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ศรัณญู สอนก าเนิด : เสถียรภาพและการกักเก็บระดับนาโนเมตรของออกซีเรสเวอราทรอล 
(STABILITY AND NANO-ENCAPSULATION OF OXYRESVERATROL) อ .ที่ ป รึ ก ษ า
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The stilbene trans-oxyresveratrol is an active compound from the heartwoods 
of Artocarpus Lakoocha. Its stability towards light and temperature was studied 
compared to that of trans-resveratrol. The results revealed that trans-isomers of 
oxyresveratrol and resveratrol were stable towards the fluorescent light and 
temperature within 7 days. The UV-A radiation caused the isomerization from trans-
isomer to be cis-isomer in oxyresveratrol faster than resveratrol. Cis-oxyresveratrol 
rapidly isomerized to be trans-oxyresveratrol via thermal process. In contrast to 
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CHAPTER 1 
INTRODUCTION 

 
1.1 Introduction 

Trans-oxyresveratrol (Trans-OXY, Figure 1.1) or trans-2,4,3',5'-tetrahydroxystilbene 
is a stilbenoid compound which consists of two aromatic rings joined by an ethylene 
bridge.  Trans-oxyresveratrol was firstly discovered by Mongkolsuk et al. in 1957 from 
the heartwoods of Artocarpus Lakoocha Roxburge (Moraceae) [1]. The previous reports 
demonstrated that trans-OXY exhibited a variety of biological activities, including  
anti-tyrosinase [2], anti-oxidation [3], anti- herpes simplex virus [4] and anti-helmintic 
activities [1].  

The ethylenic bridge of the core structure led to the cis-trans isomerization in 
stilbene. In the past, natural stilbenes which exhibited various pharmacological 
activities were mostly found in the trans-isomers. However, in recently, several cis-
stilbenes obtained from synthesis or plant isolation and their bioactivities were found 
to be significantly different from those of trans-isomers [5, 6]. Moreover, the cis-trans 
isomerization is known to occur under the influence of light and temperature [7]. As 
we mentioned above, trans-OXY exhibited the high anti-tyrosinase and anti-oxidation 
properties which could be used as the active compounds for cosmetic products. But 
no studies have been examined the light and temperature stabilities of trans-OXY and 
also the bioactivities of cis-OXY. In additionally, trans-OXY is less solubility in water, 
thus utilization in cosmetic products is limited. To overcome this problem, nano-
encapsulation technology is alternative way to solve this.  

 
Nano-encapsulation is a technology of packaging solids, liquids, or gaseous 

materials in particles with diameters of 1-1,000 nanometers. These particles could 
release their contents at controlled rates over prolonged periods. The materials that 
are entrapped may be called the active agent, internal phase or encapsulated 
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Figure 1-1 Chemical structures of (a) trans- and (b) cis-oxyresveratrol 
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compound. Whereas those  are used for encapsulated may be called shell, carrier 
material or wall material [8].  

Nano-carriers aid for solubilizing hydrophobic drugs, decreasing drug clearance, 
controlling drug release and targeting drug delivery. Additionally, small particles can 
penetrate very effectively into the hair follicles. The particles can be used as an 
efficient carrier system for the transport of topically applied drugs into the reservoir of 
the hair follicles [9]. The drugs were released from the particles to penetrate 
independently through the targeting cell populations e.g. melanocytes. Melanocytes 
are melanin-producing cells located in the bottom layer of the skin’s epidermis, and 
Melanin is the pigment primarily responsible for the skin color. In this study, trans-OXY 
was entrapped into nano-particles and tested for its penetration into the hair follicles. 
Trans-OXY released from particles and diffused to express the anti-tyrosinase activity 
at the melanocytes cells. Tyrosinase is a key enzyme in the biosynthetic pathway of 
melanin pigments in melanocytes cells [2]. 

There are many types of polymers for preparing the nano-particles e.g. 
cellulose, cellulose derivative, chitosan, and alginate. These polymers are 
biocompatible, safe and inexpensive. Cellulose derivatives, ethyl cellulose (EC) and 
methyl cellulose (MC), were chosen for encapsulating trans-OXY in this study. These 
polymers can fabricate through a self-assembling mechanism with an excellent loading 
capacity and high encapsulation efficiency [10]. Some of the hydroxyl groups on the 
repeating anhydroglucose units of EC and MC are modified into ethyl ether and methyl 
ether groups, respectively (Figure 1.2). Thus, EC is a hydrophobic cellulose, while MC 
is a hydrophilic cellulose. 

 

 
Figure 1-2 Chemical structures of methyl cellulose and ethyl cellulose. 

 
1.2 The objectives of research 

1. To study light and temperature stabilities of trans- and cis-OXY. 
Trans-OXY was isolated from heartwoods of Artocarpus Lakoocha Roxburge 

(Moraceae) and characterized by 1H and 13C NMR spectroscopy. Cis-OXY was obtained 
by UV-A irradiation. The light stability in this study was investigated under UV-A and 
fluorescent lights whereas temperature stability was studied at room temperature, high 

http://en.wikipedia.org/wiki/Melanin
http://en.wikipedia.org/wiki/Cell_(biology)
http://en.wikipedia.org/wiki/Epidermis_(skin)
http://en.wikipedia.org/wiki/Pigment
http://en.wikipedia.org/wiki/Skin_color
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temperature (50 ºC) and low temperature (4 ºC). Moreover, resveratrol (RES), a known 
and popular stilbene, was also evaluated in the same experiments as OXY. 

2. To study the anti-oxidation and anti-tyrosinase activities of OXY and RES. 
Trans-OXY, cis-OXY, trans-RES and cis-RES were evaluated for their  

anti-tyrosinase and DPPH radical scavenging properties. 
3. To prepare trans-OXY loaded cellulose derivatives nanoparticle. 
Trans-OXY was encapsulated into nano-particle using ethyl cellulose (EC) and 

methyl cellulose (MC). The preparing nano-particles were characterized the 
morphology, size distribution, encapsulation efficiency, loading capacity, in vitro 
releasing and skin penetration. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

CHAPTER 2 
THEORY AND LITERATURE REVIEWS 

 
Oxyresveratrol (OXY) possess several pharmacological and medicinal activities 

but it has low water solubility property. The water solubility property was a main 
problem for pharmaceutical uses. Therefore, water solubility improvement of OXY is 
important together with enhance its control release behaviors by encapsulation. 
 
2.1 Oxyresveratrol 

Oxyresveratrol is a major active compound of the heartwoods of Thai 
traditional plant, Artocarpus lakoocha Roxburgh (Moraceae) [11]. According to the 
folklore belief, boiling the heartwoods of A. lakoocha will obtained ‘Puag-Haad’ which 
used as an anthelmintic agent [2]. The principle compound in the Puag-Haad is  
trans-oxyresveratrol (trans-OXY). The previous studies reported that this compound 
possessed a wide spectrum of pharmacological properties; anti-herpes simplex virus 
(HSV)[4], anti-oxidation[12], and anti-tyrosinase[2] and neuroprotective[12] activities.  
Due to high inhibition towards tyrosinase and strong skin depigmenting effects in both 
animals and humans, trans-OXY is high potential to use as a skin-whitening agent in 
cosmetic products.  

In 2007 Chuanasa et al. [4] reported that trans-OXY showed inhibitory effect 
on the growth of HSV-1 and HSV-2. Trans-OXY in vaseline was applied by topical 
treatment for five times daily provided better therapeutic efficacy than by oral 
treatment in cutaneous HSV-1 infection in mice. The combination of trans-OXY and 
acyclovir (a commercial drug for HSV infection treatment) produced synergistic anti-
HSV-1 effect. 

In 2003 Lorenz et al. [13] reported that trans-OXY is a more effective anti-
oxidation than trans-RES or trans-4-hydroxystilbene in both DPPH reduction and nitric 
oxide scavenging capacity.  

In 2012 Weber et al. [3] studied the potential neuroprotective effects of  
trans-OXY. They treated cell cultures (approximately 10% neurons and 90% glia as 
determined by immunohistochemistry experiments) with trans-OXY. The result 
showed that trans-OXY could prove to be a useful neuroprotective agent for traumatic 
brain injury. 

In 2006 Likhitwitayawuid et al. [2] reported the tyrosinase inhibitory activity of 
trans-OXY and its derivatives. The result showed that trans-OXY and  
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2,4,3',5'-tetrahydroxybibenzyl showed significant strong tyrosinase inhibitory activity. 
Moreover, Shin et al. [14] indicated that trans-OXY inhibited the dopa oxidase activity 
of tyrosinase via a noncompetitive manner. Trans-OXY also showed higher inhibition 
on tyrosinase activities than kojic acid. The IC50 values of this activity of trans-OXY and 
kojic acid were 2.85 and 50.43 μg/ml, respectively. 

In 2008 Chao et al. [12] showed that both pre-treatment and post-treatment 
SH-SY5Y neuroblastoma cells with trans-OXY significantly reduced the generation of 
intracellular reactive oxygen species triggered by 6-hydroxydopamine. This result 
suggested that trans-OXY may act as an intracellular antioxidant to reduce oxidative 
stress and was a potential nutritional candidate for protection against 
neurodegeneration in Parkinson disease. 

 
2.2 Encapsulation 

 Encapsulation is a technology to entrap active agents within carrier materials. 
This technique is a useful tool to improve delivery of bioactive molecules such as 
foods or drugs [8]. Two main types of encapsulation particles were capsules and 
spheres (Figure 2.1). The capsules have a real shell surrounding the active agent. This 
type is also called reservoir, single-core, mono-core or core-shell types. Contrast to 
capsules, the spheres have no a real shell but the active agent disperses over the 
carrier material including at the surface of particles [15]. 
 Encapsulation has many advantages including [16, 17]: 

1. sustaining or prolonging drug release. 
2. masking the unfavorable taste such as bitter or noxious drugs for 

their convenient handling. 
3. converting volatile and oily substances or extracts into tabletted 

dosage forms to avoid tacky granulations and improve flow 
properties. 

4. protecting drugs from environmental hazards such as humidity, light, 
oxygen or heat and gastrointestinal biodegradation. 

5. enhancing compatibility between various drugs and excipients 
formulated together. 

6. easy handling of hygroscopic and toxic substances such as fumigants, 
herbicides, insecticides and pesticides. 
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Figure 2-1 (a) Capsule and (b) sphere particles. 

 
Nanoparticles were particles with have a size from 10 to 1000 nm. Over the 

past few decades, there has been considerable interest in developing biodegradable 
nanoparticles as effective drug delivery devices. Various polymers have been used in 
drug delivery research as they can effectively deliver the drug to a target site and thus 
increase the therapeutic benefit, while minimizing side effects. Liposomes have been 
used as potential drug carriers instead of conventional dosage forms because of their 
unique advantages which include ability to protect drugs from degradation, target the 
drug to the site of action and reduce the toxicity or side effects. However, 
developmental work on liposomes has been limited due to inherent problems such 
as low encapsulation efficiency, and poor storage stability. On the other hand, 
polymeric nanoparticles offer some advantages over liposomes [18]. Many polymers 
have been used to loaded drug or active molecule such as poly-lactide-co-glycolide 
[19-21], polylactic acid [22-25], poly-ε-caprolactone [26, 27],gelatin [28-30], chitosan 
[31-35], alginate [36-40] and cellulose derivative [41-45] etc. 

Cellulose is the most common organic compound on the earth [46] and about 
33% of all plant matter is cellulose. Cellulose consists of a linear chain of several 
hundred to over ten thousand glucose units by -1,4 linkage. In contrast to that of 
starch, the glucose units of starch were linked by β-1,4 linkage. This bond makes 
cellulose linear, highly crystalline and indigestible for humans [47, 48]. Since cellulose 
is not absorbed systemically following oral administration, it has little toxic potential 
and is thus also a generally recognized as safe (GRAS) listed material. Cellulose is one 
of the most important pharmaceutical excipients and food it is a frequently used as 
tablet excipients [49]  

 
 
 

(a) (b) 

Active agent 
 
Carrier material 
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Ethyl cellulose (EC) and methyl cellulose (MC) 
Ethyl cellulose (EC, Figure 1.2) is derivative cellulose in which some of hydroxyl 

groups on the repeating glucose unit are converted to ethyl ether groups. EC has 
extremely been used for encapsulation due to its many versatile properties which are 
[16]  

1. water insoluble but soluble in many organic solvents such as alcohol, ether, 
ketone and ester 

2. biocompatible and compatible with many celluloses, resin and almost all 
plasticizers 

3. stable against light, heat, oxygen and wetness and chemicals 
4.  non-toxic and non-irritant 

EC particles have been prepared by single coating of EC around various 
chemical substances like drugs, pesticides, fragrances and food edibles. The interest of 
the scientific community in the EC has increased over the last years. 

In 2011 Mirabedini et al. [50] prepared microcapsule containing plant oil by 
using EC as core polymer. It showed high yield and had a regular spherical shape with 
the diameter of 10–50 μm and the shell thickness of 0.65–1.55 μm. 
 In 2010 Zheng et al. [51] developed an oil dispersed phase method for 
preparing polyphenol containing microcapsules and using EC as wall material. The 
microcapsule had a smooth surface shape with a particle size distribution of 10–97 
μm. Release rate of bayberry polyphenol from microcapsules was within the range of 
2.56–15.14% under simulated gastric fluid. 

In 2011 Feczk et al. [52] prepared ethyl cellulose nanocapsules containing a 
spirooxazine dye. The size of these nanocapsules is around 220 nm and the dye in the 
nanocapsules did not aggregate in a wide concentration range (0–30% w/w dye 
content). 

In addition, drug release can be controlled and enhanced to some extent by 
addition of a water-soluble or water swellable polymer [53], e.g. hydroxypropyl 
methylcellulose and methyl cellulose.  

Methyl cellulose (MC, Figure 1.2) is a natural carbohydrate polymer and freely 
soluble in water [54]. Blending different cellulose derivatives are often used for 
sustained release coatings. Moreover, enhancement of bioavailability of poorly water-
soluble compounds is achieved by inclusion of the active principle in a faster dissolving 
hydrophilic excipient like ethyl/methyl cellulose blends. The changes in the porosity 
of the system allow a stable inclusion of poorly soluble molecules of an adapted size. 
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In 2006 Duarte et al. [55] prepared ethyl cellulose/methyl cellulose blends by 
the supercritical antisolvent (SAS) technique. SAS experiments were carried out at 
different pressure and temperature conditions. The preparing microspheres had the 
mean diameters ranging from 5 to 30 μm. The best process conditions for this mixture 
were at 40 ºC and 80 bars. 

In 2010 Suwannateep et al. [10] prepared nano-capsules encapsulated 
curcumin by dipolymeric EC and MC. It was easily fabricated through a self-assembling 
process and yielded the highest curcumin loading of 48.8%. It showed slowly release 
curcumin into the blood circulation for up to 3 h by orally administering in mice. 

In 2010 Tunç and Duman [56] prepared MC and montmorillonite film for 
delivering and controlled releasing the carvacrol. The release rate of carvacrol from 
film was depended on the methyl cellulose to montmorillonite ratio and temperature. 

 
2.3 Drug delivery and controlled release into the skin 

Penetration of molecules and particles inside and through skin has long been 
well documented. There are a number of penetration routes through the stratum 
corneum barrier: the intercellular, intracellular and follicular pathways (Figure 2-2) [57]. 
The stratum corneum is hydrophobic layer has a 10–20 μm thick membrane consisting 
of dead cells (corneocytes) embedded in a lipid matrix. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2-2 Possible transport pathways through the stratum corneum [57]. 
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The intercellular pathway is appropriate for hydrophobic drugs, which was 
penetrate through the intercellular hydrophobic layer of stratum corneum. The 
intracellular pathway is suitable for hydrophilic molecules, which pass through the 
stratum corneum by the intracellular pathway through the corneocytes. The diffusion 
of drugs through skin may also occur through defects in the skin structure; for example, 
the hair shafts and sweat glands, which constitute break in the continuity of the stratum 
corneum, thus providing a follicular pathway [58]. 

Hair follicles represent an interesting target structure for drug delivery, since 
they are surrounded by a dense network of blood capillaries, which is important for 
uptake of topically applied drugs. Recently, it was demonstrated that particles in 
general and especially at a size between 300 and 643 nm penetrating very efficiently 
and deeper into the hair follicles than non-particulate substances [59, 60]. Likewise, 
the storage time was found to be increased by up to 10 days, in the case of the 
particulate substances, which is significantly longer than that of the non-particulate 
substances (4 days) [61]. 

Topically applied substances can follow different routes once they penetrate 
into hair follicles. Small drugs can penetrate through the follicular epithelium into the 
living tissue where they may be taken up by the blood circulation. Substances that 
were too large for penetration such as particles are entrapped within the hair follicles. 
They are depleted only by slow processes such as hair growth and sebum flow [62]. It 
is widely research in this subject e.g.: 

In 2006 Vogt et al. [63] developed a vaccination strategy based on the ability 
of nanoparticles to penetrate hair follicles. A size-dependent internalization behavior 
of nanoparticles after topical application in vitro on human skin samples was revealed. 
Only 40 nm particles deeply penetrate into vellus hair openings and through the 
follicular epithelium. 

In 2013 Subongkot et al. [64] elucidated the skin penetration pathway of the 
generated liposomes of limonene. They suggested that these liposomes might attach 
to any part of the skin before releasing the entrapped drug into the skin. Most 
liposomes and entrapped drug penetrated through hair follicles more than through 
the nonfollicular region. The follicular pathway was the major penetration pathway of 
liposomes with limonene for transdermal drug delivery, whereas the intercellular and 
intracellular pathways were the minor penetration pathways. 

In 2014 Rancan et al. [65] investigated the stability and release properties of 
biodegradable polylactic acid particles upon topical application on human skin 
explants. Polylactic acid particles loaded with the hydrophilic fluorochrome 4-Di-2-Asp. 
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The particle average size was 207 nm. They found that particles maintained the 
particulate morphology, accumulated in hair follicles, and allowed a constant release 
of the incorporated fluorochrome for up to 16 h. 



11 
 

 

CHAPTER 3 
EXPERIMENTAL  

 
3.1 Chemicals and Materials 

All chemicals and reagents were analytical grade. Standard trans-resveratrol 
(standard trans-RES), standard trans-oxyresveratrol (standard trans-OXY), ethyl 
cellulose (EC) (viscosity 100 cP; ethoxy content 48%) and methyl cellulose (MC) 
(viscosity 400 cP; Mn 40,000) were purchased from  Sigma-Aldrich, St. Louis, USA.  
Trans-oxyresveratrol (trans-OXY) was isolated from the heartwoods of Artocarpus 
lakoocha Roxb. (Moraceae) which were collected from Uttaradit Province, Thailand, in 
June 2012. 

Filtering centrifugal tube MWCO 100,000 (Amicon Ultra-15) was purchased from 
Millipore (Billerica, USA). Dialysis tubing cellulose membranes (MWCO 3,500 Da) was 
purchased from Sigma-Aldrich, St. Louis, USA. 

Butylated hydroxytoluene (BHT), kojic acid, L-3,4-dihydroxyphenylalanine (L-
DOPA), 1,1-Diphenyl-2-picrylhydrazyl (DPPH) and mushroom tyrosinase were purchased 
from  Sigma-Aldrich, St. Louis, USA. 

Acetone-d6, ethanol, methanol, acetone and dichloromethane were purchased 
from Merck, Darmstadt, Germany. 

 
3.2 Method 

3.2.1 Extraction of trans-oxyresveratrol from the heartwood of A. lakoocha. 

Trans-oxyresveratrol (trans-OXY) was purified from the dried heartwoods of A. 
Lakoocha that were collected in June 2012 from Uttaradit Province, Thailand. The 
fresh heartwoods were boiled with water for 3 h., and removed the heartwoods residue 
by filtration.  The filtrate was continued boiling to remove water until a viscous extract 
was obtained. The extract was fractionated by vacuum liquid chromatography eluted 
with the gradient system of CH2Cl2 and acetone to afford 5 fractions (fr.1 to 5). Then 
fraction 3 was crystallized from a mixture of acetone and water to obtain trans-OXY. 
Isolated trans-OXY was confirmed its structure by  
UV-VIS spectroscopy (Agilent 8453, C-1103A), high performance liquid chromatography 
(HPLC:Waters Alliance 600), 1H and 13C NMR spectroscopic data comparing with those 
of standard trans-oxyresveratrol. 1H NMR spectra of oxyresveratrol in acetone-d6 was 
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recorded on a Varian NMR spectrometer operated at 400 MHz using pulse accumulating 
of 32 scans. 

 
3.2.2 Stabilities study 

3.2.2.1 Stability study of trans-oxyresveratrol and trans-resveratrol 

3.2.2.1.1 Stability toward fluorescent light  

The solution of trans-oxyresveratrol (2.0 mg of trans-resveratrol in 2.0 ml of 
acetone-d6), was transferred into three NMR tubes. Tube A was determined the  
1H NMR spectra as fresh trans-OXY. Tubes B and C were protected from fluorescent 
light and exposed to fluorescent light respectively and all kept at room temperature 
(30 ºC) for 7 days. The 1H NMR spectra of B and C were compared with fresh  
trans-OXY solution (A). In case of trans-resveratrol, the experiment was done similarly.  
 
3.2.2.1.2 Stability toward temperature 

The solution of trans-oxyresveratrol (4.0 mg of trans-oxyresveratrol in 4.0 ml of 
acetone-d6) was transferred into four NMR tubes. Tube A was determined the  
1H NMR spectra as fresh trans-OXY. Tubes B and C were incubated at 4 ºC and room 
temperature respectively which were all protected from fluorescent light for 7 days. 
Tube D was incubated at 50 ºC which was protected from fluorescent light for 24 h. 
The 1H NMR spectra of B, C and D were compared with fresh trans-OXY solution (A). In 
case of trans-resveratrol, the experiment was done similarly. 

 
3.2.2.1.3 Stability toward UV-A radiation 

UV-A photo-isomerization experiment was performed with 1 mg/ml of 
trans-oxyresveratrol prepared in 5.0 ml acetone-d6. Before irradiation, 0.5 ml of this 
solution was first taken for the measurement of 1H NMR spectroscopic data. The 
remaining solution was transferred into a quart cuvette and exposed to a broadband 
UVA radiation (320–400 nm, generated by an F24T12/BL/HO (PUVA) lamp, irradiances 
measured using UVA-400 C power meter, National Biological Corporation, Twinsburg, 
OH, USA) operating with an intensity of 4.2 mW/cm2. At appropriate times, a 0.5 ml 
aliquot was withdrawn to determine the 1H NMR spectroscopic data. The %mole 
fraction of trans-isomer to cis-isomer was calculated based on the integrated peak area 
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(PA) of the ethylene proton signals of both isomers. The %mole fraction of  
trans and cis isomer (and resveratrol) was calculated using the following equation: 

 
%mole fraction 𝑜𝑓𝑡𝑟𝑎𝑛𝑠 − isomer =

PA𝑡𝑟𝑎𝑛𝑠

PA𝑐𝑖𝑠  +  PA𝑡𝑟𝑎𝑛𝑠
× 100  Eq. 3.1 

 
%mole fraction 𝑜𝑓𝑐𝑖𝑠 − isomer =

PA𝑐𝑖𝑠

PA𝑐𝑖𝑠  +  PA𝑡𝑟𝑎𝑛𝑠
× 100   Eq. 3.2 

 
The signals of cis-OXY appeared at δH 6.55 (1H, d, J=8.3 Hz) and 7.02 (1H, d, 

J=8.3 Hz) ppm. However, the signal at δH 6.55 ppm was overlapped with other signals, 
the integrated peak area of signal at δH 7.02 ppm was only used for calculation. 
Meanwhile, that at δH 7.33 (1H, d, J=16.4 Hz) ppm of trans-isomer was used. In case 
of trans-RES, the same experiment as trans-OXY was done. And the integrated peak 
area of signals at δH 6.43 (1H, d, J=12.8 Hz) and 7.02 (1H, d, J=16.4 Hz) ppm of cis- and 
trans-isomers were used for calculation, respectively. 

 
3.2.2.2 Stability study of cis-oxyresveratrol and cis-resveratrol 

The solution of cis isomers were prepared by irradiating 1.0 mg/ml solution of 
trans isomers in acetone-d6 with a broadband UVA radiation operating with an intensity 
of 4.2 mW/cm2 for 1 h.  

 
3.2.2.2.1 Stability toward fluorescent light 

Cis-oxyresveratrol in acetone-d6 was transferred into NMR tubes. Set A was exposed to 
fluorescent light and set B were protected from fluorescent light at room temperature. 
At appropriate times, a 0.5 ml aliquot was withdrawn to determine the 1H NMR 
spectroscopic data. The %mole fraction of trans and cis isomer were calculated as 
mentioned in the effect of UV-A radiation evaluation (Eq. 3.1 and 3.2). Cis-RES was also 
studied accordingly. 
 
3.2.2.2.2 Stability toward temperature 

Cis-oxyresveratrol in acetone-d6 was transferred into NMR tubes. Three sets of 
NMR tubes were incubated at 4 ºC, room temperature and 50 ºC separately. At 
appropriate times, a 0.5 ml aliquot was withdrawn to determine the 1H NMR 
spectroscopic data. The %mole fraction of trans and cis isomer were calculated as 



14 
 

 

mentioned in the effect of UV-A radiation evaluation (Eq. 3.1 and 3.2). Cis-RES was also 
studied accordingly. 

 
3.2.3 Bioactivities 

3.2.3.1 Anti-oxidation activity 

Radical scavenging activity of compound was measured by slightly modified 
method of E.W.C. Chan [66]. Assays were conducted in a 96-well microplate, a 
spectrophotometer reader (ELISA, Molecular Devices) being used to determine the 
absorbance at 517 nm. Samples were dissolved in methanol. Each well contained 50 
μl of sample and 200 μl of 0.3 mM DPPH in methanol. The samples were kept in the 
dark for 30 min at room temperature and then the decrease in adsorption was 
measured. Results were compared with a control consisting of methanol in place of 
sample. Radical scavenging activity was determined at 517 nm by the follows: 

 
%Inhibition =

Acontrol−Asample

Acontrol
× 100  Eq. 3.3 

 
Butylated hydroxytoluene (BHT) was used as positive control as it has very high 

radical scavenging activity. Values of the concentration of samples required to 
scavenge 50% of free-radicals or to prevent DPPH by 50% (IC50) were calculated from 
the regression equations prepared from the concentration of samples and percentage 
inhibition of each system. 
 
3.2.3.2 Anti- tyrosinase activity 

Anti-tyrosinase activity of compound was measured by slightly modified 
method of E.W.C. Chan.[66] Assays were conducted in a 96-well microplate, a 
spectrophotometer reader being used to determine the absorbance at 490 nm. 
Samples were dissolved in methanol. Each well contained 40 μl of sample with 80 μl 
of phosphate buffer (0.1 M, pH 6.8), 40 μl of tyrosinase (200 units/ml) and 40 μl of L-
DOPA (2.5 mM). The samples were incubated for 30 min at room temperature. Each 
sample was accompanied by a blank that had all the components except  
L-DOPA. Results were compared with a control consisting of methanol in place of 
sample. Tyrosinase inhibitory activity was determined at 490 nm by the Eq.3.3. 

Kojic acid was used as positive control as it has very high Tyrosinase inhibitory 
activity. Values of the concentration of samples required to prevent tyrosinase by 50% 
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(IC50) were calculated from the regression equations prepared from the concentration 
of samples and percentage inhibition of each system. 

 
3.2.4 Encapsulation 

3.2.4.1 Preparing trans-oxyresveratrol-loaded nanospheres 

Trans-oxyresveratrol (trans-OXY) was loaded into nanoparticles by inducing the 
self-assembly of polymer, ethyl cellulose (EC) and ethyl cellulose (EC) methyl 
cellulose (MC) blending, in the presence of trans-OXY. Encapsulation of OXY was 
prepared by solvent displacement method through adding aqueous phase.[10] 

For encapsulation of trans-OXY using ethyl cellulose (EC) polymer, 
encapsulation process was started by dissolving EC in ethanol at room temperature 
with continuous stirring until solution turned clear. The trans-OXY was dissolved in 
ethanol (0.5 ml) and then mixed with EC solution. After that DI water was dropped into 
the trans-OXY-EC solution with continuous stirring until the final volume reached 20 
ml. The suspension was continuous stirred overnight to achieve equilibrium at room 
temperature before further investigation. 

Encapsulation of trans-OXY into dipolymeric ECMC polymer blend (EC: MC of 
1:1 by weight) encapsulation process was started by dissolving EC in ethanol at room 
temperature with continuous stirring until solution turned clear. At the same period of 
time, MC was dissolved in water. The trans-OXY dissolved in ethanol (0.5 ml) was 
mixed with EC solution and MC solution was successively added together. After that 
DI water was dropped into the trans-OXY-EC-MC solution with continuous stirring until 
the final volume reached 20 ml. The suspension was continuous stirred overnight to 
achieve equilibrium at room temperature before further investigation. 

The resulting nanosphere suspension were subjected to determine its 
encapsulation efficiency, trans-OXY loading capacity, in vitro control release, ex vivo 
skin absorption of encapsulated trans-OXY and characterized by scanning electron 
microscopy (SEM), transmission electron microscopy (TEM) and dynamic light scattering 
(DLS). 

 
3.2.4.2 Encapsulation efficiency (EE) and Loading capacity (LC) 

To find the encapsulation efficiency, the suspension of trans-OXY-loading 
spheres (1 ml) was filtered through filtering centrifugal tube (MWCO 100,000 (Amicon 
Ultra-15)). Centrifugation was carried out on an Allegra 64R Avanti 30 (Beckman Coulter, 
Inc, Brea, USA). The obtained solid on the filter was soaked in 10 ml of ethanol for 2 
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h at room temperature to ensure that the entire trans-OXY was dissolved. Then, the 
ethanol solution was quantified for trans-OXY using  
UV-VIS spectrophotometer at 328 nm. The UV-VIS absorption spectra were acquired 
with a UV-VIS spectrophotometer (Agilent 8453, C-1103A) using a quartz cell with 1 cm 
path-length. The encapsulation efficiency (EE) and loading capacity (LC) were 
calculated using equation 3.4 and 3.5 respectively. 

 
%EE =

Weight of encapsulated 𝑡𝑟𝑎𝑛𝑠−OXY in the particles

Weight of 𝑡𝑟𝑎𝑛𝑠−OXY initially used
× 100   Eq. 3.4 

 
%LC =  

Weight of encapsulated 𝑡𝑟𝑎𝑛𝑠−OXY in the particles

Weight of the encapsulate 𝑡𝑟𝑎𝑛𝑠−OXY+Weight of polymers
× 100  Eq. 3.5 

 
3.2.4.3 Characterization of nanoparticles 

3.2.4.3.1 Dynamic Light Scattering (DLS) 

The mean hydrodynamic diameter, size distribution and zeta potential of trans-
OXY-loading spheres were measured in distilled water at 25 °C on a Malvern 3000HSA 
Zetasizer (UK) based on the dynamic light scattering (DLS) techniques. 
 
3.2.4.3.2 Scanning Electron Microscopy (SEM) 

The morphology of the particles was examined by scanning electron 
micrograph (SEM). The suspension of nanospheres was diluted in distilled water and 
sonicated for 10 min. The sample was placed on a double-side sticking tape,  
air-dried and gold spray-coated before examined under scanning electron microscope 
(Phillips, XL30CP). 
 
3.2.4.3.3 Transmission electron microscopy analysis (TEM) 

The morphology of the particles was examined by transmission electron 
microscopy micrograph (TEM). TEM photographs were obtained using Tecnai 20 TWIN 
(FEI, USA) with an accelerating voltage of 200 kV. in conjunction with selected area 
electron diffraction (SAED). A glass slide was dipped into the obtained suspension to 
gain the dried smooth film of nanoparticles on surface of the glass slide. 
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3.2.4.4 In vitro release studies 

The in vitro release of the trans-OXY from dipolymeric ECMC polymer blend 
nanoparticles (Batch 3) was carried out in 0.01M phosphate buffer solution pH 5.5 as 
release medium. Ten milliliters of the suspension of trans-OXY-loading spheres was 
put into the dialysis membrane bag (MWCO 3,500 Da) tied at both ends and placed 
into 500 ml of 0.01M phosphate buffer solution pH 5.5 and kept at 37 ± 0.1 °C with 
continuous stirring (at 100 rpm). Three milliliters of release medium were withdrawn 
at predetermined time intervals (0, 1, 2, 4, 6, 7, 8, and 24 h) and the same volume of 
phosphate buffer solution (37 ºC) was replaced. The amount of released trans-OXY in 
withdrawn phosphate buffer solution was evaluated using  
UV-VIS Spectrophotometer at 37±0.1°C at 328 nm. A calibration curve of trans-OXY in 
phosphate buffer was used to quantify the amount of released trans-OXY. Three 
repetitions were performed for all samples. The percentage of released trans-OXY was 
calculated using the following equation: 
 
%𝑇𝑟𝑎𝑛𝑠 − OXY released =  

Weight of encapsulated OXY in release medium

Weight of encapsulated OXY
× 100 Eq. 3.6 

 
The in vitro release of the unencapsulated trans-OXY was also studied. Ten 

milligrams of free trans-OXY dissolved in ethanol 500 μl and mixed with 9.5 ml of DI 
water was put into the dialysis membrane bag and operated similarly as above. 
 
3.2.4.5 Ex vivo skin absorption of encapsulated trans-OXY 

The experiment was started by placing 10 μl of the trans-OXY-loaded spheres 
(2,000 ppm of polymer and 1,000 ppm of trans-OXY) onto the stratum corneum 
surface of a porcine ear piece (1.00 cm2 area). The porcine ear was obtained directly 
from the butcher from freshly slaughtered pigs. The final coverage of polymer and 
trans-OXY on the skin was 0.02 and 0.01 mg/cm−2, respectively. The sample was then 
kept at 25 ºC for 2 h before analyzed by confocal laser scanning fluorescent 
microscopy (CLSFM, Nikon Digital Eclipse C1−Si equipped with Plan Apochromat VC 
100x, Melles Griot Diode Laser and 85 YCA-series Laser at 405 nm, a Nikon TE2000-U 
microscope, a 32-channel-PMT-spectral-detector and Nikon-EZ-C1 Gold Version 3.80 
software). Fluorescent spectral signals of trans-OXY that was activated by laser at 405 
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nm were collected from the skin tissue at various depths. Images are acquired point-
by-point showing the three-dimensional of topologically complex objects. The 
obtained spectra of each pixel were then unmixed into trans-OXY and skin auto-
fluorescent components based on the spectral database constructed from fluorescent 
spectra of trans-OXY and the skin tissue, through the Nikon-EZ-C1 software. Images 
indicating locations of trans-OXY in the skin tissue were then constructed using the 
obtained resolved signals. 

 
3.3 Data analysis 

All measurements were performed in triplicate in each experiment with the 
results presented as the mean ± 1 SD. Statistical analysis was performed by one-way 
ANOVA and a multiple comparison between sample pairs was determined by Duncan 
test. Statistical significance was accepted at probability value P < 0.05.  



 

 

 
CHAPTER 4 

RESULTS AND DISCUSSION  
 

Trans-oxyresveratrol (OXY) used in this study was isolated from the heartwood 
of Artocarpus lakoocha Roxb. (Moraceae) and characterized by NMR spectroscopy. The 
study of light and temperature stabilities and bioactivities of  
cis- and trans-oxyresveratrol (OXY) was evaluated and compared with those of 
resveratrol (RES). Finally, trans-oxyresveratrol loaded cellulose nano-particles was 
prepared and characterized by spectroscopic methods. 

 
4.1 Identification of trans-oxyresveratrol from the heartwood of A. lakoocha. 

Trans-OXY was isolated from A. lakoocha as described in Section 3.2.1 of 
Chapter III. Its chemical structure was characterized by 1H and 13C NMR spectroscopy 
and compared these NMR data with those of a standard trans-OXY (Figures 4.1-4.2 and 
Table 4.1). Moreover, the UV-vis spectrum of the isolated trans-OXY showed the same 
pattern as that of the standard trans-OXY (Figure 4.3). The 97.3% purity of the isolated 
trans-OXY was evaluated by HPLC analysis (Figure 4.4).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



20 
 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4-1 1H NMR spectra of (a) the isolated trans-OXY and (b) the standard  
trans-OXY. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4-2 13C NMR spectra of (a) the isolated trans-OXY and (b) the standard  
trans-OXY. 
 

(a) 
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(a) 

(b) 
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Figure 4-3 UV–vis absorption spectra of the standard trans-OXY, isolated trans-OXY 
and the cis-OXY in ethanol. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4-4 The HPLC chromatograms of (a) the isolated trans-OXY and (b) the 
standard trans-OXY. 

 
 
 
 

(a) 
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Table 4-1 The 1H and 13C NMR chemical shift assignments of the isolated  
trans-oxyresveratrol (OXY) compared with those of the standard trans-oxyresveratrol. 
 

Position isolated trans-OXY standard trans-OXY 
δC δH (int.,mult., J in Hz) δC δH (int.,mult., J in Hz) 

1 141.7 - 141.7 - 
2,6 105.5 6.52 (2H, d, 2.0) 105.5 6.52 (2H, d, 2.0) 
3,5 159.6 - 159.6 - 
4 102.3 6.24 (1H, t, 2.0) 102.3 6.24 (1H, t, 2.0) 
a 128.7 6.89 (1H, d, 16.4) 128.3 6.89 (1H, d, 16.4) 
b 126.4 7.33 (1H, d, 16.4) 126.4 7.33 (1H, d, 16.4) 
1' 117.4 - 117.3 - 
2' 156.9 - 156.9 - 
3' 103.6 6.44 (1H, d, 1.6) 103.6 6.44 (1H, d, 1.6) 
4' 159.1 - 159.1 - 
5' 108.4 6.39 (1H, dd, 8.0, 1.8) 108.4 6.39 (1H, dd, 8.8, 2.6) 
6' 124.4 7.41 (1H, d, 8.4) 124.4 7.41 (1H, d, 8.4) 

 
4.2 Stability study of trans-oxyresveratrol and trans-resveratrol 

4.2.1 Stability toward light  

 No signal change or shift in trans-OXY spectra was observed after exposing to 
the white fluorescent light at the room temperature for seven days (Fig. 4.5) while new 
signals were observed in trans-RES spectra. It was clearly that the new signals in Fig. 
4.5b at δH 6.34 and 6.43 ppm were the signals of cis-ethylenic protons of cis-RES.  
 
4.2.2 Stability toward temperature 

 Under darkness condition, trans-OXY and trans-RES were stable at 4 ºC and 
room temperature for 7 days and at 50 º C 1 days. No new or change signals appeared 
in those spectra of trans-OXY and trans-RES (Figs. 4.6)    
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Figure 4-5 1H NMR spectra of the (a) trans-OXY and (b) trans-RES compared among 
(A) fresh trans-isomer, trans-isomer which were (B) fluorescent light protected and (C) 
fluorescent light exposed at room temperature for seven days. 
 

(A) 

(B) 

(C) 

(A) 

(B) 

(C) 

(a) 

(b) 
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Figure 4-6 1H NMR spectra of the trans-OXY and trans-RES compared among (a) fresh 
trans-isomer, trans-isomer which were fluorescent light protected at (b) 4 ºC, (c) the 
room temperature and (d) 50 ºC. 
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4.2.3 Stability toward UV-A radiation 

It has been known that cis-to-trans isomerization can occur when an isomer is 
exposed to UV radiation [67, 68]. In this study, the trans-isomers of both OXY and RES 
were exposed to the UV-A radiation (320–400 nm) and successive reduction in their  
1H NMR signals were observed when the exposure time increased. The new signal set 
of the cis-isomer appeared and increased as the function of radiation exposed time. 
The maximum conversion of trans to cis isomer of both OXY and RES was 80% (mole 
fraction) after exposing to the UV-A radiation for 30 and 50 min, respectively (Figs. 4.7).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4-7 Mole fraction trans and cis-isomer at UVA irradiated various times of 
 (a) OXY and (b) RES. 
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Figure 4-8 Determination of apparent rate constant (k) and half-life ( 𝑡1

2

) of  

(a) trans-OXY and (b) trans-RES photo-isomerization based on first-order kinetics  
by 1H NMR. 

 
Trans-to-cis isomerization by UV-A irradiation or photo-isomerization is an 

intramolecular process and the rate of this reaction might be a first-order-reaction. 
Thus, the rate law of cis-trans isomerization could be presented as Eq. 4.1. 

 
−

d[A]

dt
= k[A]   Eq. 4.1 

 
k is the rate constant and [A] is the concentration of reactant A.  

The integrated rate law of Eq. 4.1 is showed in Eq. 4.2. 
 

ln [A]t = -kt + ln [A]0   Eq 4.2 
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The plotting ln [trans-isomer (%)] versus irradiated time showed in Fig. 4.8. The 
slope of linear lines given the rate constant (k) were 0.053 and 0.030 min-1 for  
trans-OXY and trans-RES, respectively. These results could be indicated that  
trans-to-cis isomer of OXY was faster than that of RES. 

The half-life (t1

2

) of a first-order reaction can be calculated by Eq. 4.3. 

 
t1

2

=
ln 2

k
    Eq 4.3 

 
The half-life of a reaction describes as the time needed for decreasing a half 

of the reactant. Calculation using Eq. 4.3, the half-life values of trans-OXY and  
trans-RES were 13 and 23 min, respectively (Fig. 4.8). 
 
4.3 Stability study of cis-oxyresveratrol and cis-resveratrol. 

Cis-OXY and cis-RES were obtained by irradiating trans isomer solution to a 
broadband UVA radiation (320–400 nm) operating with an intensity of 4.2 mW/cm2 for 
1 h. 

 
4.3.1 Stability toward light 

Effect of the fluorescent light on cis-structure of OXY and RES are shown in 
Figure 4.9. The decrease of cis-OXY seemed to be independent from the light while 
that of cis-RES was affected by the light. Moreover, cis-OXY isomerised to be  
trans-OXY faster than that observed in cis-RES. After 3 days, cis-RES remained 77% 
whereas cis-OXY had only 12% in the darkness condition.  

The cis-isomer is less stable than trans-isomer because steric crowding of the 
ortho sites causes the phenyl groups to twist slightly out of coplanarity. Cis-OXY is less 
stable than cis-RES it might seem reasonable to suggest that there is a steric interaction 
from the ortho hydroxyl group of the cis-OXY.  
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Figure 4-9 Mole fraction of cis-to-trans isomerization of (a) OXY and (b) RES as a 
function of time which exposed to fluorescent light and protected from fluorescent 
light at room temperature. 
 
4.3.2 Stability toward temperature 

The stability towards temperature of cis-OXY and cis-RES were investigated at 
4 °C, room temperature and 50°C. The relative percentage of cis-OXY over the time at 
various temperatures is shown in Figures 4.10 and 4.11. At 50°C, the rate of  
cis-to-trans isomerization of OXY was very fast. It remained only 5% after 24 h. In 
addition, the lower temperature significantly retarded this isomerization.  

In contrast, cis-RES still remained up to 89% after 24 h at 50°C and 54% after 6 
days at the room temperature (Figures 4.12 and 4.13). The low temperature (4°C) 
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seemed to stop the isomerization of cis-RES in which 97% cis-RES were found after 20 
days.  
 
 
 
 
 
 
 
 

 
 
 
 
 
Figure 4-10 Mole fraction ratio of cis-to-trans OXY as a function of time at 4 °C, room 
temperature and 50 °C  which were protected from fluorescent light. 
 
 
 
 
 
 
 
 
 
 
 
Figure 4-11 Mole fraction cis-to-trans OXY as a function of time at 50 ºC under 
fluorescent light protection. 
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Figure 4-12 Mole fraction ratios of cis-to-trans RES as a function of time at 4 °C, room 
temperature and 50 °C under fluorescent light protection. 
 
 
 
 
 
 
 
 
 
 
 
Figure 4-13 Mole fraction ratio of cis-to-trans RES as a function of time at 50ºC under 
fluorescent light protection.  

 
4.4 Bioactivities 

 Trans-OXY was isolated from A. lakoocha and trans-RES was purchased from 
Sigma-Aldrich company. Cis-OXY and cis-RES were prepared by exposing trans isomer 
to UV-A radiation for 1 h. In this study, the average percentage of cis-OXY in the solution 
for bioactivity testing was 84% while that of cis-RES was 80%. 
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4.4.1 Anti-oxidation activity 

The anti-oxidation potential was evaluated using the in vitro 1,1-diphenyl-2-
picrylhydrazyl (DPPH) scavenging test. The free radical scavenging system is a proven 
assay in which anti-oxidants inhibit radical production.  In the DPPH assay, the 
antioxidants were able to reduce the purple color of stable DPPH radical to the yellow 
color of 1,1-diphenyl-2-picrylhydrazine.  
 The IC50 values for trans-RES, cis-RES, trans-OXY, cis-OXY and a standard 
compound, butylated hydroxytoluene (BHT), were given in Table 4.2. These results 
revealed that all tested compounds showed higher scavenging DPPH radical than BHT, 
and OXY showed higher activity than RES. These results were in agreement with those 
previous reports in which the free radical-scavenging activity of polyphenols depends 
significantly on the number and position of hydroxyl groups, as well as conjugation 
and resonance effects [13]. OXY has four hydroxyl groups substituted on two aromatic 
rings whereas RES has only three hydroxyl groups.  Moreover, hydroxyl group that 
substituted on ortho-position was extended delocalization and conjugation of the π 
electrons over aromatic rings, resulting in the high resonance stabilization of the 
hydroxyl radical formed in anti-oxidant reaction of the OXY (Figs. 4.14 and 4.15). 
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Table 4-2 Anti-oxidation and anti-tyrosinase activities of OXY and RES  
 

Substance IC50 (×102 µM) 

Anti-oxidation Anti-tyrosinase 
BHT  5.752.88a N/A 

kojic acid  N/A 6.231.16c 

trans-RES 4.500.21a >40 

cis-RES  3.370.22a >40 

trans-OXY 2.770.26b 0.320.13d 

cis-OXY  2.740.09b 3.500.90e 

N/A = not applicable 
All values were based on three different samples. All assays were determined in 
triplicates and data presented as mean ± SD. For each column, values followed by 
the same letter (a–e) are not statistically different at P < 0.05 as measured by the 
Duncan test. 
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Figure 4-14 Resonance structures of hydroxyl radicals of trans-OXY at the (a) ortho-, 
(b) para- and (c) meta-position of trans-OXY. 
 
 
 
 
 
 
 
 
 

(a) 
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Figure 4-15 Resonance structures of phenoxyl radicals derived from trans-RES on (a) 
para- and (b) meta-position 
 
4.4.2 Anti- tyrosinase activityin 

Tyrosinase inhibitors are chemical agents which are capable of reducing some 
enzymatic reactions, such as food browning and melanisation of human skin. 
Tyrosinase inhibitors are not only used in medical treatment for hyper-pigmentation 
but also used in cosmetics products. The anti-tyrosinase effect was determined using 
the modified dopachrome method which L-DOPA was the substrate [66] and, in this 
study, kojic acid was used as a positive compound. 

Among of tested samples, trans-OXY showed the highest tyrosinase inhibition 
with the IC50 value of 0.32×102 μM (Table 4.2). The cis-OXY had lower activity than 
trans-OXY but higher than kojic acid. On the other hands, RES isomers did not show 
mushroom tyrosinase inhibition even at the concentration of 1 mg/mL.  

Trans- and cis-OXY showed the same activity on the anti-oxidation but 
significantly different on the tyrosinase inhibition. These might be that the radical 
scavenging potential is depending on the number of hydroxyl groups on the phenyl 
rings. In contrast, the tyrosinase inhibition is depend on the suitable conformation of 
inhibitors to bind at the active site of enzyme.  

(a) 

(b) 



35 
 

 

4.5 Encapsulation 

4.5.1 Preparing trans-oxyresveratrol-loaded nanospheres 

 Trans-OXY-loaded cellulose nanospheres were prepared by the solvent 
displacement method. Trans-OXY was loaded into polymeric nanospheres via  
self-assembling process. Herein, ethyl cellulose (EC) and methyl cellulose (MC) were 
used as the carriers. During solvent displacement process in the distilled water, ethanol 
displaced by water. The hydrophobic trans-OXY was then interacted with the 
hydrophobic moiety of EC and MC. While hydrophilic moiety of EC and MC pointed 
toward the outer surface to interact with water molecules. This led to the self-
assembly and obtain nanosphere suspension. 

The physicochemical properties of trans-OXY-loaded only EC or EC and MC 
blend nanospheres were showed in Table 4.3. Batch 3 had the highest encapsulation 
efficiency (EE) and the smallest spheres. The SEM and TEM pictures showed that the 
particles of all batches were spherical in shape and nanoscale size (Figs. 4.16 and 4.17). 
Dynamic light scattering was used to analyze size and zeta potential of the particles, 
the results showed in Fig 4.18. These results are in good agreement with the particle 
size morphology given by SEM and TEM techniques. 
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Figure 4-16 SEM photographs of trans-OXY-loaded nanospheres. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4-17 TEM photographs of trans-OXY-loaded nanospheres. 
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Figure 4-18 Size distributions of trans-OXY-loaded nanospheres. 
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4.5.2 In vitro release studies 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4-19 In vitro release of trans-OXY loaded in nanospheres and free trans-OXY 

in phosphate buffer solution (pH 5.5). Data were shown as the mean 1SD and are 
derived from 3 independent repeats. 
 
 According to the highest EE, Batch 3 was chosen to further study the controlled 
release. The release of trans-OXY from nanospheres was evaluated in phosphate 
buffer solution pH 5.5 which mimic acidic environment of human skin, for 24 hours. In 
this condition, encapsulation obviously helped retarding the release of trans-OXY 
(Figure 4.19). The result also implied that nanoparticles fabricated from a blend of EC 
and MC was stable in acidic environment. In summary, nanospheres drug delivery 
system using a blend of EC and MC could sustain the release of trans-OXY, and this 
carrier was also stable in acidic environment. Thus, trans-OXY -loaded nanospheres 
might be a new therapeutic method for skin target. The carrier septum seems to be 
suitable for skin because the resident time of trans-OXY in hair follicles can be 
prolonged. 
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4.5.3 Ex vivo skin absorption of trans-OXY-loaded nanospheres 

 
 Confocal Laser Scanning Fluorescence Microscopy (CLSFM) is an alternative 
technique to study the skin penetration and distribution of model fluorescent 
compounds. CLSM using a co-localization technique can be applied to study the 
location of trans-OXY nanospheres on the skin in terms of attachment. During scanning, 
the confocal volume element is moved through a specimen by a succession of skin 
layers. By a defined focusing along the z-axis (axial direction), lateral movement is 
possible to image any object plane of interest within a specimen. The objective plane, 
as a whole, is recorded in a point-by point and line-by-line raster [69]. This technique 
employed the difference of fluorescence signals among trans-OXY and skin to indicate 
position of trans-OXY on the skin. 
 

 
 

 
 
Figure 4-20 Confocal fluorescent 
microscopy images showed the 
optical image follicular region. 
The positions of red and green 
fluorescence represent trans-OXY 
and skin, respectively. 
 

The obtained fluorescent signals from selected area were then deconvoluted 
for fluorescent spectra of trans-OXY and skin. The fluorescent signal of trans-OXY 
showed in red color and the fluorescent signal of hair showed in green color. Top view 
images in terms of depth of porcine ear treated with trans-OXY loaded nanospheres 
was presented in Figs 4.20 and 4.21. These figure shows that deposition was found 
surround at the hair follicle and presence of trans-OXY in the tissue. This investigation 
indicated that trans-OXY nanospheres can penetrate through skin and the hair follicles 
are a major pathway. Then trans-OXY diffuse through the skin tissue to prolong the 
absorption and sustained release of drugs through the skin, with prolonged therapeutic 
levels. 
 
 

Hair 

Skin 

Trans-OXY 
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Figure 4-21 Confocal fluorescent microscopy 

images showing skin penetration of trans-OXY-loaded 
nanospheres depth of (a)0, (b)50, (c)100, (d)150, (e)200, 

(f)250 and (g)300 μm from the stratum corneum surface, 
2 h after the trans-OXY-loaded spheres was applied. The 
positions of red and green fluorescence represent trans-
OXY and skin, respectively. 



 

 

CHAPTER 5 
CONCLUSION  

 
Trans-isomers of OXY and RES were stable towards the fluorescent light and 

temperature for at least 7 days.  The UV-A irradiation caused the photo-isomerization 
of trans-OXY to be cis-OXY faster than that of trans-RES. Cis-OXY seemed to be 
unstable, it isomerized rapidly to be trans-OXY even in dark condition, it was changed 
approximately 90% to be trans-OXY within 3 days at room temperature. However, the 
low temperature can extend the cis-to-trans isomerization of OXY. Cis-RES isomerized 
slower than cis-OXY at room temperature and the conversion rate was influenced by 
the fluorescent light and temperature. The anti-oxidation activity of trans-isomer was 
closer to that of cis-isomer both OXY and RES. These results revealed that all tested 
compounds showed higher scavenging DPPH radical than BHT, and OXY showed higher 
activity than RES. The anti-tyrosinase activity of trans-OXY is the higher than cis form  
thay may be depend on the suitable conformation of inhibitors to bind at the active 
site of enzyme. 

Trans-OXY was further encapsulated in ethyl- and methyl-cellulose blend. 
Trans-OXY-loaded nanospheres trans-OXY:EC:MC ratio is 1:1:1 is the best condition. 
The %EE, %LC and average size were 76, 28 and, 190 nm respectively. The  
trans-OXY-loaded EC/MC nanospheres show a sustained release of trans-OXY at pH 
5.5. In addition, trans-OXY-loaded nanospheres can penetrate the skin barrier and 
accumulated at the hair folicle of the porcine ear detected by confocal laser scanning 
fluorescence microscopy. 
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APPENDIX A 
1H NMR 
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Figure A-1 1H NMR spectra of isolated trans-OXY. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure A-2 1H NMR spectra of the mixture of trans- and cis-OXY. 
 

%mole fraction of𝑐𝑖𝑠 − isomer =
PA𝑐𝑖𝑠

PA𝑐𝑖𝑠  +  PA𝑡𝑟𝑎𝑛𝑠
× 100

%𝑐mole fraction of𝑐𝑖𝑠 − isomer =
5.494

  5.494 + 1.000
× 100

=84.60% 
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%mole fraction of𝑐𝑖𝑠 − isomer 

=
PA𝑐𝑖𝑠

PA𝑐𝑖𝑠   +  PA𝑡𝑟𝑎𝑛𝑠

× 100

%mole fraction of𝑐𝑖𝑠 − isomer 

=
4.176

  4.176 + 1.000
× 100

=80.68% 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure A-3 1H NMR spectra of trans-RES. 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure A-4 1H NMR spectra of the mixture of trans- and cis-RES. 
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Figure A-5 Structures of (a) trans- and (b) cis-isomer of OXY and RES. 
 
 

Table A-1 1H NMR data for OXY and RES. 

 

 
 
 
 
 
 
 

Position 
δH (int.,mult., J in Hz) 

trans-OXY cis-OXY trans-RES cis-RES 
1 - - - - 

2,6 6.52 (2H, d, 2.0) 6.31 (2H, s) 6.53 (2H, d, 1.88) 6.28 (2H, d, 1.8) 
3 - - - - 
4 6.24 (1H, t, 2.0) 6.28 (1H, s) 6.26 (1H, t, 1.8) 6.23 (1H, t, 2.2) 
5 - - - - 
a 6.89 (1H, d, 16.4) 6.55 (1H, d, 8.3) 6.88 (1H, d, 16.4) 6.33 (1H, d, 12.2) 
b 7.33 (1H, d, 16.4) 7.02 (1H, d, 8.8) 7.02 (1H, d, 16.4) 6.43 (1H, d, 12.8) 
1' - - - - 
2' - - 7.42 (2H, d, 8.4) 7.14 (2H, d, 8.3) 
3' 6.44 (1H, d, 1.6) 6.39 (1H, d, 8.3) 6.84 (2H, d, 8.5) 6.70 (2H, d, 8.3) 
4' - - - - 
5' 6.39 (1H, dd, 8.0, 1.8) 6.18 (1H, s) 6.84 (2H, d, 8.5) 6.70 (2H, d, 8.3) 
6' 7.41 (1H, d, 8.4) 6.16 (1H,s) 7.42 (2H, d, 8.4) 7.14 2H, d, 8.3) 
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APPENDIX B 
Stability toward UV-A radiation 
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Stability toward UV-A radiation of trans-OXY and trans-RES. 

The relative % of trans-cis oxyresveratrol (and resveratrol) was calculated with the 
following equation: 
%Mole fraction 𝑜𝑓𝑡𝑟𝑎𝑛𝑠 − isomer =

PA𝑡𝑟𝑎𝑛𝑠

PA𝑐𝑖𝑠  +  PA𝑡𝑟𝑎𝑛𝑠
× 100  

%Mole fraction 𝑜𝑓𝑐𝑖𝑠 − isomer =
PA𝑐𝑖𝑠

PA𝑐𝑖𝑠  +  PA𝑡𝑟𝑎𝑛𝑠
× 100   

1. Oxyresveratrol 
Table B-1 % Mole fraction of cis and trans-OXY at various irradiated time  
(1st replicated). 
 

1st replicated PA % Mole fraction 
Time 
(min.) 

Trans 
isomer 

Cis 
isomer 

Trans 
isomer 

Cis 
isomer 

0 1.00 0.00 100.00 0.00 
5 1.00 0.38 72.67 27.33 
10 1.00 0.68 59.52 40.48 
20 1.00 2.22 31.03 68.97 
30 1.00 5.47 15.46 84.54 
40 1.00 6.60 13.15 86.85 
50 1.00 6.62 13.12 86.88 
60 1.00 6.82 12.80 87.20 
80 1.00 6.77 12.88 87.13 
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Table B-2 % Mole fraction of cis and trans-OXY at various irradiated time  
(2nd replicated). 
 

2nd replicated PA % Mole fraction 
Time 
(min.) 

Trans 
isomer 

Cis 
isomer 

Trans 
isomer 

Cis 
isomer 

0 1.00 0.00 100.00 0.00 
5 1.00 0.26 79.37 20.63 
10 1.00 0.70 58.75 41.25 
20 1.00 1.97 33.64 66.36 
30 1.00 4.16 19.36 80.64 
40 1.00 6.94 12.60 87.40 
50 1.00 7.85 11.31 88.69 
60 1.00 7.82 11.34 88.66 
80 1.00 8.47 10.56 89.44 

 
Table B-3 % Mole fraction of cis and trans-OXY at various irradiated time (3rd 
replicated). 
 

3rd replicated PA % Mole fraction 
Time 
(min.) 

Trans 
isomer 

Cis 
isomer 

Trans 
isomer 

Cis 
isomer 

0 1.00 0.00 100.00 0.00 
5 1.00 0.25 80.16 19.84 
10 1.00 0.75 56.98 43.02 
20 1.00 2.00 33.35 66.65 
30 1.00 5.02 16.61 83.39 
40 1.00 5.45 15.51 84.49 
50 1.00 6.15 13.99 86.01 
60 1.00 6.38 13.56 86.44 
80 1.00 6.76 12.98 87.02 
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2 Resveratrol 
Table B-5 % Mole fraction of cis and trans-RES at various irradiated time  
(1st replicated). 
 

1st replicated PA % Mole fraction 
Time 
(min.) 

Trans 
isomer 

Cis 
isomer 

Trans 
isomer 

Cis 
isomer 

0 1.00 0.00 100.00 0.00 
5 1.00 0.34 74.57 25.43 
10 1.00 0.44 69.49 30.51 
20 1.00 0.87 53.50 46.50 
30 1.00 1.66 37.64 62.36 
40 1.00 2.73 26.80 73.20 
50 1.00 3.83 20.70 79.30 
60 1.00 5.72 14.88 85.12 
80 1.00 7.13 12.30 87.70 

 
Table B-6 % Mole fraction of cis and trans-RES at various irradiated time  
(2nd replicated). 
 

2nd replicated PA % Mole fraction 
Time 
(min.) 

Trans 
isomer 

Cis 
isomer 

Trans 
isomer 

Cis 
isomer 

0 1.00 0.00 100.00 0.00 
5 1.00 0.20 83.61 16.39 
10 1.00 0.32 75.76 24.24 
20 1.00 0.81 55.34 44.66 
30 1.00 1.73 36.66 63.34 
40 1.00 2.19 31.38 68.62 
50 1.00 3.54 22.03 77.97 
60 1.00 4.36 18.67 81.33 
80 1.00 4.20 19.22 80.78 
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Table B-7 % Mole fraction of cis and trans-RES at various irradiated time  
(3rd replicated). 

 
3rd replicated PA % Mole fraction 

Time 
(min.) 

Trans 
isomer 

Cis 
isomer 

Trans 
isomer 

Cis 
isomer 

0 1.00 0.00 100.00 0.00 
5 1.00 0.27 78.51 21.49 
10 1.00 0.36 73.40 26.61 
20 1.00 0.80 55.46 44.54 
30 1.00 1.53 39.58 60.42 
40 1.00 2.50 28.56 71.44 
50 1.00 3.35 23.00 77.00 
60 1.00 4.60 17.86 82.14 
80 1.00 5.31 15.86 84.14 
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APPENDIX C 
Stability toward fluorescent light 
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Stability toward fluorescent light of cis-oxyresveratrol and  
cis-resveratrol. 

1. Cis-oxyresveratrol 
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2. cis-resveratrol 
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APPENDIX D 
Stability toward Temperature 
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Stability toward Temperature 
1. Cis-oxyresveratrol 
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2. Cis-resveratrol 
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APPENDIX E 
Encapsulation efficiency and loading capacity  
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Encapsulation efficiency (%EE) and loading capacity (%LC) of  
trans-OXY. 

 

Table E-1 OXY concentration and its corresponding absorbance value at 328 nm in 
ethanol solution. 

Concentration (ppm) 2 4 5 6 8 10 

Absorbance at 328 nm 0.16350 0.30740 0.39364 0.45647 0.60320 0.73844 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure E-1 calibration curve of trans-OXY in ethanol solution at 328 nm. 
 

 

%EE =
Weight of encapsulated OXY in the particles

Weight of OXY initially used
× 100  

 

%LC =  
Weight of encapsulated OXY in the particles

Weight of the encapsulate OXY+polymer
× 100  

 
 
 
 
 
 
 
 
 

y = 0.072x + 0.0236
R² = 0.9992
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APPENDIX F 
Calculation of %release 
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Calculation of %release 
 
Table F-1 OXY concentration and its corresponding absorbance value at 328 nm in 
phosphate buffer solution pH 5.5. 

Concentration (ppm) 2 4 6 8 10 

Absorbance at 328 nm 0.15419 0.32469 0.47070 0.59166 0.75749 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure F-1 Calibration curve of trans-OXY at 328 nm in phosphate buffer solution pH 
5.5. 
 
 

%𝑡𝑟𝑎𝑛𝑠 − OXY released =  
Weight of encapsulated OXY in release medium

Weight of encapsulated OXY
× 100  
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1. Trans-OXY loaded nanospheres  
Table F-2 %Release of trans-OXY loaded nanospheres in phosphate buffer solution 
pH 5.5 (1st replicated). 
 

Time 
(h) 

Absorbance 
Conc. trans-

OXY  
(ppm) 

Amount 
of  

trans-
OXY (mg) 

Trans-
OXY  
initial 
used  
(mg) 

% Trans-OXY 
released 

% 
Relative 
released 

0 0.0000 0.000 0.0 0.0 0.0 0.0 
1 0.2146 2.672 1.3 10.0 13.4 31.8 
2 0.3600 4.644 2.3 10.0 23.2 55.2 
3 0.4376 5.697 2.8 10.0 28.5 67.7 
4 0.4829 6.312 3.2 10.0 31.6 75.1 
6 0.5800 7.629 3.8 10.0 38.1 90.7 
7 0.6003 7.905 4.0 10.0 39.5 94.0 
8 0.6512 8.596 4.3 10.0 43.0 102.2 

24 0.6375 8.410 4.2 10.0 42.1 100.0 

 
Table F-3 %Release of trans-OXY loaded nanospheres in phosphate buffer solution 
pH 5.5 (2nd replicated). 
 

Time 
(h) 

Absorbance 
Conc. 

trans-OXY  
(ppm) 

Amount 
of  

trans-
OXY 
(mg) 

Trans-OXY 
initial used  

(mg) 

% Trans-OXY 
released 

% relative 
released 

0 0.0000 0.000 0.0 0.0 0.0 0.0 
1 0.2330 2.922 1.5 10.0 14.6 25.9 
2 0.3829 4.955 2.5 10.0 24.8 43.9 
3 0.5186 6.796 3.4 10.0 34.0 60.3 
4 0.6554 8.652 4.3 10.0 43.3 76.7 
5 0.7951 10.549 5.3 10.0 52.7 93.5 
6 0.8183 10.862 5.4 10.0 54.3 96.3 
8 0.8593 11.419 5.7 10.0 57.1 101.3 
24 0.8488 11.277 5.6 10.0 56.4 100.0 
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Table F-4 %Release of trans-OXY loaded nanospheres in phosphate buffer solution 
pH 5.5 (3rd replicated). 
 

Time 
(h) 

Absorbance 
Conc. 

trans-OXY  
(ppm) 

Amount 
of  

trans-
OXY 
(mg) 

Trans-OXY 
initial used  

(mg) 

% Trans-OXY 
released 

% relative 
released 

0 0.0000 0.000 0.0 0.0 0.0 0.0 
1 0.1997 2.469 1.2 10.0 12.3 23.1 
2 0.3409 4.386 2.2 10.0 21.9 41.0 
3 0.4620 6.028 3.0 10.0 30.1 56.4 
4 0.6334 8.355 4.2 10.0 41.8 78.1 
6 0.7986 10.595 5.3 10.0 53.0 99.0 
7 0.8155 10.824 5.4 10.0 54.1 101.2 
8 0.8017 10.638 5.3 10.0 53.2 99.4 
24 0.8062 10.698 5.3 10.0 53.5 100.0 

 
Table F-5 %%Release of trans-OXY loaded nanospheres in phosphate buffer 
solution pH 5.5. 
 
trans-OXY % relative released 

Time (h) 1st replicated 2nd replicated 3rd replicated Average SD 

0 0.0 0.0 0.0 0.0 0.0 
1 31.8 25.9 23.1 26.9 4.4 
2 55.2 43.9 41.0 46.7 7.5 
3 67.7 60.3 56.4 61.5 5.8 
4 75.1 76.7 78.1 76.6 1.5 
6 90.7 93.5 99.0 94.4 4.2 
7 94.0 96.3 101.2 97.2 3.7 
8 102.2 101.3 99.4 101.0 1.4 
24 100.0 100.0 100.0 100.0 0.0 
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2. Free trans-OXY  
Table F-6 %Release of free trans-OXY in phosphate buffer solution pH 5.5 (1st 
replicated). 
 

Time 
(h) 

Absorbance 
Conc. 

trans-OXY  
(ppm) 

Amount 
of  

trans-
OXY 
(mg) 

Trans-OXY 
initial used  

(mg) 

% Trans-OXY 
released 

% relative 
released 

0 0.0000 0.000 0.0 0.0 0.0 0.0 
1 0.26729 3.387 1.7 10.0 16.9 46.5 
2 0.35366 4.558 2.3 10.0 22.8 62.5 
3 0.45086 5.877 2.9 10.0 29.4 80.6 
4 0.50833 6.657 3.3 10.0 33.3 91.3 
6 0.52252 6.850 3.4 10.0 34.2 94.0 
7 0.53983 7.085 3.5 10.0 35.4 97.2 
8 0.53580 7.030 3.5 10.0 35.1 96.4 

24 0.55490 7.289 3.6 10.0 36.4 100.0 

 
Table F-7 %Release of free trans-OXY in phosphate buffer solution pH 5.5 (2nd 
replicated). 
 

Time 
(h) 

Absorbance 
Conc. 

trans-OXY  
(ppm) 

Amount 
of  

trans-
OXY 
(mg) 

Trans-OXY 
initial used  

(mg) 

% Trans-OXY 
released 

% relative 
released 

0 0.0000 0.000 0.0 0.0 0.0 0.0 
1 0.32724 4.200 2.1 10.0 21.0 42.1 
2 0.56252 7.392 3.7 10.0 37.0 74.1 
3 0.71727 9.492 4.7 10.0 47.5 95.2 
4 0.80022 10.618 5.3 10.0 53.1 106.4 
5 0.70469 9.321 4.7 10.0 46.6 93.4 
6 0.78394 10.397 5.2 10.0 52.0 104.2 
8 0.79724 10.577 5.3 10.0 52.9 106.0 

24 0.75290 9.976 5.0 10.0 49.9 100.0 
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Table F-8 %Release of free trans-OXY in phosphate buffer solution pH 5.5 (3rd 
replicated) 
 

Time 
(h) 

Absorbance 
Conc. 

trans-OXY  
(ppm) 

Amount 
of  

trans-
OXY 
(mg) 

Trans-OXY 
initial used  

(mg) 

% Trans-OXY 
released 

% relative 
released 

0 0.0000 0.000 0.0 0.0 0.0 0.0 

1 0.31012 3.968 2.0 10.0 19.8 40.4 

2 0.57699 7.589 3.8 10.0 37.9 77.3 

3 0.72199 9.556 4.8 10.0 47.8 97.3 

4 0.82004 10.887 5.4 10.0 54.4 110.9 

6 0.77191 10.234 5.1 10.0 51.2 104.2 

7 0.82052 10.893 5.4 10.0 54.5 110.9 

8 0.81990 10.885 5.4 10.0 54.4 110.8 

24 0.74144 9.820 4.9 10.0 49.1 100.0 

 
Table F-9 %Release of free trans-OXY in phosphate buffer solution pH 5.5. 
 

Trans-OXY loaded in 
nanospheres 

% Relative released 

Time (h) 
1st 

replicated 
2nd 

replicated 
3rd 

replicated 
Average SD 

0 0.0 0.0 0.0 0.0 0.0 

1 46.5 42.1 40.4 43.0 3.1 

2 62.5 74.1 77.3 71.3 7.8 

3 80.6 95.2 97.3 91.0 9.1 

4 91.3 106.4 110.9 102.9 10.2 

6 94.0 93.4 104.2 97.2 6.1 

7 97.2 104.2 110.9 104.1 6.9 

8 96.4 106.0 110.8 104.4 7.3 

24 100.0 100.0 100.0 100.0 0.0 
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