasis). 

Pathogenic factors inducing the immune response may be biological (microorganisms), 

physical (radiation), chemical (corrosive substances), metabolic (hypoxia), 

immunological (allergy) or consequences of a non-humoral pathologic regulation 

(stress-induced gastric ulcer). (Nečas, 2000) 

Inflammation is a physiological response, but there is a possibility of developing 

into a chronic (for organism injurious) stage. It occurs also in so-called autoimmune 

diseases, which is an undesirable phenomenon as well. 

Generally, 5 macroscopic characters of inflammation are described: rubor, dolor, 

calor, tumor and functio laesa. Among the microscopic features exudation, proliferation 

and alteration are included. (Mačák, 2002) 

As the inflammation is a procedure run in a very complicated way, the need for 

sophisticated communication between cells and systems, often involved in cascade-

arranged reactions, is vital. This system of signalling and control is ensured by different 

mechanisms, primarily through mediators binding to surface-membrane receptors. To 

quickly available mediators belong metabolites of membrane phospholipids, the main 

one is arachidonic acid (AA, 5, 8, 11, 14- eicosatetraenoic ) , arisen from the activity of 

phospholipases A2 and C. This AA is later formed by the enzyme called 

cyclooxygenase to cyclic endoperoxides and then converted to either thromboxanes or 

prostaglandins, both with different biological activities. Arachidonic acid can also be 

transformed by the lipoxygenase way to leukotrienes and lipoxins. (Lüllmann, et al., 

2004) (Povýšil, 2004) 
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2.3.1 The role of COX-2 

When tissues are exposed to diverse pathophysiological stimuli, arachidonic acid 

(AA) is liberated from membrane phospholipids and is converted to 

prostanoids/prostaglandins (PGs), leukotrienes (LTs) or hydroxy-eicosatetraenoic acids 

(HETEs). Prostanoids are formed by the cyclooxygenase (COX) pathway, whereas LTs 

and HETEs are formed by the 5-, 12- and 15-lipoxygenase (LOX) pathways. 

(Kabashima, et al., 2004)  

Cyclooxygenase (COX), a prostaglandin-endoperoxide synthase (PTGS), is 

currently believed to exist in three isoforms. Cyclooxygenase-1 (COX-1) is a 

housekeeping enzyme responsible for various physiological functions, and plays a 

critical role in gastric mucosa protection, platelet aggregation, renal blood flow, and 

vascular homeostasis. It is constitutively expressed in most tissues, localized in the 

endoplasmic reticulum and present throughout the whole epidermis in normal human 

skin. 

COX-2 acts predominantly at the nuclear envelope and occurs mainly in 

suprabasal keratinocytes. Its composition of amino acids is 60% similar to COX-1, 

however, it is not normally expressed in most tissues, but inducible by a variety of 

external stimuli including exposure to proinflammatory agents, such as cytokines and 

endotoxins, growth factors, mitogens, tumour promoters and other carcinogens , 

suggesting a role for COX-2 in disease pathogenesis. 

This isoform of COX is attributed to be a key player in the inflammatory 

functions of prostanoid synthesis. A physiologic role of COX-2 in renal development, 

salt and water regulation by the kidney, and ovulation and parturition has also been 

provided. Evidence also exists to suggest that COX-2 and COX-2-derived 

prostaglandins play a key role in keratinocyte differentiation.  

COX-3 isoenzyme has been recently described by (Chandrasekharan, et al., 

2002), who hypothesized that this molecule may account for a central mechanism of 

pain and fever. However, the existence of COX-3 has recently been challenged by 

(Dinchuk, et al., 2003) who questioned the existence of a full-length, catalytically active 

COX-3 in humans. (Lee, et al., 2003) 
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2.3.1.1 PGs production 

Prostaglandin production begins with the release of free arachidonic acid (AA) 

from membrane phospholipids, a reaction catalysed by the enzymatic activation of 

phospholipase A2 (PLA2). COX-2, induced in response to inflammatory stimuli, 

converts AA by its peroxidase activity to an unstable endoperoxide intermediate, 

prostaglandin G2 (PGG2), the prostanoid precursor, which is subsequently peroxidised 

to PGH2, prostaglandin H2. PGH2, the template of all prostaglandins, in turn, is 

metabolized to PGD2, PGE2, PGF2, PGI2, and thromboxane (TX) A2 by individual 

cell-specific synthases. The resulting prostaglandins mediate diverse manifestations of 

inflammation including vascular permeability, fever, pain and regulation of blood flow. 

(Lee, et al., 2003) (Kabashima, et al., 2004) 

Apart from inflammation, they regulate smooth muscle contractility, blood 

pressure, and platelet aggregation. (Lee, et al., 2003) 

Once prostanoids are formed, they are immediately released from the cell and 

since they are either chemically or metabolically unstable, it is believed that they work 

only locally via membrane receptors on the surface of target cells. (Kabashima, et al., 

2004) 

COX-2 expression is regulated by a positive autoregulatory feedback loop, in 

which increased PGE2 result in induction of COX-2. cAMP acts as a second messenger 

in this autoregulatory loop for COX expression. (Lee, et al., 2003) 
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Fig. 2.7: The scheme of PGs synthesis. Based on (Lüllmann, et al., 2004) 

2.3.1.2 Prostanoids 

Prostanoids are lipid signalling mediators that play a central role in a broad 

range of diverse physiological and pathophysiological processes, including 

inflammation, reproduction, nociception, and gastrointestinal protection. (Matsuoka, et 

al., 2008) 

PGE2 is the major prostaglandin present in the skin and is a likely mediator of 

activated/induced COX-2. Activation of at least one of its four known prostaglandin 

receptors, EP1, results in increased free intracellular calcium, a known stimulus for 

keratinocyte differentiation. (Lee, et al., 2003) 
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Among prostanoids, PGE2 is the main COX product in human epidermal 

homogenates. Only very low TXA synthase activity has been found in the skin. 

However, TXB2, a metabolite of TXA2, was detected in large amounts from the culture 

supernatant of Langerhans cells (LCs) or dendritic cells (DCs).  

PGE2 is a major prostanoid generated by keratinocytes (KCs) upon antigen 

challenge in the skin. Therefore, PGE2 produced by KCs upon antigen exposure acts on 

EP4 on LCs to facilitate initiation of cutaneous immune responses by promoting the 

migration and maturation of LCs. Interestingly, the opposite activity of prostanoids on 

LC function has also been documented. (Kabashima, et al., 2004) 

The roles of prostanoids have been suggested mostly by comparison with the 

effects of non-steroidal anti-inflammatory drugs (NSAIDs), which are COX inhibitors. 

Inhibition of cyclooxygenase activity is the mechanism by which NSAIDs exert their 

analgesic, antipyretic, anti-inflammatory, and antithrombotic effects. However, such 

studies do not clearly indicate which type of prostanoid and which class of prostanoid 

receptor is involved in a given process, nor how critical the actions of prostanoids might 

be. Although it is well known that cutaneous immune responses are associated with an 

increase in prostanoid formation, the roles of prostanoids in these responses have not 

been well defined, in part because the effects of NSAIDs on them are not significant. 

Nevertheless, nonselective inhibition of COX activity by NSAIDs remains a mainstay 

of anti-inflammatory and analgesic pharmacotherapy. (Lee, et al., 2003) 

2.3.2 Pomegranate, mechanisms of action  

2.3.2.1 The anti-inflammatory effect  

Acute inflammation is a beneficial host response for prevention of tissue injury, 

but it may also cause immune-associated diseases such as rheumatoid arthritis, 

inflammatory bowel disease and cancers. Interestingly, Pg has been shown to inhibit 

inflammation by different mechanisms.  

Pg inhibits Cyclooxygenase (COX) and lipooxygenase (LOX), the key enzymes 

in the conversion of arachidonic acid to prostaglandins and leukotrienes (important 

inflammatory mediators), respectively.  
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Pomegranate can also suppress inflammatory cytokine expression as well inhibit 

matrix metalloproteinases (MMPs) in colon cancer cells. 

Besides, Pg has shown anti-inflammatory effects in a colitis rat model by the 

inhibitory effect of Pg on production of pro-inflammatory cytokine. Studies demonstrate 

that Pg inhibits the p38-mitogen-activated protein kinase (p38-MAPK) pathway and 

transcription factor, NF-kB (nuclear factor kappa-light-chain-enhancer of activated B 

cells), which leads to decreased gene expression of critical mediators of inflammation 

including TNF-α, IL-1β, MCP1, iNOS, and COX-2. (Viladomiu, et al., 2013) 

2.3.2.2 The peroxisome proliferator-activated receptors (PPARs) 

Several effects of pomegranate are mediated by the activation of PPAR 

pathways by conjugated trienes derived from seed oil. Through the activation of 

peroxisome proliferator-activated receptors, pomegranate by-products and punicalagins 

inhibit the production of short chain fatty acids (SCFA). These fatty acids not only 

affect the function of leukocytes (e.g., production of inflammatory mediators and ability 

of leukocytes to migrate) but can also induce apoptosis in lymphocytes, macrophages 

and neutrophils, which may be relevant for the outcome of the inflammatory process. In 

general, SCFAs, such as propionate and butyrate, inhibit stimuli-induced expression of 

adhesion molecules, chemokine production and consequently suppress 

monocyte/macrophage and neutrophil recruitment, suggesting an anti-inflammatory 

action. However, due to the ability of SCFAs to induce neutrophil migration, high 

concentrations of SCFAs may lead to neutrophil accumulation and amplification of the 

inflammatory process in sites of anaerobic bacteria infection. (Viladomiu, et al., 2013) 

(Vinolo, et al., 2011) 

PPARs are the receptors for endogenous lipid molecules (i.e., prostaglandins or 

hydroxyl-containing PUFA such as 12/15-hydroxyeicosatetraenoic (HETE), 13-

hydroxyoctadecadienoic (HODE)) and molecular targets for drugs.  Their activation and 

expression is controlled by a diverse set of natural and synthetic molecules, including 

nutrients, endogenous ligands, and drugs (i.e., thiazolidinediones and fibrates). In this 

regard, the administration of PPARs naturally occurring agonists holds promise for the 

treatment of a wide range of diseases including obesity, diabetes, and inflammatory 

disorders. (Viladomiu, et al., 2013) 
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Functionally, PPARs regulate inflammation, immunity, and metabolism.  

There are three known PPAR isoforms: α, β or δ, and γ differing in their tissue 

distribution and functional activity. PPARα regulates gene expression involved in lipid 

metabolism in liver and skeletal muscles, hence affects the clearance of circulating or 

cellular lipids. PPAR β/δ is involved in lipid oxidation and cell proliferation, whereas 

PPARγ promotes adipocyte differentiation to enhance blood glucose uptake, 

furthermore, ligand-induced activation of PPARγ can antagonize the activity of 

proinflammatory transcription factors such as NF-κB, signal transducer and activator of 

transcription (STAT), and activator protein (AP)-1. Both PPARγ and PPARδ serve as 

targets for the treatment of inflammatory and immune-mediated diseases because of the 

role they play in maintaining homeostasis and suppressing inflammation (Viladomiu, et 

al., 2013)  

2.3.2.3 Punica granatum effects on vital enzymes  

Pg has been shown to inhibit different enzymes including phospholipase A2 

(PLA2) (that catalytically hydrolyses the bond releasing arachidonic acid and 

lysophospholipids), cyclooxygenase (COX), lipooxygenase (LOX), cytochrome P450 

and ornithine decarboxylase (ODC) which plays a role in the urea cycle and catalyzes 

the decarboxylation of ornithine to polyamines such as putrescine important in 

regulation and stimulation of the growth processes of cancer.  

Carbonic anhydrase (CA), aromatase, serine protease (SP) and other proteases 

such as chymotrypsin, trypsin, and elastase are also inhibited. Protease plays an 

essential role in modulating the turnover of extracellular matrix (EC), which provides 

morphological support for cell growth and differentiation. Furthermore, protease has a 

verity of important functions including angiogenesis, vasculogenesis, apoptosis, and cell 

migration/invasion. (Viladomiu, et al., 2013) 
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3 HYPOTHESIS AND OBJECTIVE  

“An emulsion of Pomegranate Rind Extract (PRE) and various types of oils with 

an emphasis on Pomegranate Seed Oil (PSO) can be formulated that will confer 

improved anti-inflammatory properties in ex vivo skin.” 

The objectives are: 

1) To prepare PRE and PSO. 

2) To create a stable emulsion type formulation with incorporated PRE and 

PSO. 

3) To test skin penetration ex vivo. 

4) To investigate the effect of PRE-based creams on pro-inflammatory 

markers in porcine skin ex vivo. 
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4 MATERIALS AND METHODS  

4.1 Materials 

All chemicals used in this diploma project and their sources are listed 

alphabetically in Tab. 4-1. 

Tab. 4-1: List of materials and their sources used in this diploma project. 

Acetic acid Fisher Scientific (Loughborough, UK) 

Acrylamide 30% Sigma-Aldrich Company Ltd. (Poole, UK) 

Aprotinin Sigma-Aldrich Company Ltd. (Poole, UK) 

APS  (Ammonium persulfate) Sigma-Aldrich Company Ltd. (Poole, UK) 

BHT (Butylated hydroxytoluene) Sigma-Aldrich Company Ltd. (Poole, UK) 

Bio-Rad Dye Concentrate Bio-Rad Laboratories Ltd. (Hertfordshire, UK) 

BSA (Bovine serum albumin) Sigma-Aldrich Company Ltd. (Poole, UK) 

Cetylalcohol   Sigma-Aldrich Company Ltd. (Poole, UK) 

COX-2 rabbit antibody  Cell Signaling Technology (US) 

DTPA (Diethylenetriamine pentaacetate) Sigma-Aldrich Company Ltd. (Poole, UK) 

DTT (Dithiothreitol) Sigma-Aldrich Company Ltd. (Poole, UK) 

Extra virgin olive oil Waitrose (Cardiff, UK) 

Glycerine Fisher Scientific (Loughborough, UK) 

Glycine Sigma-Aldrich Company Ltd. (Poole, UK) 

Hanks Buffer saline Sigma-Aldrich Company Ltd. (Poole, UK) 

HCl (hydrochloric acid) Fisher Scientific (Loughborough, UK) 

Hexane Fisher Scientific (Loughborough, UK) 

Chemiluminescent Supersignal® West HRP 

substrate (Pico, Dura and Femto) 
Pierce and Warriner Ltd. (Cheshire, UK) 

Chloroform Fisher Scientific (Loughborough, UK) 

Internal standard PGE2-d
4 Cayman Chemical Company (Michigan, US) 

IPA (isopropyl-alcohol) Sigma-Aldrich Company Ltd. (Poole, UK) 

Leupeptin Sigma-Aldrich Company Ltd. (Poole, UK) 

Maxepa - Fish oil Seven Seas (Hull, UK) 

Methanol (MeOH) Fisher Scientific (Loughborough, UK) 

Methylparaben Fisher Scientific (Loughborough, UK) 
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Mineral oil Sigma-Aldrich Company Ltd. (Poole, UK) 

Non-fat dried milk (Marvel™ original dried 

skimmed milk) 
Local grocery store (Cardiff, UK) 

PBS (Phosphate Buffered Saline) Sigma-Aldrich Company Ltd. (Poole, UK) 

Pomegranate fruits Co-operative (Cardiff, UK) 

Pomegranate seed oil (PSO-s) The Aromatherapy Shop (Churchstanton, UK) 

Ponceau S  Sigma-Aldrich Company Ltd. (Poole, UK) 

Potassium hydroxide (KOH) Sigma-Aldrich Company Ltd. (Poole, UK) 

Precision Plus Protein™ All Blue Standards 

(marker) 
Bio-Rad Laboratories Ltd. (Hertfordshire, UK) 

Propylparaben Fisher Scientific (Loughborough, UK) 

Radioimmunoprecipitation assay (RIPA) buffer Bio-Rad Laboratories Ltd. (Hertfordshire, UK) 

SDS 10% Sigma-Aldrich Company Ltd. (Poole, UK) 

SnCl2 (tin chloride) Sigma-Aldrich Company Ltd. (Poole, UK) 

Stearic acid  Sigma-Aldrich Company Ltd. (Poole, UK) 

Stearylalcohol                  Sigma-Aldrich Company Ltd. (Poole, UK) 

TEMED (N,N,N’,N’-tetramethylene-diamine) Sigma-Aldrich Company Ltd. (Poole, UK) 

Trifluoroacetic acid (TFA) Thermo Scientific (Loughborough, UK) 

TRIS Base Sigma-Aldrich Company Ltd. (Poole, UK) 

Tween 20 (Saline Polyoxyethylene-sorbitan 

monolaurate) 
Sigma-Aldrich Company Ltd. (Poole, UK) 

 

4.2 Preparation of Pomegranate Rind Extract (PRE) 

To gain active substances from pomegranate (Punica granatum), six pieces of 

this fruit were peeled by hand with a peeler. From the rest of fruits arils were carefully 

taken out and used subsequently.  

Husks were boiled in deionised water for about 20 minutes, than mixed with a 

blender (approx. 20 sec) and put into a fridge overnight. 

The crude extract was subjected, in approximately 45 ml aliquots, to 3 

centrifugation steps at 5660 revs per minute using a Heraeus Multifuge 3SR centrifuge. 

The first step was for 30 minutes to separate cell residues, decanted, then centrifuged 
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again in the same conditions for one hour, decanted once again and after that 

centrifuged for the last time for another one hour. The centrifuged decoction was then 

filtrated under vacuum through Millipore 0.45 µm nylon membranes. We gained 

approximately 387 ml of red transparent PRE which was stored at 2-4°C. 

4.3 HPLC analysis 

To prove the presence and amount of Punicalagin in the PRE, HPLC analysis 

detection was performed using an Agilent 1100 chromatograph fitted a C18 

Phenomenex Gemini-NX, 5 µm, 250 x 4.6 mm column. A gradient elution with 

methanol (+ 0.1% TFA) /deionised water (+ 0.1% TFA) was used (0-15 min: 95% 

water, 15-30 min: 80% water, 30-40 min: 40% water) with a mobile phase flow rate of 

1 ml/min and detection at 258 nm. 20 µl of sample was injected. 

Tab. 4-2: Gradient elution timetable for the HPLC analysis of PRE. 

Time (min) Methanol + 0.1% TFA (%) dH2O + 0.1% TFA (%) 

0-15 5 95 

15-30 20 80 

30-40 60 40 

4.4 Preparation of Pomegranate Seed oil (PSO) 

Seeds can be found in a leathery pericarp, each a single seed is surrounded by a 

translucent juice containing sac. (Lansky, et al., 2007) That is why the arils needed to be 

extracted by gentle squeezing and removing the remaining membrane from seeds’ 

surface. Seeds were dried overnight at room temperature. 

A total weight of dried seeds was 52.61 g. Seeds were than crushed in a grinding 

mortar with a pestle and extracted in chloroform. This chloroform extract was filtrated 

through a paper filter; seeds were rinsed with chloroform one more time and also 

filtrated. A filtrate contained pomegranate seed oil dissolved in organic solvent. The 

solvent was then allowed to evaporate, with the application of low heat in a fume 

cupboard. 
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Fig. 4.1: Dried pomegranate seeds. 

4.5 Cream formulation 

The very first step was an attempt to prepare a water-in-oil emulsion. We used 

five different ratios of aqueous (PRE/dH2O) and oleaginous (extra virgin olive oil) 

phase and lecithin as an emulsifier (HLB = 4, it should be used in 1-5% of oil weight): 

Tab. 4-3: Composition of w/o emulsions 

Emulsion PRE (ml) Olive oil (ml) w/o ratio Lecithin (g) 

1 10 10 50:50 0.5 

2 14 6 70:30 0.3 

3 6 14 30:70 0.7 

4 12 8 60:40 0.4 

5 8 12 40:60 0.6 

 

Emulsions were prepared in a porcelain mortar with a pestle. Lecithin was 

grinded with a small amount of oil first, than the rest of the oil was added. Small 

portions of PRE had been stirred into oleaginous phase, until a liquid emulsion was 

created.  

Our goal, however, was to prepare a semisolid, thus more creamy, formulation, 

which means, that two more formulas of enhanced o/w composition were made: 
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4.5.1 Cream 1 

Oleaginous phase:  

Stearylalcohol                  

Cetylalcohol   

Stearic acid + olive oil* 

 

                 

1% 

1% 

13% 

Aqueous phase: 

Glycerine 

Methylparaben 

Propylparaben 

Potassium hydroxide 

PRE/deionised water 

 

10% 

0.1% 

0.05% 

0.9% 

100% 

* with 20%; 30% and 50% of olive oil in oleaginous phase  

 

Components of oleaginous and aqueous phases were heated separately in two 

beakers to approximately 65°C, until Stearylalcohol, Cetylalcohol and Stearic acid were 

not melted. Then was the aqueous phase slowly added to the oleaginous one and stirred 

intensively. A smooth cream was created. 

4.5.2 Cream 2 

Emulsifying ointment B.P.  15% 

Oil     15% 

PRE/deionised water   70% 

 

Emulsifying ointment contained white soft paraffin (50%), liquid paraffin (20%) 

and emulsifying wax (30% - sodiumlauryl sulphate/polysorbate60, cetostearyl alcohol, 

PEG-150 strearate, steareth-20). Emulsifying wax emulsifies oil-in-water system and 

forms a hydrophilic cream. Five types of cream were prepared (as stated in Tab. 4-4). 
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Tab. 4-4: Composition of creams. 

 
“Olive” 

 

“Mineral” 

 

“Fish” 

 

“PSO-s” 

 

“PSO” 

 

Emulsifying 

ointment 

B.P. 

7.5 g 7.5 g 7.5 g 5.0 g 1.2 g 

Oil 

(type) 

7.5 g 7.5 g 7.5 g 5.0 g 1.2 g 

Olive oil Mineral oil Fish oil 

Pomegranate 

Seed Oil (The 

Aromatherapy 

Shop) 

PSO 

PRE 
21.0 ml + 

14.0 ml dH2O 

21.0 ml + 

14.0 ml dH2O 

21.0 ml + 

14.0 ml dH2O 
23.5 ml 5.6 ml 

c(PRE) 
c(PRE) = 5 

mg/ml 

c(PRE) = 5 

mg/ml 

c(PRE) = 5 

mg/ml 

c(PRE) = 8.5 

mg/ml 

c(PRE) = 8.5 

mg/ml 

 

Ointment with oil and PRE (ρ=0.91 g/cm3) were heated in two separate beakers 

at approx. 45°C, PRE was slowly added to oil phase and stirred intensively until the 

emulsion lost heat and became a cream. Creams were adjusted into gallipots and stored 

in a fridge at 4°C. 

4.6 In vitro skin penetration analysis 

4.6.1 Membrane preparation 

 In this experiment the full thickness skin from porcine ears was used as it is 

quite similar to the human skin (Simon and Maibach, 2000). Pig ears were obtained 

from a local abattoir and used as soon as possible after excision. Ears were gently 

washed under cool running water, dried with paper towels and shaved with a shaver. 

Skin was removed from both sides of the underlying cartilage by blunt dissection, using 

a scalpel. Undamaged areas of skin were chosen (without scars, tattoos, bruises and 

other defects) and cut into approximately 2x2 cm squares, which were used for our 

penetration experiment. 

4.6.2 Franz cell diffusion 

For determining in vitro skin penetration, all glass Franz diffusion cells (FDC) 

with diffusion area of 1.2 cm diameter (1.1 cm2) were used. FDC is composed of donor 
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(upper) and receptor (lower) compartment. Sections of porcine skin were placed 

between the two chambers with the stratum corneum side facing upward and clamped 

together. Both sides were lightly pre-greased (high vacuum grease; Dow Corning, 

Barry, UK) to prevent leaking beforehand. The receptor phase was filled with deionised 

water using a syringe carefully to avoid the presence of bubbles.  

50 mg of cream was applied with a glass stick through the donor chamber 

directly on the skin and spread on whole diffusion area. Micro-stirrer bar was added to 

assist circulation and a sampling arm of FDC was covered with a cap. Complete cells 

were placed on magnetic stirring plate (Variomag, Daytona Beach, USA) in a water 

bath (FisherBrand) set at 37°C and the donor chamber was covered with Parafilm "M" 

(Bemis, Neenah, WI 54956). 

3 types of creams were used in this experiment: PRE + Olive oil, PRE + Mineral 

oil and PRE + PSO, 3 FDC for each.  

 

Fig. 4.2: An example of assembled FDC. 

 

4.6.3 Tape stripping 

To detect concentration of active substances in different layers of the skin 

(determination of a drug as a function of depth through layers) a tape stripping 

technique was used. 
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After 24 hours FDCs were removed from the bath, pulled apart and obtained 

skin was cleaned gently from excess formulation using cotton buds. Then pieces of tape 

(approximately 2x2 cm) were applied on diffused area with constant pressure and 

removed with a constant velocity. The first strip was discarded because of containing 

excess formulation; others were grouped 3 per a 50 ml conical centrifuge plastic tube 

(Thermo Scientific) containing 5 ml of dH2O. 15 stripes of each cream were taken in 

total.  

Diffused area of the skin was dissected, cut into small pieces and also put into 

the plastic tube with 5 ml dH2O. 

Tubes were placed on a laboratory rocker (Stuart scientific) overnight to assure 

thorough agitation. After this each tube was vibro mixed (TopMix, Fisher Scientific) for 

approx. 10 seconds and stripes were removed with tweezers. Samples were centrifuged, 

if necessary, at 3500 rpm for 30 minutes and decanted. Supernatants were placed in a 

freezer and freeze dried afterwards. 

Samples were then diluted in 1 ml dH2O, centrifuged, if necessary and analysed 

by HPLC. 

4.6.4 High Performance Liquid Chromatography analysis 

See  chapter 4.3. 

4.7 Western blotting – COX-2 analysis 

To detect the protein of interest – COX-2 – in tissue homogenate, the analytical 

method generally known as ‘Western blotting’ was used. 

This technique is based on the reaction between the antigen (a definite place in 

protein structure) and the specific antibody (Ab) binding to the antigen (Ag). Prior to 

this, the mixture of proteins is separated by gel electrophoresis and transferred to the 

membrane. After that the blots are probed for presence of COX-2 by incubation with 

primary antibody. To provide a detectable signal, the secondary antibody conjugated to 

an enzyme binds to the primary Ab and after incubation with an appropriate enzyme 

substrate the signal is produced. 
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4.7.1 Sample preparation 

Samples were prepared according to instructions stated in 4.6.1 and 4.6.2. 

Freshly excised full thickness porcine skin sections were mounted on FDC  with 

Hanks buffer as a receptor phase and treated with 5 different types of formulations (see 

Tab. 4-4) and a blank control (Emulsifying ointment B.P. 15.0 g, dH2O 35.0 g), 3 

replicates of each. Skin samples were recovered from the FDC 18 hours after setting in 

a 37°C water bath. Excess formulation was removed carefully with a cotton bud, the 

diffused area was excised by scalpel dissection, frozen in liquid nitrogen for 5 seconds 

and then stored at -20°C. 

4.7.2 Skin lysates 

To 1 ml of RIPA lysis buffer, protease inhibitors aprotinin and leupeptin were 

added, to gain a final concentration 5 µg/ml of each. Skin samples were added to glass 

tubes containing this buffer and homogenised using a Silverson® homogeniser 

(Silverson Machines Ltd., Chesham, UK) to release the protein of interest. Homogeniser 

was rinsed after each run with PBS. 

Lysates were incubated for 15 minutes on ice and then centrifuged at 14000 rpm, 

15+15 minutes at 4°C in Eppendorf® tubes. Supernatants were stored at -20°C prior to 

use. 

4.7.3 Protein estimation 

To determine a total protein concentration in each sample, Bio-Rad Microassay 

Procedure based on ‘The Bradford Assay’ was used (Bio-Rad laboratories Hercules, 

California). 

A range of dilutions of the protein standard containing 0-25 µg/ml of BSA in 

dH2O was prepared in 1.5 ml disposable plastic cuvettes, 800 µl in total in each cuvette. 

The test samples at 1:200 or 1:400 (when the samples were very concentrated) dilution 

were also prepared in total volume of 800 µl in each cuvette (4 µl of cell lysate + 796 µl 

dH2O, or 2 µl in 798 µl). Samples were made in duplicates. 200 µl of Bio-Rad Dye 

Concentrate was added to every cuvette containing 800 µl of standard/sample and 
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mixed several times wearing gloves, with thumb placed over the top. Between each 

sample, the thumb was wiped on a paper tissue.   

The absorbance was measured after 10-20 minutes on BioMate 3S 

spectrophotometer (Thermo Scientific) at 595 nm versus the blank. Device plotted the 

calibration curve and calculated protein concentration in test samples automatically. The 

concentration of the undiluted sample was worked out by multiplying the mean of the 

two measurements with a dilution factor. 

4.7.4 Sample preparation for SDS-PAGE 

Protein denaturation is an important step, which enables or facilitates bonding of 

the antibody to the specific domain on the protein. A very simple way, how to unfold 

the tertiary 3D structure of every protein, is to heat it. 

 

Laemmli Sample Buffer: 2x concentrated 4x concentrated 

10% SDS 4 ml 800 mg 

Glycerol 2 ml 4 ml 

0.5M Stacking gel buffer pH 6.8 2.4 ml 4.8 ml 

dH2O 1.6 ml 1.2 ml 

Bromophenol blue 0.001-0.002% (w/v) 0.001-0.002% (w/v) 

DTT 154 mg (final c=0.1M) 308 mg (final c=0.2M) 

 

First of all, it was necessary to calculate (protein estimation), what volume of 

each skin lysate gave us a concentration of 1 µg of soluble proteins. Then such an 

amount of a sample was taken, to contain 100 µg of proteins. This was aliquoted to 

Eppendorf ® tubes, diluted with 2x Laemmli buffer (LB) containing 0.1M DTT in a 1:1 

ratio and the volume was made up to 100 µl with 1x LB giving a concentration of 

protein equal to 1 µg/µl, mixed with a pipette. 

Note: If the volume of skin lysate containing 100 µg of proteins exceeded 50 µl, 

4xLB was used in amount of 1/3 of that sample, instead of 2xLB. 



36 
 

Eppendorf ®  tubes were spun briefly (5 seconds) in a micro-centrifuge (Heraeus 

Pico 17 Micro Centrifuge - Core Life Sciences), lids were pierced with a needle (to 

prevent a pressure increasing) and placed in a hot block, set on 100°C, for 5 minutes. 

Samples were spun again if necessary (when condensed droplets occurred) and used 

immediately for SDS-PAGE. 30 µl of each sample was loaded to a gel; the rest was kept 

frozen at -20°C until required. (Laemli, 1970) 

4.7.5 Sodium dodecyl sulphate polyacrylamide gel electrophoresis 

Gel electrophoresis was performed using the Mini Protean 3 apparatus (Bio-Rad 

Laboratories Ltd. (Hertfordshire, UK)).  

Glass ‘Spacer’ (1.5 mm thick) and ‘Short’ Plates were cleaned with 70% ethanol 

(especially the inner surface, which was in contact with the gel) and dried with tissue. A 

Short Plate was placed on top of the Spacer Plate and locked in the Casting Frame 

forming Gel Cassette Assembly, with the Short Plate facing front. This was secured in 

the Casting Stand. To check that the assembly is water tight, dH2O was poured between 

the glass plates. If no leaking occurred within 5 minutes, water was poured off and 

cassettes dried with filter paper.  

7.5% resolving (lower) gel pH 8.8: 

dH2O    6.9 ml 

TRIS-HCl buffer (pH 8,8) 5 ml 

Acrylamide 30%  5 ml 

SDS 10%   200 µl 

APS 10%   200 µl 

TEMED   12 µl 

 

All ingredients (as listed above) were combined in 50 ml falcon tube (Fisher 

Scientific) following the given order and mixed gently by swirling, minimising 

formation of bubbles. As APS and TEMED activate polymerisation, the gel was 

immediately expelled smoothly using 5ml pipette between the two plates in gel cassette 

assembly. The level of the resolving gel should be approximately 1 cm below the 

bottom of the comb (circa 2 cm beneath the top of the shorter plate). To avoid contact 
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with air, which would inhibit polymerisation, the gel was slowly overlaid with dH2O, 

producing a flat surface and paying attention to not mix with the gel. This was left to set 

for about 30-45 minutes (until the rest of the gel in the Falcon tube was set, and an 

interface between the gel and water in the cassette became visible). Water was poured 

off and the inside dried with a filter paper taking care not to touch the gel.  

Stacking (upper) gel pH 6.8: 

dH2O    6.1 ml 

TRIS-HCl buffer (pH 8.8) 2.5 ml 

Acrylamide 30%  1.3 ml 

SDS 10%   100 µl 

APS 10%   50 µl 

TEMED   10 µl 

 

The Stacking Gel was made up following the same steps as for the lower gel and 

layered with a pipette until the top of the short plate is reached. The well-casting comb 

was put immediately and the upper gel was allowed to polymerize for 30 minutes. Once 

set, the Gel Cassette Sandwich was wrapped into wet tissue and cling film and stored at 

4°C in a fridge for using the following day. 

Gel Cassette Sandwiches were placed into the Electrode Assembly with the 

Short Plate facing inward and slid into the Clamping Frame to form sealed Inner Buffer 

Chamber. This assembly was then lowered into the Mini Tank, filled with a running 

buffer (30 g TRIS Base, 144 g Glycine, 10 g SDS, pH adjusted to 8.3 with 5M HCl 

(circa 6-7 ml), dH2O ad 1l = 10x concentrated stock; this was diluted with dH2O in 1:10 

ratio prior to use) and checked for leaks. The level of running buffer in the Inner 

Chamber reached halfway between upper edges of the glass plates forming the Gel 

Cassettes. The Mini Tank (so called lower buffer chamber) was also filled with running 

buffer to about one third, approx. 200 ml was added. After that, 5 µl of marker and 30 µl 

of all samples was loaded carefully, using a pipette with gel loading tips (one tip for 

each sample). The lid was placed on the Mini Tank, matching the jacks and banana 

plugs, the Cell was connected to a power supply set on 120 V and under this condition 

electrophoresis was performed for 90 minutes. When samples were separated 

adequately - reached approx. 1cm above the bottom of the gel, the electrophoresis could 
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be stopped, power supply was disconnected and assembly dismantled. The gels were 

taken out from gel cassette sandwiches by splitting open both glass plates with a plastic 

Gel Releaser; the Upper Gel forming wells was cut off and disposed and the gel peeled 

off the spacer plate while immersing in transfer buffer (3.03 g TRIS base, 14.4 g 

Glycine, 800 ml dH2O, 200ml Methanol) prepared fresh on the day of use. 

4.7.6 Blotting of proteins 

After a separation, proteins needed to be transferred onto a nitrocellulose 

membrane (Protran BA 85, GE Healthcare, Life Sciences, Whatman™, Germany). 

Membranes, filter papers and fibre pads were cut to the size of gels and pre-

soaked in a fresh transfer buffer. After equilibration of gels in transfer buffer (10-15 

minutes), one sandwich was assembled for each gel in order illustrated below. 

 

Fig. 4.3: Sandwich for blotting. 

 

Bubbles that might form between the gel and a membrane were removed by 

gently smoothing with a clean gloved finger. Firmly closed cassettes were placed in the 

Trans-Blot Module, black sides of the cassette and the module facing each other to 

ensure proper protein migration towards a membrane, in direction to a positively 

charged electrode. A magnetic stirrer and a cooling frozen block were added to a tank to 

maintain even buffer temperature and ion distribution. The lid was placed correctly on 

the Mini Trans-BlotTank and power supply set at 100 V constantly for 1 hour. 
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4.7.7 Ponceau S Protein staining 

This reversible stain detection gave us information about even distribution of 

loaded proteins, indicated equal and completed transfer and also suggested the presence 

of the protein of interest. The intensity of the resulting colour of each band correlated to 

relative amount of protein present in each sample. 

Prior to staining, the membrane was placed in a clean container and rinsed 

briefly with dH2O. After the water was poured off, Ponceau S was added to cover the 

membrane and container rocked until the bands were clearly visible. The excess stain 

was washed away with 2-3 changes of dH2O, a photocopy of the membrane inserted in 

a plastic folder was made and the staining was removed by 2 vigorous washing with 

TBS-Tween (12.1 g TRIS base, 58 g NaCl, 5 ml Tween 20, ±15 ml 5M HCl (adjusting 

pH to 7.6), dH2O ad 1 l, diluted 1:10 with dH2O for further use). 

4.7.8 Immunodetection 

In order to block non-specific binding of antibodies to proteins and unreacted 

sites on the blot, which might produce false-positive signals; the membrane was 

incubated in approx. 20ml of 5% non-fat dried milk (Marvel) in TBS-Tween for 1 h, at 

room temperature, agitating gently on a rocking platform. The blot was briefly washed 

2x with TBST, excess liquid dripped off onto a paper tissue and the membrane 

transferred to a 50 ml Falcon tube containing the primary, COX-2 specific antibody 

(COX-2 rabbit antibody, Cell Signalling Technology, lot. 4) in 1:1000 dilution in 

TBST, 5 ml per blot. Blots were incubated overnight at 4°C on a roller-bed. 

Membranes were washed with TBST (2-3 changes) on a rocking platform (5 

minutes each) subsequently and incubated in another clean Falcon tubes with horse-

radish-peroxidase (HRP) conjugated secondary antibody in 1:10000 dilution in TBST 

with 1% w/v Marvel milk for 1 h at room temperature at roller-bed.  

Membranes were washed in TBST as above, excess liquid was removed on 

tissue and blots were placed between plastic sheets in an autoradiograph cassette 

(Hypercassette TM, Amersham Biosciences, UK). Equal volumes (250 µl) of 

DURA/FEMTO solutions were mixed together and 250 µl of substrate were applied 

across the width of the blot, where the protein of interested was expected. Substrate was 
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drawn over the blot to wet the membrane evenly and avoid bubbles and incubated for 

circa 5 minutes to allow the oxidation of luminol substrate by the HRP enzyme. X-ray 

film was then exposed for 45 minutes with DURA or 1-10 minutes using FEMTO and 

developed in Medical film processor SRX-101A (Konica Minolta Medical and Graphic 

Inc., Japan). After obtaining acceptable results, membranes were washed and stored in 

TBST at 4°C.  

Developed films displaying dark bands corresponding to the COX-2 were 

scanned and analysed using AlphaDigiDoc RT (Alpha Innotech) programme for 

densitometry. 

4.8 PGE 2 analysis (LC-MS-MS) 

4.8.1 Porcine Skin Membranes  

Porcine ears were sourced from a local abattoir as quickly as achievable after 

they were excised. They were then immersed in iced Hanks buffer solution. Only 

freshly excised skin was used and application of any test substances occurred within 3 h 

of excision.  

The ears were washed with care under slow moving cold running water, the ear 

was then cut with a scalpel by blunt dissection, whilst being bathed in Hanks buffer, this 

was then sectioned into 2x2 cm squares and used straight away. 

4.8.2  Topical delivery, ex vivo  

4.8.2.1 Franz diffusion cells (FDC)  

Skin sections were prepared as described in 4.6.2 and mounted in glass FDCs, 

with a nominal diffusion area of 1.2 cm diameter (1.1 cm2) and nominal receptor phase 

volume of 3 ml. A micro stirrer bar was added to the receptor compartment which was 

then filled with Hanks buffer.  

Four different treatments were used, 5 replicates of each: 
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PBS (2ml) served as a control, as there were no active substances to influence 

PGE 2 expression. 

CA - Carrageenan (applied 1ml of c=2%) served as a negative control (to induce 

inflammation) (Lee, et al., 2003) (Lira, et al., 2008). 

PSO cream (50mg/0.264mg PRE) as a tested formulation. 

PRE (aq) 8.5 mg/ml (1 ml) as a positive control (PGE 2 levels are lower after 

PRE treatment (Price, 2013)) 

The sampling arm donor phase was then occluded, and the assemblies placed on 

a submersible magnetic stirrer plate in a water bath set at 37ºC. After 21 h the cells were 

dismantled, the skin membranes recovered and the diffused areas carefully cleaned 

using a cotton bud, excised with a scalpel. The skin was placed into liquid N2 for 30 

seconds and subsequently stored at -70ºC. 

4.8.2.2 DTPA/BHT Antioxidant Buffer Solution  

Stock solutions of 10 mM (0.0022 mg/ml) BHT in ethanol and 10mM (0.00393 

mg/ml) DTPA were prepared in advance and kept in the fridge. On the day of the 

experiment, both of the stock solutions (1 ml of each) were diluted with PBS (98 ml) to 

a final concentration of 100 µM to create 100 ml of the BHT/DTPA buffer (1:100 

dilution). 

4.8.3 Tissue comminution 

 Prior to the assay a pestle and mortar were placed in a freezer and a stock 

solution of 100mM SnCl2 (0.0226 g/ml) was prepared. 10 µl of this was added to the 

liquid tissue sample. 

Before being manually ground in the frozen mortar, the frozen tissue was 

weighed and immersed in a BHT/DTPA solution at 55 °C for 5 minutes. The epidermis 

was then manually removed by hand using gloves and then they were flash frozen by 

immersion in liquid nitrogen. This step facilitated better formation of a fine powder 

achieved by adding approx. 1 ml of DTPA/BHT buffer solution along with liquid 

nitrogen (quantum satis) to the mortar containing frozen skin sample. To avoid losing 

small particles while grinding, the sample was covered with an aluminium foil. Bigger 
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pieces were chopped with a scalpel. Resulting tissue powder was moved into a glass 

sample tube together with 10 µl of SnCl2 solution made by diluting the stock of 100mM 

with PBS in 1:100 ratio. This suspension was stored at -70°C. 

4.8.4  Lipid extraction  

Hexane: IPA: acetic acid at the ratios of 30:20:2 were mixed together in a total 

volume of 100 ml. 2.5 ml of this mixture were added to a sample, vortexed for 15‘‘ and 

centrifuged at 1500g at 4 ºC for 5 minutes. Following this, the top lipid layer containing 

the eicosanoids was removed; 2.5 ml of hexane was then added once more and 

centrifuged again under the same condition for a further 5 minutes. The resultant 

mixture was removed, a total volume was reduced to approx. 0.5 ml using N2(g), this 

amount was transferred to sample vials and the rest of the hexane was allowed to 

evaporate placed in ice in fume cupboard.  

400 µl of methanol was added prior to injection into the LC-MS-MS along with 

5 µl of internal standard PGE2-d
4. 

4.8.5 LC-MS-MS  

Samples were separated on a C18 spherisorb ODS2, 5 µm, 150 X 4.6-mm 

column (Waters, Hertfordshire,UK) using a gradient of 50-90% B over 10min (A, 

water: acetonitrile: acetic acid, 75:25:0.1; B, methanol: acetonitrile: acetic acid, 

60:40:0.1) with a flow rate of 1 ml/min. Products were quantitated by LCMSMS 

electrospray ionization on an applied Bio systems 4000 q trap using parent-daughter 

transitions. 
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5 RESULTS  

5.1  HPLC analysis of PRE 

A chromatogram confirmed a presence of Punicalagin α (peak 32097) and 

Punicalagin β (66192) in 1:2 ratio. 

 

 

Fig. 5.1: An example of UV-Vis HPLC chromatogram of PRE analysed following the method stated chapter 4.3. 

 

 

Tab. 5-1: HPLC analysis of PRE – values. 

 Time (min) Area Height Width Area % Symmetry 

Punicalagin α 15.967 32097 1254.8 0.4269 13.324 0.96 

Punicalagin β 20.194 66192 2872.1 0.3752 27.478 0.72 

 

Concentration of punicalagin α calculation: 

calibration coefficient: 18571 

� =
����

����.
 � c = 1.72 mg/ml 

Concentration of punicalagin β was not calculated due to bad peak symmetry. 

The consistent ratio of punicalagin anomers within PRE (1:2), allows for the analysis of 

punicalagin to be drawn from the peak area values of just one anomer. 

The concentration of punicalagin within the freeze dried pomegranate rind 

extract is one fifth the total mass extracted (coefficient= 4.9663), thus: 

Total PRE concentration = 8.5 mg/ml (Houston, 2011) 



44 
 

5.2 Cream formulations 

5.2.1 Emulsions 1-5 

After intensive agitation in a glass flask, only emulsions 1 and 4 were stable, but 

too runny; even adding more lecithin did not help. 

5.2.2 Cream 1 

A smooth semisolid cream was created. However, the phase containing PRE 

turned from red colour into brown after adding KOH; HPLC analysis did not prove any 

presence of either Punicalagin α or β. 

5.2.3 Cream 2 

A fine cream with a colour of a salmon pink was formulated. It was stable for a 

long period and application on the skin was pleasant. 

Tab. 5-2: Concentrations of PRE in manufactured creams. 

Cream 
Total c(PRE) 

(mg/g formulation) 

c(PRE) in 50 mg of formulation* (mg) 

*usual amount applied 

Olive 2.19 0.11 

Mineral 2.19 0.11 

PSO 5.95 0.30 

Fish 2.19 0.11 

PSO-s 6.36 0.32 
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Fig. 5.2: Creams based on PRE with 5 different oils (see  Tab. 4-4) 

From the left: fish – mineral – PSO - PSO-s - olive oil. 

5.3 Penetration analysis of PRE to the skin (Tape stripping) 

For the penetration analysis, 3 types of formulations containing PRE with 

different oily phase were chosen: 

Mineral oil/PRE (“Mineral”): 

Total concentration of PRE was 2.19 mg/g of formulation; in 50 mg of cream 

=0.11 mg PRE (applied amount) 

Olive oil/PRE (“Olive”): 

Total concentration of PRE was 2.19 mg/g of formulation; in 50 mg of cream 

=0.11 mg PRE (applied amount) 

PSO/PRE (“PSO”): 

Total concentration of PRE was 5.95 mg/g of formulation; in 50 mg of cream 

=0.30 mg PRE (applied amount) 

Figure 5.3 shows relative skin penetration of punicalagin anomers into porcine 

skin ex vivo. Results were obtained by tape stripping of stratum corneum and HPLC 

analysis of tape strips and the skin itself.  
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Generally there are observed higher penetrant levels towards surface, lower 

levels deeper down, as a formulation saturates upper levels more readily. 

The amount of punicalagin recovered in each layer of the epidermis after 

application of PRE was in the region of 0.2- 2.8 µg/cm2 in the upper layer and 0.3 – 1.9 

µg/cm2 in the deepest group of tape strips. This means approximately 0.1-1% of PRE 

applied. 

More punicalagin was consistently delivered using olive oil in a cream base. 

This suggests, that olive oil is absorbed better into skin, taking punicalagin with it via 

co-permeation effect. However, this difference was considered to be not statistically 

significant (p>0.05). 

Mineral oil and PSO based creams were not significantly different. 

 

 

Fig. 5.3: Relative skin penetration of punicalagin anomers into porcine skin in vitro (n=3 ± SD). 1 = uppermost 

group of tape strips, 5 deepest group of tape strips. 
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5.4 Anti-inflammatory activity analysis (Western blotting) 

To prove and to quantify the anti-inflammatory properties of formulations based 

on PRE, Western blot analysis was performed. COX-2 was chosen as the marker of 

inflammation. 50 mg of formulations stated in Tab. 4-4 were applied to ex vivo full 

thickness porcine skin within a Franz diffusion cell for 18 h, SDS PAGE and western 

blotting was carried afterwards. 

 Densitometric measurements of the bands for COX-2 were normalised to total 

protein amount. Usually, β-actin is used for normalisation. However, in all experiments 

we made, we failed to detect β-actin bands. This might be due to varying expression, 

“burning-out” of the signal or Ag-Ab binding problem (Ruan, et al., 2007) (Dittmer, et 

al., 2006) 

Levels of COX-2 expression in the control were arbitrarily assigned a value of 

100% and test formulations were shown as a percentage of the control and graphically 

displayed in Figure 5.4.  

 

 

Fig. 5.4: Expression of COX-2 (%) ±sd (n=2) 
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COX-2 expression was slightly modulated after the application of each cream 

(as showed in table 5-3), however, none of the creams applied led to the statistically 

significant reduction of COX-2 expression (p>0.05). Results are summarised in Tab.5-

3. 

Tab. 5-3: Modulation of COX-2 after 18 h of treatment. 

 

 

 

 

 

 

 

 

 

Treatment 
COX-2 

exprimantion (%) 
Difference vs control (%) ±SD (%) 

control 100.00 
 

3.99 

olive 88.08 -11.92 11.24 

mineral 83.22 -16.78 15.98 

pso 89.36 -10.64 2.26 

fish 96.32 -3.68 3.21 

pso-s 98.40 -1.60 0.74 

Fig. 5.5: Analysis of COX-2 expression by WB. 
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5.5 LC-MS-MS 

 

Fig. 5.6: Levels of PGE 2 in porcine skin. 

 

Figure 5.6 shows levels of PGE 2 in porcine skin in vitro after 21h of different 

treatment applied.  

PBS (2ml) served as a control, CA - carrageenan as a negative control, PSO 

cream as a tested formulation and PRE (aq) as a positive control. 

It was assumed, that the highest amount of PGE 2 would be found in a sample 

treated with carrageenan, followed by PBS (no treatment), the lowest in PRE (aq) 

sample. Nevertheless, variation among column means was not significantly greater than 

expected by chance (p>0.05). 

Tab. 5-4: PGE 2 levels in different samples after 21 h of application. 
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PBS 0.001328 0.000140 

CA 0.001583 0.000352 

Cream  0.002210 0.000352 

PRE 0.001472 0.000611 
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6 DISCUSSION  

6.1 Formulations 

Regarding the cream formulations with PRE incorporated into the aqueous 

phase, the best result was obtained using Emulsifying ointment BP with no differences 

between oils. Creating a simple emulsion by mixing the aqueous and oil phases resulted 

in unstable, inhomogeneous product, even if lecithin was used as emulsifier. Although 

the emulsion retained after strong shaking was stable for a short time, the phase 

separation was observed within 60 minutes. 

Formula described as “Cream 1” was also not proven suitable for the inclusion 

of the PRE. As this composition contained KOH, it reacted with PRE forming a dark 

brown degradation product. 

6.2 Dermal absorption 

PRE penetration into the skin was examined for three types of Cream 2: olive, 

mineral and PSO. The types of oils were selected according to their biological activity. 

Olive as active, mineral as inert and PSO as natural oil from Pg to support the anti-

inflammatory effect. (Vinolo, et al., 2011) (Viladomiu, et al., 2013) 

Emulsions, vehicles extensively used to deliver various drugs to the skin, have a 

high ability to penetrate the skin. In addition, the formulator can control the viscosity, 

appearance, and degree of greasiness of cosmetic or dermatological emulsions. Gels for 

dermatological use have also several favourable properties such as being thixotropic, 

greaseless, easily spreadable, easily removable, emollient, nonstaining, compatible with 

several excipients, and water-soluble or miscible.  (Lira, et al., 2008) 

PRE topical anti-inflammatory action on inflamed skin has been shown in 

several studies, but mostly in the form of an aqueous solution or a hydrogel (the main 

active substance of PRE are as polyphenolic compounds hydrophilic). (Houston, 2011) 

(Williams, 2013) 
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6.2.1 The porcine skin 

The effectiveness of these creams has been tested on the skin of porcine ears. 

Porcine skin is well-accepted as a decent facsimile of the human counterpart, 

however while the approach will be representative of short-contact exposures, it may be 

less adequate for longer application times, particularly for drugs of high lipophilicity 

due to lack of a functioning cutaneous circulation in the isolated pig ear. (Herkenne, et 

al., 2006)  

6.2.2 Tape stripping 

Tape stripping (TS) is a generally recognized method for analysing the products 

of penetration into the skin, but has many disadvantages and flaws. 

The key criteria are that the extraction process does not degrade the drug, that it 

is efficient and reproducible, and that it is free from interference from components of 

the SC and/or the tape adhesive. (Escobar-Chávez, et al., 2008) 

Among the weaknesses, one may cite, in particular:  Tape-strips do not remove 

the same amount of SC from all subjects (or even, potentially, within a subject, 

especially if one of the formulations being compared contains an excipient which 

weakens SC cohesivity). As a result, drug will be measured in different ‘volumes’ of the 

matrix, rendering comparisons between different treatments/subjects essentially 

meaningless. 

It is obvious that different tapes and different experimentalists will inevitably 

strip the SC in a variable fashion, making inter- and intra-laboratory comparisons 

impossible. Even when the type of tape is standardized, and an attempt is made to exert 

an equal pressure on each tape applied to the skin, the SC amount removed still depends 

on, for example, the speed with which the tape is subsequently removed from the 

subject and exactly where on the forearm the experiment is performed.  

Analysis of the data for rapidly permeating compounds may be complicated by 

the fact that the time to obtain the tape-strips may be similar to the application time, and 

the drug’s concentration gradient may therefore shift during the data collection process. 

(Herkenne, et al., 2008) 
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Theoretically, an adhesive tape removes a layer of corneocytes. In vivo, 

removal of the SC by TS is performed by the repeated application of adhesive tapes 

to the skin’s surface. Usually, the amount of SC removed by TS is not linearly 

proportional to the number of tapes removed. TS appears to be simple and easy to 

perform, however there are different parameters that can influence the quantity of 

SC removed by a piece of tape, and these include TS mode, skin hydration, cohesion 

between cells (which increases with SC’s depth), the body site and inter-individual 

differences. (Escobar-Chávez, et al., 2008) 

6.2.3 PRE penetration 

The permeation rate of a topical drug may be influenced by drug-vehicle, drug-

skin, and vehicle-skin interactions. In the clinical assessment of a topical agent, the 

vehicle may significantly affect drug release and skin penetration, thereby altering 

biological activity.  

Skin permeation studies have shown that the permeated amount of hydrophilic 

active substance from gel formulations was higher than that of gel-cream formulations, 

reinforcing the hypothesis that this molecule has more affinity with emulsifying 

preparations, thus retarding the release rate of the drug. (Lira, et al., 2008) 

The TS of full thickness skin confirmed, that PRE penetrated all levels of SC. 

Amounts of punicalagin retrieved from each layer of SC after 24h were around 0.3 – 2.8 

µg/cm2 which reaches ±0.1-1% of total amount of PRE applied, but peaks in 

chromatograms representing these punicalagins were very uneasy to determine. This 

indicates very low levels of active substance penetrated through the stratum corneum, 

thus a minimal chance to affect inflammation process in the skin. Considering dermis 

analysis, yet again, chromatograms showed lots of by-products and it was impossible to 

identify proper peaks representing punicalagins, so we were not able to gain valid data 

to support this hypothesis. This suggested to a loss of punicalagins (decomposition) in 

analysed sampled due to either ambient conditions such as pH (the best is around 3.5 

(Qu, et al., 2012)) and temperature or inner properties of tissue samples (increased 

metabolism of cutaneous enzyme system (Bucks, 1984)). It is also possible, that 
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hydrophilic punicalagins passed through the skin straight to the aqueous receptor phase. 

The liquid in the lower compartment of FCD was not analysed. 

Variances in samples may be due to inefficient extraction from tape strips or, 

more likely, poor adhesion of tape to tissue saturated with oily formulation. High 

variability of results (big error bars) is attributed to variability of skin. 

6.3 Anti-inflammatory properties 

6.3.1 Effect on COX-2  

Western blotting analysis of pro-inflammatory marker COX-2 confirmed the 

assumption that had been indicated in the analysis of epidermis and dermis after 

application of our creams. PRE either did not penetrate into the skin in sufficient 

quantities to influence levels of COX-2 or permeated too quickly or degradation 

processes occurred and effects of the molecules contained in the PRE bearing the anti-

inflammatory properties were not evinced. The same can be said about PSO and its 

active substances (mainly punicic acid). 

6.3.2 Effect on PGE 2 

LC-MS-MS method aimed to analyse PGE2, a metabolite of AA generated by 

COX-2. Despite the evidence for effectiveness in the down regulation of PGE2 in 

porcine skin ex vivo (Price, 2013), it was found that PRE incorporated into creams 

containing different oils in the hydrophobic phase did not influence the levels of PGE2 

in our experiment. Probable reasons are outlined above (6.2.3, 6.3.1).  

Another possible cause of our PRE (and PSO) ineffectiveness could be 

pomegranate itself. As mentioned in theoretical part (chapter 2.1.5), Pg can be obtained 

from different sources and in wide range of varieties. This also influences chemical 

composition and biological and pharmaceutical properties of each sort.  

Standardisation and validation of all conditions, materials and methods 

necessary for pharmaceutically efficient and acceptable dosage form, however, greatly 

exceed the framework of this thesis. 
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7 CONCLUSION  

This project aimed to create a semi-solid dosage formulations with major 

pharmacologically active substances contained in the aqueous phase as PRE. PRE is a 

mixture of many biologically effective substances; nevertheless the highest activity was 

demonstrated as a whole extract of synergistically acting molecules. (Jurenka, 2008) 

The ability of skin penetration and efficacy in down regulation of COX-2, as the 

principal marker of inflammation, and PGE 2 as a metabolite thereof were tested. 

Promising hypotheses were not confirmed. Although some of the punicalagins 

penetrated through all layers of the epidermis, HPLC analysis of TS samples obtained 

from the skin treated with PRE creams showed minimal concentration of punicalagins α 

and β (the main components PRE), additionally there were identified some unknown 

peaks, probably representing complexes or decomposition products of punicalagins. 

This may indicate to the interaction between the active molecules of PRE and cream 

excipients or skin molecules. It is also possible that a non-standardized and chemically 

undefined extract underwent decomposition processes during the course of the 

experiment (24 hours at 37°C), or PRE was not captured in the skin, but went straight to 

the receptor phase of FDCs. 

Ineffectiveness of our creams confirmed analysis of the influence of PRE (or 

PSO) on COX-2 and PGE 2. Both methods (WB for COX-2 and LC-MS-MS for PGE 

2) failed to show significant reduction of COX-2 or PGE 2 expression after PRE cream 

administration. However, comparative experiments were not performed (including 

either NSAIDs or corticosteroids as a positive control), so it is uncertain whether the 

mistake is in the assumption - that PRE-based cream does not inhibit COX -2 (or PGE 2 

consecutively), or an error was made in the method (non-standardized extract, a small 

amount of the active compounds, degradation of the skin or substances during the 

experiment, the interaction of molecules, various sources and varieties of Pgs etc.). That 

is why it is not possible to make a definitive general conclusion that the PRE-based 

creams have or have not any anti-inflammatory properties. As a conclusion of this 

study, it was not proven. More thorough experiments with this issue would be needed, 

or defining the causes if there are any general reasons why and whether PRE in cream 

formulation loses its anti-inflammatory properties would be required. 
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