
REFERENCES
Banes-Marshall, L., Cawley, p. and Phillips, C.A. (2001). In vitro 

activity of Melaleuca altemifolia (tea tree) oil against bacterial 
and Candida spp. isolates from clinical specimens. British 
Journal of Biomedical Science 58(3): 139-145

Barry, B. พ . (1983) Dermatological Formulations - Percutaneous 
Absorption, Drugs and the Pharmaceutical Sciences vol. 18, 
USA: Marcel Dekker

Bassett, I.B., Pannowitz, D .L . and Bametson, R .s .  (1 9 9 0 ). A 
comparative study of tea tree oil versus benzoyl peroxide in the 
treatment of acne. Medical Journal of Australia 153(8 ): 4 5 5 -4 5 8

Buck, D.S., Nidorf, D.M. and Addino, J.G. (1994). Comparison of 
two topical preparations for the treatment of onychomycosis: 
Melaleuca altemifolia (tea tree) oil and clotrimazole. Journal of 
Family Practice 38(6): 601-605

Caelli, M., Porteous, J., Carson, C.F., Heller, R. and Riley, T .v .  
(2000). Tea tree oil as an alternative topical decolonization 
agent for methicillin-resistant Staphylococcus aureus. Journal of 
Hospital Infection 46(3): 236-237

Carson, C.F. and Riley, T.v. (1993). Antimicrobial activity of the 
essential oil of Melaleuca altemifolia. Letters in Applied 
Microbiology 16: 49-55

Carson, C.F. and Riley, T.v. (1994). Susceptibility of 
Propionibacterium acnes to the essential oil of Melaleuca 
altemifolia. Letters in Applied Microbiology 19: 24-25



9 9

Carson, C.F. and Riley, T .v .  (1995). Antimicrobial activity of the 
major components of the essential oil of Melaleuca altemifolia. 
Journal of Applied Bacteriology 78: 264-269 

Carson, C.F., Cookson, B.D., Farrelly, H.D. and Riley, T.v. (1995). 
Susceptibility of methiciliin-resistant Staphyloccus aureus to 
the essential oil of Melaleuca altemifolia. Journal of 
Antimicrobial Chemotherapy 35(3): 421-424 

Carson, C.F., Hammer, K.A. and Riley T.v. (1995). Broth micro­
dilution method for determining the susceptibility of 
Escherichai coli and Staphylococcus aureus to the essential oil 
of Melaleuca altemifolia (tea tree oil). Microbios 82: 181-185 

Carson, C.F., Riley, T.v. and Cookson, B.D. (1998). Efficacy and 
safety of tea tree oil as a topical antimicrobial agent. Journal of 
Hospital Infection 40: 175-178

Chien, Yie พ. (1987) Transdermal controlled systemic medications. 
Drugs and the Pharmaceutical Sciences vol. 31 USA, Marcel 
Dekker

Concha, J.M., Moore, L.s. and Holloway, W.J. (1998). Antifungal 
activity of Melaleuca altemifolia (tea tree) oil against various 
pathogenic organisms. Journal of The American Pediatric 
Medical Association 88(10): 489-492 

Cox, S.D., Gustafson, J.E., Mann, C.M., Markham, J.L., Liew, Y.C., 
Hartland, R.P., Bell, H.C., Warmington, J.R. and Wyllie, S.G. 
(1998). Tea tree oil causes K+ leakage and inhibits respiration 
in Escherichia coli. Letters in Applied Microbiology 26(5): 355- 
358



1 0 0

Gummer, C.L. (1989) Transdermal Drug Delivery: developmental 
issues and research, Drugs and the Pharmaceutical Sciences vol. 
35, USA: Marcel Dekker

Gustafson, J.E., Liew, Y.C., Chew, ร., Markham, J.L., Bell, H.c. and 
Wyllie, S.G. (1998). Effects of tea tree ol on Escherichia coli. 
Letters in Applied Microbiology 26(3): 194-198 

Hammer, K.A., Carson, C.F. and Riley, T .v .  (1998). In-vitro activity 
of essential oils, in particular Melaleuca altemifolia (tea tree) oil 
and tea tree oil products, against Candida spp. Journal of 
Antimicrobial Chemotherapy 42(5): 591-595 

Hammer, K.A., Carson, C.F. and Riley, T.v. (2000). In vitro activities 
of kétoconazole, econazole, miconazole, and Melaleuca 
altemifolia (tea tree) oil against Malassezia species. 
Antimicrobial agents and Chemotherapy 44(2): 467-469 

Harada, K., Murakami, T, Kawasaki, E., Higashi, Y., Yamamoto, ร. 
and Yata, N. (1993). In-vitro permeability to salicylic acid of 
human, rodent and shed snake skin. Journal of Pharmaceutics 
and Pharmacology 45: 414-418

Hart, P.H., Brand, c., Carson, C.F., Riley, T.v. Prager, R.H. and 
Finlay-Jones, J.J. (2000). Terpinen-4-ol, the main component of 
the essential oil of Melaleuca altemifolia (tea tree oil), 
suppresses inflammatory mediator production by activated 
human monocytes. Inflammation Research 49(11): 619-626



1 0 1

Itoh, T., Xia, J., Magavi, R., Nishihata, T. and Rytting, J.H. (1990). 
Use of shed snake skin as a model membrane for in vitro 
percutaneous penetration studies: comparison with human skin. 
Pharmaceutical Research 7(10): 1042-1047 

Ktistis, G. and Niopas, I. (1998) A Study on the In-vitro Percutaneous 
Absorption of Propranolol from Disperse System. Journal of 
Pharmaceutics and Pharmacology 50: 413-418 

Nenoff, P., Haustein, U.F. and Brandt, พ. (1996). Antifungal activity 
of the essential oil of Melaleuca altemifolia (tea tree oil) against 
pathogenic fungi in vitro. Skin Pharmacology 9(6): 388-394 

Pena, L.E. (1990) Topical Drug Deliver Formulations. Drugs and the 
Pharmaceutical Sciences vol. 42 USA: Marcel Dekker 

Raman, A., Weir, บ. and Bloomfield, S.F. (1995). Antimicrobial 
effects of tea tree oil and its major components on 
Staphylococcus aureus, Staphylococcus epidermidis and 
Propionibacterium acnes. Letters in Applied Microbiology 
21(4): 242-245

Schnitzler, P., Schon, K. and Reichling, J. (2001). Antiviral activity of 
Australian tea tree oil and eucalyptus oil against herpes simplex 
virus in cell culture. Pharmazie 56(4): 343-347 

Southwell, Ian and Lowe, Robert (1999). Tea Tree: The Genus 
Melaleuca. Australia: Overseas Publisher Association.

Tong, M.M., Altman, P.M. and Bametson, R.s. (1992). Tea tree oil in
the treatment of tinea pedis. Australasian Journal of 
Dermatology 33(3): 145-149



Wertz, p . w .  and Downing, D.T. (1 9 8 9 ) Transdermal Drug Delivery - 
Developmental Issues and Research Initiatives, Drugs and the 
Pharmaceutical Sciences vol. 35, USA: Marcel Dekker 

Williams, A .c .  and Barry, B .w .  (1 9 9 4 ). Comparison of Fourier 
Transform Raman Spectra of Mammalian and Reptilian Skin. 
Analyst 119: 563-566

1 0 2



APPENDICES



APPENDIX I
Data from Gas Chromatography



Plain gel + tea tree oil 1 0 5
Time (hour) Response (mV)

1 0 0 0

2 0 0 0

3 0 0 0

4 0 0 0

5 0 0 0

6 0 0 0



Plain gel + tea tree oil + 0.5% Span 20 1 0 6
Time (hour) Response (mV)

1 0 0 0

2 0 0 0

3 0 0 0

4 160 165 166

5 205 190 202

6 520 560 558

Plain gel + tea tree oil + 1 % Span 20

Time (hour) Response (mV)

1 0 0 0

2 0 0 0

3 245 240 243

4 266 278 272

5 290 282 285

6 312 322 319

Plain gel + tea tree oil + 2% Span 20

Time (hour) Response (mV)

1 0 0 0

2 0 0 0

3 0 0 0

4 0 0 0

5 0 0 0

6 0 0 0



Plain gel + tea tree oil + 0.5% Tween 20
Time (hour) Response (mV)

1 0 0 0

2 0 0 0

3 0 0 0

4 0 0 0

5 0 0 0

6 0 0 0

Plain gel + tea tree oil + 1% Tween 20

Time (hour) Response (mV)

1 0 0 0

2 158 162 161

3 291 285 289

4 366 348 357

5 480 492 489

6 591 602 598

Plain gel + tea tree oil + 2% Tween 20

Time (hour) Response (mV)

1 0 0 0

2 195 201 197

3 244 240 244

4 387 380 381

5 422 435 430

6 498 497 492



Plain gel + tea tree oil + 0.5% Brij 97 1 0 8
Time (hour) Response (mV)

1 0 0 0

2 0 0 0

3 0 0 0

4 0 0 0

5 0 0 0

6 118 98 111

Plain gel + tea tree oil + 1 % Brij 97

Time (hour) Response (mV)

1 0 0 0

2 0 0 0

3 0 0 0

4 0 0 0

5 0 0 0

6 213 206 211

Plain gel + tea tree oil + 2% Brij 97

Time (hour) Response (mV)

1 0 0 0

2 0 0 0

3 0 0 0

4 0 0 0

5 0 0 0

6 0 0 0



Plain gel + tea tree oil + 0.5% Tween 80 1 0 9
Time (hour) Response (mV)

1 0 0 0

2 0 0 0

3 0 0 0

4 0 0 0

5 0 0 0

6 0 0 0

Plain gel + tea tree oil + 1% Tween 80

Time (hour) Response (mV)

1 0 0 0

2 0 0 0

3 0 0 0

4 0 0 0

5 0 0 0

6 0 0 0

Plain gel + tea tree oil + 2% Tween 80

Time (hour) Response (mV)

1 0 0 0

2 0 0 0

3 0 0 0

4 0 0 0

5 0 0 0

6 307 308 308



APPENDIX II
Statistic



The SAS System

OBS EMUL CONC TIME RESP
1 a1 b1 1 0
2 a1 b1 2 0
3 al bl 3 0
4 a1 b1 4 05 a1 bl 5 0
6 a1 b1 6 0
7 a1 b1 1 0
8 al b1 2 0
9 a1 b1 3 0

10 a1 b1 4 0
11 a1 b1 5 0
12 al b1 6 0
13 al b1 1 0
14 a1 b1 2 0
15 a1 b1 3 0
16 a1 b1 4 0
17 a1 b1 5 0
18 a1 b1 6 0
19 a1 b2 1 0
20 a1 b2 2 158
21 a1 b2 3 291
22 a1 b2 4 366
23 a1 b2 5 480
24 a1 b2 6 591
25 a1 b2 1 0
26 a1 b2 2 162
27 a1 b2 3 285
28 a1 b2 4 348
29 a1 b2 5 492
30 a1 b2 6 602
31 a1 b2 1 0
32 a1 b2 2 161
33 a1 b2 3 289
34 a1 b2 4 357
35 a1 b2 5 489
36 a1 b2 6 598
37 a1 b3 1 0
38 a1 b3 2 195
39 a1 b3 3 244
40 a1 b3 4 387
41 a1 b3 5 422
42 a1 b3 6 498
43 a1 b3 1 0
44 a1 b3 2 201
45 a1 b3 3 240
46 a1 b3 4 380
47 a1 b3 5 435
48 a1 b3 6 497
49 a1 b3 1 0
50 a1 b3 2 197
51 al b3 3 244
52 a1 b3 4 381
53 a1 b3 5 430



The SAS System

OBS EMUL CONC
54 a1 ชร
55 a2 ช1
56 a2 b1
57 a2 b1
58 a2 b1
59 a2 b1
60 a2 b1
61 a2 b1
62 a2 b1
63 a2 b1
64 a2 b1
65 a2 b1
66 a2 b1
67 a2 b1
68 a2 b1
69 a2 b1
70 a2 b1
71 a2 b1
72 a2 b1
73 a2 b2
74 a2 b2
75 a2 b2
76 a2 b2
77 a2 b2
78 a2 b2
79 a2 b2
80 a2 b2
81 a2 b2
82 a2 b2
83 a2 b2
84 a2 b2
85 a2 b2
86 a2 b2
87 a2 b2
88 a2 b2
89 a2 b2
90 a2 b2
91 a2 b3
92 a2 b3
93 a2 b3
94 a2 b3
95 a2 b3
96 a2 b3
97 a2 b3
98 a2 b3
99 a2 b3

100 a2 b3
101 a2 b3
102 a2 b3
103 a2 b3
104 a2 b3
105 a2 b3
106 a2 b3

492
0 1 1 2
0

160
205
520

0
0
0

165 
190 
560

0
0
0

166 
202 
558

0
0

245
266
290
312

0
0

240
278
282
322

0
0

243
272
285
319

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

RESPTIME
6
1
2
3
4
5
6
1
2
3
4
5
6
1
2
3
4
5
6
1
2
3
4
5
6
1
2
3
4
5
6
1
2
3
4
5
6
1
2
3
4
5
6
1
2
3
4
5
6
1
2
3
4



The SAS System

OBS EMUL CONC
107 a2 b3
108 a2 ชร
109 a3 ช1
110 a3 b1
111 a3 b1
112 a3 b1
113 a3 b1
114 a3 b1
115 a3 b1
116 a3 b1
117 a3 b1
118 a3 b1
119 a3 b1
120 a3 b1
121 a3 b1
122 a3 b1
123 a3 b1
124 a3 b1
125 a3 b1
126 a3 b1
127 a3 b2
128 a3 b2
129 a3 b2
130 a3 b2
131 a3 b2
132 a3 b2
133 a3 b2
134 a3 b2
135 a3 b2
136 a3 b2
137 a3 b2
138 a3 b2
139 a3 b2
140 a3 b2
141 a3 b2
142 a3 b2
143 a3 b2
144 a3 b2
145 a3 b3
146 a3 b3
147 a3 b3
148 a3 b3
149 a3 b3
150 a3 b3
151 a3 b3
152 a3 b3
153 a3 b3
154 a3 b3
155 a3 b3
156 a3 b3
157 a3 b3
158 a3 b3
159 a3 b3

0 1 1 3
0
0
0

1 1 8

0
0
0
0
0

9 8

0
0
0
0
0

111
0
0
0
0
0

213
0
0
0
0
0

206
0
0
0
0
0

211
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

RESPTIME
5

6
1
2
3
4

5

6
1
2
3
4

5

6
1
2
3
4

5

6
1
2
3
4

5
6
1
2
3
4

5

6
1
2
3
4

5

6
1
2
3
4

5

6
1
2
3

4

5

6
1
2
3



The SAS System

160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180 
181 
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200 
201 
202
203
204
205
206
207
208
209
210 
211 
212

OBS

a3
a3
a3
a4
a4
a4
a4
a4
a4
a4
a4
a4
a4
a4
a4
a4
a4
a4
a4
a4
a4
a4
a4
a4
a4
a4
a4
a4
a4
a4
a4
a4
a4
a4
a4
a4
a4
a4
a4
a4
a4
a4
a4
a4
a4
a4
a4
a4
a4
a4
a4
a4
a4

EMUL CONC
b3
b3
b3
b1
b1
b1
bl
bl
bl
bl
bl
b1
b1
bl
b1
b1
b1
b1
bl
b1
bl
b2
b2
b2
b2
b2
b2
b2
b2
b2
b2
b2
b2
b2
b2
b2
b2
b2
b2
b3
b3
b3
b3
b3
b3
b3
b3
b3
b3
b3
b3
b3
b3

4

5

6 
1 
2
3
4

5

6 
1 
2
3
4
5

6 
1 
2
3
4

5

6 
1 
2
3
4

5

6 
1 
2
3
4

5

6 
1 
2
3
4

5

6 
1 
2
3
4

5

6 
1 
2
3
4

5

6 
1 
2

TIME

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

307 
0 
0 
0 
0 
0

308 
0
0

RESP

114



The SAS System

OBS EMUL CONC TIME RESP
213 a4 b3 3 0
214 a4 b3 4 0
215 a4 b3 5 0
216 a4 b3 6 308

115



The SAS System

General Linear Models Procedure 
Class Level Information

Class Levels Values 116
EMUL 4 a1 a2 a3 a4
CONC 3 b1 b2 b3
TIME 6 1 2 3 4 5 6

Number of observations in data se t =216



The SAS System

General Linear Models Procedure
Dependent Variable: RESP
Source DF Sum of Squares Mean Square 1 F Value Pr > F
Model 71 5354711.03703704 75418.46531038 5273.68 0.0001
Error 144 2059.33333333 14.30092593
Corrected Total 215 5356770.37037037

R-Square c.v. Rcot MSE RESP Mean
0.999616 4.328305 3.78165651 87 .37037037

Source DF Type I ss Mean Square F Value Pr > F
EMUL 3 1273478.25925926 424492.75308642 29682.89 0.0001
CONC 2 302823.78703704 151411.89351852 10587.56 0.0001
EMUL*CONC 6 1200553.21296296 200092.20216049 13991.56 0.0001
TIME(EMUL*CONC) 60 2577855.77777778 42964.26296296 3004.30 0.0001
Source DF Type I I I  SS Mean Square F Value Pr > F
EMUL 3 1273478.25925927 424492.75308642 29682.89 0.0001
CONC 2 302823.78703704 151411.89351852 10587.56 0.0001
EMUL*CONC 6 1200553.21296297 200092.20216049 13991.56 0.0001
TIME(EMUL*CONC) 60 2577855.77777778 42964.26296296 3004.30 0.0001



The SAS System

General Linear Models Procedure 
Dunnett's T te s ts  fo r variab le : RESP

1 1 8NOTE: This te s t s  contro ls the type I experimentwise e rro r fo r comparisons of 
a l l  treatm ents against a contro l.

Alpha= 0.05 Confidence= 0.95 df= 144 MSE= 14.30093 
C ri tic a l Value of Dunnett's T= 2.374 

Minimum S ign ifican t Difference= 1.7278
Comparisons s ig n if ica n t a t the 0.05 leve l are indicated by '*** '.

Simultaneous Simultaneous
Lower Difference Upper

EMUL Confidence Between Confidence
Comparison Limit Means Limit

a2 - a1 -91.2093 -89.4815 -87.7537
a3 - a1 -186.0796 184.3519 -182.6241
a4 - a1 -186.7093 184.9815 -183.2537 ไ*โ**
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