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ABSTRACT 

 

 

 

 

Ficus deltoidea (FD) is a medicinal herb which had been discovered to possess 

antioxidant and anti-inflammatory activities. Thus, it has the potential to be a good 

active ingredients for improving skin barrier function. Nanostructured lipid carrier 

(NLC) is a promising delivery system to transport FD extract through the skin as it is 

composed of biocompatible lipids, which are similar to the intercellular part of the 

stratum corneum. The objective of this research is to formulate and characterize 

physicochemical and biological properties of virgin coconut oil (VCO) based NLC 

loaded with FD extract to improve skin barrier function. The FD loaded NLC 

(FDNLC) formulation was prepared using melt emulsification homogenization 

technique with glycerol monostearate as solid lipid, VCO as liquid lipid and 

combination of Tween 80 and soy lecithin as surfactant. The delivery system had the 

particle size of 158.033|±|10.53 nm, polydispersity index of 0.153|±|0.06, zeta 

potential of -42.32|±|1.54 mV, and encapsulation efficiency of 87.401|±|7.33%. 

Transmission electron microscopy images indicated that the prepared NLCs were 

spherical in shape with even size distribution. The formulation was stable for at least 

40 days. Diffusion experiments showed that FDNLC diffused through the skin had the 

steady state flux of 12.727 mg/cm2.h, lag phase of 0.023 h, and permeability 

coefficient of 0.098 cm/h. The results showed better penetration in FDNLC compared 

to non-encapsulated FD. The skin test study in term of transepidermal water loss, 

hydration, elasticity, melanin and erythema showed significant improvement between 

week 0 and week 4 with the usage of cream loaded with FDNLC.  Taken together, the 

formulation of FDNLC can be concluded to be efficient in improving skin barrier 

function. 
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ABSTRAK 

 

 

 

 

Ficus deltoidea (FD) adalah sejenis ubatan herba yang telah dikenal pasti untuk 

mempunyai aktiviti antioksidan dan anti-radang yang tinggi. Ini menjadikan ia sesuai 

sebagai bahan aktif untuk meningkatkan fungsi rintangan kulit. Pembawa lipid 

nanostruktur (NLC) adalah pembawa yang sesuai untuk ekstrak FD memandangkan 

ianya terdiri daripada lipid bioserasi sama sifat dengan bahagian ruang antara sel pada 

lapisan stratum corneum. Objektif penyelidikan ini adalah untuk merumuskan dan 

mencirikan sifat fizikokimia dan sifat biologi NLC yang dimuatkan dengan ekstrak 

FD berasaskan minyak kelapa dara (VCO) untuk meningkatkan fungsi rintangan kulit. 

FD yang dimuatkan ke dalam NLC (FDNLC) telah disediakan menggunakan teknik 

penghomogenan pengemulsian cecair dengan menggunakan gliserol monostearat 

sebagai lipid pepejal dan VCO sebagai lipid cecair serta gabungan Tween 80 dan 

lesitin soya sebagai surfaktan. Sistem penghantaran ubat ini mempunyai ciri-ciri 

berikut iaitu saiz partikel 158.033 ± 10.53 nm, indeks poliselerakan 0.153 ± 0.06, 

potensi zeta -42.32 ± 1.54mV dan kecekapan pengkapsulan 87.401 ± 7.33%. Imej 

NLC daripada mikroskop elektron penghantaran menunjukkan partikel NLC 

berbentuk sfera dengan agihan saiz yang sekata. Formulasi ini stabil dalam tempoh 

sekurangnya selama 40 hari. Kajian resapan menunjukkan FDNLC yang diresap ke 

dalam kulit mempunyai fluks berkeadaan mantap 12.727 mg/cm2.jam, fasa lag 0.023 

jam dan pekali kebolehtelapan 3.19 ± 0.098 cm/jam. Keputusan kajian menunjukkan 

FDNLC adalah lebih bagus dari segi penyerapan berbanding FD yang tidak 

dienkapsulasi. Kajian kulit pula mendapati kehilangan transepidermal air, hidrasi, 

keanjalan kulit, melanin dan eritema kesemuanya menunjukkan peningkatan yang 

signifikan antara minggu kosong dan ke empat dengan penggunaan krim FDNLC. 

Kesimpulannya, formulasi FDNLC adalah efisien untuk meningkatkan fungsi 

rintangan kulit. 
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CHAPTER 1 

 

 

 

 

INTRODUCTION 

 

 

 

 

1.1 Background of Study 

 

 

Skin is the largest organ in human which covers almost the whole body. The skin 

is a protective barrier against external mechanical, chemical, microbial and physical harms 

(Desai et al., 2010). It is made up of three layers: epidermis, dermis and hypodermis. 

Stratum corneum (SC) is the outermost layer of epidermis and it is very important in 

permeation of drugs into our body. SC acts as formidable barrier to dermal absorption 

which specifies the rate of dermal penetration (Eman et al., 2016). SC is also the barrier 

to loss of body water. In addition, SC produces a protective shield against the admission 

of harmful materials, such as bacteria or allergens, from the surrounding environment. 

This barrier fulfills an entire set of critical defensive functions including deflecting the 

ultraviolet light, refining most of it before it penetrates even deeper into the skin. 
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Luebberding et al. (2012) stated that the skin barrier function is the natural 

boundary between the inner organism and the surroundings, and this function is mainly 

formed by the epidermis. However, skin barrier function could be depleting due to 

many factors such as chronic stress. Animal studies performed by Denda et al. (1998; 

2000) proved that stress can weaken the regaining of skin barrier function from barrier 

disruption by tape stripping. A study by Altemus et al. (2001) proposed the 

deterioration of skin permeability barrier homeostasis caused aggravation of 

inflammatory skin diseases.  

 

 

Skin barrier disruption is related with both an increase in keratinocyte 

proliferation (Proksch et al., 1991; Denda et al., 1996) and an increase in production 

of inflammatory cytokine in the local tissue (Nickoloff and Naidu, 1994; Wood et al., 

1997). Both of these consequences could probably worsen inflammatory skin diseases 

such as psoriasis, eczema, and atopic dermatitis, and also aggravate contact dermatitis 

(Altemus et al., 2001). Besides, the skin barrier function could be depleted as it is 

exposed to various exogenous sources of oxidative stress, such as ultraviolet radiation 

and pollutants. Reactive oxygen species (ROS) and other free radicals are generated 

in the skin as response to these oxidative attacks, (Dreher and Maibach, 2001). To curb 

the harmful effects of ROS, antioxidants is present in the skin and is responsible for 

the balance between pro-oxidants and antioxidant (Thiele et al., 2000). An impairment 

of this balance, due to an increased exposure to exogenous sources of ROS, has been 

defined as “oxidative stress” and involves oxidative damages of lipids, proteins and 

DNA (Sies, 1985). On top of that, age is one of the factors which contributes to the 

declining of skin barrier functions. Although researches by Ghadially et al. (1995); 

Roskos and Guy (1989), showed that there is no change in water loss with ageing, 

barrier in aged skin has been claimed to be more vulnerable to penetration. The 

susceptibility to damage increased and there is setback in barrier recovery (Ghadially 

et al., 1995). 

 

 

Ficus deltoidea (FD) or widely known as Mas Cotek in Malaysia is a plant 

originated from Moraceae family. It had been traditionally used as medicine for many 

diseases including diabetes and relieving pain. Ramamurthy et al., (2014) stated that 
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FD is also used for migraines, skin diseases, and diarrhea, pneumonia and heart 

problems. The active compounds in the extract of the plant are proven to possess anti-

inflammatory, antinociceptive, anti-cancer, anti-oxidant and antiphotoaging effects 

(Bunawan et al., 2014). Haron (2014) reported that among the chemicals found in FD 

are naringin and polyphenols which are useful for /anti-inflammatory effect. There are 

many mechanisms that are responsible for the anti-inflammatory activity based on the 

phytochemical compound found in FD. Meotti et al. (2005) found out flavonoids could 

inhibit protein kinase C and L-arginine/NO pathways. FD also possessed high 

antioxidant activity. Tannins present in FD might be responsible in preventing lipid 

oxidization as a reducing agent, free radical scavengers and chelators of pro-oxidant 

catalytic metals. Tannins are tightened over relaxed tissue, to dry excessive watery 

secretion and protects damage tissues like eczema or burnt (Ramamurthy et al., 2014). 

 

 

Many studies were done on the application of FD, for instance, a study by 

Abdula et al., (2010) showed enhancement in wound healing in rats treated with FD. 

The results had proved the effectiveness of FD extract to speed up the rate of wound 

healing enclosure in the experimentally-induced wounds in rats. Along with that, a 

study by Hasham et al., (2013) proposed that FD extract prevents the inflammatory 

cytokines production and might be an efficient protective agent to cure skin diseases. 

The research concluded that FD extract may be beneficial against UVB induced skin 

damage and is functional for anti-photoaging cosmetic products.  

 

 

However, using plant extracted with water or ethanol had some limitations. In 

which the delivery of the extracts is slow and poor dosing of the extracts in human 

body (Caldorera-Moore and Peppas, 2009). It is also difficult for biologically active 

water-soluble extracts to permeate through human skin which naturally has 

hydrophobic characteristics. Another setback of using plant extract is the bioactive 

substances are unstable when exposed to light and could lose activity during storage 

(Vinardell and Mitjans, 2015). 

 

 



4 
 

Virgin coconut oil (VCO) is defined as the oil resulting from the fresh and 

mature kernel of the coconut (Cocos nucifera L.) through mechanical and natural 

means, whether with the use of heat or not, as long as it does not lead to alteration of 

the oil (Mansor et al., 2012). Recently, VCO is recognized for its ample advantages. 

Marina et al (2009a) confirmed VCO has higher antioxidant activity than refined 

coconut oil. A research by Nevin and Rajamohan (2006) had shown that VCO is 

capable in enhancing anti-oxidant enzymes activity and inhibition of lipid peroxidation 

in mice. In cosmetics industry, VCO is an excellent ingredient which functions as a 

skin moisturizer and softener (Rohman and Man, 2009). Kim et al. (2017) 

demonstrated that the oil increased expression of cornified envelopes (CE) 

components, thereby contributing to protective barrier functions of the SC. In addition, 

VCO had been used as co-carrier for nanostructured lipid carrier (NLC) system in 

several studies (Pamudji et al., 2016; Rosli et al., 2014). This is because with the listed 

quality it has, VCO does not only act as liquid lipid in NLC but also complements the 

system excellently. 

 

 

Some procedures have been examined to increase the penetration of therapeutic 

molecules through the skin (Desai et al., 2010). Solid lipid nanoparticles (SLN) were 

developed at early 1990s as a possible substitute carrier system to emulsions, 

liposomes and polymeric nanoparticles (Muller et al., 2002). However, some problems 

were identified in SLN which are drugs load are too low and drug expulsion could 

happen during storage (Pardeshi et al., 2012). Nanostructured lipid carrier system 

(NLCs) is composed of liquid lipid blended with a solid lipid to form a nanostructured 

solid particle matrix. Liquid lipid in NLC is used to alter the formation of SLN. This 

structure enhances loading of the drug and incorporates the drug securely during 

storage. However, there is not much study on association of lipid nanocarriers with 

plant medicine in the bio-nanotechnology field (Lacatusu et al., 2014). With the health 

advantages and improved delivery features it brings, usage of suitable renewable 

vegetable sources is highly possible to comply with both industrial and customer 

demands. Final solid lipid core should contain structural imperfections to increase the 

incorporation of the drugs into the system. The system has been portrayed as an 

effective system to enhance skin hydration, due to their physiological lipid 

composition and occlusive effect properties (Tichota et al., 2014). The small size of 
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NLCs ensures a close contact to the stratum corneum and can increase the amount of 

the active compound penetrating the skin (Li and Ge, 2012). NLCs are novel drug 

delivery systems for the delivery of actives with high solubility, stability, powerful 

skin penetration, and low skin discomfort (Muller et al., 2007). 

 

 

NLC incorporated with FD could be a promising treatment for improving skin 

barrier function. The incorporation of VCO as liquid lipid further added the value of 

the system. Therefore, the combination of all the powerful ingredients supposed to 

give good effect to skin in term of barrier function 

 

 

 

 

1.2 Problem Statement 

 

 

The function of skin barrier is to act as natural boundary between the inner 

organism and the environment. Nevertheless, the skin barrier function could decline 

due to several factors such as aging and stress. When the skin barrier function is 

damaged or depleted by application of harsh products, handling, or environmental 

conditions, the skin loses water and gets dried out faster, thus becomes more permeable 

to irritants and allergens. Once irritants or allergens penetrate the epidermis, they may 

trigger inflammation and this would lead to many skin problems such as dry skin, 

atopic dermatitis and psoriasis.   

 

 

There are currently a lot of treatments and ingredients available in the market 

which could improve skin barrier function. However, the ingredients such as 

corticosteroids sometimes might also give off side effects to the body such as 

inflammation, wrinkling and thinning of skin to the site of application (Abraham and 

Roga,2014). As these side effects are of synthetic drugs, there is a need for safer and 

efficient treatment of these conditions. So, natural actives from herbs and plants could 

be an alternative for the treatment. This is because they produce no or fewer side 
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effects compared to synthetic drugs. In addition, natural drugs from the plants are 

gaining popularity because of several advantages such as better patient tolerance, being 

relatively less expensive and acceptable due to a long history of use (Tabassum and 

Hamdani, 2014). Also, an increased reliance on the use of medicinal plants in 

industrialized societies can be attributed to the extraction and development of a number 

of drugs and chemotherapeutics from plants, as well as herbal remedies. In industrial 

societies, herbal remedies have become more common in the treatment of minor 

ailments, due to increasing of cost of maintaining personal health (Hoareau and 

Dasilva, 1999). Other than that, Malaysia had an extensive variety of herbs and plants 

which possessed a lot of phytochemical constituents that has not been fully explored. 

It would be a waste if local researchers did not utilize the existing treasure in the 

country.  

 

 

In this research, FD, a Malaysian herbs had been chosen to be encapsulated 

into NLCs as it had shown no toxicity and it is rich in anti-inflammatory and 

antioxidant compounds. It had been proved that FD can induce wound healing and act 

as protective agent in healing skin diseases. However, FD extract exhibits hydrophilic 

behavior which will make it difficult to penetrate human skin which are lipophilic in 

nature. To overcome this problem, NLC which are lipophilic will be used to 

encapsulate FD and it is expected to penetrate well into the human skin. NLCs had 

been chosen because of its efficacy to deliver the active ingredients with high 

solubility, stability, powerful skin penetration, and low skin discomfort. Furthermore, 

the small size of NLCs will establish a close contact to the stratum corneum as well as 

improve the quantity of the active compound penetrated into the skin. To improve the 

system, virgin coconut oil (VCO) is used as the liquid lipid in NLC system. VCO is 

highly known for its antioxidant effects and as moisturizer. The unique properties of 

VCO as co-carrier, excellently complement NLC system. In addition, coconut oil is 

proven to increase expression of cornified envelope (CE) components which could 

contribute in improving skin barrier function.  Therefore, with the listed advantages, 

VCO based NLC loaded FD extract is highly potential to enhance skin barrier function. 

 

 

 



7 
 

1.3 Objective 

 

 

The objective of this research is to formulate and characterize physicochemical 

and biological properties of Virgin Coconut Oil based Nanostructured Lipid Carrier 

loaded with Ficus Deltoidea extract to improve skin barrier function. 

 

 

 

 

1.4 Scope of Research 

 

 

In order to achieve the objective of the study, the following scopes have been 

identified as below: 

 

 

1. Preparation of Nanostructured lipid carrier based on VCO as co-carrier system 

using melt emulsification homogenization technique. 

2. Encapsulation of FD extract into VCO based NLC. 

3. Characterization of formulation of VCO based NLC loaded with FD extract using 

Zetasizer Nano S, Zetasizer Nano Z, High performance liquid chromatography 

(HPLC), Transmission electron microscopy (TEM). 

4. Study on the penetration ability of the formulation of VCO based NLC loaded 

with FD extract using Franz type diffusion cell. 

5. Evaluation of stability of VCO based NLC loaded with FD extract at three 

different temperatures (4, 25 and 40ºC) in term of size and PDI. 

6 Analysis of topical cream incorporated with VCO based NLC loaded FD extract 

on skin barrier function, stratum corneum hydration, erythema, elasticity, pH and 

melanin index using multifunctional skin physiology monitor. 

 

 

 



99 

 

REFERENCES 

 

 

 

 

Abdsamah, O., Zaidi, N.T., Sule, A.B. (2012). Antimicrobial activity of Ficus 

deltoidea Jack (Mas Cotek). Pak J Pharm Sci. 25(3):675-8. 

Abdulla, M.A., Ahmed, K.A., Abu-Luhoom, F.M. and Muhanid, M.  (2010). Role of 

Ficus deltoidea extract in the enhancement of wound healing in experimental 

rats. Biomedical Research, 21 (3), 241-245 

Abdullah, Z., Hussain, K., Zhari, I., Rasadah, M.A., Mazura, P., Jamaludin, F., and 

Sahdan, R. (2009). Evaluation of extracts of leaf of three Ficus deltoidea 

varieties for antioxidant activities and secondary metabolites. Phcog Res, 1,216-

23. 

Abhinav, M., Neha, J., Anne, G., and Bharti, V. (2016). Role of Novel Drug Delivery 

Systems in Bioavailability Enhancement: At A Glance. International Journal of 

Drug Delivery Technology, 6(1); 7-26.  

Abraham, A., & Roga, G. (2014). Topical Steroid-Damaged Skin. Indian Journal of 

Dermatology, 59(5), 456–459.  

Agra, L.C., Ferro, J.N.S., Barbosa, F.T., Barreto, E. (2015). Triterpenes with healing 

activity: A systematic review. J. Dermatol. Treat., 26, 465–470. 

Agrawal Y., Petkar K.C., Sawant K. K. (2010). Development, evaluation and clinical 

studies of Acitretin loaded nanostructured lipid carriers for topical treatment of 

psoriasis, International Journal of Pharmaceutics, 401 (1–2), 93-102 

Agrawal, R., and Woodfolk, J. A. (2014). Skin Barrier Defects in Atopic Dermatitis. 

Current Allergy and Asthma Reports, 14(5), 433. 

Alexandru M.G. (2017) Nano- and Microscale Drug Delivery Systems: Design and 

Fabrication. Elsevier.  

Almey, A. A., Khan, C. A., Zahir, I. S., Suleiman, K. M., Aisyah, M., and Rahim, K.K. 

(2010). Total phenolic content and primary antioxidant activity of methanolic 

and ethanolic extracts of aromatic plants’ leaves. International Food Research 

Journal, 17, 1077-1084. 



100 

 

Altemus, M., Rao, B., Dhabhar, F. S., Ding, W., and Granstein, R. D. (2001). Stress-

Induced Changes in Skin Barrier Function in Healthy Women. Journal of 

Investigative Dermatology, 117(2), 309-317 

Ananthapadmanabhan, K.P., Lips, A., and Vincent, C. (2003) pH-induced alterations 

in stratum corneum properties. Int J Cosmet Sci, 25, 103–112. 

Antolovich, M., Prenzler, P.D., Patsalides, E., McDonald, S., and Robards K. (2002), 

Methods for testing antioxidant activity. Analyst, 127 (183-198). 

Anton, N.,Benoit, J. P., Saulnier P. (2008).Design and production of  nanoparticles 

formulated from nano-emulsion templates-a review. J Control Release, 128, 

185–199. 

Averina E. S., Seewald, G., Müller, R. H., Radnaeva, L. D., and Popov, D. V. (2009) 

Nanostructured lipid carriers (NLC) on the basis of Siberian pine (Pinus sibirica) 

seed oil. Pharmazie, 65: 25–31. 

Bartosova, L. and Bajgar, J. (2012). Transdermal Drug Delivery In vitro Using 

Diffusion Cells. Current Medicinal Chemistry, 19, 4671-4677 

Bei, D., Meng, J., and Youan, B. C. (2010) Engineering nanomedicines for improved 

melanoma therapy: progress and promises. Nanomedicine, 5(9), 1385–1399. 

Beloqui A., Solinis M.A., Rieux A.D., Preat V. and Rodriguez- Gascon A. (2014) 

Dextran-protamine coated nanostructured lipid carriers as mucus penetrating 

nanoparticles for lipophilic drugs. Int J Pharm. 468(1-2): 105-11 

Bernardi, D. S., Pereira, T. A., Maciel, N.R., Bortoloto, J., Viera, G.S., Oliveira G.C., 

and Rocha-Filho, P. A. (2011) Formation and stability of oil-in-water 

nanoemulsions containing rice bran oil: in vitro and in vivo assessments. Journal 

of Nanobiotechnology, 9, 44.  

Bittar, M., Sousa, M. M., Yunes, R., Lento, R. A., Delle-Monache, F., and Cechinel-

Filho, V. (2000). Antinociceptive activity of I3, II8-Binaringenin, a biflavonoid 

present in plants of the Guttiferae. Planta Medica, 66, 84-86 

Borghi, M. S., Carvalho, T. T., Staurengo-Ferrari, L., Miriam, S., Hohmann, N., Pinge-

Filho, P., Casagrande, R., Verri Jr., W. A. (2013). Vitexin Inhibits Inflammatory 

Pain in Mice by Targeting TRPV1, Oxidative Stress, and Cytokines. J. Nat. Prod. 

76 (6), pp 1141–1149 

Bunawan, H., Amin, N. M., Bunawan, S. N., Baharum, S. N., & Noor, N. M. (2014). 

Ficus deltoidea Jack: A Review on Its Phytochemical and Pharmacological 

Importance. Evidence-Based Complementary and Alternative Medicine, 1-8. 



101 

 

Cai, H., Xie, Z., Liu, G., Sun, X., Peng, G., Lin, B., Liao, Q.(2014) Isolation, 

identification and activities of natural antioxidants from Callicarpa 

kwangtungensis Chun. PLoS One. 9(3):e93000. 

Caldorera-Moore, M., Peppas, N.A. (2009). Micro- and nanotechnologies for 

intelligent and responsive biomaterial-based medical systems. Adv. Drug Deliv. 

Rev.61, 1391–1401. 

Cardoso, C.R., Souza, M.A., Ferro, E.A., Favoreto, S., Jr., Pena, J.D. (2004) Influence 

of topical administration of n-3 and n-6 essential and n-9 nonessential fatty acids 

on the healing of cutaneous wounds. Wound Repair Regen. 12, 235–243. 

Carlotti, M., Sapino, S., Ugazio, E., Gallarate, M., and Morel, S. (2012). Resveratrol 

in solid lipid nanoparticles. J. Dispers. Sci. Technol., 33, 465–471. 

Chaturvedi, M, Kumar, M., Sinhal, A., Saifi, A. (2011). Recent development in novel 

drug delivery systems of herbal drugs. International Journal of Green Pharmacy. 

Chen Y., Yang X., Zhao L., Almásy L., Garamus V. M., Willumeit R. and Zou A. 

(2014).Preparation and characterization of a nanostructured lipid carrier for a 

poorly soluble drug,Colloids and Surfaces A: Physicochemical and Engineering 

Aspects, 455,36-43 

Chen, M. X., Alexander, K. S., & Baki, G. (2016). Formulation and Evaluation of 

Antibacterial Creams and Gels Containing Metal Ions for Topical Application. 

Journal of Pharmaceutics, 2016, 5754349.  

Chen, Pao-Chi & Huang, Jun-Wei & Pang, Jimmy. (2013). An Investigation of 

Optimum NLC-Sunscreen Formulation Using Taguchi Analysis. Journal of 

Nanomaterials. 10.1155/2013/463732. 

Chiagoziem, O., Madarikan, G., Simisola, T., Bankole, O., & Osho, A. (2013). Virgin 

coconut oil protects against liver damage in albino rats challenged with the anti-

folate combination, trimethoprim-sulfamethoxazole. Journal of basic and 

clinical physiology and pharmacology. 25, 1-5. 

Choo, C., N.Y.Sulong, F.Man, and T.W.Wong. (2012). Vitexin and isovitexin from 

the Leaves of Ficus deltoidea with in-vivo. Journal of Ethnopharmacology, 

Chu, B. Y., Zhang, L., Qu, Y., Chen, X.X., Peng, J. R., Huang Y. X., and Qian Z. Y. 

(2016). Synthesis, characterization and drug loading property of Monomethoxy-

Poly(ethylene glycol)-Poly(ε-caprolactone)-Poly(D,L-lactide) (MPEG-PCLA) 

copolymers. Scientific Reports. 6, 34069 



102 

 

Cork M.J. (1997). The importance of skin barrier function.. Journal of Dermatological 

Treatment. 8(1), 7-13. 

Correa, M.C., Mao, G., Saad, P., Flach, C.R., Mendelsohn, R., and Walters, R.M. 

(2014). Molecular interactions of plant oil components with stratum corneum 

lipids correlate with clinical measures of skin barrier function. Exp. Dermatol. 

23, 39–44. 

Czemplik, M., Zuk, M., Kulma, A., Kuc, S., Szopa, J. (2011).GM flax as a source of 

effective antimicrobial compounds. Sci. Microb. Pathog. Commun. Curr. Res. 

Technol. Adv.76:39–47. 

Dai, W., Zhang, D., Duan, C., Jia, L., Wang, Y., and Feng, F. (2010) Preparation and 

characteristics of oridonin-loaded nanostructured lipid carriers as a controlled-

release delivery system. J Microencapsul, 27(3), 234–41. 

Das, S., & Chaudhury, A. (2011). Recent Advances in Lipid Nanoparticle 

Formulations with Solid Matrix for Oral Drug Delivery.AAPS 

PharmSciTech,12(1), 62–76.  

Das, S., Ng W. K., and Tan, R. B. (2012) Are nanostructured lipid carriers (NLCs) 

better than solid lipid nanoparticles (SLNs): Development, characterizations and 

comparative evaluations of clotrimazole-loaded SLNs and NLCs. Eur J Pharm 

Sci, 47(1), 139–51. 

Das, S., Ng, W.K., Kanaujia, P., Kim, S., and Tan, R.B.H. (2011), Formulation design, 

preparation and physicochemical characterizations of solid lipid nanoparticles 

containing a hydrophobic drug: effects of process variables. Colloids Surf. B: 

Biointerfaces, 88 (483-489) 

Dayrit, C. S. (2000). Coconut Oil in Health and Disease: Its and Monolaurin's Potential 

as Cure for HIV/AIDS. 37th Annual Cocotech Meeting. July 25 2000. Chennai, 

India. 

Denda, M., Tsuchiya, T., Elias, P.M., and Feingold, K.R. (2000). Stress alters 

cutaneous permeability barrier homeostasis. Am J Physiol, 27B (1367–137). 

Denda, M., Tsuchiya, T., Hosoi, J. I., and Koyama, J. I. (1998). Immobilization-

induced and crowded environment-induced stress delay barrier recovery in 

murine skin. Br J Dermatol, 138, (780–785). 

Denda, M., Wood, L.C., Emami, S., Calhoun, C., Brown, B.E., Elias, P.M. , and 

Feingold, K.R. (1996). The epidermal hyperplasia associated with repeated 



103 

 

barrier disruption by acetone treatment or tape stripping cannot be attributed to 

increased water loss.  Arch Dermatol Res, 288, 230-238. 

Desai, K. N., Wei, H., and Lamartiniere. (1996). The preventive and therapeutic 

potential of the squalene-containing compound, Roidex, on tumor promotion 

and regression. Cancer Letters, 101, (93-96). 

Desai, P., Patlolla, R. R., and Singh, M. (2010). Interaction of nanoparticles and cell-

penetrating peptides with skin for transdermal drug delivery. Molecular 

Membrane Biology, 27(7), (163–176). 

Doktorovová, S., Araújo, J., Garcia, M. L., Rakovský, E., and Souto, E.B. (2010). 

Formulating fluticasone propionate in novel PEG-containing nanostructured 

lipid carriers (PEG-NLC), In Colloids and Surfaces B: Biointerfaces, 75 (2), 

538-542. 

Dragicevic, N., and Maibach H.I. (2016) Percutaneous Penetration Enhancers: 

Chemical Methods in Penetration Enhancement. New York. Springer. 

Dudonne S., Poupard P., Coutiere P., Woillez M., Richard T., Merillon J.M., Vitrac 

X. (2011). Phenolic composition and antioxidant properties of poplar bud 

(Populus Nigra) extract: Individual antioxidant contribution of phenolics and 

transcriptional effect on skin aging. J. Agric. Food Chem. 59:4527–4536. 

Działo, M., Mierziak, J., Korzun, U., Preisner, M., Szopa, J., & Kulma, A. (2016). The 

Potential of Plant Phenolics in Prevention and Therapy of Skin Disorders. 

International Journal of Molecular Sciences, 17(2), 160.  

Ekambaram, P. A., Sathali, A. H., and Priyanka, K. (2012). Solid lipid nanoparticles: 

a review. Scientific Reviews & Chemical Communications, 2, 80–102. 

Ekor, M. (2013). The growing use of herbal medicines: issues relating to adverse 

reactions and challenges in monitoring safety. Frontiers in Pharmacology, 4, 

177.  

Eman, A., Shereen, A. Y., Michael, N. P., Krishna, T., Yousuf, H. M., Sarika, N., 

Jeffrey, E.G., and Michael, S.R. (2016). Skin models for the testing of 

transdermal drugs.Clin Pharmacol, 8, (2247-259). 

Evangelista M.T., Abad-Casintahan F., and Lopez-Villafuerte, L. (2014) The effect of 

topical virgin coconut oil on SCORAD index, trans epidermal water loss, and 

skin capacitance in mild to moderate pediatric atopic dermatitis: a randomized, 

double-blind, clinical trial. Int J Dermatol , 53, (1),100-8. 



104 

 

Fang, C., Al-Suwayeh, S. A., and Fang, J. (2013). Nanostructured Lipid Carriers 

(NLCs) for Drug Delivery and Targeting. Recent Patents on Nanotechnology, 

7(1), 41-55. 

Fang, M., Jin, Y., Bao, W., Gao, H., Xu, M., Wang, D., Liu, L. (2012). In vitro 

characterization and in vivo evaluation of nanostructured lipid curcumin carriers 

for intragastric administration. International Journal of Nanomedicine, 7, 5395–

5404.  

Farhana M. H., Fauzi, P. A., & Lim, H. F. (2018). Market potential for mas cotek 

(ficus deltoidea) products in selected states in peninsular malaysia.  

Farsi, E., Shafaei, A., Hor, S., Ahamed, M., Yam, M., Asmawi, M., & Ismail, Z. 

(2011). Correlation between enzymes inhibitory effects and antioxidant 

activities of standardized fractions of methanolic extract obtained from Ficus 

deltoidea leaves. Afr. J. Biotechnol. African Journal of Biotechnology, 10(67). 

Filipowicz A., and Wołowiec S. (2011) Solubility and in vitro transdermal diffusion 

of riboflavin assisted by PAMAM Dendrimers. Int J Pharm, 408,152-6. 

Fluhr, J.W. (2011) Practical Aspects of Cosmetic Testing. Berlin.©Springer.  

Fluhr, J.W., Kao, J., Jain, M., Ahn, S.K., Feingold, K.R. and Elias, P.M. (2001). 

Generation of free fatty acids from phospholipids regulates stratum corneum 

acidification and integrity. J Invest Dermatol: 117, 52–58. 

Freitas,C., Muller, R.H., (1998). Effect of light and temperature on zeta potential and 

physical stability in solid lipid nanoparticle (SLN (TM)) dispersions. Int J 

Pharm, 168,221–229. 

Gaba B., Fazil M., Khan S., Ali A., Baboota S. and Ali J. (2015) Nanostructured lipid 

carrier system for topical delivery of terbinafine hydrochloride. Bulletin of 

Faculty of Pharmacy.Volume 53, Issue 2 (147-159) 

Gardouh, A. R., Ghorab, M. M., Shaded G. S. (2012). Effect of Viscosity, Method of 

Preparation and Homogenization Speed on Physical Characteristics of Solid 

Lipid Nanoparticles. ARPN Journal of Science and Technology, 2(10), 996 

Garg, A., Chren, M. M., Sands, L.P., Matsui, M.S., Marenus, K.D., Feingold, K.R., 

and Elias P.M. (2001) Psychological stress perturbs epidermal permeability 

barrier homeostasis: implications for the pathogenesis of stress-associated skin 

disorders. Arch Dermatol, 137,53–59 

Ghadially, R., Brown, B., Sequeira-Martin, S., Feingold, K. and Elias, P. (1995). The 

aged epidermal permeability barrier. J Clin Invest,95, (2281–2290). 



105 

 

Ghani, S. M. A. (2015), Nanostructured Lipid Carrier (NLC) Using Double Emulsion 

Solvent Diffusion Method to Improve Encapsulation of Hydrophilic Actives, 

Master’s Thesis, University Teknologi Malaysia, Skudai. 

Ghate, V. M., Lewis, S. A., Prabhu, P. Dubey, A., and Pate, N. (2016). Nanostructured 

lipid carriers for the topical delivery of tretinoin. European Journal of 

Pharmaceutics and Biopharmaceutics, 108, 253–261. 

Gonzalez-Mira, E., Egea, M.A., Garcia, M.L. and Souto E.B. (2010), Design and 

ocular tolerance of flurbiprofen loaded ultrasound-engineered NLC Colloids 

Surf. B, 81 (412-421). 

Gortzi, O., Lalas, S., and Chinou, L. (2008). Re-evaluation of bioactivity and 

antioxidant activity of myrtuscommunis extract before and after encapsulation 

in liposome. Eur Food Res Technol, 226,583-90. 

Gu, X., Zhang, W., and Liu, J., (2011). Preparation and characterization of a lovastatin-

loaded protein-free nanostructured lipid carrier resembling high-density 

lipoprotein and evaluation of its targeting to foam cells. PharmSciTech, 12, 

1200-08 

Guerra, J. A., Molina, M. F., Abad, M. J., Villar, A. M., Paulina, B. (2006). Inhibition 

of inducible nitric oxide synthase and cyclooxygenase-2 expression by 

flavonoids isolated from Tanacetum microphyllum. International Journal of 

Immunopharmacology. 6, 1723–1728. 

Hadijah, H., Normah, A., Ahmad Tarmizi, S. and Aida, M. (2007). Cholesterol 

lowering effect of mas cotek tea in hypercholesterolemic rats. The 2nd 

International conference of east-west perspective of functional food science, 5–

7 Nov. 2007, Kuala Lumpur.  

Hamid, M.A., Sarmidi, M.R., Mokhtar, T.H., Sulaiman, W.R.W. and Aziz, R.A. 2011. 

Innovative Integrated Wet Process for Virgin Coconut Oil Production. Journal 

of Applied Sciences, 11: 2467-2469. 

Haron, H. S. (2014). Enzymatic extraction of ficus deltoidea for better enhancement 

of extracted yield. Degree of Bachelor of Chemical Engineering thesis. 

Universiti Malaysia Pahang. 

Hasenhuettl, G.L., and Hartel, R.W. (2008) food emulsifiers and their applications. 

(2nd ed) New York: Springer 

Hasham, R., Choi, H., Sarmidi, M. R., & Park, C. (2013). Protective effects of a Ficus 

deltoidea (Mas cotek) extract against UVB-induced photoageing in skin cells. 



106 

 

Biotechnology and Bioprocess Engineering Biotechnol Bioproc E, 18(1), 185-

193. 

Hosseinzadeh, H. and Younesi, H. M. (2002). Antinociceptive and anti-inflammatory 

effects of Crocus sativus L. stigma and petal extracts in mice. BMC 

Pharmacology, 2, 7. 

Huang J., Wang Q., Li T., Xia N. and Xia Q. (2017). Nanostructured lipid carrier 

(NLC) as a strategy for encapsulation of quercetin and linseed oil: Preparation 

and in vitro characterization studies. Journal of Food Engineering, 215, 1-12 

Hung C.L. (2013) Formulation of NLC loaded with palm phytonutrients for 

applications in cosmetic.  Master’s Thesis. Universiti Putra Malaysia. 

Ibrahim, A. H., Zit, K.A., Al-Rawi, S.S., Khadeer M. A., and Majid, A.M.S.A. (2011). 

In Vivo Oral Toxicological Studies of Nufera® Virgin Coconut Oil. Malay 

JPharm Sci 9(1), 27–37. 

Ifie, I., Marshall, L.J., Ho, P. (2016) Hibiscus sabdariffa (Roselle) Extracts and Wine: 

Phytochemical Profile, Physicochemical Properties, and Carbohydrase 

Inhibition. Journal of Agricultural and Food Chemistry, 64 (24).  

Ilyanie, Y., Wong, T. W., and Choo, C. Y. (2011). Evaluation of Hypoglycemic 

Activity and Toxicity Profiles of the Leaves of Ficus deltoidea in Rodents. 

Journal of Complementary and Integrative Medicine, 8(1). 

Intahphuak, S., Khonsung, P., Panthong, A. (2010). Anti-inflammatory, analgesic, and 

antipyretic activities of virgin coconut oil. Pharm Biol. 48(2), 151-7. 

Iqbal, M. A., Shadab, M., Sahni J.K., Baboota, S., Dang, S., and Ali J. (2012). 

Nanostructured lipid carrier system: Recent advances in drug delivery, Journal 

of Drug Targeting, 20(10), 813-830,  

Issa, T.S., Philippe, B., Raymond, H., Michel, H., and Jacques, D. (2000). Improved 

kinetic parameter estimation in pH-profile data treatment. International Journal 

of Pharmaceutics, 198, (39–49).  

Jain K.K. (2015). Handbook of Polymers for Pharmaceutical Technologies, Structure 

and Chemistry.  

Jaiswal, M., Dudhe, R., and Sharma, P. K. (2015). Nanoemulsion: an advanced mode 

of drug delivery system. Biotech, 5(2), 123–127.  

Jenning, V., Thünemann, A.F., and Gohla, S.H. (2000), Characterisation of a novel 

solid lipid nanoparticle carrier system based on binary mixtures of liquid and 

solid lipids. Int. J. Pharm., 199 (167-177). 



107 

 

Jia, L.J., Zhang, D. R., Li, Z.Y., Feng, F. F., Wang, Y. C., Dai, W. T., Duan, C.X., and 

Qiang Z. (2010) Preparation and characterization of silybin-loaded 

nanostructured lipid carriers, Drug Delivery, 17:1, 11-18. 

Joshi, M. and Patravale, V. Nanostructured lipid carrier (NLC) based gel of celecoxib, 

In International Journal of Pharmaceutics, 346 (1–2), 124-132.  

Junyaprasert, V.B., Teeranachaideekul, V., Souto, E.B., Boonme, P., Müller, R.H. 

(2009) Q10-loaded NLC versus nanoemulsions: stability, rheology and in vitro 

skin permeation. Int J Pharm, 377(1-2), 207-214. 

Karadzovska, D., Brooks, J. D., Monteiro-Riviere, N. A., & Riviere, J. E. (2013). 

Predicting skin permeability from complex vehicles. Advanced Drug Delivery 

Reviews, 65(2), 265-277. 

Kaur, I. P. and Agrawal, R. (2007). Nanotechnology: a new paradigm in 

cosmeceuticals. Recent Patents on Drug Delivery & Formulation, 1(2), 171–182. 

Keck, C. M. and Muller, R. H. (2006). Drug nanocrystals of poorly soluble drugs 

produced by high pressure homogenization. European Journal of Pharmaceutics 

and Biopharmaceutics, 62(1), 3–16. 

Khalil R. M., Abd-Elbary A., Kassem M.A., Ghorab M. M., and Basha M. (2014) 

Nanostructured lipid carriers (NLCs) versus solid lipid nanoparticles (SLNs) for 

topical delivery of meloxicam. Pharm Dev Technol, 3, 304–14.  

Kim, H. P., Son, K. H., Chang, H. W., and Kang, S. S. (2004). Anti-inflammatory plant 

flavonoids and cellular action mechanisms.Journal of Pharmacological Sciences, 

96, 229-245. 

Kim, S.; Jang, J.E.; Kim, J.; Lee, Y.I.; Lee, D.W.; Song, S.Y.; Lee, J.H. (2017). 

Enhanced barrier functions and anti-inflammatory effect of cultured coconut 

extract on human skin. Food Chem. Toxicol. 106 (Pt A), 367–375. 

Kisseih E., Lechtenberg M., Petereit F., Sendker J., Zacharski D., Brandt S., Agyare 

C., Hensel A. (2015). Phytochemical characterization and in vitro wound healing 

activity of leaf extracts from combretum mucronatum Schum. & Thonn.: 

Oligomeric procyanidins as strong inductors of cellular differentiation. J. 

Ethnopharmacol.174:628–636 

Knorr, F., Lademann, J., and Patzelt, A. (2009). Follicular transport route research 

progress and future perspectives. Eur J Pharm Biopharm, 71,173-80 



108 

 

Kohli, A. K. and Alpar, H. O. (2004). Potential use of nanoparticles for transcutaneous 

vaccine delivery: effect of particle size and charge. Int J Pharm, 275(1-2), 13–

17.  

Kong, M., Chen, X. G., Kweon, D. K., and Park, H.J. (2011). Investigations on skin 

permeation of hyaluronic acid based nanoemulsion as transdermal carrier. In 

Carbohydrate Polymers, 86(2), 837-843. 

Kong, X., Zhao, Y., Quan, P., and Fang L. (2016). Development of a topical ointment 

of betamethasone dipropionate loaded nanostructured lipid carrier. Asian journal 

of pharmaceutical sciences, 11, 248–254 

Korac, R.R.; Khambholja, K.M. (2011). Potential of herbs in skin protection from 

ultraviolet radiation. Pharmacogn Rev. 5(10): 164-173 

Küchler, S., Herrmann, W., Panek-Minkin, G., Kramer, K.D., Bittl, R., Schäfer-

Korting, M., 2010. SLN for topical application in skin diseases – 

characterization of drug carrier and carrier-target interactions. Int J Pharm. 390, 

225–233. 

Kuriyama K., Shimizu T., Horiguchi T., Watabe M., Abe Y.( 2002) Vitamin E 

ointment at high dose levels suppresses contact dermatitis in rats by 

stabilizing keratinocytes. Inflamm. Res.;51:483–489.  

Lacatusu, I., Niculae, G., Badea, N., Stan, R., Popa, O., Oprea, O., & Meghea, A. 

(2014). Design of soft lipid nanocarriers based on bioactive vegetable oils with 

multiple health benefits. Chemical Engineering Journal, 246, 311-321. 

Leung, D. Y. M., Boguniewicz, M., Howell, M. D., Nomura, I., & Hamid, Q. A. 

(2004). New insights into atopic dermatitis. Journal of Clinical Investigation, 

113(5), 651–657.  

Li, B., and Ge, Z. Q. (2012). Nanostructured Lipid Carriers Improve Skin Permeation 

and Chemical Stability of Idebenone. AAPS PharmSciTech, 13(1), 276–283.  

Liau, K. M., Lee, Y. Y., Chen, C. K., & Rasool, A. H. G. (2011). An Open-Label Pilot 

Study to Assess the Efficacy and Safety of Virgin Coconut Oil in Reducing 

Visceral Adiposity. ISRN Pharmacology, 2011, 949686.  

Lim, S.W., Hong,S.P., Jeong, S.W. (2007).Simultaneous effect of ursolic acid and 

oleanolic acid on epidermal permeability barrier function and epidermal 

keratinocyte differentiation via peroxisome proliferator-activated receptor-alpha 



109 

 

Lin, T.-K., Zhong, L., Santiago, J.L. (2018). Anti-Inflammatory and Skin Barrier 

Repair Effects of Topical Application of Some Plant Oils. Int. J. Mol. Sci., 19, 

70. 

Liu, J., Hu, W., Chen, H., Ni, Q., Xu, H., and Yang, X. (2007), Isotretinoin-loaded 

solid lipid nanoparticles with skin targeting for topical delivery. Int J Pharm, 

328(2) (191-5).  

Lizelle, T. F., Jeanetta, D.P., Minja, G., Sterna, V. Z., Banie, B., and Josias H. (2014). 

In Vivo skin hydration and anti-erythema effects of Aloe vera, Aloe ferox and 

Aloe marlothii gel materials after single and multiple applications. Hamman 

Pharmacogn Mag. 10(2): S392–S403. 

Lohani, A., Verma, A., Joshi, H., Yadav, N., & Karki, N. (2014). Nanotechnology-

Based Cosmeceuticals. ISRN Dermatology, 843687.  

Luebberding, S., Krueger, N., and Kerscher, M. (2012). Age-related changes in skin 

barrier function - Quantitative evaluation of 150 female subjects. International 

Journal of Cosmetic Science Int J Cosmet Sci, 35(2), (183-190). 

Ma, W., Wlaschek, M., Tantcheva-Poor, I., Schneider, L.A., Naderi, L., Razi-Wolf, 

Z., Schuller, J., Scharffetter-Kochanek, K. (2001). Chronological ageing and 

photoageing of the fibroblasts and the dermal connective tissue. Clin. Exp. 

Dermatol., 26, 592–599. 

Man, M., Hupe, M. Mackenzie, D. (2011). A topical Chinese herbal mixture improves 

epidermal permeability barrier function in normal murine skin. Exp Dermatol, 

20, pp. 285-288 

Mansor, T. S. T., Che Man, Y. B., Shuhaimi ,M, Abdul Afiq ,M. J. and Ku Nurul, K. 

M. (2012). Physicochemical properties of virgin coconut oil extracted from 

different processing methods. International Food Research Journal, 19 (3),837-

845  

Marina, A. M., Man, Y. B., Nazimah, S. A., & Amin, I. (2009a). Chemical Properties 

of Virgin Coconut Oil. Journal of the American Oil Chemists' Society Am Oil 

Chem Soc, 86(4), 301-307. 

Marina, A. M., Man, Y. B., Nazimah, S. A., & Amin, I. (2009a). Chemical Properties 

of Virgin Coconut Oil. Journal of the American Oil Chemists' Society Am Oil 

Chem Soc, 86(4), 301-307. 

Marina, A., Man, Y. C., and Amin, I. (2009b). Virgin coconut oil: Emerging functional 

food oil. Trends in Food Science & Technology, 20(10), 481-487. 



110 

 

Marucha, P.T., Kiecolt-Glaser, J.K., and Favagehi, M. (1998). Mucosal wound healing 

is impaired by examination stress. Psychosom Med, 60, 362–365. 

Meerloo, V., J., Kaspers, G.J.L., and Cloos, J. (2011) Cell Sensitivity Assays: The 

MTT Assay. Cree I. (Eds), Cancer Cell Culture. Methods in Molecular Biology 

(Methods and Protocols), vol 731. Humana Press. 

Mehnert, W., and Mader, K. (2001). Solid lipid nanoparticles: production, 

characterization and applications. Adv Drug Deliv Rev. 47,165–196. 

Melzig M.F., Löser B., Ciesielski S. (2001). Inhibition of neutrophil elastase activity 

by phenolic compounds from plants. Pharmazie, 56, 967–970. 

Meotti, F. C., Luiz, A. P., Pizzolatti, M. G., Kassuya, C. A. L., Calixto, J. B., Santos, 

A. R. S. (2005). Analysis of the antinociceptive effect of the flavonoid 

myricitrin. Evidence for a role of the L-arginine-nitric oxide and protein kinase 

C pathways. Journal of Pharmacology and Experimental Therapeutics, 316, 

789–796. 

Michaels, S. A., Chandrasekaran, K. S., and Shaw, E. J. (1975). Drug permeation 

through human skin: Theory and in vitro experimental measurement. AIChE 

Journal. 21. 985 - 996.  

Middleton, E., Kandaswami, C., Theoharides, T. C. (2000). The effects of plant 

flavonoids on mammalian cells: Implications for inflammation, heart disease and 

cancer. Pharmacological Reviews, 52, 673–751. 

Mieke, F. (2009) MD Head of Clinic, Dermatology Department, University Hospital, 

Leuven, Belgium. 

Mishra, S., Kesharwani, R., Tiwari A.K., and Patel D. K. (2016) Improvement of Drug 

Penetration through the Skin by Using Nanostructured Lipid Carriers (NLC). 

Human Journals, 6,3.  

Mitri, K., Shegokar, R., Gohla, S., Anselmi, C., and Müller R.H. (2011) Lipid 

nanocarriers for dermal delivery of lutein: preparation characterization, stability 

and performance. Int. J. Pharm., 414, 267-275 

Mohamed, Z. M. S., Salem, A. Z. M., Camacho L. M., Hayssam M. (2013). 

Antimicrobial activities and phytochemical composition of extracts of Ficus 

species: An over view. Afr. J. Microbiol. Res.7(33), 4207-4219 

Morifuji, M., Oba, C., Ichikawa, S., Ito, K., Kawahata, K., Asami, Y., Ikegami, S., 

Itoh, H., and Sugawara, T. (2015). A novel mechanism for improvement of dry 

skin by dietary milk phospholipids: Effect on epidermal covalently bound 



111 

 

ceramides and skin inflammation in hairless mice. J. Dermatol. Sci. 78, 224–

231. 

Muller R. H. and Cornelia M. K. (2004). Challenges and solutions for the delivery of 

biotech drugs – a review of drug nanocrystal technology and lipid nanoparticles, 

Journal of Biotechnology,Volume 113, Issues 1–3, 151-170 

Müller, R., Radtke, M., and Wissing, S. (2002). Solid lipid nanoparticles (SLN) and 

nanostructured lipid carriers (NLC) in cosmetic and dermatological 

preparations. Advanced Drug Delivery Reviews, 54. 

Müller, R.H., Petersen, R.D., Hommoss, A. and Pardeike, J. (2007). Nanostructured 

lipid carriers (NLC) in cosmetic dermal products. Adv Drug Deliv Rev.59, 522– 

530. 

Murakami, A., Ohigashi, H. (2007). Targeting NOS, INOS and COX-2 in 

inflammatory cells: Chemoprevention using food phytochemicals. International 

Journal of Cancer. 121, 2357–2363. 

Murakami, A., Shigemori, T., Ohigashi, H. (2005). Zingiberaceous and citrus 

constituents, 1’-acetoxychavicol acetate, zerumbone, auraptene, and nobiletin, 

suppress lipopolysaccharide-induced cyclooxygenase-2 expression in 

RAW264.7 murine macrophages through different modes of action. Journal of 

Nutrition, 135, 2987s–2992s. 

Nadworny, P.L., Wang, J.F., Tredget, E. E., Burrell, R. E. (2008). Anti-inflammatory 

activity of nanocrystalline silver in a porcine contact dermatitis model, In 

Nanomedicine. Nanotechnology, Biology and Medicine, 4(3), 241-251 

Nam, N. H. (2006). Naturally occurring NF-kappaB inhibitors. Mini Review in 

Medicinal Chemistry, 6, 945–951. 

Naseri, N., Valizadeh, H., & Zakeri-Milani, P. (2015). Solid Lipid Nanoparticles and 

Nanostructured Lipid Carriers: Structure, Preparation and Application. 

Advanced Pharmaceutical Bulletin, 5(3), 305–313. 

Nevin, K. & Rajamohan, T. (2006). Virgin coconut oil supplemented diet increases 

the antioxidant status in rats. Food Chemistry, 99(2), 260-266. 

Nevin, K., and Rajamohan, T. (2008). Influence of virgin coconut oil on blood 

coagulation factors, lipid levels and LDL oxidation in cholesterol fed Sprague– 

Dawley rats. E-SPEN, the European E-Journal of Clinical Nutrition and 

Metabolism, 3(1). 



112 

 

Nevin, K.G. ·and Rajamohan, T. (2010) Effect of Topical Application of Virgin 

Coconut Oil on Skin Components and Antioxidant Status during Dermal Wound 

Healing in Young Rats. Skin Pharmacol Physiol,23,290–297 

Ng, W. K., Yazan, L.S., Yap, L. H., Hafiza, W. A. G., How, C. W., and Abdullah, R. 

(2015). Thymoquinone- loaded nanostructured lipid carrier exhibited 

cytotoxicity towards breast cancer cell lines (MDA-MB-231 and MCF-7) and 

cervical cancer cell lines (HeLa and SiHa). Biomed research international. 1-10. 

Nguyen, H. M., Hwang, I. C., Park, J. W., and Park, H. J. (2012). Enhanced payload 

and photo-protection for pesticides using nanostructured lipid carriers with corn 

oil as liquid lipid. Journal of Microencapsulation, 29(6), 596-604. 

Nickoloff, B., and Naidu Y. (1994). Perturbation of epidermal barrier function 

correlates with initiation of cytokine cascade in human skin. J Am Acad 

Dermatol, 30, 535-546. 

Noor, N. M., Khan, A. A., Hasham, R., Talib, A., Sarmidi, M. R., Aziz, R., and Aziz, 

A. A. (2015). Empty nano and microstructured lipid carriers virgin coconut oil 

for skin moisturization. The Institution of Engineering and Technology, 1-5. 

OECD: Guidance document for the conduct of skin absorption studies. Organisation 

for Economic Co-operation and Development, Environment Directorate. OECD 

Environmental Health and Safety Publication Series on Testing and Assessment 

No. 28; ENV/JM/MONO (2004)2; March 2004; pp. 1-31. 

Oh, M.J., Abdul, H.M., Ngadiran, S., Seo, Y.K.,Sarmidi, M.R., and Chang, S. P. 

(2011) Ficus deltoidea (mas cotek) extract exerted anti-melanogenic activity by 

preventing tyrosinase activity in vitro and by suppressing tyrosinase gene 

expression in b16f1 melanoma cells. Archives of Dermatological Research, 303 

(3). (161-170).  

Om P. Sharma, Tej K. Bhat, (2009). DPPH antioxidant assay revisited, Food 

Chemistry. 113(4), 1202-1205. 

Pakamas, C., and Chakrit, T. (2008), Synthesis of high purity monoglycerides from 

crude glycerol and palm stearin. J Sci Technol, 30(4), (515-521). 

Pamudji J. S., Mauludin, R., Indriani N. (2016) Development of Nanostructured Lipid 

Carrier Formulation Containing of Retinyl Palmitate. International Journal of 

Pharmacy and Pharmaceutical Sciences. 8 (2),0975-1491.  



113 

 

Pardeshi, C., Rajput, P., Belgamwar, V., Tekade, A., Patil, G., Chaudhary, K., & Sonje, 

A. (2012). Solid lipid based nanocarriers: An overview / Nanonosači na bazi 

čvrstih lipida: Pregled. Acta Pharmaceutica, 62(4). 

Park, Y. H., Bae, H. C., Jang, Y., Jeong, S. H., Lee, H. N., Ryu, W. I. (2013). Effect 

of the size and surface charge of silica nanoparticles on cutaneous toxicity. 

Mollecular and Cellular Toxicology, 9, 67-74. 

Patel, D., Dasgupta,S., Dey, S., Roja, R.Y., Ray, S. and Mazumder B. (2012), 

Nanostructured Lipid Carriers (NLC)-Based Gel for the Topical Delivery of 

Aceclofenac: Preparation, Characterization, and In Vivo Evaluation. Sci Pharm, 

80(3) (749–764). 

Pinho, E., Ferreira, I.C., Barros, L., Carvalho, A.M., Soares, G., Henriques, M. (2014). 

Antibacterial potential of northeastern portugal wild plant extracts and 

respective phenolic compounds. Biomed. Res. Int.2014:814590. 

Pitaksuteepong, T. (2016). Nanotechnology: Effective topical delivery systems. Asian 

Journal of Pharmaceutical Sciences, 11(1), 16-17. 

Preuss, H.G.; Echard, B.; Enig, M.; Brook, I.; Elliott, T.B. (2005). Minimum inhibitory 

concentrations of herbal essential oils and monolaurin for gram-positive and 

gram-negative bacteria. Mol. Cell. Biochem., 272,29–34. 

Proksch, E., Feingold, K.R., Man, M.Q., and Elias, P.M. (1991). Barrier function 

regulates epidermal DNA synthesis.   J Clin Invest, 87, (1668-1673). 

Prozorov, T., Kataby, G., Prozorov, R. and Gedanken, A. (1999) Effect of surfactant 

concentration on the size of coated ferromagnetic nanoparticles. Thin Solid 

Films, 340,189-193. 

Radhakrishnan, Narayana swamy & Ismail, Intan Safinar. (2015). Cosmetic potential 

of Southeast Asian herbs: an overview. Phytochemistry Reviews. 14. 

10.1007/s11101-015-9396-2. 

Ramamurthy, S., Kumarappan, C., Dharmalingam, S. R. and Sangeh, J.K. (2014). 

Phytochemical, Pharmacological and Toxicological Properties of Ficus 

deltoidea: A Review of a Recent Research. Annual Research & Review in 

Biology, 4(14), 2357-2371. 

Reinke, J.M. and Sorg, H. (2012). Wound repair and regeneration. Eur. Surg. Res., 49, 

35–43. 



114 

 

Rohman, A. and Man, Y. C. 2009. Quantitative analysis of virgin coconut oil in cream 

cosmetics preparations using fourier transform infrared (FTIR) spectroscopy. 

Pakistan Journal of Pharmaceutical Sciences, 22(4):415-420. 

Rosenblatt, K.M., and Bunjes, H.  (2009). Poly (vinyl alcohol) as emulsifier stabilizes 

solid triglyceride drug carrier nanoparticles in the -modification. Mol Pharm, 

6, 105-20. 

Roskos, K. and Guy, R. (1989) Assessment of skin barrier function using 

transepidermal water loss: effect of age. Pharm Res 6, (949–953). 

Rosli, N. A., Noor, N. M., Aziz, R., Aziz, A., A., and Hasham, R. (2014). Proceeding 

of 2nd international science postgraduate conference. Faculty of science, 

Universiti Teknologi Malaysia. 1-11. 

Sachan, R., Parashar, T., Singh, V., Singh, G., Tyagi, S., Patel, C., and Gupta, A., 

(2013). Drug Carrier Transfersomes: A Novel Tool for Transdermal Drug 

Delivery System. Int. J. Res. Dev. Pharm. L. Sci. 2(2), 309-316.  

Sahle, F. F., Gebre-Mariam, T., Dobner, B., Wohlrab, J., and Neubert, R. H.H. (2015) 

Skin Diseases Associated with the Depletion of Stratum Corneum Lipids and 

Stratum Corneum Lipid Substitution Therapy. Skin Pharmacol Physiol, 28, 42-

55. 

Sandeep R. Varma, Thiyagarajan O. Sivaprakasam, Ilavarasu Arumugam, N. Dilip, 

M. Raghuraman, K.B. Pavan, Mohammed Rafiq, Rangesh Paramesh.(2018) 

Sarmad, A., and Saringat. (2009). Formulation and stability of whitening VCO-in-

water nano-cream. International journal of pharmaceutics. 373, 174-8.  

Sato, J., Denda, M., Ashida, Y., and Koyama, J. (1998). Loss of water from the stratum 

corneum induces epidermal DNA synthesis in hairless mice. Arch. Dermatol. 

Res. 290, 634–637. 

Schäfer-Korting, M., Mehnert, W., and Korting, H.C. (2007). Lipid nanoparticles for 

improved topical application of drugs for skin diseases. Adv Drug Deliv Rev 59, 

427-43. 

Scharffetter-Kochanek, K., Wlaschek, M., Brenneisen, P., Schauen, M., Blaudschun, 

R., Wenk, J. (1997). UV-induced reactive oxygen species in 

photocarcinogenesis and photoaging. Biol. Chem., 378, 1247–1257 

Schwarz, J., Baisaeng, N., Hoppel, M., Löw, M., Keck, C.M., and Valenta, C. (2013). 

Ultra-small NLC for improved dermal delivery of coenzyme Q10. Int. J. Pharm. 

447, 213–217. 



115 

 

Seid, M. J., Elham, A., Yinghe, H., and Bhesh B. (2007). Re-coalescence of emulsion 

droplets during high-energy emulsification. Food Hydrocolloids.  

Shah, N. V., Seth, A. K., Balaraman, R., Aundhia, C. J., Maheshwari, R. A. and 

Parmar, G. R. (2016). Nanostructured lipid carriers for oral bioavailability 

enhancement of raloxifene: Design and in vivo study. In Journal of Advanced 

Research, 7(3),423-434,  

Shah, U.U., Roberts, M., Gul, M.O., Tuleu, C., and Beresford, M.W. (2011). NIHR 

MCRN/Arthritis Research UK Paediatric Rheumatology Clinical Studies Group: 

Needle-free and microneedle drug delivery in children: a case for disease-

modifying antirheumatic drugs (DMARDs). Int J Pharm, 416,1-11. 

Siekmann, B., and Westesen K. (1994), Melt-homogenized solid lipid nanoparticles 

stabilized by the nonionic surfactant tyloxapol. I. Preparation and particle size 

determination. Pharm. Pharmacol. Lett., 3 (194-197). 

Sies, H. (1985). Introductory remark. H. Sies (Ed.), Oxidative Stress, Academic Press, 

Orlando 1-7. 

Silalahi, J. and Surbakti, C. (2015). Burn Wound Healing Activity of Hydrolyzed 

Virgin Coconut Oil. International Journal of PharmTech Research, 8(1), 67-73. 

Sivadasu, P.D., Gowda V., Srivastava A., and Riyaz A.M.O. (2016). Formulation and 

Evaluation of Nanostructured Lipid Carrier (NLC) For Glimepiride Der 

Pharmacia Lettre, 8 (7):251-256 

Souto, E., Wissing, S., Barbosa, C., & Müller, R. (2004). Development of a controlled 

release formulation based on SLN and NLC for topical clotrimazole delivery. 

International Journal of Pharmaceutics, 278(1), 71-77. 

Stanojevic, M., Stanojevic, Z., Jovanovic, D., and Stojiljkovic, M. (2004). Ultraviolet 

radiation and melanogenesis. Arch Oncol, 12, (203–205). 

Sudhakar, K., Jain, S. and Charyulu, R. N. (2015). A Comparison Study of Liposomes, 

Transfersomes and Ethosomes Bearing Lamivudine. International Journal of 

Pharmaceutical Sciences and Research, 7(10), 4214-21. 

Sulaiman, M., Hussain, M., Zakaria, Z., Somchit, M., Moin, S., Mohamad, A., & Israf, 

D. (2008). Evaluation of the antinociceptive activity of Ficus deltoidea aqueous 

extract. Fitoterapia, 79(7-8), 557-561 

Suryati, S., Nurdin, H., Dachriyanus, D., and Lajis, M.N.H.(2011). Structure 

elucidation of antibacterial compound from Ficus deltoidea jack leaves. 

Indonesian J. Chem., 11: 67-70. 



116 

 

Tabassum N. and Hamdani M. (2014). Plants used to treat skin diseases. 

Pharmacognosy Reviews. 8(15), 52-60. 

Tampa, F. L. (2002). Antioxidant-Rich Diets Improve Age-Related Declines in Mental 

Function of Rats. Science Daily, Research News, July 15th. 

Tanaka. M., Zhen Y.X.and Tagami H. (1996). Normal recovery of the stratum 

corneum barrier function following damage induced by tape stripping in patients 

with atopic dermatitis. British] ournal of Dermatology.1(6), 966-967. 

Tavano, L., Muzzalupo, R., Picci, N., Cindio, B. (2014). Co-encapsulation of 

lipophilic antioxidants into niosomal carriers: Percutaneous permeation studies 

for cosmeceutical applications. Colloids Surf. B Biointerfaces, 114, 144–149. 

Teeranachaideekul, V., R.H. Müller, and V.B. Junyaprasert. (2007). Encapsulation of 

ascorbyl palmitate in nanostructured lipid carriers (NLC)-effects of formulation 

parameter on physicochemical stability. Int. J. Pharm. 340(1-2): 198-206 

Thiele, J.J., Dreher, F., and Packer L. (2000). Antioxidant defence systems in skin. P. 

Elsner, H. Maibach, A. Rougier (Eds.), Drugs in Cosmetic: Cosmeceuticals? 

Dekker, New York 145-187. 

Tichota, D. M., Silva, A. C., Sousa Lobo, J. M., & Amaral, M. H. (2014). Design, 

characterization, and clinical evaluation of argan oil nanostructured lipid carriers 

to improve skin hydration. International Journal of Nanomedicine, 9, 3855–

3864.  

Uchizono, J.A. (2006), Application of pharmacokinetics and pharmacodynamics in the 

design of controlled delivery systems. X. Li (Ed.), Design of controlled release 

drug delivery systems. (1-39). New York McGraw-Hill Professional. 

Uner M. (2006). Preparation, characterization and physico-chemical properties of 

Solid Lipid Nanoparticles (SLN) and Nanostructured Lipid Carriers (NLC): 

Their benefits as colloidal drug carrier systems. Pharmazie, 61, 5. 

Uprit, S., Kumar Sahu, R., Roy, A., & Pare, A. (2013). Preparation and 

characterization of minoxidil loaded nanostructured lipid carrier gel for effective 

treatment of alopecia. Saudi Pharmaceutical Journal, 21(4), 379–385.  

Verallo, R., V., Dillague, M., Kristine, M., Syah, T., and Bertha S. (2008). Study Novel 

Antibacterial and Emollient Effects of Coconut and Virgin Olive Oils in Adult 

Atopic Dermatitis. Dermatitis, 19 (6), 308–315. 



117 

 

Villarino, B. J., Dy, L. M. and Lizada, C. C. (2007). Descriptive sensory evaluation of 

virgin coconut oil and refined, bleached, and deodorized coconut oil. LWT- 

Food Science and Technology 40(2), 193-199. 

Vinardell, M. P. and Mitjans, M. (2015). Nanocarriers for Delivery of Antioxidants on 

the Skin. Cosmetics. 2,342- 354. 

Vysakh, A., Ratheesh, M., Rajmohanan, T., Pramod, C., Premlal, S., Kumar, B. G., 

and Sibi, P. (2014). Polyphenolics isolated from virgin coconut oil inhibits 

adjuvant induced arthritis in rats through antioxidant and anti-inflammatory 

action. International Immunopharmacology, 20(1), 124-130. 

Washington, 1992. Particle Size Analysis in Pharmaceutics and Other Industries – 

Theory and Practice. Ellis Worwood, London (1992) 

Waters, M. D., and Fostel, J. M. (2004). Toxicogenomics and systems toxicology: 

Aims and prospects. Nat Rev Genet Nature Reviews Genetics, 5(12), 936-948. 

Wickett, R. R and Visscher O. M. (2006). Structure and function of the epidermal 

barrier. American Journal of Infection Control , Volume 34 , Issue 10 , S98 - 

S110  

Wilhelm, K. P., Freitag, G., and Wolff, H.H. (1994) Surfactant-induced skin irritation 

and skin repair: Evaluation of the acute human irritation model by noninvasive 

techniques. J Am Acad Dermatol. 30 (6) (944-949).  

Wu, T., He, M., Zang, X., Zhou, Y., Qiu, T., Pan, S., Xu, X. (2013).A structure-activity 

relationship study of flavonoids as inhibitors of E. coli by membrane interaction 

effect. Biochim. Biophys. Acta BBA Biomembr.1828:2751–2756.  

Xie S, Pan B, Wang M, Zhu L, Wang F, Dong Z, Wang X, Zhou W (2010) 

Formulation, characterization and pharmacokinetics of praziquantel-loaded 

hydrogenated castor oil solid lipid nanoparticles. Nanomedicine 5:693–701 

Yamamoto, T., Takiwaki, H., Arase, S., and Ohshima, H. (2008). “Derivation and 

clinical application of special imaging by means of digital cameras and Image J 

freeware for quantification of erythema and pigmentation. Skin Research and 

Technology, 14(1), (26–34)  

Yaowaporn, S., Punsupang, L., Pravara, C., and Ruedeekorn, W. (2015). Effect of 

Solid Lipid and Liquid Oil Ratios on Properties of Nanostructured Lipid Carriers 

for Oral Curcumin Delivery. Advanced Materials Research, 1060,62-65 

https://www.sciencedirect.com/science/article/pii/S0102695X15001362#bbib0470


118 

 

Zakaria, Z. A., Hussain, M. K., Mohamad, A. S., Abdullah, F. C., and Sulaiman, M. 

R. (2011).  Anti-Inflammatory Activity of the Aqueous Extract of Ficus 

Deltoidea. Biological Research for Nursing, 14(1), 90-97. 

Zardini, A.A., Mohebbi, M., Farhoosh, R., & Bolurian, S. (2018). Production and 

characterization of nanostructured lipid carriers and solid lipid nanoparticles 

containing lycopene for food fortification. Journal of food science and 

technology, 55 1, 287-298. 

Zhai, H. and Maibach, H. I. (2002). Occlusion vs. skin barrier function. Skin Research 

and Technology, 8, 1–6 

Zhang, J., Fan,Y., Smith, E. (2009). Experimental design for the optimization of lipid 

nanoparticles. J Pharm Sci, 98,1813–1819. 

Zhaowu, Z., Xiaoli, W., Yangde, Z., and Nianfeng, L. (2009). Preparation of matrine 

ethosome, its percutaneous permeation in vitro and anti-inflammatory activity in 

vivo in rats. J Liposome Res, 19, 155-62. 

Zunoliza, A., Khalid, S., Zhari, I., Rasadah, M.A., Mazura, P., Fadzureena J., and S. 

Rohana, (2009). Evaluation of extracts of leaf of three Ficus deltoidea varieties 

for antioxidant activities and secondary metabolites. Pharmacog. Res., 4, 216-

223. 

 


