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Aim: (-)-Epigallocatechin gallate (EGCG) has been reported as inducing apoptosis in cervical cancer. How-
ever, EGCG demonstrates low skin permeability. In order to develop topical delivery of EGCG, the partition
coefficient, log P, was modified using a reverse gcelle method. Results & methodology: During this study,
Twe@a 80 and Span 80 were added to EGCG at hydrophilic-lipophilic balance (HLB) values of 4.3, 6 and 8.
The results showed that lowering the HLB value increases the log P value of EGCG and results in higher
1G5 values in Henrietta Lacks (HeLa) cancer cells than that of EGCG. Surfactant-modified EGCG-HLB 6 Prey
duced faster and deeper skin penetration than EGCG. Condusion: Modification of log P value using a
combination of Tween 80 and Span 80 improved cytotoxicity and topical delivery of EGCG.
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Cervical cancer has a high prevalence, constituting the fourth most dangerous form of cancer in women 1. It
has been reported that this form of cancer ranks as the second most common among women in Indonesia, with
appr()ximatc]y 18,279 of 32,469 cases proving fatal every year [2]. A recent report confirmed an increase in the
number of cervical cancer cases from 702,207 in 2014 vo 1,325,776 in 2015 [3].

Cervical cancer is a ma]ignancy that affects the cervix, the lowest part of uterus which pr()trudcs from the top
of the vaginal canal (4] and can develop due to infection caused by human papillomavirus. Different forms of
treatment f()r C{_’rViCZlI cancer, rl:Im(-:ly, surg(:ry, r:ldi(lth(-:rapy, c]‘lcr’n()th{:rapy erld ch{:rn(lrzldiclth(-:mpy, arc ﬂpplicﬂblt’
at Succ{_’ssi\"{_’ Stﬂgﬂs ()F th(_’ dis(fﬂs(':. H()W(-:V(-:r, Chﬂm()radi()thcr&py hﬂs b(i(-:n kn()wn o JFFEC( rl()rm:ll C(‘!"S C:lusirlg t(]xic
effects to healthy organs or tissues. The development of natural products for use during chemotherapy is currently
progressing rapidly due to the large naturally occurring sources of such products. One of the natural compounds
that have been proven through research to be an effective component of chemotherapy is epigallocatechin gallate
(EGCQG) [5,6].

EGCG represents the largest catechin component of green tea (Camellia sinensis) and is widely known to
be a potent antioxidant. EGCG has been reported as inducing anticancer activity through the mechanism of
inhibiting tumorigenesis, proliferation and angiogenesis (7). EGCG triggers an increase in p53 gene expression in
cells experiencing DNA damagc 1g); the main function of p53 bcing to arrest the cell Cyclc in response to such
damage in order that the cell can be repaired before its replication [9). Moreover, it has been reported that an
apoptosis induction occurs in cases of cervical cancer after the administration of EGCG [10,11].

A topical route, such as intravaginal, is propesed as the most appropriate means of drug administration for
EGCG in the treatment of cervical cancer. EGCG is highly soluble in water, 40 g/l at 20°C, and demonstrates
good stability ac pH 3.7 (25°C) and pH 3.9 (40°C) (12). However, the log P value of EGCG is 1.1 at pH 4.0. It has
been reported by Lane et al. that the optimal lipophilicity for topical drug penetration is indicated by the log P value

within the range of 2-3 (13). Moreover, it has been reported that EGCG has low cell membrane permeability [14] neW|SPedsg

10.4155/tde-2019-0015 © 2019 Newlands Press Ltd Ther. Deliv. (Epub ahead of print) ISSM 2041-5890




Research Article

Rosita, Meitasari, Rianti, Hariyadi & Miatmoko

Table 1. Compositions of modified epigallocatechin gallate at various hydrophilic-lipophilic balance values.
HLE value

8
3
43

Control

EGCG (g) Volume (ml)
Tween 80 Span 80 Phosphate buffer pH 5 + 0.5
1 2 4 ad 20
1 1 5 ad 20
1 - 6.0 ad 20
1 - - ad 20

EGCG: Epigallocatechin gallate; HLB: Hydrophilic-lipophilic balance.

and is strongly attached to skin tissue, thereby reducing diffusion and the rate of skin permeation [15] due to its
polar phenolic group content. Therefore, ropical delivery of EGCG in @#fical cancer therapy should be extremely
limited 10,151. The use of microemulsion successfully improves topical delivery of EGCG to the deeper skin layer,
due to the use of surfactant as emulsifier and oil phase that facilitates EGCG diffusion (16]. Thus, increasing the
lipophilicity of EGCG may improve its permeability.

It has been reported that the addition of surfactant to topical drug preparation can enhance the permeabilicy of
the drug 17). Surfactant is an amphiphilic molecule which possesses either hydrophilic head group or lipophilic tail
group properties. Surfactants with high hydrtmlic—lipophilic balance (HLB) values of 8-18 are more soluble in
water and form micelles. On the other hand, surfactants with low LB values of 3—6 are more soluble in oil and
form inverse micelles. Af-idah et 4/, reported that the HLB value of a combination of Span 80 and Tween 80 exerted
a signifig@t influence on the physical stability and skin penetration of caffeine microemulsions (18]. In another
report, a combination of Span 80 and Tween 80 with an HLB value of 7 increased glutathione lipophilicity from a
log P value of -1.4 to one of 2.23, thus improving its skin penetration and resulting in a reduction of MMP-1 [19].
Surfactants can also be used as enhancers capable of changing the nature of the lipid bilayer membranes of stratum
corneum, thereby increasing percutaneous permeation [20].

In this study, the permeability of EGCG was improved by increasing the lipophilicity of EGCG through a
combination of Span 80 and Tween 80. The modification of EGCG lipophilicity was indicated by a change in the
log P value as identified by a partition coefficient test. These modified EGCGs were then evaluated for in witro
cytotoxicity in HelLa cells. Moreover, an in vivo skin penetration study was evaluated to quantify (e increase in
EGCG penetration by using Rhodamine-B-labeled micelles. Reverse micelle formation involving a combination
of Tiveen 80 and Span 80 has considerable potential as a means of modifying EGCG lipophilicity.

Materials & methods

Material @19

EGCG of 98% purity was purchased from Xi’An Rongsheng Biotechnology Co., Ltd (Xi’an, PR China) and Tween
80 was obuained from Sigma Aldrich (MO, USA). Span 80 was a product from Nanhang Industrial Co., Led
(Hangzhou, China). Rhodamine-B and n-octanol were secured from Sigma Alggich. The buffer components were
NaH,PO4.H,;0 and Na,HPO,4.12H,0 (Merck. Inc., Darmstadt, Germany). All other reagents and solvents used
in this study were of the finest available quality.

Preparon of EGCG reverse micelles n

EGCG was dissolved in buffer phosphate pH 5 %+ 0.5 with a mixture of Tween 80 and Span 80 prepared at
different weight ratios, as shown in Table 1, o form systems with HLB values of 8, 6 and 4.3. The HLB system
was calculated using the following equation;

100 (X — HLBypan 80)

% Tt 80 =
o SY = HLBuemso — HLBgeno

%Span 80 = 100 — % Tiveen 80

X refers to the intended HLB value, in other words, 8, 6 and 4.3. The HLB values of Span 80 and Tiween 80 are
4.3 and 15, respectively [21].
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Determination of equilibrium time for apparent partition coefficient study of EGCG

Approximately 10.0 mg of EGCG were dissolved in 10 ml phosphate buffer pH 5, which had previously been
saturated with n-octanol to obtain a 1000 ppm EGCG solution. This was then diluted to produce 40 ppm EGCG
solution which was added to n-octanol-saturated buffer at a ratio of 1:10 and mixed in a 50 ml Erlenmeyer flask,
The mixture was agitated at a frequency of 150 times per minute using a thermoshaker at 37 °C. The
buffer solution was subsequently separated from n-octanol after 5, 10, 15, 30, 45 and 60 min. The samples were
centrifuged for 15 min at 811 x g. The sup@hatant was removed and the absorbance of EGCG solution analyzed
with an UV spectrophotometer at . = 271.5 nm. The equilibrium time, defined as the minimum period of agitation
required to achieve no significant difference of EGCG levels during the study, was then determined.

Do‘ranina‘rion of apparent partition coefficient of EGCG after surfactant addition

The determination of apparent partition coefficient was carried out in phosphate buffer pH 5.0 % 0.05 saturated
with n-octanol as the water phase, using a shake flask method [19,22). The initial concentrations of EGCG were
1000, 2000 and 10,000 ppm for HLB 8, 6 and 4.3, respectively. The EGCG solgfion was put into a glass vial
and added to 1.0 ml of n-octanol as the organic phase, which was saturated with phosphate buffer solution pH
5.0 £ 0.5. The mixture was then agitated with a thermoshaker at 150 r.p.m. at 37 £ 0.5°C for 30 min. The water
phase was separated from the organic phase by centrifuging samples for 15 min at 811 x g The EGCG level in
the water phase was then quantified using a UV spectrophotometer at h = 271.5 nm.

The log P value was calculated based on the following formula n19):

(co, — CL). Ve
Lag P= Lag T

where P is the apparent partition coefficient; Cy, is the drug cofflhtration in water phase before equilibrium;
C}, is the drug concentration in water phase after equilibrium; V, is the volume of phosphate buffer as the water

phase; and V; is the volume of n-octanol as the organic phase.

In vitro cytotoxicity study on Hela cells

Hela cells were obrained fro boratory for Joint Basic Experiments, Faculty of Pharmacy, Universitaﬂir]angga
(Surabaya, Indonesia). HeLa cells were cultured in the Rosewell Park Memorial Institute 1640 medium with 10%
heat-inactiveni feral bovine serum, penicillin (100 units/ml), strepromycin (100 ug/ml) and amphoterian
(2.5 pg/ml) in a humidified atmosphere containing 5% CO; at 37°C. For the in vitro cytotoxic assay, HeLa cells
were seeded separately ata density of 5 x 107 cells per well in 96-well plates and maintained in the medium for 24
h before treatment.

To examine the cyrotoxicity, the cells were treated with medium containing EGCG at concentrations of 10, 20,
40,80and 100 ppm in EGCG, surfactant-modified EGCG-HLB 4.3, or surfactant-modifi@EGCG-HLB 6. To aid
sample solubility in medium, surfactant-modified EGCG w@Rlded to DMSO. The cells were then incubated for
48 h. After treatment, the cell number was determined using 3-(4,5-dimefflthiazol-2-yl)-2,5-diphenyltetrazolium
bromide assay. Orfffonclusion of the culture media incubation period, the medium was discarded and replaced
with 100 pl of 5% 3-(4,5-dimethylthiazol-2-y1)-2,5- enyltetrazolium bromide solution (Sigma Aldrich) in each
well. Thereafter, the plate was plag@glin an incubator for 4 h, until the formation of formazan crystals was observed
under a light microscope. Then, a% ul of 10% sodium dodecyl sulfate solution in 0.01 M was subsequently
being added to each well. The plate was wrapped in aluminum foil, incubag overnight in the dark at room
temperature and its absorbance measured with an ELISA reader at | = 595 nm. Cell viability was expressed relative
to the absorbance of untreated cells and media, while the concentration leading to 50% cell viability (ICsy) was
also calculated.

In vivo skin penetration study

For the purposes of the in wivo skin penetration study, Rhodamine-B-labeled micelle was prepared to enable
evaluation of the ability of surfactant-modified EGCG to permeate the skin of rats. Rhodamine-B was initially
dissolved with 10 ml phosphate buffer pH 5 to produce a 0.01% Rhodamine-B solution. Approximately 1 g of
EGCG was then added and the mixture srirreenti] homogenous with roughly 1 ml of Tween 80 and 5 ml of Span
80 being introduced. Phosphate buffer pH 5 was added to produce a final mixture with a volume of 20 ml which
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Figure 1. The aa'lian between shaking time (minutes) and epigallocatechin gallate concentration (ppm) observed
in a mixture of n-octanol and 0.01 M phosphate buffer pH 5 £+ 0.05 at temperature of 37 £ 0.5°C, All data were in
three replicates

*p = 0.05 versus 60 min.

was %n stirred at 1000 t.p.m. for 15 min. The mixtures of Rhodamine-B and surfactant and Rhodamine-B, which
had been freeze-dried to produce a sample that had semi-solid consistency, and EGCG were used as the control
groups. 19

The research subjects were Wistar rats (male: 8-10 weeks old and 150-200 g in weight) purchased from the
Animal Laboratory, Faculty of Pharmacy, @iversitas Airlangga (Surabaya, Indonesia). All subjects were maintained
and treated in conditions which complied with the guiding principles for the care and use of laboratory animals as
established by Faculty of Veterinary Science, Universitas Airlangga, Indonesia.

The subjects were divided into three groups eam)ntaining four subjects, representing surfactant, EGCG, and
surfactant-modified EGCG HLB 6 treatment for Group 1, Group 2 and Group 3, respectively. The samples were
applied non-occlusively to a 6 cm? area of the abdominal skin of subjects. To avoid sample spilled out from the
designated area, the rat’s abdomen was covered with a water-impermeable plastic paper that had a hole created atan
exact si 2 x 3 cm? for sample application. The dose was equal to 50 mg of EGCG per kg. During the study, all
subjects were anesthetized wi#n intramuscular injection of Ketamine (20 mg/kg body weight). After 2 h of drug
administracfl) the subjects were sacrificed by means of cervical dislocation. The section of skin tissue was then
excised and embedded in an optimal cutting temperature (OCT) compound (Tissue Tek™, Sakura Finetechnical
Co., Tokyo, Japan). It was then processed by frozen sectioning of 5 um thickness. The prepared skin tissue slices
were then observed under a fluorescence microscope (FSX100, Olympus, Tokyo, Japan).

%tistical analysis 2

All data were in the form of 3—4 replicates and presented as the m@yg =+ SD. To evaluate the significance of the
difference, the dmere analyzed by one way ANOVA followed by least significant difference test with p-value <
0.05 and < 0.01 using SPSS Software v.21.0.

Results & discussion
termination of equilibrium time & apparent partition coefficient of EGCG

Eincrease the skin penetration of EGCG for topical drug delivery, the modification of EGCG hydrophobicity
was investigated by reverse micelle method. First, the equilibrium time required for evaluating apparent partition
coefficient or log P of EGCG and surfactant-modified EGCG was determined. It has been reported that EGCG
is stable in low pH condition, in other words, pH 2-5.5 and it is unstable in alkaline condition [24]. In addition,
for the a tability of topical vaginal product, the pH should fall within 4-6 [23]. Therefore, in this study, we
prepared EGCG in phosphate buffer pH 5. The equilibrium time of EGCG in a phosphate buffer pH 5/n-octanol
at 37 £ 0.5°C was reached after constant EGCG levels had been obtained. As shown in Figure 1, the EGCG
concentrations at 15, 30, 35 and 60 min were not significanty different. Consequently, it can be postulated that
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Figure 2. The log P values of epigallocatechin gallate and surfactant-modified epigallccatechiq
gallate-hydrophilic-lipophilic balance 4.3, 6 and 8. The study was performed by using a mixture of n-octanol and

0.01 M phosphate buffer pH 5 + 0.05 at 37 + 0.5°C and agitating in a thermoshaker for 30 min. All data were in three
replicates.

after 15 min the EGCG levels were constant. During this study, 30 min was chosen as the equilibrium time for
further experiments.

Determination of the EGCG partition coefficient at pH 5.0 = 0.5

HLB represents the proportion of hydrophilic and lipophilic nature of surfactants [21]. On the other hand, cancer
cells, in addition to other eukaryote cells, possess a membrane consisting of lipoprotein that requires a drug to
exhibit similar lipophilicity in permeating it (25]. Thus, preparing drugBurfactant mixture of different HLB values
may modify the hydrophobicity of EGCG. The success with which the combination of Span 80 and Tween 80
altered the apparent partition coefficient of EGCG in phosphate buffer pH 5/n-octanol media was investigated.
Deternfgfrion of the apparent partition coefficient (log P.p,) was conduct by agitating samples equal to 40 ppm
EGCG in 0.01 M phosphate buffer solution pH 5.0 as the water phase and n-octanol as the oil phase at 37 4 0.5°C
for 30 min. It can be seen in Figure 2, thatan increasing HLB value red the log P value of EGCG. The log P
value obrained was subsequently used to determine the selected formula for the study of i vive skin penetration.
From the results, it can be proposed that modifying EGCG in the HLB values of 4.3 and 6 produced log P values
between 2 and 3, that ilar to the log P value of skin. This may be due to the entrapment of EGCG, that is
highly soluble in water, in the inner core of the reverse micelle which probably of the water in oil (w/o) micellar
type. This condition creates ‘like dissolve like’ phenomena between EGCG and more lipophilic components, in
other words, n-octanol, in the oil phase (26 It has been known that Span 80 and Tween 80, which act as the
surfactants, contain hydrophilic and lipophilic groups [27) that may facilitate the interaction between EGCG and
n-octanol. Therefore, it renders the nature properties of EGCG more hydrophobic.

The cytotoxicity of EGCG on Hela cells
It has been reported that most EGCG cellular activity is related to its very high concentration of hundreds
of micromoles (6,14], which indicates that its polar phenolic hydroxyl group limits EGCG permeability across
cell membrane. Improving the hydrophobicity of the system by, for example, using liposom as fusogenic lipid
carrier, improved the membrane permeability of EGCG, thus producing effective cellular activity of EGCG at low
concentrations [14].

During this study, the log P value was modified by using surfactant combinations of Span 80-Tween 80 prepared
at different HLB values. This constituted an effort to increase the lipophilicity of EGCG (28], which was evaluated by
phosphate buffer pH 5/n-octanol partition study, in order to improve the membrane permeability and cytotoxicity
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Figure 3. In vitro cytotoxicities of epigallocatechin gallate, surfactant-modified epigallocatechin
gallate-hydrophilic-lipophilic bajigkRte 4.3 and surfactant-modified epigallocatechin gallate-hydrophilic-lipophilic

balance 6 in HeLa cells. Samples were added to the cells at concentrations of epigallocatechin gallate (EGCG)
between 10 and 100 ppm and then incubated for 48 h. Each value represents a r n = SD of four replicates for
surfactant-modified EGCG-HLB 4.3 and surfactant-modified EGCG-HLB 6 and three replicates for EGCG.

HLB: Hydrophilic-lipophilic balance

of EGCG. The results showed that surfactant-modified EGCG can produce higher cytotoxicity than native EGCG.
The addition of Span 80 and Tween 80 increased the cytotoxicity of EGCG as shown in Figure 3. Surfactant-
modified EGCG produced high cytotoxic effects with the ICsq values of 90.15 and 58.71 ppm for HLB value of
4.3 and 6, respectively. On the other hand, EGCG demonstrated low cytotoxicity, as indicated by its ICsq value
>100 ppm. This study also evaluated the cell viability of control groups, which are DMSO and surfactants, and
there were no remarkable cytoroxic effects on Hela cells (data not shown). This is possibly due to the alteration of
EGCG hydrophobicity, which became more lipophilic than native EGCG, thus increasing its ability to penetrate
cell membrane. Koga er @/, have reported that at nonselubilizing concentrations Span and Tween altered membrane
lipid fluidity related to hydrophobicity as refl by the HLB number of these surfactants [29]. The lipid membrane
changes were predominantly located in the outer leaflet of lipid membrane due to the interaction between fatry
acid groups of surfactants and polar phospholipid head group of cell membrane. In addition, modifying the HLB
system at values of 4.3 and 6 produced almost half of ICsg although their respective relatively close log P values
were 3 and 2.1. A previous report stated that a log P value of 2.5 becomes an intersection where, below this point,
the penetrants will be favorably distributed within the dermis, while above it substances will more probably be
partitioned into the epidermis (30, which is more lipophilic than a dermis stratum. The cell membrane is likely to
possess similar characteristics to the dermis area, rather tha@e epidermis, due to its water and lipoprotein content.

It has been previously reported that cancerous cell are more sensitive to oxidative stress than normal cells and
EGCG produce extracellular and intracellular oxidative stress, either through the production of hydrogen peroxide
or semiquinone radicals [6]. A rep Iso exists which argued that an increase in oxidative stress production occurs
in cancer cell induced by EGCG while reducing reactive oxygen species levels in normal cells (31). However, the
cytotoxicity of surfactant-modified EGCG in normal cells was undetermined in this study. Further investigation
into oxidative degradation stability of surfactant-modified EGCG and its cell cytotoxic sensitivity are required. The
formation of reverse micelle improved cell permeability and entrapping EGCG inside may offer some protection
for EGCG from oxidative degradation.

Penetration of EGCG into rat skin

It has been determined that log P indicates the lipophilicity of penetrants that plays a major role in skin permeation.
Skin permeation of EGCG has been reported to be very low due to a high bound percentage (approaching 90%)
of EGCG in skin tissue, thus reducing the degree and rate of skin permeation of EGCG during the diffusion
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Figure 4. The photomicrographs of Rhodamine-labeled
surfactant, surfactant-modified epigallocatechin gallate Surfactant-modified
at an hydrophilic-lipophilic balance value of 6 and Surfactant EGCG-HLB 6

epigallocatechin gallate observed 2 h after topical
application of samples into Wistar rat abd orm‘.—uriﬂg
an in vivo skin penetration study. The samples were
observed through a fluo nce microscope at a
magnification of 42 mine-labeled EGCG is
ndicated by

EGCG: Epiga

process [15). In this study, increasing the hydrophobicity of EGCG through modification of the log P value
improved its penetration of the rat’s skin. The skin penetration of EGCG and its modified forms were evaluated by
observing the EGCG fluorescence of the skin tissue preparation after 2 h of application. This constitutes a prestudy
to evaluate the permeation rate of surfactant-modified EGCG for topical vaginal routes. As shown in Figure 4,
there was an increase in skin penetration for modified EGCG, which had been processcd with surfactant addition,
2 h after application. We have also evaluated for skin penetration of these samples 5 h after application, and it
resulted in no significant different from those of 2 h (data not shown). This modified EGCG demonstrated more
intense fluorescence than EGCG solution. [t was confirmed thart surfactant addition did not affect observation of
the fluorescence of the samples.

It is known that skin tissue consists of lipoprotein that has amphiphilic properties which probably cause the
EGCG trapped in the reverse micelle core to more easily penetrate the skin layer than the native EGCG. In addition
to this mechanism, the surfactants can act as enhancers that affect the integrity of the stratum corneum. It has been
rep()rted thar the presence of surfactant, which has the function of an enhancer, also plays a role in the EGCG
penetration process [20]. Therefore, it also improves the skin penetration of EGCG.

Conclusion

In suln‘nary, changcs in the partition coefficient for improving the permcability of EGCG by micelle formation
using a combination of Tw 0 and Span 80 were analyzed. The reverse micelle method successfully increased
the lipophilicity of EGCG. The use of surfactant combination with a HLB value of 6 resulted in the log P value
of EGCG being closest to that of skin, at 2-3, and producing higher cytotoxicity and more rapid and deeper skin
penetration compared with native EGCG. Further evaluation of the anticancer activity of this modified EGCG is
required to produce a high level of success of cervical cancer therapy.

Future perspective

Developing the topical delivery of EGCG by means of creams or in ovule-like dosage form represents an effective
alternative means of supporting the treatment of cervical cancer. This study produced a positive approach to
effectively increasing the EGCG permeability through skin by altering the log P value using a surfactant combination
of Tween nd Span 80. As a prclirnirmry investigation, this research represents a stepping stone in 3pp|ying
science to the development of therapeutic products for the treatment of cancer, Further research is definitely
required to perfect and comprehensively define the delivery system. Evaluating drug tissue distribution would
enable quantification of the effectiveness of the system in improving the skin penetration of EGCG. Moreover,
further investigation of th@ffirfactant-drug assembles that may affect the morphological structures of EGCG-
surfactant mixtures would play an important role in determining the detailed interaction berween EGCG and
surfacrants, and the manner in which the system could improve the skin penetration of EGCG.
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The animal experimental investigation used in this study was reviewed and complied with the guiding principles for the care and
use of laboratory animals as set up by the formal ethics review committee on animal research of the Faculty of Veterinary Science,
Universitas Airlangga, Indonesia.

Summary points

Topical delivery of epigallopchin gallate for cervical cancer

» Epigallocatechin gallate (EGCG) has been reported to produce an apoptosis induction in cervical cancer.

» EGCG has high water solubility but has low permeability limiting topical delivery for therapeutic treatment of
cervical cancer.

Log P value determining drug lipophilicity & skin penetration

» The optimal lipophilicity for topical drug penetration is indicated by the log P value within the range of 2-3.

» It has been reported that the use of surfactant could modify the log P value that influences physical stability,
lipophilicity and skin penetration of a drug.

ombination of Tween 80 & Span 80 for improving permeabiav of EGCG

» Lowering the hydrophilic-lipophilic balance value by using a combination of Tween 80 and Span 80 increased the
log P value of EGCG. q

» Increasing the log P value of EGCG by addition of Tween 80 and Span 80 enhanced the cytotoxicity of EGCG.

» EGCG modified with Tween 80 and Span 80 produced improved penetration of a rat's skin.
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