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FOREWORD 

The findings in this dissertation are organized as 

follows: 

There are five chapters in this dissertation. The 

first chapter gives the overall background of the research. 

The second chapter concerns the development and validation 

of a stability-indicating HPLC assay for Epigallocatechin 

gallate (EGCG). The third chapter describes the 

preformulation studies of EGCG in aqueous and non-aqueous 

media in order to select compatible excipients for the final 

formulation study. In Chapter four a general approach for 

preparing anhydrous formulations with Carbopol® 974 is 

described. The final chapter discusses the EGCG formulations 

and their in vitro testing. 

Relevant figures and tables are placed at the end of each 

chapter. Legends to figures are placed on their own numbered 

page immediately preceding the page they describe. 

References for all chapters are placed at the end of the 

last chapter. 

Each chapter is treated as a separate entity in the 

dissertation. Therefore, the figures, tables and references 

for each chapter are numbered starting with 1. 



6 

TABLE OF CONTENTS 

Page 

LIST OF FIGURES 8 

LIST OF TABLES 11 

ABSTRACT 12 

CHAPTER 1: BACKGROUND 14 

CHAPTER 2: STABILITY INDICATING HIGH-PERFORMANCE LIQUID 
CHROMATOGRAPHIC ASSAY FOR EPIGALLOCATECHIN GALLATE (EGCG) 
FOR USE IN FORMULATION STUDIES 20 
5.1 Summary 20 
5.2 Introduction 21 
5.3 Materials and Methods 22 
5.4 Results 27 
5.5 Discussion 27 

CHAPTER 3: PREFORMULATION STUDIES WITH EPIGALLOCATECHIN 
GALLATE (EGCG) 40 
6.1 Summary 40 
6.2 Introduction 41 
6.3 Materials and Methods 42 
6.4 Results and Discussions 46 
6.5 Conclusions 51 

CHAPTER 4: INVESTIGATION OF AN ANHYDROUS FORMULATION FOR USE 
AS A TOPICAL DELIVERY VEHICLE 72 
7.1 Summary 72 
7.2 Introduction 73 
7.3 Materials and Methods 74 
7.4 Results and Discussion 77 
7.6 Conclusion 82 

CHAPTER 5: IN VITRO CHARACTERIZATION OF THE FORMULATIONS 
93 

8.1 Summary 93 
8.2 Introduction 94 
8.3 Materials and Methods 95 



7 

TABLE OF CONTENTS (Conf d) 

8.4 Theoretical Considerations 100 
8.5 Results and Discussion 102 
8.6 Conclusion 104 

REFERENCES 
9.1 CHAPTER 1 122 
9.2 CHAPTER 2 126 
9.3 CHAPTER 3 127 
9.4 CHAPTER 4 129 
9.5 CHAPTER 5 132 



8 

LIST OF FIGURES 

Page 
CHAPTER 2 

Figure 1. Structure of Epigallocatechin gallate (EGCG). 
30 

Figure 2. HPLC chromatogram of (a) an EGCG 
calibration standard in HCl pH 3; and (b) 
EGCG degraded after 1 day of storage in 
0.5 M borax buffer at 50°C. 32 

Figure 3. Sample chromatograms of (a) EGCG in the 
presence of BHT and EDTA dissolved in 
glycerin and (b) EGCG dissolved in 
Transcutol P. 34 

Figure 4. Positive atmospheric pressure chemical 
ionization mass spectrum (APCI-MS) of 
epigallocatechin gallate collected 
following injection of a 50 }ig/ml 
standard solution. 36 

CHAPTER 3 

Figure 1. Structure of Epigallocatechin Gallate 
(EGCG) . 54 

Figure 2. Stability study of EGCG in 0.5 M aqueous 
buffers at 4°C. The data points represent 
the average of two samples. 56 

Figure 3. Stability study of EGCG in 0.5 M aqueous 
buffers at 25°C. The data points represent 
the average of two samples. 58 

Figure 4. Stability study of EGCG in 0.5 M aqueous 
buffers at 25°C. The data points represent 
the average of two samples. 60 

Figure 5. Effect of ionic strength on the 
degradation of EGCG at 50°C in acetate 
buffer pH 5 (n= 2). 62 



9 

LIST OP FIGURES (Cont'd) 

Figure 6. Accelerated stability study of EGCG 
in glycerin and Transcutol P at 50°C 
(n = 3) 64 

Figure 7. Accelerated stability study of EGCG in 
glycerin based solutions with the 
addition of antioxidants and EDTA 
(n =3) 66 

Figure 8. Accelerated stability study of EGCG in 
Transcutol P based solutions with the 
addition of antioxidants and EDTA 
(n =3) 68 

Figure 9. Partitioning of EGCG from aqueous 
buffers in the range from pH 3-9 for 
24 hours into isoprpyl myristate (n = 3)-- 70 

CHAPTER 4 

Figure 1. Thickening efficiency of 0.75% w/w of 
non-neutralized Carbopol® polymers in 
glycerin (n = 3). 84 

Figure 2. Thickening efficiency of non-neutralized 
Carbopol® 974 in the range from 0.25-1% 
in glycerin (n = 3). 86 

Figure 3. Effect of ethoxydiglycol (Transcutol P) 
on viscosity in glycerin mixtures gelled 
with 0.75% Carbopol® 974 (n = 3). 88 

Figure 4. Effect of neutralization of glycerin based 
0.75% Carbopol® 974 gels (n = 3). 90 

Figure 5. Effect of neutralization on viscosity of 
aqueous based 0.75% Carbopol® 974 gels 
(n = 3) 92 



10 

LIST OF FIGURES (Cont'd) 

CHAPTER 5 

Figure 1. Microette Topical & Transdermal Diffusion 
Cell System ( Hanson Research, Chatsworth, 
CA) 109 

Figure 2. Schematic view of a Franz-type diffusion 
cell 111 

Figure 3. Validation of the release test 
methodology using a concentration vs. 
time plot (n = 3) 113 

Figure 4. Validation of the release test 
methodology using the Higuchi diffusion 
controlled model (n = 3) 115 

Figure 5. Higuchi plot of EGCG release from 
glycerin/Transcutol P formulations. The 
first number in the legend represents the 
percentage of glycerin in the formulation, 
whereas the second number represents the 
percentage of Transcutol P. 117 

Figure 6. Stability study of glycerin formulations 
with different BHT concentrations. Error 
bars were omitted for clarity (n = 3) - 119 

Figure 7. Stability study of glycerin/Transcutol P 
formulations with different BHT 
concentrations. Error bars were omitted 
for clarity (n = 3) 121 



11 

LIST OF TABLES 

Page 

CHAPTER 2 

Table 1 Summary of HPLC calibration curves. 37 

Table 2 Between-day variability and accuracy 
in the analytical method for EGCG. 38 

Table 3 Within-day variability and accuracy 
in the analytical method for the 
determination of EGCG. 39 

Chapter 3 

Table 1 Summary of Tjo values in days for the 
stability study of EGCG in organic 
solvents. 71 

CHAPTER 5 

Table 1 Glycerin formulations investigated 106 

Table 2 Glycerin/Transcutol P formulations 
investigated. 107 



12 

Abstract 

The overall objective of this dissertation was to 

develop epigallocatechin gallate (EGCG) formulations with 

sufficient shelf life to be used in clinical trials designed 

to evaluate the efficacy for cancer prevention of topically-

applied EGCG. 

A HPLC assay with UV detection was developed to 

determine the stability of EGCG from various solvents and 

formulations. The method was validated to establish 

linearity, precision and accuracy. 

Next, the stability of EGCG in aqueous buffered 

solutions and organic solvents was studied in order to 

screen for suitable formulation bases. Results indicated 

that aqueous systems exhibited a declining stability with 

increasing temperature, ionic strength, and solution pH. The 

organic solvents glycerin and Transcutol P were found to 

improve the stability of EGCG compared to the aqueous 

systems in an accelerated stability study at 50°C. 

In another phase of the study the thickening properties 

of Carbopol® polymers in glycerin and glycerin/Transcutol P 

mixtures were evaluated in order to determine the 

feasibility of using a non-aqueous formulation. It was found 

that Carbopol® 974 produced the highest viscosity of the 
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polymers investigated. Addition of Transcutol P resulted in 

a drop in viscosity compared to pure glycerin systems. The 

glycerin based gels exhibited a significantly higher 

viscosity compared to identical aqueous systems. 

Neutralization did not result in a consistent increase of 

viscosity in the glycerin-based systems. 

The in vitro release characteristics of EGCG from non

aqueous formulations were evaluated using various receptor 

medium conditions. The results show that standard test 

conditions are not applicable to this type of formulation. 

Finally, an accelerated stability study of the final 

formulations showed that EGCG can be stabilized in non

aqueous formulations. 
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CHAPTER 1 

BACKGROUND 

The existence of life on earth is dependent on the light 

emitted from the sun. The visible part of this light is 

essential for photosynthesis, a process whereby plants 

derive their energy. Furthermore, sunlight regulates the 

chemical composition, controls the rate of maturation, and 

drives the biological rhythm of plants, animals, and humans. 

The infrared rays emitted by the sun lead to the perception 

of warmth which can be pleasant during the winter months and 

almooi. unbearable during the summer heat, especially in 

geographic regions like southern Arizona. The ultraviolet 

(UV) component, which comprises approximately 1-5 % of the 

terrestrial solar radiation is primarily responsible for the 

deleterious effects related to sun exposure (1) . With the 

continuous depletion of the ozone layer surrounding the 

earth at about 10-50 km above sea level the danger of 

increasing exposure to ultraviolet radiation (UVR) is 

steadily increasing. During the middle of the 20'^'* century a 

new trend developed in western culture. A tan became 

symbolic of leisure, Ixixury, health, and beauty. To fulfill 

this ideal a large percentage of the population spent much 
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more time in the sun. The same rationale lead to a boom in 

tanning studios over the last two decades which further 

increased our exposure to UVR. With the dramatic increase in 

skin cancer, which can be linked in the majority of the 

patients to sun exposure, public awareness of the problem 

seems to have increased in some parts of the world. 

Australia, a continent that due to its geographic location 

suffered tremendously due to its proximity to the hole in 

the ozone layer started an educational campaign about 20 

years ago to point out the dangers associated with extended 

sun exposure (2) . It was reported that this program 

increased the awareness of the Australian population to 

protect themselves against potentially hazardous radiation 

(2). Stern (3) recently suggested three strategies to 

achieve this goal of personal protection which included 

wearing protective clothing, staying out of the sun, and 

using sunscreens. Obviously the first approach would render 

outdoor activities much less appealing and the second 

approach would completely circumvent the pleasures and 

benefits associated with sun exposure. On the other hand, 

people who are exposed daily to sun in their profession, 

e.g., a construction worker in Arizona, would not have the 

choice of this option. The use of sunscreens is costly and 
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their effectiveness in preventing skin cancer is not well 

established at this point in time. 

In recent years new approaches have been investigated 

to improve the skin cancer protection in humans by various 

methods. At a study recently performed at the University of 

Arizona, the melanotropic peptides, i.e., Melanotan I and 

II, were investigated for their ability to darken the skin 

without sunlight exposure (4-7). The main goal of this study 

was to increase the natural protection of the body by 

increasing the melanin production from the melanocytes in 

order to obtain increased sun protection. Another 

interesting approach for minimizing the risk of skin cancer 

is the delivery of repair enzymes through the skin. Since 

characteristic mutations of the gene p53 are believed to be 

one of the key initiators of skin cancer (8,9) these repair 

enzymes may have great potential in restoring and repairing 

sun damaged skin. In fact. Applied Genetics Inc., Dermatics, 

Freeport, NY is currently in phase III of clinical testing 

for their product, T4N5 liposomes (10), which is designed to 

treat the genetic disease xeroderma pigmentosum (XP) . 

Patients suffering from XP are extremely sun-sensitive and 

develop skin cancer at an early age due to a lack of DNA 

repair mechanisms. The ultimate goal is to incorporate T4N5 

liposomes into regular sunscreens. However, the high price 
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of this bioengineered drug will be a major hurdle in 

achieving this goal. 

Since one of the many adverse effects caused by UV 

radiation is the formation of a variety of reactive species, 

or free radicals, in the skin (11), another approach is the 

incorporation of antioxidants or radical-scavenging 

compounds into a sunscreen formulation in order to prevent 

DNA damage. For a detailed description of the mechanism of 

antioxidants the reader is referred to two excellent reviews 

in the pharmaceutical literature (12, 13) . A variety of 

antioxidants have been incorporated into commercial 

products, e.g., vitamin C (ascorbic acid), vitamin E (a-

tocopherol) or polyphenolic compounds such as propyl and 

methyl gallate. 

In recent years polyphenols extracted from green tea 

have been shown to exhibit anticancer activity in rodent 

models in organ sites such as the skin, lung, liver, 

esophagus, stomach, small intestines and colon (14) . 

Epigallocatechin gallate (EGCG) is the primary polyphenolic 

fraction of green tea (15). Recent research showed that EGCG 

exhibited a pronounced inhibitory effect on cancerous cells 

without affecting its normal counterparts (16). Steele et 
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al. (17) showed that EGCG containing tea fractions strongly-

inhibited benzo [a]pyrene adduct formation in human skin. 

Suganuma (18) found that the combination of EGCG, other 

polyphenols, tamoxifen, and resulted in synergistic effects 

in cancer preventive activity in human lung cancer studies. 

A recent study (19) showed that topically applied EGCG 

inhibited photocarcinogenesis in mice with no visible 

toxicity whereas oral administration failed to exhibit an 

effect. However, a significant problem in the use of EGCG 

for topical administration is its oxygen-sensitivity. It was 

found that a standard formulations, such as a hydrophilic 

ointment was incapable of providing sufficient shelf-life 

for clinical trials. Therefore, the overall goal of this 

study was the development of a topical EGCG formulation with 

an adequate shelf-life. In order to evaluate the stability 

of EGCG in its formulations, a sensitive and specific assay 

is needed to distinguish EGCG from its possible degradation 

products. In chapter 2 of this dissertation the development 

and validation of the required stability-indicating high-

performance liquid chromatography assay for EGCG will be 

described. In chapter 3 the stability of EGCG in various 

solvent systems was investigated. Specifically, the 

influence of aqueous or non-aqueous solvents, pH, 

temperature, ionic strength, chelating agents, and the 
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utilization of supplemental antioxidants. In chapter 4 the 

utility of various polymers was investigated for their 

ability to form non-aqueous gels. Carbopol® 974, a 

polymethacrylic acid derivative, which formed highly viscous 

glycerin gels was studied in detail using rheology. To our 

knowledge this represents a novel approach that has not been 

reported in the pharmaceutical literature to date. In 

chapter 5 stability studies of EGCG in the final formulation 

were performed. The in vitro release characteristics of EGCG 

from its formulations were also determined. 
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CHAPTER 2 

STABILITY INDICATING HIGH-PERFORMANCE LIQUID CHROMATOGRAPHIC 
ASSAY FOR EPIGALLOCATECHIN GALLATE (E6CG)F0R USE IN 

FORMULATION STUDIES 

SUMMARY 

A stability indicating high-performance liquid chromatogra

phic (HPLC) procedure has been developed for the 

quantification of epigallocatechin gallate (EGCG), the main 

physiologically active polyphenol in green tea, which is 

associated with antitumor and antimutagenic activity. The 

method involves the solubilization of EGCG in solvents such 

as HCl pH 3, glycerin, and Transcutol P followed by direct-

injection HPLC with ultraviolet detection. Calibration 

curves were linear over the range 12.5-100 |i.g/ml. The method 

is reproducible and reliable with a detection limit of about 

40 ng/ml in HCl pH 3. Within- and between-day precision and 

accuracy reported as coefficient of variation {% CV) and 

relative error (% RE), were < 11 % and < 4 %, respectively. 

The application of this assay was successfully demonstrated 

by quantifying the concentration of EGCG during the 

preformulation and formulation studies. 

KEY WORDS: high-performance liquid chromatography (HPLC), 

assay, Epigallocatechin gallate. 
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INTRODUCTION 

Green tea is one of the most widely consumed beverages in 

the world. Although no clear relationship has been 

established, some recent epidemiological studies suggest 

that tea consumption may reduce the risk of certain cancers 

(1) . The polyphenol, epigallocatechin gallate (EGCG), is 

believed to be one of the most potent tea catechins with 

antitumor and antimutagenic activity (2). This activity is 

most likely related to EGCG's ability to act as a chain-

breaking antioxidant, which traps peroxyl radicals and thus 

suppresses radical chain autoxidations (3). 

We report here a sensitive, specific, reproducible, and 

stability-indicating assay for EGCG from different solvent 

and formulation systems using high-performance liquid 

chromatography (HPLC) . To our knowledge, this assay is the 

first quantitative method that has been investigated for the 

quantitative determination of EGCG from various types of 

formulations. Previously, HPLC assays for the quantification 

of EGCG from biological matrices have been developed (2) . 

However, this particular assay results in a retention time 

for EGCG of about 8 minutes which is about 60 % more time 

consuming than the assay reported here. Another approach was 

the utilization of a coulochem electrode array detector (1). 
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This detector requires certain amounts of salts in the 

mobile phase to produce accurate readings. Furthermore the 

different solvents used in this study might result in some 

undesired variability. 

The present method uses a reversed-phase column at 

24°C. The samples are direct injected onto the HPLC. The 

mobile phase uses HCl pH 3 and acetonitrile as the organic 

modifier. The elution is isocratic and the analysis time per 

sample is about 4.5-5 min. 

MATERIALS AND METHODS 

Apparatus 

The HPLC system consisted of a Spectra-Physics 

(Fremont, CA, USA) Isochrom pump, a Rheodyne (Cotati, CA, 

USA) model 7125 injector valve with a 20 |il loop and a 

Spectra-Physics model 100 variable-wavelength UV detector 

set at 280 nm. The analytical column was a Phenomenex 

(Torrance, CA, USA) Luna C^g 5-p,m column (250 X 4.6 mm) with 

a Phenomenex security guard cartridge system with a C^g ODS, 

octadecyl (4X3 mm) insert. The insert was routinely 

changed after a color change to black was observed as a 

precautionary measure against pressure build-up in the HPLC 

system and breakthrough contamination of the analytical 



23 

column. All sample injections were performed using a 

Hamilton (Reno, NV, USA) model # 705 50 fi.1 syringe. Peak 

recording and integrations were made using a Spectra-Physics 

integrator model 4290. 

Experimental 

Drug Standard 

Epigallocatechin gallate was extracted from a green tea 

blend provided by Thomas J. Lipton (Englewood Cliffs, NJ) . 

The purity was reported to be > 98 %. The molecular weight 

of EGCG (MW= 458.37) was confirmed by positive atmospheric 

pressure chemical ionization mass spectrometry (APCI-MS). 

Prexaaration of Standard Solutions 

The stock solution consisted of a precisely weighed 

amount of EGCG in HCl pH 3, i.e., 10.0 mg/100 ml, resulting 

in a final concentration of 100 |ig/ml. Due to the 

possibility of rapid degradation of EGCG the standard 

solutions were prepared daily. Serial dilutions of the 

standard solution with HCl pH 3 were used to obtain the 

desired concentrations of the calibration standards. 

Randomly injected samples of the calibration standards were 
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utilized to verify the consistency of the HPLC detector 

response. 

Mobile phase 

Acetonitrile was obtained from Burdick and Jackson 

{Muskegon, MI, USA). Concentrated hydrochloric acid was from 

Mallinckrodt, Paris, KY, USA) and was diluted to provide a 

10% v/v stock solution. The diluted HCl stock solution was 

slowly added to deionized water utilizing a Milli-Q® PF 

Plus water purification system (Millipore, Marlborough, MA, 

USA) until the pH of this solution was lowered to 3. The 

mobile phase was prepared by mixing 20% acetonitrile with 80 

% HCl pH 3 v/v. Next, the mobile phase was filtered through 

a nylon-66 membrane filter, 0.45 ^m (Rainin, Woburn, MA, 

USA) and degassed by sonication under vacuum for 

approximately one minute. The storage container was covered 

with parafilm (American National Can, Menasha, WI, USA) in 

order to prevent evaporation of the mobile phase during the 

experiment. A mobile phase flow rate of 1 ml/min was 

utilized. 

Sample preparation 

Small amounts (approx. 20-40 mg) of the formulations or 

preformulation solutions were accurately weighed and diluted 
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with HCl pH 3. The dilution step was chosen in such a way 

that the expected concentration of the sample solution was 

about 50 |J.g/ml, which represents a value in the middle of 

the calibration curve. To guarantee a homogeneous solution 

with the partially highly viscous sample material the 

solutions were stirred on a vortex mixer (Scientific 

Products, McGaw Park, IL, USA) for about 30 seconds. A 30-40 

|il volume of the sample was then injected onto the 

chromatograph in order to guarantee the overfill of the 20 

|il loop. 

Stcuadard (Calibration) curves 

Standards containing 12.5, 25, 50, and 100 |ig/ml of 

EGCG were prepared. Duplicate injections of each standard 

were used to calculate the calibration curves based on the 

obtained peak area. The linearity of the curves was verified 

by means of correlation and regression analysis, as shown in 

Table I. 

Validation; Accuracy and Precision 

The validation of the HPLC procedure was used to test 

the accuracy and precision of the method. Validation was 

accomplished by assaying five different concentrations of 

EGCG in HCl pH 3 on five consecutive days. The accuracy was 

assessed by calculating the relative error of the mean (% 
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RE) of five determinations of each concentration relative to 

the known concentration, as shown in Table II. The 

coefficient of variation {% CV) served as a measure of 

precision. 

Validation; Stability-Indicating procedure 

Aqueous EGCG samples stored at 50°C in an oven (model 

1540, VWR, So. Plainfield, NJ, USA) were used to accelerate 

the degradation of EGCG. Samples of EGCG stored for up to 28 

days were then analyzed using conditions identical to those 

described earlier. 

Validation! Mass spectronetrie analysis 

To verify that the EGCG peak obtained from freshly 

prepared standards was identical to EGCG samples that had 

undergone long-term accelerated stability studies two 

samples were investigated by positive atmospheric pressure 

chemical ionization mass spectrometry (APCI-MS): (a) A 

freshly prepared EGCG standard solution in HCl pH 3 (50 

[ig/ml) and (b) EGCG dissolved in glycerin in the presence of 

0.1 % butylated hydroxytoluene (BHT) and 0.025% 

ethylenediamintetraacetic acid disodium salt (EDTA) stored 

for 28 days at SO^C in a closed glass vial. 

Column Care 
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For overnight storage the column was kept running at 

0.1 ml/min using the same mobile phase as in the experiment. 

For prolonged storage the column was washed with pure 

methanol for about one hour at 1 ml/min. After this the HPLC 

system was shut down and the column was stored in methanol. 

RESULTS 

Figure 2 shows representative chromatograms for an EGCG 

standard in HCL pH 3 (2A) and EGCG after its degradation in 

0.5 M borax buffer (2B) . Figure 3 shows representative 

chromatograms of EGCG dissolved in organic solvents, i.e., a 

glycerin based solution with BHT and EDTA (3A) and dissolved 

in Transcutol (3B). 

DISCUSSION 

The method reported here represents the first direct 

assay that has been used for studying the stability of EGCG 

in preformulation and formulation studies. Previous HPLC 

assays for EGCG were aimed towards the detection of 

metabolites or the analysis of EGCG in the presence of other 

green tea polyphenols. A previous stability study of EGCG in 

creams utilized a labor intensive extraction procedure prior 

to analysis. The assays described are rather time consuming 

and inconvenient for a stcibility study where a large number 

of samples needs to be processed. Our assay represents a 
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rapid and reproducible method that can be used with a 

variety of matrices such as glycerin, Transcutol P or 

Carbopol® 974 formulation in the presence of antioxidants 

and EDTA. 
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Figure 1. Structure of Epigallocatechin Gallate (EGCG) 
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Figure 2. HPLC chromatagrams of (a) an EGCG calibration 

standard in HCl pH 3; and (b) EGCG degraded 

after 1 day of storage in 0.5 M borax buffer 

at 50° C. 
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Figure 3. Sample chromatograms of (a) EGCG in the presence 

of BHT and EDTA dissolved in glycerin and (b) EGCG 

dissolved in Transcutol P. 
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Figure 4. Positive atmospheric pressure chemical ionization 

mass spectrum (APCI-MS) of epigallocatechin 

gallate collected following injection of a 50 

|ig/ml standard solution. 
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Table I. Summary of HPLC Calibration Curves for EGCG 

Determination Slope 95% 
Confidence 

Limit 

r Intercept 

1 1167.6 ±43.1 0.9999 -1518.8 
2 1262.1 ±18.2 0.9999 -2524.5 
3 1192.1 ±68.7 0.9998 71 
4 1190.3 ±22.4 0.9999 237.1 
5 1183.9 ±54.5 0.9999 2343.7 

Mean 1199.23 
Stand. Dev. 36.5 

%CV 3.04 



Table II. Between-Day Variability and Accuracy in the Analytical Method for EGCG 

EGCG 
Concentration 

Measured EGCG^ 
Concentration 

(MQ/ml) 

•/oCV %RE® 

12.5 12.26 ±1.3 10.64 1.92 
25 25.12 ±1.5 6.14 -0.48 
50 50.24 ±2.1 4.15 -0.48 
100 99.88 ± 2.7 2.72 0.12 

'Mean±SD, n-5. 
** Percent coefficient of variation 
Percent relative error of the mean 

True Cone. - Mean Measured Cone. 
/o Kfe = 

True Cone. 

00 



Table III. Within-Day Variability and Accuracy in the Analytical Method for the 
Determination of EGCG 

EGCG 
Concentration 

iiiglml) 

Measured EGCG* 
Concentration 

inglml) 

•/oCV % RE® 

12.5 12.99 ± 2.0 6.6 -3.92 
50 49.14 ±3.8 5.4 1.72 

100 100.37 ±4.9 3.7 -0.37 

'MeaniSD, n=11. 
** Percent coefficient of variation 
" Percent relative error of the mean 

True Cone.-Mean Measured Cone. % RE = 
True Cone. 

SO 



40 

CHAPTER 3 

PREFORMOLATION STUDIES WITH EPI6ALL0CATECHIN 6ALLATE (E6C6) 

SUMMARY 

The degradation of EGCG in aqueous buffers and organic 

solvents was studied in order to facilitate the formulation 

of a stable topical dosage form. A stability indicating 

high-performance liquid chromatography (HPLC) assay was used 

to measure the concentrations of EGCG remaining at the 

various time points studied. The degradation of EGCG was 

studied as a function of solvent type, pH, temperature, and 

ionic strength. Results indicated that the degradation of 

EGCG was dependent on all of the investigated factors. 

Aqueous systems tended to exhibit a higher stability with 

decreasing pH, decreasing temperatures and a lower ionic 

strength. The two organic solvents investigated, i.e., 

glycerin and Transcutol P, resulted in a much higher 

stability for EGCG after storage for one month at 50 °C, 

indicating that the use of non-aqueous vehicle bases may be 

beneficial in maintaining the stability of EGCG in its 

formulations. The relative partitioning of EGCG from aqueous 

solutions of different pH into isopropyl myristate (IPM) was 

also investigated. The results indicate that the unionized 

form of EGCG exhibits a greater flux into IPM. 

KEY WORDS: Preformulation, stability, glycerin, Transcutol P 
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INTRODUCTION 

The industrial use of preformulation studies evolved 

during the late 1950s and early 1960s as a result of a shift 

in emphasis in product development (1) . Prior to this time 

the main objective was to develop elegant dosage forms with 

excellent organoleptic properties. Considerations such as 

whether a dye would interfere with the stability of the drug 

were unheard of at this time (1) . In contrast, the current 

submission of an investigational new drug (IND) or new drug 

application (AND) mandates that a wide range of 

preformulation studies be performed on the compound. In 

addition, the data obtained in preformulation studies enable 

the formulator to intelligently approach the design of the 

vehicle for the drug. For example, excipients that exhibit 

incompatibilities can be excluded from further formulation 

studies at an early stage of product development, permitting 

the main focus to be on a few carefully selected formulation 

adjuvants. 

From a previous formulation study with epigallocatechin 

gallate (EGCG) it is known that the vehicle composition and 

the storage conditions have a major impact on the stability 

of the drug (2) . The goal of the studies described in this 

chapter was therefore to investigate the suitability of 

various solvents as a component of a potential vehicle base 
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for EGCG. Furthermore, the stability of EGCG in aqueous 

systems was evaluated at different temperatures to determine 

its ideal storage conditions. In addition, a partitioning 

experiment was performed in order to evaluate the effect of 

ionization of EGCG on its diffusion into a medium, i.e., 

isopropyl myristate, with a partition coefficient similar to 

that of human skin (3). 

MATERIALS AND METHODS 

Materials 

EGCG (98% purity) was supplied by Lipton (Englewood Cliffs, 

NJ) . The following chemicals were received from the 

manufacturers listed: Glycerin 99.5 % (Spectrum, New 

Brunswick, NJ) , Transcutol P (Gattefosse', Westwood, NJ) , 

propylene glycol, USP (Lyondell, Houston, TX), polyethylene 

glycol 200 (Union Carbide, Danbury, CT) , L-Ascorbic Acid 

(Mallinckrodt, Paris, KY), Propyl Gallate (Tenox® PG) (ABCO 

Industries Inc., Roebuck, SC), Butylated hydroxytoluene 

(Sigma, St. Louis, MO), Ethylenediaminetetraacetic acid 

disodium salt dihydrate (EDTA) (Gibco Laboratories, Chagrin 

Falls, OH). 

Aoueoua at^ahilitv Study 

To study the stability of EGCG in an aqueous 

environment, four different 0.5 M buffers were prepared, 

i.e., citrate buffer pH 3, citrate buffer pH 5, phosphate 
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buffer pH 7, and boric acid-borax buffer pH 9. Next, EGCG 

was dissolved in these buffers to obtain a concentration of 

50 fig/ml. The solutions were then filled into glass vials 15 

X 45 mm (VWR, So. Plainfield, NJ) and the cap was tightened 

as thoroughly as possible to prevent evaporation of the 

solution. All solutions were then stored in triplicate at 4, 

25, and 50°C. The original EGCG solutions were then assayed 

using the high-performance liquid chromatography (HPLC) 

assay described in chapter 2 to obtain the initial 

concentrations (time = 0 days) in the stability study. The 

average concentration obtained from these determinations for 

each buffer was set to 100 %. The subsequent concentration 

determinations at the following time points, i.e., 1, 3, 7, 

14, 21, and 28 days were expressed as the % EGCG remaining. 

Effect of Ionic strength on EGCG Htabillfcy 

To evaluate the influence of ionic strength on the stability 

of EGCG in an aqueous environment a 0,5 M acetate buffer was 

prepared. Sodium chloride was then used to adjust the ionic 

strength of the buffer to 0.2, 0.3, 0.4, and 0.5. The ionic 

strength of the buffer without addition of sodium chloride 

was 0.1. The solutions were then stored at 50°C in order to 

accelerate the possible degradation of EGCG. The assay 

conditions and calculations were identical to the method 
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described above in the section entitled "Aqueous Stability 

Study." 

Preliminary s«-ah-tl-itv study in organic solvents 

A preliminary accelerated stability study was designed in 

order to investigate the possible use of organic solvents as 

a potential vehicle base for EGCG. Four different solvents 

were investigated, i.e., glycerin, ethoxydiglycol 

(Transcutol P) , propylene glycol (PG), and polyethylene 

glycol 200 (PEG) . The initial EGCG concentration was 5 

mg/ml. The same solutions were used to evaluate the 

effectiveness of an EDTA/antioxidant mixture. Propyl gallate 

and L-ascorbic acid were added as concentrated solutions of 

20 |il ethanol and 8 |al HCl pH 3, respectively resulting in 

an antioxidant concentration of 0.1% w/w. EDTA was added to 

both solutions from a pH 3 HCl solution to produce in a 

final concentration of 0.025% w/w. The solutions were stored 

in tightly closed glass vials 15 X 45 mm (VWR, So. 

Plainfield, NJ) at 50°C in an oven (model 1540, VWR) and 

examined visually every three days. All samples were 

prepared in triplicate. 

Stability Study of EGCG in QT-ganic Solvents 

The two most promising solvents from the preliminary 

stability study were selected in order to determine the 
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stability of EGCG in this environment. Three different 

antioxidants were investigated, i.e., propyl gallate, L-

ascorbic acid, and butylated hydroxytoluene (BHT), a 

compound that has been shown previously to have the ability 

to retard the autoxidation of EGCG (2). 

Stock solutions containing 5 mg/ml EGCG in glycerin and 

ethoxydiglycol were prepared and combined with EDTA and the 

antioxidants. Propyl gallate and L-ascorbic acid were added 

as concentrated solutions of 20 (il ethanol and 20 |il HCl pH 

3, respectively resulting in a concentration of 0.1% w/w for 

each antioxidant. BHT was dissolved in Transcutol P and 

added to the stock solution to obtain a final concentration 

of 0.1% w/w. A combination of BHT (0.05% w/w) and propyl 

gallate (0.05% w/w) was investigated since it has been used 

effectively in previous studies (4). The samples were stored 

as described above and assayed for their EGCG content every 

7 days. All samples were prepared in triplicate and each 

sample was assayed in duplicate. If two injections gave a 

reading with peak areas that were within ± 5% of each other 

the average was used in the calculations. If they did not 

agree to within ± 5% a third injection was made and the two 

peak areas that agreed within ± 5% were used. Since the 

initial concentration of the samples varied slightly due to 

the addition of the antioxidant and EDTA solutions, the 

initial measured concentration at time zero was set to 100 
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%. At the remaining time points the assayed EGCG 

concentrations were expressed as % remaining. The average 

percentage of the triplicate samples investigated is shown 

in Figures 6 to 8. 

Partitioning Study 

This study was designed in order to evaluate the effect 

of ionization of EGCG on its relative partitioning into 

isopropyl myristate (IPM), a compound that resembles the 

partition coefficient of human sJcin (3) . Four different 

kinds of 0.5 M buffers were prepared, i.e., citrate buffer 

pH 3, citrate buffer pH 5, phosphate buffer pH 7, and boric 

acid-borax buffer pH 9. These buffers were equilibrated with 

IPM for 24 hours in a shaker bath. Next, the two phases were 

separated and EGCG was dissolved in the aqueous phase to 

obtain a concentration of about 50 p.g/ml. One gram of the 

buffered EGCG solution was then combined with one gram of 

IPM. This two-phase system was stored in the refrigerator at 

4°C. After storage for 24 hours the EGCG content of the 

aqueous phase was determined using the HPLC assay described 

in chapter 2 and the results were compared with the initial 

EGCG concentration in the aqueous phase. 

RESULTS AND DISCUSSION 

Aqueous stabilitv studies 
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The stability of EGCG was studied in 0.5 M buffers at 

pH 3, 5, 7, and 9 at 4, 25, and 50°C. The results show that 

the degradation tends to increase with increasing pH at each 

temperature investigated. Some inconsistencies existed with 

phosphate buffer at pH 7 and boric-acid borax buffer pH 9. 

These inconsistencies are believed to be caused by the 

buffer species itself rather than by the pH. A comparison of 

the three temperatures studied shows that a consistent trend 

of accelerated degradation with increase in temperature can 

be observed. The results of this study are summarized in 

Figures 2-4. 

Kinetics of EGCG degradation in aerueous media 

The data obtained in Figures 2-4 were also used to 

determine the kinetics of the degradation of EGCG. A plot of 

In % remaining vs. time was utilized for this purpose. It 

was found that the degradation of EGCG at pH 3 and 5 appears 

to follow first order kinetics at all three investigated 

temperatures. The degradation of EGCG at 4°C and pH 7 and pH 

9 exhibited a unique degradation profile that has previously 

been observed by Underberg (5) for the degradation of 

promethazine in the presence of 1% hydroquinone. The initial 

apparently stable phase of the slope is followed by an 

exponential degradation. Since the mechanism of EGCG's 

degradation is not known it is possible that some sort of 

chain reaction is responsible for this mechanism which might 
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be triggered once an unknown threshold value is exceeded. 

The degradation kinetics of EGCG at pH 7 and 9 at 25 and 

50°C could not be determined due to a lack of sample points 

caused by its rapid degradation. The calculated kinetic 

parameters are summarized in Table 1. 

Effect of ionic strength on EGCG stability 

The data obtained in this study indicate that the 

degradation of EGCG increases with the ionic strength of the 

solvent. Although there were no clear concentration 

differences in the initial phase of the degradation, the 

rank order of degradation after 6 days increased with the 

ionic strength of the solution. These findings indicate that 

an aqueous solution of EGCG should be prepared using the 

lowest buffer capacity possible in order to avoid 

accelerating its degradation. 

Preliminary staJailitv study of EGCG in organic solventa 

It is known that the degradation of EGCG is associated 

with a discoloration of the solvent. This property of EGCG 

was utilized to screen organic solvents as potential vehicle 

bases. Our results showed that the commonly used solvents 

propylene glycol and polyethylene glycol 200 resulted in a 

rapid color change, indicating degradation of EGCG in 

solution. In contrast, glycerin and Transcutol P solutions 
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remained predominantly clear throughout the experiment with 

some cloudiness observed in the Transcutol P solutions. 

Interestingly, the closely related compounds propylene 

glycol and glycerin appear to have dramatically different 

effects on the stability of EGCG which would have not been 

expected based on the similarity of their molecular 

structure. 

Stability Studv of EGCG in Organic Solvents 

From the preliminary stability study it was obvious 

that glycerin and Transcutol P have the greatest potential 

as suitable solvents for maintaining the stability of EGCG 

and therefore they were selected for the main stability 

study. In a previous formulation study with EGCG (2) it was 

found that the addition of 0.1% BHT resulted in an improved 

stability of EGCG in its formulations. For this purpose we 

investigated the stability of EGCG in the pure solvents 

(Figure 6) and in the presence of various antioxidants 

(Figures 7 and 8) . BHT was chosen since it proved to be 

effective in the above mentioned study with EGCG (2) , 

ascorbic acid is a standard antioxidant that has been 

utilized in various formulations (6,7). Propyl gallate was 

selected due to its structural similarity to EGCG, and the 

combination of 0.05% BHT with 0.05% propyl gallate was 
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chosen due to the reported antioxidant/anti-microbial 

activity of this combination (4). 

Our results show that the Tgo (the time at which 90% of 

the initial drug concentration remains in the formulation), 

of glycerin and Transcutol P is 24.4 and 22.8 days, 

respectively. The addition of 0.1% BHT resulted in about a 

3 00% increase of EGCG's Tgg in glycerin, whereas the same 

antioxidant resulted in a 2.65 fold decline of EGCG content 

in the Transcutol P system. The addition of ascorbic acid or 

propyl gallate to the glycerin solution resulted in a slight 

increase of the Tj,,/ i.e., 25.7 and 29.3 days, respectively. 

The addition of ascorbic acid to the Transcutol P system 

resulted in a slight increase in Tjg to 24.7 days whereas 

propyl gallate resulted in a dramatic decline of Tgo to 3.5 

days. Interestingly, the combination of 0.05% propyl gallate 

and 0.05% BHT failed to prolong the stability of EGCG in 

both solvents. In fact, an approximately 3.3 fold decline 

was observed in both solvents. 

These findings confirm earlier reports by Akers (8) 

that an antioxidant cannot be selected arbitrarily and 

therefore must be determined in experimental trials for each 

formulation. 

Partitioning study 

The partitioning study was conducted to evaluate the 

effect of EGCG's diffusion from different solvent system 
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into isopropyl myristate, a compound known for its skin-like 

properties. The results indicate that EGCG tends to exhibit 

a greater flux in its unionized form (at low pH values, 

i.e., pH 3 and 5) compared to higher pH values (pH 7 and 9) 

where EGCG is more ionized. These findings support the use 

of organic solvents as a vehicle base. Since EGCG dissolved 

in glycerin or Transcutol P will be present in its unionized 

form, its potential for permeation through the skin is 

enhanced compared to aqueous systems. The results of the 

partitioning study are depicted in Figure 9. 

CONCLUSION 

The results of the preformulation study with EGCG 

indicate that the ultimate product design will have a major 

impact on the stability of these formulations. It was found 

that EGCG's stability is strongly dependent on the pH of its 

environment when incorporated into an aqueous vehicle. 

Storage in solution with low pH resulted in a prolonged 

stability compared to more basic solutions. Furthermore, the 

increase in storage temperature resulted in an accelerated 

degradation. Ideal storage conditions for an aqueous 

environment were pH 3 and 4°C at low ionic strength. 

However, since a pH of 3 is too low for a topical 

formulation due to its potential skin damaging effects, an 

aqueous formulation appears to be unsuitable for the 
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delivery of EGCG. The organic solvents glycerin and 

Transcutol P proved to be effective in increasing the 

stability of EGCG. Addition of the antioxidant BHT to the 

glycerin system resulted in about a three-fold increased 

stability of EGCG. These findings indicate formulations of 

EGCG in glycerin can be developed with a stability adequate 

for performing clinical trials. 
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Figure 1. Structure of Epigallocatechin Gallate (EGCG) 
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Figure 2. Stability study of EGCG in 0.5 M aqueous buffers 

at 4°C. The data points represent the average of 

two samples. 
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Figure 3. Stability study of EGCG in 0.5 M aqueous buffers 

at 25°C. The data points represent the average of 

two samples. 
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Figure 4. Stability study of EGCG in 0.5 M aqueous buffers 

at 50°C. The data points represent the average of 

two samples. 
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Figure 5. Effect of ionic strength on the degradation of 

EGCG at 50°C in acetate buffer pH 5 (n = 2). 
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Figure 6. Accelerated stability study of EGCG in glycerin 

and Transcutol P at 50°C (n = 3). 
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Figure 7. Accelerated stability study of EGCG in glycerin 

based solutions with the addition of antioxidants 

and EDTA (n=3). 
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Figure 8. Accelerated stability study of EGCG in Transcutol 

P based solutions at 50°C with the addition of 

antioxidants and EDTA (n=3). 
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Figure 9. Partitioning of EGCG from aqueous buffers in the 

range from pH 3-9 for 24 hours into isopropyl 

myristate (n=3). 
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Table I 

Summary of T90 values in days for the stability study of EGCG in organic solvents 

Solvents Antioxidants Solvents 
None AA Pgal BHT BHT/ 

Pgal 
Glycerin 24.4 25.7 29.3 76.1 7.4 

Transcutol P 22.8 24.7 3.5 8.6 7.0 
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CHAPTER 4 

INVESTIGATION OF AN ANHYDROUS FORMULATION FOR USE AS A 
TOPICAL DELIVERY VEHICLE 

SUMMARY 

The influence of the addition of various polymers to 

organic solvents, i.e., glycerin and combinations of 

glycerin and Transcutol P, was studied using a Brookfield 

DV-I viscometer in order to select suitable gelling agents 

for use in topical anhydrous formulations. It was found that 

polymers such as polyvinylpyrrolidone, carrageenan, and 

ethylcellulose at concentrations of up to 5% w/w are not 

suitable for gelling glycerin. 

The most efficient polymers for gelling glycerin and 

achieving a high viscosity were Carbopol® polymers, with 

Carbopol® 974 being the most efficacious of the 

investigated polymers. Addition of Transcutol P to the 

formulation resulted in a drop in the final viscosity, which 

became more pronounced with increasing concentration. The 

neutralization of an anhydrous Carbopol® 974/glycerin 

formulation with standard neutralizers resulted in a 

significant increase in viscosity of the formulations at a 

Carbopol concentration of 0.25 %. Further addition of 

neutralizer tended to result in an increase in viscosity. 

The glycerin formulations exhibited a significantly higher 

viscosity compared to the aqueous formulations. 
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INTRODUCTION 

The use of topical treatment is as old as the evolution 

of man (1). Consequently, a broad spectrum of topical 

vehicle compositions have been developed for use in topical 

pharmaceutical therapeutics. These formulations include 

simple solutions, fluid emulsions, suspensions, sprays, 

aerosols, paints, gels, creams, ointments, pastes and 

powders (2). With the increased understanding of the barrier 

properties of the human skin the desire to develop more 

specific products became a major focus in dermatological 

formulation development. One of the most active areas of 

research is the modification of drug permeation through the 

skin. Penetration enhancers have been investigated to 

deliver greater amounts of drug through the skin in order to 

achieve either local or systemic effects (3,4). They 

function by either the fluidization of the intercellular 

stratum corneum lipids, which permits a faster flux of the 

drug through the skin (5) , or by increasing the 

thermodynamic activity of the drug in its vehicle (6) . The 

opposite approach, i.e., penetration retardation, is desired 

for compounds which may have potentially toxic effects such 

as the insect repellent DEET if absorbed through the skin. 

In a recent study (7) we were able to show that the release 

of DEET into a receptor medium with a high affinity for DEET 

can be reduced utilizing cyclodextrins. A still 



74 

controversial topic is the targeted drug delivery to 

specific skin layers, which is also referred to as local 

enhanced topical delivery (LETD) (8) . Panchagnula (9) 

reported that the concentration of hydrocortisone and 

dexamethasone within the epidermis was increased and the 

systemic uptake was reduced when Transuctol® was utilized 

as a formulation adjuvant. 

A more novel approach is the use of an anhydrous 

formulation. A search of the literature indicates that few 

attempts have been made to develop this kind of formulation. 

Two recent examples are a patent by Agouron (San Diego, CA) 

(10) and the use of sorbitan monostearate (11) . The 

rationale for use of an anhydrous formulation is to deliver 

water/oxygen-sensitive drugs to the skin, which would be 

difficult to achieve in typical formulations due their 

relatively high water content. This chapter focuses on 

anhydrous vehicles based on glycerin. Glycerin was found to 

be a suitable solvent for epigallocatechin gallate in order 

to prevent its degradation in solution. To our knowledge the 

use of glycerin as a formulation base has not been reported 

in the pharmaceutical literature and represents a novel 

approach for stabilizing oxygen-sensitive compounds without 

the need for more complicated emulsion systems (12). 

M2^TERIALS AND METHODS 
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Materials 

Carbopols® 971, 974, 980, 981, and Pemulen® TR-2 were from 

BF Goodrich (Cleveland, OH). Glycerin, USP was from Spectrum 

Chemical Mfg. Corp (Gardena, CA) . Transcutol P was obtained 

from Gattefosse (Westwood, NJ). Polyvinylpyrrolidone 

(Luvicross M) and Tetrahydroxypropyl ethylenediamine 

(Neutrol TE) was from BASF Corporation (Mount Olive, NJ) . 

Carrageenan, NF (Gelcarin® GP-911NF) was from FMC 

Corporation, (Newark, DE), and ethylcellulose was from 

Hercules (Wilmington, DE). 2-amino-2-methyl-l-propanol (AMP-

95) was from Angus (Buffalo Grove, IL) . Triethanolamine 

(TEA) and (Tris[hydroxymethyl]aminomethane) (TRIS) were 

purchased from Sigma, (St. Louis, MO), 

Preparation of the alvcerin aels 

The glycerin gels were prepared by slowly adding the 

polymer into a beaker of glycerin that was stirred at about 

1000 rpm using a Lightnin model DS-lOlO mixer (Avon, NY) . 

The stirring was continued for about 15 min or until a 

visually completely homogeneous gel had been formed. An 

additional step was introduced when the gels were 

neutralized. The appropriate amount of neutralizer was added 

to the homogeneous gel, while stirring at 1000 rpm 
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continued. The stirring was continued until a visually 

homogeneous gel was obtained. 

The gels containing Transcutol P were prepared by first 

pre-mixing the solvent with glycerin, followed by the 

identical procedures described above. 

Preparation of the aqueous aela 

The aqueous Carbopol formulations were prepared using 

standard procedures described in the BF Goodrich product 

information (13) . The Carbopol was slowly dispersed in 

rapidly agitated water at 500 rpm using a model DS-lOlO 

mixer (Lightnin, Avon, NY) . After the Carbopol was 

sufficiently wetted in order to avoid agglomeration in 

solution, the speed was increased to 1000 rpm and maintained 

there until a homogeneous solution was obtained. 

Neutralization was then performed by adding the appropriate 

base to the solution and stirring at 1000 rpm until 

homogeneous. The finished formulations were stored at room 

temperature for a minimum of one day in order to allow them 

to cool to ambient temperature prior to viscosity 

measurements. 

Viscoaitv measurements 
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The Brookfield viscosity of the various formulations 

was determined using a digital viscometer model DV-I 

(Brookfield Engineering Laboratories, Inc., Stoughton, MA). 

The guard leg was detached in order to measure the relative 

viscosity of the samples directly from 2 oz. single walled 

plastic ointment jars (Professional Compounding Centers of 

America, Houston, TX) . The speed and spindle size were 

selected to produce a reading towards the high end of the 

scale in order to increase the precision of the 

measurements. Readings were taken after the fluctuation of 

the scale was not greater than ± 0.1. 

RESULTS AND DISCUSSION 

Thickening properties of various polvmers 

Three different polymers were investigated for their 

ability to form anhydrous gels in glycerin. Carageenan, 

ethylcellulose, and polyvinylpyrrolidone were chosen as 

indicators of the performance of some of the standard 

pharmaceutical excipients that are used to enhance viscosity 

of the groups of polysaccharides, celluloses, and 

imidazoles, respectively. These polymers were incorporated 

into glycerin in concentrations up to 5% w/w. It was found 

that none of these compounds was able of producing an 

organoleptically acceptable formulation with glycerin as the 
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vehicle base. Further characterization of these gels was 

therefore not performed. 

Thickening properties of non-neutralized Carbopol® polvmers 

in glycerin 

The use of Carbopol® polymers in the pharmaceutical 

sciences is well-established for applications such as 

hydrogels (14), viscosity enhancement (15), and 

bioadhesiveness (16) . The physicochemical characteristics 

and viscosity of these systems are well established. Our 

data indicate that the rank-order viscosity obtained with 

Carbopol® polymers in our non aqueous vehicles does not 

correlate with that obtained from aqueous systems. In a 

study of 0.5 % aqueous Carbopol solutions (17), Carbopol 980 

NF was found to exhibit the highest viscosity followed by 

974 NF, 971 NF, and 981 NF. Pemulen TR-2 was not 

investigated in that study. Interestingly, 980 NF resulted 

in the lowest viscosity when used non-neutralized in 

glycerin, followed by Pemulen® TR-2. Carbopol 981 NF 

resulted in an approximate 72 % increase in viscosity 

compared to 980 NF. The viscosity of 971 NF exhibited a 

viscosity about three fold above that of 981 NF. These 

findings are summarized in Figure 1. 
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Effect of non-neutralized Carbopol® 974 content in the 

formulation 

The addition of non-neutralized Carbopol® 974 to 

glycerin was investigated in order to determine an 

approximate viscosity profile of the formulations. It was 

found that the increase in viscosity is approximately 

proportional to the amount of Carbopol® 974 utilized. The 

investigation was performed in the range of 0.25 - 1% 

Carbopol® 974. Higher concentrations were not investigated 

due to the already high viscosity obtained with 1%. These 

data are summarized in Figure 2. 

Effect of Transcutol P on the relative viBCOsitv of non-

neutralized glycerin gels formed with Carbopol® 974 

This study was designed in order to evaluate the effect 

of the addition of Transcutol P to non-aqueous glycerin 

formulations gelled with Carbopol® 974. Transcutol P was 

previously found to be a suitable solvent for 

epigallocatechin gallate (EGCG). It was therefore of 

interest to determine if topical formulations containing 

Transcutol P can be formulated, especially since it is 

reported to have permeation modifying properties. Our data 

indicate that the addition of 10 % Transcutol P results in a 
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significant drop in viscosity compared to a pure glycerin 

formulation. Another sharp drop in viscosity can be observed 

when the Transcutol P content is increased from 20-3 0%. 

Further addition of Transcutol P up to a concentration of 50 

% w/w leads to a small but steady drop in viscosity. A 

possible explanation for this drop in viscosity is that 

Transcutol P exhibits a reduced ability to hydrogen bond 

with Carbopol® 974 resulting in a less ridged gel-

structure. 

Effect of neutralization on the viacositv of alvcerin 

formulations gelled with 0.75% Carbopol® 974 

Carbopol® polymers are supplied as tightly coiled acid 

molecules. Once dispersed in water the polymers start to 

hydrate and to uncoil. Neutralization in aqueous systems 

leads to salt formation of the acidic molecules and results 

in the crosslinking of the polymers. The viscosity of the 

gel is proportional to the degree of crosslinking. The use 

of glycerin as a solvent enables Carbopol to hydrogen bond 

with the solvent resulting in an increase in viscosity. It 

was therefore of interest to determine if the addition of 

neutralizers would result in a further increase in viscosity 

of the formulations. Our data indicate that the addition of 

0.25% of neutralizers results in about a 4-9 fold increase 
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in viscosity, depending on the base chosen. The use of 0.5% 

neutralizer resulted in a further increase in viscosity for 

all investigated bases. The further addition of neutralizer 

concentrations up to 1.5% did not result in a continuing 

increase in the formulation viscosity. Therefore, it can be 

concluded that 0.5% neutralizer is the maximum amount 

necessary to gel anhydrous glycerin gels in the presence of 

0.75% Carbopol® 974. The detailed study results are 

summarized in Figure 4. 

Effect of neutralization on the vlscoBitv of an acnieous 

formulation gelled with 0.75% Carbopol® 974 

The aqueous formulations were prepared identically to 

the glycerin formulation with glycerin replaced by milli-Q 

water. The relative viscosity of the aqueous formulations 

was significantly lower than the readings obtained with 

glycerin formulations. The viscosity tended to increase 

steadily with an increasing degree of neutralization, with 

the exception of Tris, which exhibited a drop in viscosity 

at 1.5% neutralizer. This phenomenon can be explained by the 

presence of an excess of electrolytes present in the 

formulation which is known to cause a slight drop in 

viscosity of Carbopol gels. The findings of this study are 

summarized in Figure 5. 
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CONCLUSION 

The results of chapter 4 indicate that Carbopol® 

polymers are suitable for gelling anhydrous glycerin 

formulations. Carbopol 974 was found to be the most 

efficacious polymer in producing a thickening of glycerin. 

Increases in polymer concentration resulted in an 

approximately proportional increase in relative Brookfield 

viscosity. Transcutol P was found to decrease the viscosity 

of the formulations when incorporated into them. 

Neutralization of Carbopol 974 resulted in a significant 

increase in relative viscosity at neutralizer concentrations 

up to 0.5 % w/w. Further neutralization did not result in a 

proportional increase in viscosity. Glycerin formulations 

exhibit a higher viscosity in both the non-neutralized and 

neutralized state compared to aqueous systems. 
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Figure 1. Thickening efficiency of 0.75 % w/w of non-

neutralized Carbopol® polymers in glycerin (n=3). 
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Figure 2. Thickening efficiency of non-neutralized 

Carbopol® 974 in the range from 0.25-1% in 

glycerin. 
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Figure 3. Effect of ethoxydiglycol (Transcutol P) on 

viscosity in glycerin mixtures gelled with 0.75 % 

Carbopol® 974 . 
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Figure 4. Effect of neutralization of glycerin based 0.75 

Carbopol® 974 gels. 
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Figure 5. Effect of neutralization on viscosity of aqueous 

based 0.75 % Carbopol® 974 gels. 
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CHAPTER 5 

IN VITRO CHARACTERIZATION OF THE FORMULATIONS 

SUMMARY 

The purpose of the work described in this chapter was 

the pre-clinical characterization of the formulations which 

consisted of the in vitro release test (IVRT) technology and 

the final stability studies. It was found that the anhydrous 

formulations could not be investigated using the standard 

IVRT methods reported in the literature. Receptor conditions 

employing an isopropyl myristate (IPM) soaked membrane and 

citrate buffer pH 5 as receptor medium or an IPM soaked 

membrane and IPM as receptor medium failed to provide 

reproducible results. Completely aqueous based receptor 

components resulted in release profiles that obeyed the 

Higuchi equation, despite apparent back diffusion of 

receptor medium into the donor compartment. Stability 

studies of the final formulation indicated that a stable 

EGCG formulation can be developed. Addition of the 

antioxidant butylated hydroxytoluene at a concentration of 

0.1 % provided a stable formulation. Further addition of BHT 

did not produce an increase in EGCG staibility. 

KEY WORDS: Epigallocatechin gallate, in vitro release test, 

stability study, antioxideint 
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INTRODUCTION 

The in vitro characterization of topical semisolid 

formulations prior to clinical testing represents an 

important step in the developmental process of the finished 

product. The testing of the chemical stability of the drug 

in its formulations is obviously a necessary step, since it 

ensures that the drug will have a sufficient shelf-life 

during the clinical trials. Another important parameter is 

the determination of the release rate of the drug from its 

vehicle. It is generally accepted that the release rate 

obtained from an in vitro release test (IVRT) can be 

utilized for quality control purposes, batch-to-batch 

uniformity and the scale-up from lab bench to manufacturing, 

as summarized in a recent workshop report (1). However, the 

use of the IVRT for other applications remains more 

controversial. For example, the same workshop report stated 

that "the IVRT can serve as a research tool in the course of 

formulation development. In contrast, in a recent 

publication we found (2) that standard IVRT test conditions 

are not sufficient to obtain conclusive data that would 

enable product development scientists to optimize their 

formulations. Another unresolved issue is the use of the 

IVRT for the prediction of in vitro/in vivo correlation, 

bioavailability and bioequivalence. Shah et al.(3) noted 



95 

that the development of data for these issues is still 

pending and that the release rate itself should not be used 

for this purpose. However, the development of an in vitro 

release test (IVRT) for semisolid dosage forms, analogous to 

the dissolution test for solid dosage forms, remains of 

great interest and it may be essential to investigate more 

discriminating test conditions. One recent suggestion in 

this regard, which appears worthy of further study, is the 

use of a synthetic stratum corneum lipid disc instead of a 

synthetic membrane (4) or the use of cell cultures of human 

skin (5) , analogous to the Caco-2 cells now used to screen 

for gastrointestinal transport. 

MATERIALS AND METHODS 

Materials 

EGCG (98% purity) was supplied by Lipton, Englewood Cliffs, 

NJ) . The following chemicals were received from the 

manufacturers listed: Glycerin 99.5 % (Spectrum, New 

Brunswick, NJ) , Transcutol P (Gattefosse', Westwood, NJ) , 

Butylated hydroxytoluene (Sigma, St. Louis, MO), Ethylene-

diaminetetraacetic acid disodium salt dihydrate (EDTA) 

(Gibco Laboratories, Chagrin Falls, OH) , Carbopol, 974, (BF 
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Goodrich, Cleveland, OH). Isopropyl myristate (Unichema 

International, Chicago, IL) . 

Formulation preparation 

Two types of formulation were prepared, (a) for 

studying the degradation of EGCG in an accelerated stability 

study, and (b) to investigate the in vitro release 

characteristics of the anhydrous formulations. The 

formulations differed in the content of the antioxidant and 

the percentage of the solvent Transcutol P. The antioxidant 

was excluded from the release studies in order to obtain a 

more simple assay, i.e., UV spectrophotometry instead of 

high-performance liquid chromatography (HPLC). It was 

assumed that the presence of 0.1% antioxidant would not 

significantly change the release characteristics of EGCG 

from its vehicle. 

The exact formulation procedure was as follows: The 

appropriate amounts of glycerin and Transcutol were 

accurately weighed and combined and slowly stirred at 3 00-

500 rpm using a mixer model DS-lOlO (Lightnin Corp., Avon, 

NY) for about one minute to obtain a homogeneous solution. 

An ice bath was utilized during the entire mixing process to 

prevent the heating of the glycerin, generated by the 
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stirring which might potentially be associated with the 

formation of peroxides. The antioxidant BHT was then added 

to the formulation used in the stability study until no 

particles were observed. Next, Carbopol® 974 was slowly 

added to the solution to prevent the agglomeration of the 

dry polymer. The stirring speed was increased to about 1500 

rpm and continued until a homogeneous gel was formed. EGCG 

was then added and stirring was continued until no solid 

particles were observed. 

Stabilitv Studv 

The formulations were stored in polypropylene 

containers at 50°C in an oven, model 1540 (VWR Scientific, 

So. Plainfield, NJ) . Samples of the formulation were taken 

at 0, 7, 14, 21, and 28 days. A known amount of the 

formulation was weighed in a 100 ml calibrated flask that 

was then filled with HCl pH 3. The formulations were 

dissolved by sonication of the flasks for about 5 min. The 

solutions were then thoroughly shaken to guarantee 

sufficient mixing of the EGCG. The stability-indicating 

high-performance liquid chromatography (HPLC) assay 

described in Chapter 2 was then utilized to determine the 

degradation of EGCG. 



98 

Release Study utilizing citrate buffer as recep^«'r- lll«»ri^nTn 

The release rate of EGCG from the various formulations 

was determined using the Microette topical and transdermal 

diffusion cell system (Hanson Research, Chatsworth, 

CA) (Figure 1) . The diffusion study was initiated by pre-

soaking the membranes (HT-450 Tuffryn membrane filter, Pall 

Gelman Sciences, Ann Arbor, MI), for about 20-30 minutes in 

the appropriate medium, i.e., citrate buffer pH 3 or IPM. 

The 0-ring of the Franz cell donor compartment was then 

placed on top of the membranes that were previously blotted 

dry carefully with Kimwipes (Kimberly-Clark, Roswell, GA) . 

Approximately 300 mg of the appropriate formulation was then 

filled into the donor compartment of the Franz cells (Figure 

2). Special care was taken to guarantee that the formulation 

was in complete contact with the membrane. The receptor 

compartment was filled until overflow of the rim of the 

Franz cell occurred in order to minimize the possible 

incorporation of air bubbles below the membrane after 

attachment of the filled donor compartment. Next, the cover 

of the donor compartment was tightly screwed to the cell to 

prevent evaporation of the formulation contents during the 

experiment. The temperature of the receptor medium was 

maintained at 32 ± 1°C by adjusting the temperature of the 

water bath to 37°C. The cells were continuously stirred at 
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3 00 rpm with the stirring bar helix system. At each sampling 

time point, i.e., 30, 60, 120, 240 and 360 min, 2 ml of 

receptor medium were withdrawn. The exact sample volume 

removed was automatically replaced with fresh receptor 

medium. In addition, a dilution cycle of the receptor fluid 

was programmed such that 5 ml of receptor medium was 

replaced at each sampling time point in order to maintain 

sink conditions throughout the experiment. 

Release rate determination for with citrate buffer 

as receptor medixim 

The measured EGCG concentration in the receptor medium was 

first corrected for the replaced sample volume and dilution 

cycles using the method described previously by Wurster and 

Taylor (6), 

Cn — OnauM ̂  
Y 

— * Y C s ^  
7mi ^ (3) , 

where: Cn = expected concentration of the nth sample if 

previous samples had not been removed, Cnmea3= the measured 

concentration of the nth sample Csmeas = the uncorrected 

concentration of the previous sample, X = sample volume 

collected for assay, 7 ml = volume of the receptor 
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compartment and the L term represents the sum of 

uncorrected concentrations of prior sampling from the first 

sample to the sample immediately before the nth sample 

(i.e., the n-lth sample). These corrected concentrations 

were converted into the cumulative amount [Q] of EGCG/cm^ 

diffused through the membrane at each time point. The slope 

of the relationship between Q and the square root of time 

was determined in accordance with using the diffusion-

controlled model of Higuchi (7) . This slope represents the 

release rate of EGCG in \iql (cm'*s) which was then plotted 

vs. the concentration of cosolvent in the formulation. 

Release study utilizing IPM aa receptor eomponent 

Isopropyl myristate was investigated as the medium in 

the IVRT to increase the lipophilicity of the membrane and 

as the receptor medium in order to have a more realistic 

physiological model compared to the aqueous-based system. 

THEORETICAL CONSIDERATIONS 

The determination of the release rate of the active 

from a semisolid formulation is based on Higuchi's diffusion 

controlled model. 

Q = V2ADC.t 
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where Q represents the amount of drug released, A is the 

total concentration (amount/volume) in the matrix (label 

strength), D is the diffusion coefficient of the drug in the 

formulation, Cg is the concentration of the drug in the 

formulation, and t represents the time. A plot of Q vs. 

time"-' results in: 

slope = V2ADC1 

If the drug release from the formulation is diffusion 

controlled a straight line will be obtained. The slope of 

this line represents the release rate. This release rate 

measure is formulation specific and can be utilized to 

monitor product quality (8). To obtain a valid release test 

two major requirements must be fulfilled: First, sink 

conditions need to be maintained throughout the experiment, 

i.e., the solubility of the drug in the receptor medium must 

remain below 15 % of its saturation solubility to guarantee 

a sufficient concentration gradient (9). Second, the 

separating membrane between the donor compartment 

(formulation) and the receiver compartment should simply act 

as structural support and not interfere with the diffusion 

of the drug from its vehicle. In addition, it was recently 

reported (10, 11) that the use of synthetic membranes 

greatly reduced the variability in the observed drug 
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release. The use of human or animal skin as a membrane 

between the compartments was reported to add no advantage to 

the IVRT and is therefore not recommended (12). However, the 

use of skin is more suitable for the measurement of 

percutaneous absorption (13). 

RESULTS AMD DISCUSSION 

In vitro release study 

Our results show that the release of EGCG from 

anhydrous formulations did not follow standard release 

patterns commonly observed in the literature. EGCG is a 

highly polar, water-soluble compound. The incorporation of 

this type of compound into a hydrophilic base results in an 

environment with a high affinity for EGCG. This fact may 

explain the results obtained with IPM as the receptor 

component. When IPM was used as the receptor medium and as 

the medium to soak the membranes, no flux of EGCG into the 

receptor medium was observed after a period of 6 hours. The 

use of IPM soaked membranes resulted in release data that 

had standard deviations of up to 100% for a set of 6 cells. 

The large standard deviation may be due to the fact that 

there was no uniformly formed IPM layer on the membranes, 

which resulted in varying lipophilicity of the membrane and 

therefore changing barrier properties of the membrane. IPM 
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was therefore concluded to be unsuitable for use in release 

studies of EGCG from glycerin based formulations. 

The use of an aqueous receptor medium and aqueous 

soaked membrane resulted in plots that follow the Higuchi 

equation which indicates diffusion-controlled drug release. 

However, it was found that back diffusion of the receptor 

medium into the donor compartment occurred, which is in 

violation of one of the principles used in developing this 

equation (14) . Although statistically reproducible 

measurements were obtained when the same formulation was 

investigated on three consecutive days (Figures 1 and 2) , 

these findings are not sufficient to fulfill the FDA 

requirements for monitoring the drug release as an indicator 

of product sameness, which require a diffusion controlled 

drug release from the formulation (8). 

The release rates of the five anhydrous formulations 

shown in Figure 3 indicate that no consistent trend of EGCG 

release can be observed when different ratios of Transcutol 

P and glycerin are used as the formulation base. This can be 

explained by the fact that the solubility of the drug in the 

vehicle changes. Other factors such as the viscosity of the 

vehicle can also alter the release of the drug from its 

formulation. In general, a low viscosity vehicle produces in 

a faster release compared to a high viscosity vehicle. 
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However, since many factors influence the escaping tendency 

of the drug from its fomulation an exact determination for 

this effect is almost impossible to obtain. 

.qhaVi-iiitv Study 

The data obtained in the stability study demonstrated 

that no degradation of EGCG in its formulation was observed 

during a 28 day period at 50°C. Addition of butylated 

hydroxytoluene (BHT) was evaluated at concentrations of 0.1, 

0.2, 0.3, and 0.5% w/w. The data show that EGCG is 

sufficiently stabilized at a concentration of 0.1% since it 

did not show any degradation at this concentration. The data 

obtained in the formulation stability study confirm the 

findings of the preformulation stability study, where we 

concluded that glycerin will be a suitable solvent to 

prevent the degradation of EGCG, despite its potential to 

form peroxides (15) which might be an initiator for 

degradation by radicals. The data from this study are 

summarized in Figures 4 and 5. 

CONCLUSIONS 

The data obtained in this study indicate that the IVRT 

technology is not applicable to glycerin based EGCG 

formulations. The monitoring of identity, strength, quality. 
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purity, potency, batch-to batch quality or scale-up must 

therefore be performed using standard tests such as 

identification assay, homogeneity, viscosity, microbial 

limits, and impurity profile. The data obtained in the 

accelerated stability study show that EGCG formulations with 

sufficient shelf-life for clinical trials can be developed 

by employing an anhydrous base. 



Table 1. Glycerin Formulations Investigated 

Ingredient Function 
I 

Formulations 
11 III IV 

EGCG Drug 2 2 2 2 
Carbopol 974 Thickener 1 1 1 1 
BHT Antioxidant 

H
 • 

O
 o

 
• to

 

0 . 3  0 . 5  
Transcutol BHT solvent 5  5  5  5  

Glycerin Solvent q. s. q.s. q.s. q.s. 

Total 100 100 100 100 

All values are in % (w/w) 



Table 2. Glycerln/Transcutol P Formulations Investigated 

Ingredient Function 
I 

Formulations 
II III IV 

EGCG Drug 2 2 2 2 
Carbopol 974 Thickener 1 1 1 1 
BHT Antioxidant 0.1 0.2 0.3 0.5 
Transcutol BHT solvent 30 30 30 30 
Glycerin Solvent q.s. q.s. q.s. q.s. 

Total 100 100 100 100 

All values are in % (w/w) 
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Figure 1. Microette Topical & Transdermal Diffusion Cell 

System (Hanson Research, Chatsworth, CA). 
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Figure 2. Schematic view of a Franz-type diffusion cell. 
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Figure 3. Validation of the release test methodology using a 

concentration vs. time plot (n=3). 



5000 

4500 

4000 

3500 

3000 

2500 

2000 

1500 

1000 

500 

0 • 

Validation of the Release test conditions for EGCG 

Run 1 

-B-Run 2 

Run 3 

. I • • 1 I 1 f 

50 100 150 200 250 300 350 400 

Time [min] 



114 

Figure 4. Validation of the release test methodology using 

the Higuchi diffusion controlled model {n=3). 
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Figure 5. Higuchi plot of EGCG release from 

glycerin/Transcutol P formulations. The first 

number in the legend represents the percentage of 

glycerin in the formulation, whereas the second 

number represents the percentage of Transcutol P. 
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Figure 6. Stability study of glycerin formulations with 

different BHT concentrations. Error bars were 

omitted for clarity (n=3) . 



stability study of EGCG in Glycerin based formulations 

A Q 6 

• 0.1% BHT 

•0.2% BHT 

AO.3% BHT 

00.5% BHT 

10 15 

Time [days] 

20 25 30 



120 

Figure 7. Stability study of glycerin/Transcutol P 

formulations with different BHT concentration. 

Error bars were omitted for clarity {n=3). 
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