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  ������+,������ staphylococci ���?	/20.�?>.�6C0�	/ 90 ��/�,��
 A�/��-�.�����
staphylococci ���
27� 149 ��,A�0��3 LD*
�6C0 coagulase-positive 64 ��,A�0��3 +1� coagulase-
negative 85 ��,A�0��3 �U����8D�E��>6+��:/�7-/���,�6V	�)/0� A�/����������
 2 �1��77)�>6+��
:/�7-/���,�6V	�)/0��)*:1.�,:1D
��0 ����� staphylococci 7)����������,�6V	�)/0�����1��7�)*����� 
W�,�BA���,��
,	*
�����7)����������,� clindamycin, erythromycin +1� penicillin �0�<��)*-/���,� 
vancomycin +1� gentamicin �,��
0.�,�)*��� 96.4% ��������	
��
�������2,������������
�����
�.0W�,/	�) disc diffusion 6���V/���������7)���	
,��,��
����� staphylococci �����,A�0��3�)*
����� W�, coagulase-positive staphylococci +1� coagulase-negative staphylococci 7):��
��.0?��08>0,3�1�
/
�� 11-15 mm 82.8% +1� 87% ��71U���� �U����2�:��:/�7��.7�.0�*U�����)*
��7��_,��,��
����� (MIC) W�,/	�) broth microdilution -�.:�� MIC �,>��0��/
 32d1024 µg/ml LD*

��1.�:),
���:��:/�7��.7�.0�*U�����)*��7��_g������� (MBC)  :�� MIC50 �����������
 2 �1��7������� 64 
µg/ml �0�<��)* MIC90 ��� coagulase-positive +1� coagulase-negative staphylococci ������� 
512 +1� 256 µg/ml ��71U���� ��������	
��
��������D*
��	����	
 4 fractions A�/��:�� MIC �)*
-�.�,>���2/��
 1-64 µg/ml LD*
0.�,�/�� MIC ��
�������2,��6��7�< 4-60 ���� W�,A�/�� 
fraction R5 7)6���	��	9�A�) 0�����0)������	����	
�)*-�.:�� rhodomyrtone �2.:�� MIC �����,A�0��3
��/0�2=��)*������������ 0.5 µg/ml LD*
��1.�:),
���:�� MIC ��
,� vancomycin �U����8D�E�
���	
��
�������W�,/	�) time-kill study A�/����������)*:/�7��.7�.0 4MIC ��7��_�U��2.�U�0/0
�����1�1
�,��
0.�, 3log �7�*���),�������:/�:�7�)*�/1� 6-8 ��*/W7
   �0��������?1��
���
����2,�������0-L73 lipase +1���0-L73 protease A�/���������2,��7)?1�������61)*,0+61

��0-L73 4 +��:�� �U��2.��0-L731�1
 ��0-L73�A	*7�D�0 ��0-L73�61)*,0+61
 2 +�� :�� 1�1

+1��A	*7�D�0�)*:/�7��.7�.0���
��0 +1�-7��61)*,0+61
�����.�
��0-L73 �0�<��)*�������2,��
����������7)6���	��	9�A�0���,��,��
�����.�
 biofilm W�,�������/0�2=�7)+0/W0.7�0�����.�
 
biofilm 1�1
 ���?1���8D�E��)*-�.0)�+��
�2.�2k0/�������������������7)���	
�.�0����� 
staphylococci �)*�)7�� 0�����0)�,�
��7��_1������.�
 biofilm ��
�������/0�2=��)*����� �D

0����7):/�7�6C0-6-�.�0���0U���� rhodomyrtone +1�������������������U����8D�E����-6
�A�*���.�6C0��
�1����0������E�W�:�	��������� staphylococci  
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ABSTRACT 
 

  One hundred and forty nine staphylococci were isolated from acne lesions 
on the faces (90 subjects).  Sixty four isolates were coagulase-positive and 85 isolates 
were coagulase-negative.  Antibiotic susceptibility patterns of the isolates were performed.    
The antibiotic resistance of staphylococci was present in most groups of antibiotics, 
especially, clindamycin, erythromycin, and penicillin.  At least 96.4% of the isolates were 
susceptible to vancomycin and gentamicin.  Preliminary screening of the antibacterial 
property of the extract using disc diffusion method demonstrated antibacterial activity of the 
extract on all test isolates.  The inhibition zones of 82.8% of the coagulase-positive and 
87% coagulase-negative staphylococci were from 11-15 mm. Minimal inhibitory 
concentration (MIC) was determined by broth microdilution method.  The MIC ranges were 
from 32 to 1024 µg/ml with similar values of the minimal bactericidal concentration (MBC). 
MIC50 value for both staphylococci were 64 µg/ml. MIC90 values for coagulase-positive and 
coagulase-negative staphylococci were 512 and 256 µg/ml, respectively.  The MICs of 4 
semi purified fractions were investigated.  The MIC ranges were 1-64 µg/ml which different 
from the MIC of crude extract about 60 folds. Fraction R5 possesses the highest activity.  
Rhodomyrtone, pure compound isolated from this plant species was very effective against 
S. aureus ATCC 25923 and test isolates  with the MIC value at 0.5 µg/ml which is very 
closed to that of vancomycin.  Time-kill curves were assessed.  At 4MIC, the test 
staphylococci was reduced by at least 3log fold from those of the control group within 6-8 
h. The effects of crude extract on lipase and protease were investigated.  After subMIC 
treatment, enzyme production were changed in 4 patterns; reduced, increased, both 
reduced and increased, and no difference.  The extract could inhibit biofilm formation of 
most test staphylococci.  This finding challenges the use of rhodomyrtone and the extract 
from R. tomentosa as an alternative agent for staphylococcal infections. 
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���0���*�
���8D�E� :.0:/.�/	��, +1���),0
/	�,�0	A0�	
�2.�U���k�1�1�/
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  cm  = centimeter 
  CFU  = colony forming unit 
  °C  = degree celcius 
  DMSO  = dimethylsulfoxide 
  g  = gram 
  h  = hour 
   µg  = microgram 
  µl  = microliter 
  mg  = milligram 
  ml  = milliliter 
  mm  =   millimeter 
  NaCl  = sodium chloride 
  %  = percent 
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 8�%  (Rzany and Kahl, 2��6) 

 (Loveckova and Havlikova, 2��2)  

 2 

  255�  12,666  ( , 255�)     

  

   

 Propionibacterium acnes  

 staphylococci   

 (Majeed and Prakash, 2��4)  

   Staphylococcus aureus  Staphylococcus epidermidis 

 (Leeming et al., 1988) 

 S. epidermidis  sebaceous follicle 

 lipase  (Burkhart et al., 1999) 

 S. epidermidis  S. aureus   lipase 

 (Longshaw 

et al., 2���)  P. acnes   (acne lesion)  

S. epidermidis (Higaki, 2��3) 

  

  coagulase-negative staphylococci 

  tetracyclin 87.5%, erythromycin 68.8%,  fusidic acid 56.3%, 

trimethoprim 42.4%, chloramphinicol 25%, clindamycin 9.4 %  gentamycin 4.7%  

 S. epidermidis  8  (Cove et al., 

199�)  9   P. acnes  S. epidermidis 

 P. acne  S. epidermidis   S. epidermidis  3�%

 erythromycin, roxithromycin  clindamycin  

 S. epidermidis    P. acne 



2

 (Nishijima et al., 2���)  coagulase-negative staphylococci  

erythromycin 98%  12   erythromycin gel 2% (Mills et al., 2��2)   

   

  

 9,398   1,329       1,294  

   432   (Purvis et al., 2��6) 

  15-3�%  

 

198�-1997  1996-1998  

5   isotretionin 1.4   (Stern, 2���) 

 

   

 

 Psidium guajava  Juglans regia   S. 

aureus  S. epidermidis  (Qadan et al., 2��5)  Garcinia mangostana 

 S. epidermidis  (Chomnawang et al., 2��5)  

Rosmarinus officinalis, Abies balsamea  Usnea barbata  S. aureus 

 (Pichette et al., 2��6; Celiktas et al., 2��7 ; Weckesser et al., 2��7) 

  B. 

cereus, E. feacalis, L. monocytogenes, S. flexneri, S. aureus, S. mutans  S. pyogenes 

 (Voravuthikunchai et al., 2��7)  

S. aureus  S. epidermidis 
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1.   

      

       

8�%  (Rzany and Kahl, 2��6) 

 16-17   17-18  

   2�% 

 (Shalita, 2��4)  (Loveckova and 

Havlikova, 2��2)  

  2     (non inflammatory acne)  

 (inflammatory acne) (Brook et al., 1995)  

  (non inflammatory acne)   2    

1.   (closed or white head comedones) 

   1-3 mm    

   75   

2.   (open or black head comedones) 

     1-3 mm 

   

  (inflammatory acne)  2   

1.  Papules   

     

 5�%  25%   25% 

2.  Pustules 

       

  

3.  Nodules 

     8 mm   

 

4.  Cyst 

  

   

 (Oakley, 2��5)  

1.  Mild acne   papulopustular   2  

2.  Moderate acne   nodules   



4

3.  Severe acne   papules, pustules  nodules   

 

  

 4    

-    (Cunliffe, 198�) 

1.   

    androgen  

(sebum)   

 (Federman and Kirsner, 

2���)  

2.   

 microcomedone 

 (Federman and Kirsner, 2���) 

 (white head) 

  (black 

head) 

3.   

   2 species  S. epidermidis  P. 

acnes (Cunliffe, 198�) P. acnes  

lipase  chemotactic factors  (Dréno and Khammari, 

2��4)  

4.   

  P. acnes    host  

 lipase, protease, hyaluronidase  phosphatase (Bruggemann et al., 2��4) lipase 

  chemotactic factors  neutrophils, lymphocytes 

 macrophages (Burkhart et al., 1999)    (inflammatory 

mediators)   lysosomal enzymes, reactive oxygen species  pro-inflammatory 

cytokine  interleukin-8  tumor necrosis factor-alpha (Jain and Basal, 2��3)  

staphylococci      

 (Majeed and Prakash, 2��4)  
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2.    

  staphylococci    (irregular 

grapelike cluster)   

 

    

  
  Genus Staphylococcus  3� species 

 3 species  S. aureus, S. epidermidis  S. saprophyticus   

S. aureus  coagulase  (coagulase- positive) 

 species  S. aureus    

  coagulase  (coagulase- negative) 

  coagulase-negative staphylococci 

 S. epidermidis  75% (Brooks et al., 1995) 
    2.1  Staphylococcus aureus 

  

S. aureus  Family Staphylococcaceae   

   1 µm   (irregular grapelike cluster) 

     

   37OC  pH 7-7.5   Aw 

 �.99  NaCl 7-1�% 

 (facultative anaerobe)  catalase, coagulase  thermostable nuclease 

  mannitol (Brooks et al., 1995; MacFaddin, 2���) 

 S. 

aureus  3�-4�%  

 S. aureus 

        (Schlievert and 

Peterson, 2��7) 

  

  S. aureus     alpha, 

beta, gamma  delta toxin  cell membrane  host 

   leucocidin  phagocytes, clumping factor coagulase  hyaluronidase 

 lipase 

  protease 

 (Archer, 1998)  exotoxin   toxic shock 
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syndrome (TSS), staphylococccal scaled skin syndrome (SSSS)  staphylococccal food 

poisoning (SFP) (Schlievert and Peterson, 2��7)  

   

     

 (Forbes et al., 2��2)  

   2.2  Staphylococcus epidermidis 

  

S. epidermidis  Family Staphylococcaceae   

  1 µm   

  (MacFaddin, 2���)  sheep blood agar 5% 

   

catalase   coagulase   mannitol   S. 

epidermidis  (normal microbiota)  

 (Forbes et al., 2��2)  

 

  S. epidermidis   coagulase-negative staphylococci 

 host  

      extracellular 

polysaccharide  biofilm  host cell 

 (Venkatesh et al., 2��6)  hemolysin, lipase, protease  

toxin (Koneman et al., 1997)  

    

 S. epidermidis 

   

    (Oleksy et al., 

2��4 and Schlievert and Peterson, 2��7) 

 

 (Forbes et al., 2��2)  
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3.  Virulence factors  S.aureus  S. epidermidis  

     3.1  Biofilm 

   

suspension  biofilm (Sutherland, 2��1) biofilm 

  extracellular 

polysaccharide   

   (Burkhart and Burkhart, 2��3) 

 biofilm    

biofilm  (Donlan, 2��2)  biofilm  2   

  

   (Burkhart and Burkhart, 

2��3)  biofilm  2  1.   2. 

 extracellular matrix (Yarwood et al., 2��4) 

  van der Waal s, hydrophobicity 

interactions  polarity (Eiff et al., 2��2; Veenstra et al., 1996) 

 surface-assiciated proteins (staphylococcal surface proteins; SSP-1, SSP-2)  

biofilm-associated protein (Bap) (Cucarella et al., 2��1)  polysaccharide 

 polysaccharide/adhesin (PS/A)  

 multilayered cell clusters 

 polysaccharide intracellular adhesin (PIA), accumulation-associated 

protein (AAP)  polysaccharide/adhesin (PS/A) (Eiff et al., 2��2) 

 biofilm   S. aureus   4   

1.  fibrin fibers  2.  fibrin net  3.   4. 

 extracellular polymeric substance (Katsuyama et al., 2��5)  biofilm 

matrix 

   

biofilm (Burkhart and Burkhart, 2��3)   P. acnes   extracellular products 

 hyaluronidase,  protease,  lipase   chemotactic factors  neutrophils, 

lymphocytes  macrophages 

  

 (Burkhart and Burkhart, 2��3) extracellular polysaccharide 

  

 host   

 biofilm  (Donlan, 2��2)  

 biofilm 
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 5�-5��  (Mah and O'Toole, 2��1)  biofilm 

 cell suspension 1���  (Stewart and Costerton, 2��1) 

 Staphylococcus spp.  P. acnes  biofilm  

polymethylmethacrylate bone cement  P. acnes  

cefamandole, ciprofloxacin  vancomycin  Staphylococcus spp. 1�   

gentamicin and cefamandole   8  1�  vancomycin (Ramage et al., 

2��3) P. acnes    

biofilm matrix  (Burkhart and 

Burkhart, 2��3)   

   polysaccharide intracellular adhesion  biofilm   

S. epidermidis   alcohols  

 alcohol 3   ethanol,  n-propanol   isopropanol   

biofilm  S. epidermidis   37   18   biofilm 

  alcohol   

 (Knobloch et al., 2��2)  biofilm  

Staphylococcus spp.    

(Rachid et al., 2���)  

 allicin  subMIC  biofilm  S. 

epidermidis    1/2MIC  biofilm 

 (Perez-Giraldo et al., 2��3)  PolytoxinolTM   

 Eucalyptus globulus, Melaleuca alternifolia, Thymus sp., Syzygium 

aromaticum  citrus, butylated hydroxytoluene, triclosan  95% ethanol 

 biofilm  coagulase-negative staphylococci (Al-Shuneigat et al, 2��5) 

 3′-5′-cyclic dyguanalic acid  S. aureus  5�% 

 (Karaolis et al., 2��5)  farnesol  S. aureus 

 methicillin  methicillin  

biofilm  S. aureus   farnesol 1�� µM  gentamicin 2.5 MIC 

 2log (Jabra-Rizk et al., 2��6)  

tea tree oil  S. aureus (MRSA   MSSA)  coagulase-negative staphylococci  

biofilm  tea tree oil 5%  1  biofilm  MRSA  

MSSA   biofilm  coagulase-negative staphylococci  5 

  9  (Brady et al., 2��6)  

biofilm  S. aureus  S. epidermidis   oxacillin, vancomycin  linezolid 

 salvipisone  diterpenoid  Salvia sclarea 

 biofilm  S. aureus  S. epidermidis  (Kuzma et al., 2��7)  

sodium metabisulfite  planktonic  biofilm staphylococci  S. 
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aureus, S. lugdunensis  S. epidermidis  512, 512,  1,�24 µg/ml 

   72� µl/ml  biofilm  (Frank and Patel, 

2��7)  oregano, carvacrol,  thymol  subMIC 

  biofilm  S. aureus 6   S. epidermidis 6  

 biofilm  (Nostro et al., 2��7)  

    3.2   

   staphylococci  

 

 staphylococci  

  

      2 

  1.   catalase, coagulase, lipase, protease, 

hyaluronidase  β-lactamase  2.   lysostaphin, 

nuclease  phosphatase (Vijaykumar, 2��1) staphylococci  

  3   lipase, esterase  phosphatidase  

staphylococci   (Vijaykumar, 2��1) 

 S. aureus  protease 3   serine protease, cysteine protease  

metaloprotease    host  (Dubin, 

2��2)  protease 

 (Projan 

and Novick, 1997)   staphylococci   

 (Majeed and Prakash, 2��4) 

 

 (Higaki, 2��3)  

 S. epidermidis, S. aureus  P. acnes 

 (kampo) 1�   S. aureus  S. epidermidis   kampo  1�  

 MIC  25-4�� mg/ml  P. acnes  kampo 1   keigai-rengyo-to 

 MIC  �.78-25 mg/ml (Higaki et al., 1997) 

 lipase  shiunko  P. acnes   shiunko  Kampo 

  Lithospermi radix, Angelicae radix, Oleum sesami, Cera flava  Ades suillus  

   shiunko  

�.�1%  �.1%  lipase  8%  14%  

(Higaki et al., 1998)  Helichrysum italicum 

 S. aureus 2�  

  coagulase, DNAse, thermonuclease  lipase  

1/2  1/4 MIC (Nostro et al., 2��1a)   Nepeta 



1�

cataria  S.aureus 44   

DNAse, thermonuclease  lipase  ATCC  

1/2  1/4 MIC (Nostro et al., 2��1b) Edwards-Jones and Foster (2��2)  silver 

sulphadiazine  protease  S. aureus 2 

 24   

protease  S. aureus  NCTC 6571   tea three oil  

�.�16%  �.�31%  protease   24   8 

  (Hammer et al., 2��5)   glycyrrhizic acid, 

digitonin, catechin  kaempferol  lipase  P. acnes   catechin and 

kaempferol   lipase  (Falcocchio et al., 2��6) 

 propolis  1/2MIC  1/4MIC  coagulase 

 lipase  S. aureus, S epidermidis, S. homonis  S. warnerii 

 1/2MIC  lipase  17-5�% 

 (Scazzocchio, 2��6)  

 

4.   ( , 2548) 

     1.   

        1.1  Comedolytic group  

              1.1.1  Retinoic acid  

                      1.1.1.1  Tretinoin     �.�25%, �.�5%  �.1% 

 comedone  comedone    P. acnes 

  3-4   

  

     

  3-4  

 

                      1.1.1.2  Isotretionin   �.�5%   

    

  

                        1.1.1.3 Adapalene  synthetic retinoids   

tretinoin   

               1.1.2  Salicylic acid   5-

1� %  comedone    retinoic acid  
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         1.2   

               1.2.1  Erythromycin solution 2-4%    P. acnes  

    5�-

6� -   8-12  

               1.2.2  Clindamycin solution 1%    erythromycin solution 2-4% 

               1.2.3  Erythromycin-zinc complex (erythromycin 4%  zinc acetate 1-2%   

 P. acnes    erythromycin 2%   

tetracycline  5�� /    zinc  erythromycin  

 

                1.2.4  Benzoyl peroxide (BP) 2.5%,  5%,   1�%    

 P. acnes        

  

     2.   

          2.1      P. acnes   

     

                 2.1.1 Tetracycline 1-2  /   2-4     3�-6�    

 3-4     

 

                  2.2.2 Erythromycin  tetracycline  

  tetracycline   erythromycin  1-2 /

 2-4  

                  2.2.3 Co-trimoxazole   tetracycline 

 erythromycin   4    4-6  

           2.2   Retinoid 

Isotetrionin  

   corneum   

   P. acnes   

 

5.   Staphylococci 

 coagulase-negative staphylococci 

  tetracyclin 87.5%, erythromycin 68.8%, fusidic acid 56.3%, 

trimethoprim 42.4%, chloramphinicol 25%, clindamycin 9.4 %  gentamycin 4.7% 

  S. epidermidis  8  

(Cove et al., 199�)  coagulase-negative 

staphylococci  erythromycin   benzoyl peroxide 

 16   erythromycin  12  S. 
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epidermidis  erythromycin  clindamycin and tetracycline 

 benzoyl peroxide   benzoyl peroxide  erythromycin 

 

erythromycin  (Harkaway et al., 1992)  

S. aureus  63   osteomyelitis 95   furunculosis 53  

 57   S. aureus  penicillin 91.5%, amplicillin 86%, 

tetracycline 73%  doxycycline 53.1% (Ekiel et al., 1995) 

 tetracycline  S. epidermidis   

tetracycline 87.5%  minocycline 3�%  P. acnes  tetracycline 7% 

 minocycline (Noyon et al., 1998)  P. acnes  S. 

epidermidis  3�    7   ampicillin, erythromycin, 

roxithromycin, clindamycin, tetracycline, minocycline  nadifloxacin  P. acnes 

 S. epidermidis  S. epidermidis  3�%  erythromycin, 

roxithromycin  clindamycin     S. epidermidis 

  P. acnes   

 P. acnes  S. epidermidis 

 (Nishijima et al., 2���)  coagulase-negative staphylococci 

 erythromycin 98%  12  erythromycin gel 2% (Mills et 

al., 2��2)  erythromycin 

 4�   S. epidermidis  erythromycin 

95%  P. acnes  erythromycin 52% (Dreno and Poli, 2��3) 

 S. aureus  (atopic dermatitis) 1�� 

  erythromycin 18%,  roxithromycin 19%, amoxicillin 13%  

clindamycin 1%  amoxicillin/clavulanic acid, Cefadroxil  

cefuroxim (Hoeger, 2��4)  

  S. aureus 127 

 erythromycin  azithromycin  2  

29.1%  22%   vancomycin  linezolid 

 staphylococci (Poiata et al., 2��6)  

S. aureus 129 isolates  coagulase-negative staphylococci 58 isolates   

oxacillin 71.1%  erythromycin 47.1% (Arslan and Ozkardes, 2��7) 

 cagulase-negative staphylococci 2��   

S. epidermidis 87    methicillin 67.5%   

gentamicin 9�%, erythromycin 8�%, clindamycin 72%, trimethoprim-sulfamethoxazole 68%, 

ciprofloxacin 67%, tetracycline 6�%, chloramphenicol 56%  fusidic acid 25% (Koksal et 

al., 2��7)  S. aureus  S. epidermidis  S. 
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aureus  vancomycin 8�.5 %, methicillin 68.�%, erythromycin 55.6%, novobiocin, 

54.1%  bacitracin 25.�%  S. epidermidis  methicillin 84.8%, vancomycin 

81.2%, novobiocin 63.6%, erythromycin 42.4%  bacitracin 27.8% (Bashir et al., 2��7) 

 clindamycin, gentamicin, trimethoprim 

sulfamethoxazole, erythromycin, vancomycin, ciprofloxacin, tetracycline, chloramphenicol 

  nitrofurantoin  S. aureus, MRSA 18   MSSA 62   

 S. aureus  MRSA  MSSA   MRSA 

 vancomycin   MSSA 

 Brown and Ngeno (2��7)  S. aureus 

 298   MRSA  MSSA 77%  69.9% 

 erythromycin 77%  74.8%  clindamycin 1��%  97.1%  minocycline 

 1��%  98.1%  rifampin  (Ho et al., 2��8)  MRSA 

  tetracycline, trimethoprim-

sulfamethoxazole  erythromycin   rifampicin, fusidic 

acid, gentamicin  ciprofloxacin   

glycopeptides (Randrianirina et al., 2��7)   S. 

aureus   gentamicin 5�.�%, erythromycin 4�.�% 

 streptomycin 3�.�%  cloxacillin, penicillin, ampicillin  tetracycline (Obiazi 

et al., 2��7) 

 

6.   

  : Rhodomyrtus tomentosa (Ait.) Hassk  

   : Myrtaceae 

 ( )  :    

 ( ) : downy myrtle, downy rose myrtle, rose myrtle,  

hill gooseberry, hill guava, isenbery bush, ceylon hill 

   :     

 : 

     2-3 m  

   (elliptic-oval)  5-8 cm 

 1.5-4 cm     

  1   2   5 mm 

 

    

  5    5  
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  1.5-2 cm    

    2-3 cm 

     9-1� mm    

    

     (  

 , 2548) 

   

   

 4.�-1�.�  5.8  (Winotai et al., 2��5) 

 (frost)   -7 °C 

    

   

 

 (principal or noxious 

weed)  2��1 

 2��2  ,  

  (Winotai et al., 2��5)  

 

 

 

 

 

 

 

 

 

 

 

   1    
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    triterpenoids 

 steroids  lupeol, beta-amyrin, beta-amyrenonol, betulin, friedelin, alpha-amyrin 

 taraxerol (Hui et al., 1975)   triterpenoids  2  hopenediol 

 oleananolides (Hui and Li, 1976)  tomentosin 

 tannins (Liu et al., 1997)      tannins 

 4   pedunculangin, casuariin, castalagin  tomentosin (Liu et al., 1998) 

 flavone glycosides  ellagitannin  (Hou et al., 1999) 

 rhodomyrtone  

acylphloroglucinols (Salni et al., 2��2)   

   

 rhodomyrtone   E. coli  S. aureus (Salni et al., 2��2) 

  B. 

cereus, E. feacalis, L. monocytogenes, S. flexneri, S. aureus, S. mutans  S. pyogenes 

 (Voravuthikunchai et al., 2��7)  S. pyogenes 

     

    MIC  MBC  �.�15-�.�62  �.125-1.� 

mg/ml   MIC  MBC  1.� mg/ml (

, 255�)    

 acylphloroglucinols  

hyperforin  Hypericum perforatum  MRSA, MSSA  

S. aureus ATCC 25923  MIC  �.1-1 µg/ml (Schempp et al., 1999; 

Reichling et al., 2��1)  myrtucommulone   semi myrtucommulone  

 Myrtus communis  staphylococci  MIC  S. aureus 

ATCC 25923  2  64 µg/ml  (Appendino et al., 2��2)  

acylphloroglucinols Hypericum foliosum  S. aureus 

 MIC  16-32 µg/ml (Gibbons et al., 2��5)  

 

7.   

   1�  6   

  S. aureus, Salmonella choleraesuis, Pseudomonas 

aeruginosa, Bacillus subtilis, Candida albicans, Proteus spp,  Klebsiella pneumoniae,  

Shigella spp., Enterobacter aerogenes  E. coli  Caryophyllus 

aromaticus  Syzygyum joabolanum 

 64.2%  57.1%   83.3%  MIC 

 1�-4�� mg/ml (Nascimento et al., 2���) 

 Syzygium jambos  S. aureus, Yersinia 
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enterocolitica, Staphylococcus hominis, Staphylococcus cohnii  Staphylococcus warneri 

  MIC  5��-1���, 25�-1���, 8-25�, 25�  8-1��� µg/ml  (Djipa 

et al., 2���)  Hypericum perforatum  MRSA  MIC 

 1.3-2.5 mg/ml (Reichling et al., 2��1)  

Eucalyptus 26 species   flavonoid  Eucalyptus maculate    E. 

globulus, E. maculata  E. viminalis   6   S. 

aureus , MRSA, Bacillus cereus, Enterococcus faecalis, Alicyclobacillus acidoterrestris  

P. acnes  Trichophyton mentagrophytes   MIC  3.9-6.3 mg/l  

 E. coli  Pseudomonas putida  2′,6′-dihydroxy-3′-
methyl-4′-methoxy-dihydrochalcone, eucalyptin  8-desmethyl-eucalyptin 

 E. maculata  7  MIC  1-31 mg/l (Takahashi 

et al., 2��4)  Syzygium aromaticum  MIC  781 µg/ml 

 MRSA (Abu-Shanab et al., 2��4)  

Eucalyptus camaldulensis  Terminalia catappa  B. subtilis, E. coli, P. aeruginosa, S. 

typhi  S. aureus ATCC 1�32�7   2 

 B. subtilis  S. aureus ATCC 1�32�7  

 MIC  1.25-5 µg/ml (Babayi et al., 2004) 

 19    P. acnes  S. epidermidis  disc diffusion 

 13   P. acnes  Senna alata,  Eupatorium 

odoratum, Garcinia mangostana  Barleria lupulinp   broth 

dilution   G. mangostana  MIC  MBC  P. acnes  S. 

epidermidis  �.�39  �.156 mg/ml (Chomnawang et al., 2��5) 

 Psidium guajava  Juglans regia  

disc diffusion method   P. acnes, S. aureus  S. epidermidis 

 15.8-17.6 mm 11.3-15.7 mm  12.9-15.5 mm  (Qadan et al., 2��5) 

 7   Cymbopogon nardus,  Cymbopogon 

citratus,  Citrus hystrix,  Ocimum sanctum, Ocimum basilicum, Zingiber cassumunar    

Zingiber officinale    C. nardus   P. acnes   MIC 

 �.��5-�.3 µl/ml  MBC  �.6-1.2  µl/ml   MIC  MBC  C. 

citratus  �.6 µl/ml  MIC  MBC  C. hystrix   5.� µl/ml 

(Lertsatitthanakorn et al., 2��6)  Abies 

balsamea  E. coli  S. aureus  E. Coli   S. 

aureus   MIC  56 µg/ml  GC-

MS  monoterpenes  96%  sesquiterpenes  beta-pinene 

29.9%, delta-3-carene 19.6%  alpha-pinene 14.6%  S. 

aureus  MIC  13.6 µg/ml, 5.1 µg/ml  2.6 µg/ml  (Pichette et al., 
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2��6)  E. globulus  S. aureus 56  

S. pyogenes 25  S. pneumoniae 12   MIC5�  64 

32  16 µg/ml   MIC9�  128 64  32 µg/ml  (Salari et 

al., 2��6)  Rosmarinus officinalis  methanol  S. aureus,  

P. vulgaris, P. aeruginosa, K. pneumoniae, Enterococcus feacalis, E. coli, S. epidermidis,  

B. subtilis and C. albicans  S. epidermidis  S. aureus   MIC 

 MBC  1�-2� mg/ml (Celiktas et al., 2��7)  6 

  Gentiana lutea, Harpagophytum procumbens, Boswellia serrat, Usnea barbata,   

R. officinalis  Salvia officinalis    usnic acid, carnosol, carnosic acid, 

ursolic acid, oleanolic acid, harpagoside, boswellic acid  gentiopicroside 

 ( ) 

 U. barbata  usnic acid 

  S. aureus, P. acnes, Corynebacterium 

spp.  M. furfur (Weckesser et al., 2��7) 

 Pneumatopteris afra, Platycerium bifurcatum  Nephrolepsis bisserata 

 E. coli, S. aureus, Klebsiella spp.  Salmomelia typhi  MIC  25-1�� 

µg/ml  MIC  P. afra, P. bifurcatum  N. bisserata  S. aureus  12.5 12.5 

 5� µg/ml   (Ojo et al., 2��7) 

 Cordia boissieri  S. aureus   MIC 

 25� µg/ml (Molina-Salinas et al., 2��7)  Callistemon rigidus 

 S. sureus  27   MIC  1.25-8� µg/ml  MIC5� 

 MIC9�  5  4� µg/ml  (Gomber and Saxsena, 2��7)  
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 1.  coagulase-positive  coagulase-negative 

staphylococci  disc diffusion  

2.   coagulase-

positive  coagulase-negative staphylococci  disc diffusion 

3.  

 coagulase-positive  coagulase-negative staphylococci  

 4.   time-kill study 

5.    biofilm  

coagulase-positive  coagulase-negative staphylococci  



19

 2 

 

   

 

 

 1.   

      1.1   staphylococci   

        1.1.1   coagulase-positive staphylococci  

        1.1.2   coagulase-negative staphylococci  

        1.1.3  Staphylococcus epidermidis PSSCMI �142 

       1.2   Staphylococcus aureus  

ATCC 25923  

  1.1.3  1.2    

   

 2.   

     2.1   (Oxoid) 

       2.1.1  Ciprofloxacin  3� µg 

  2.1.2  Clindamycin  2 µg 

  2.1.3  Erythromycin  15 µg 

  2.1.4  Gentamicin  1� µg 

  2.1.5  Penicillin  1 µg 

  2.1.6  Oxacillin  1� µg 

  2.1.7  Teicoplanin  3� µg 

  2.1.8  Tetracycline  3� µg 

  2.1.9  Trimethoprim-sulfamethoxazole 1.25/23.75 µg    

  2.1.1� Vancomycin  3� µg 

     2.2          

  2.2.1  Clindamycin 

  2.2.2  Erythromycin 

  2.2.3  Penicillin 

  2.2.4  Vancomycin 

  



2�

 3.   

     3.1  Mannitol Salt Agar (MSA) (Merck)    

     3.2  Mueller-Hinton Agar (MHA) (Difco)  

     3.3  Mueller-Hinton Broth (MHB) (Difco) 

     3.4  Nutrient Agar (NA) (Difco) 

     3.5 Tryptic Soy Agar (TSA) (Difco) 

     3.6  Tryptic Soy Broth (TSB) (Difco)   

 4.   

     4.1  Dimethylsulfoxide (Sigma) 

     4.2 95% Ethanol (Merck) 

     4.3  Hydrogen peroxide (BDH) 

     4.4 Sodium chloride (Merck) 

 

 

 1.  Autoclave (Tomy, ES 315)    

 2.  Balance (Sartorius, BP 21�S)   

 3.  Beaker (Pyrex) 

 4.  Duran bottle (Duran) 

 5.  Filter paper disc  6 mm (Whatman) 

 6.  Hot air oven (Binder, T41�34�)  

 7.  Hot plate stirrer (Lab. Companion, HP 3���) 

 8.  Incubator (Heraeus, B 51��E) 

 9.  Laminar air flow cabinet (Gelman, BH 143AS) 

 1�.  Light microscope (Olympus, CX31RBSFA) 

 11.  Micropipette  1-1� µl, 2-2� µl, 2�-2�� µl,  1��-1��� µl (Eppendorf) 

 12.  Microtiter plate  96 wells (Corning) 

 13.  Multichannel micropipette  2�-2�� µl (Finnpipette) 

 14.  Petri dish (Anumbra) 

 15.  Refrigerator (Sanyo) 

 16.  Test tube (Pyrex) 

 17.  Vernier caliper (Whale) 

 18.  Vortex mixer (Vortex Genie 2, G 56�E) 

 19.  Water bath (Julabo, TW 2�)       



21

 

 

1.    

      9�   3  

   

 18-44   18   72   cotton swab 

  swab  mannitol salt agar (MSA)  

37°C  24-48     

 subculture   MSA  37OC 24  

 streak  tryptic soy agar (TSA)  37OC  24 

   

 

2.   ( Holt et al., 1994) 

            

mannitol fermentation     

  catalase    coagulase 

 coagulase-positive  coagulase-negative 

 

3.   

     5�°C  4-5     

 95%  1:2   7  

 rotary evaporator  45°C 

 4°C    

 

  % YIELD  =   x  1�� 

          

 

4.   (Semi-purified fraction)  

 (Pure compound) 

     3   

 rotary evaporator  4�-6�°C  

 

 (column chromatography)  

1��%  1�-1��%  

 1��%  (mobile phase) 
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 (thin layer chromatography; TLC)  

(stationary phase) 

  (bioassay-guided 

fractionation)  (semi-purified fraction) /

 (pure compound)  1 (extensive 1)  2   

 (2D NMR spectroscopy)   (mass spectroscopy) 

 

 . .      

      

      

5.  

 Disc diffusion method (CLSI, 2006a) 

    5.1   

           TSA  37°C  24  

  3-5   Mueller-Hinton Broth (MHB) 

 37°C  3-5   McFarland 

no. �.5  �.85% NaCl (  1.5 x 1�8 CFU/ml) 

    5.2   

            dimethyl sulfoxide (DMSO)  25� mg/ml 

 1� µl  disc   

     5.3   

            5.1  cotton swab  Mueller-Hinton Agar 

(MHA) 3   6�o  ciprofloxacin, clindamycin, erythromycin, 

gentamicin, penicillin, oxacillin, teicoplanin, tetracycline, trimethoprim-sulfamrthoxazole  

vancomycin  15-2� mm 

 15 mm  37°C  16-18  

  S. aureus ATCC 25923  quality 

control 
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     5.4   

            (inhibition zone)  vernier caliper 

 CLSI  3 

  

Susceptible    (S)   

Intermediate  (I)  

Resistant    (R)  

     one-way ANOVA 

(P<�.�5)  

 

6.   Minimum Inhibitory Concentration (MIC)  Minimum 

Bactericidal Concentration (MBC)  broth microdilution (CLSI, 2006b) 

     6.1   

              TSA  37°C  24 

   3-5   MHB  37°C   

3-5   McFarland no. �.5  �.85% 

NaCl   1.� x 1�6 CFU/ml   MHB 

     6.2   

           1�  

(1�24 µg/ml)  DMSO  

     6.3   MIC 

   1�24-2 µg/ml  microtiter plate  

96  2� µl  MHB  microtiter plate  8� µl  

 6.1   1�� µl   37°C  16-2�  

            

 MIC 

     6.4   MBC  

            MIC 

 MHA    37°C   18-24  

            

 MBC  

   MIC  MBC  4   clindamycin, 

erythromycin, penicillin  vancomycin   MIC  MBC 
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   MIC5�  MIC9�   MIC5� 

 5�%   MIC9� 

 9�%  

       

7.   

Time-Kill Study (Lorian, 1996) 

     7.1   

            TSA  37°C  24 

    3-5   MHB  37°C  3-

5   McFarland no. �.5  �.85% 

NaCl  1.� x 1�6 CFU/ml   MHB 

     7.2  1� 

 (1/2 MIC, MIC, 2 MIC  4 MIC)  

     7.3   

             �.5 ml  7.2  TSB  2 ml  

7.1  2.5 ml  37°C    �, 2, 4, 6, 8, 12 ,16,2�  

24   dilution  dilution  spread  

TSA  37°C   24  

           3�-3��   log 

    

 

8.   Lipase  Protease  Staphylococci 

      TSA  37°C  24  

   Nutrient Agar (NA)   tributyrin 

1%  casein 2%   lipase  protease  

 lipase    protease 
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9.   Lipase  Protease 

 Staphylococci (  Nostro et al., 2001) 

    9.1   

           (  8)  

TSA  37°C  24     3-5   

TSB  37°C  3-5   

McFarland no. �.5   �.85% NaCl  2.� x 1�6   CFU/ml   

TSB 

    9.2   

           1�  

(1/2MIC, 1/4 MIC  1/8MIC) 

    9.3   lipase 

           9.2  2 ml   NA 18 ml  tributyrin 1% 

 9.1  5 µl  37°C 72   

           

  (degree of hydrolysis)  

 

 

     9.4   protease  

            9.2   2 ml   NA  18 ml  casein 2%  

 9.1  5 µl    37°C  24  

            

   degree of hydrolysis 

     degree of hydrolysis  degree of hydrolysis 

 (1% DMSO)  (

)   
 

 Degree of hydrolysis  - Degree of hydrolysis  x 1�� 

   Degree of hydrolysis  
 

  ≤ 5�%  (Partial 

differentiation)   > 5�%  (Total 

differentiation)  
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10.   Biofilm  Staphylococci (  

Karaolis et al., 2005) 

        TSA  37°C  24   

 3-5   TSB  glucose �.25%  37°C  18-24   

 McFarland no. �.5  1.� x 1�6   

CFU/ml  TSB  glucose �.25%  microtiter plate 1�� µl  TSB 

 glucose �.25% 1�� µl  37°C  24   phosphate 

buffered saline (PBS)  2�� µl 2   microtiter plate 

  1   biofilm  �.1% crystal violet 2�� 

µl  3�   1 .  DMSO  2�� 

µl   (Optical Density - OD)  57� nm  3   

 TSB  glucose �.25%  negative control     

           biofilm 

 (adherent capability) 

 (OD)  negative control (ODC)   4   

   

  1. OD < ODC    (non-adherent)   

  2. ODC< OD < 2ODC    (weakly adherent) 

  3. 2ODC< OD < 4ODC   (moderately adherent) 

  4. 4ODC< OD    (strongly adherent) 

 

11.   Biofilm  

Staphylococci (  Karaolis et al., 2005) 

       11.1   

               biofilm  coagulase-positive  

coagulase-negative staphylococci  1�  S. aureus ATCC 25923   

S. epidermidis PSSCMI �142  TSA  37°C  24   

3-5   TSB  glucose �.25%  37°C  18-24  

 McFarland no. �.5  1.� x 1�6   CFU/ml   

TSB  glucose �.25%  

      11.2   

                1�  

(1/2 MIC, 1/4 MIC, 1/8 MIC 1/16 MIC)  
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       11.3   biofilm  

                11.2  microtiter plate 2� µl  TSB 

 8� µl  glucose �.25%  11.1  1�� µl  37°C  

24   phosphate buffered saline (PBS)  2�� µl 2   microtiter plate 

  1   biofilm 

 �.1% crystal violet 2�� µl  3�   1 

  DMSO  2�� µl   57� nm 

 3    1% DMSO       

 biofilm 

 one-way ANOVA (P<�.�5)
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 3 

 

 

 

1.   

      9�   3  

  

   mannitol fermentation, catalase,  coagulase 

 staphylococci  coagulase-positive staphylococci 64  (isolates)  

coagulase-negative staphylococci 85  

 

2.   

      95%  1:2 

  7%    

 

3.   Disc Diffusion  

      2 

 staphylococci  2   coagulase-

positive staphylococci  2A  gentamicin 1��% 

 teicoplanin  vancomycin  1��%  ciprofloxacin, oxacillin 

 trimethoprim-sulfamethoxazole  8�%  coagulase-negative 

staphylococci (  2B)  3  vancomycin 1��% 

  gentamicin 1��% 

 gentamicin 96.4%  ciprofloxacin, oxacillin, 

teicoplanin  trimethoprim-sulfamethoxazole  9�%  7�%  

tetracycline    clindamycin, erythromycin  penicillin 

   clindamycin  erythromycin 

 (p< �.�5)  
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 2   coagulase-positive staphylococci (A)  

coagulase-negative staphylococci (B)  ( )

 ( )  ( )   * 

 (p<�.�5)    
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3�

4.   Disc 

Diffusion     

      disc  2.5 mg/disc 

 1  

 inhibition zone  coagulase-positive staphylococci  coagulase-

negative staphylococci  11-15 mm  82.8%  87%   

inhibition zone  12.1 ± 1.8�  14 ± 1.67   

 S. aureus ATCC 25923  inhibition zone  11 mm  S. 

epidermidis PSSCMI �142  21 mm    

 

 

 1   Coagulase-

positive  Coagulase-negative Staphylococci 

      

     (%) 

  (mm)        Coagulase-positive (n=64) Coagulase-negative (n=85)   

    

≤ 1�    14.1         1.2  

11-15    82.8     87.� 

16-2�      3.1      11.8  
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5.   Minimum Inhibitory Concentration (MIC)  Minimum 

Bactericidal Concentration (MBC)  broth 

microdilution 

     5.1   

            MIC  4  clindamycin, erythromycin, penicillin  

vancomycin  staphylococci  2  MIC5�  

clindamycin  coagulase-positive staphylococci  coagulase-negative staphylococci 

 32  512 µg/ml   MIC5�  erythromycin  64  128 µg/ml  

 MIC9�  clindamycin  erythromycin  staphylococci  2   

1�24 µg/ml   penicillin  MIC5�  MIC9�  coagulase-positive 

staphylococci  �.5  16 µg/ml  coagulase-negative staphylococci  

MIC5�  MIC9�  1  8 µg/ml   MIC5�  MIC9�  vancomycin 

 coagulase-positive staphylococci  1 µg/ml  MIC5�  MIC9� 

 coagulase-negative staphylococci  1  2 µg/ml  

 MIC5�  MIC9�  vancomycin  MIC breakpoint  MIC5�  

MIC9�  clindamycin, erythromycin  penicillin  MIC breakpoint    MIC 

 clindamycin, erythromycin, penicillin  vancomycin  S. aureus ATCC 25923 

 8 µg/ml, 2 µg/ml, �.12 µg/ml  �.5 µg/ml    

     5.2   

            MIC  2  MIC  32 1�24 µg/ml 

 MIC5�  MIC9�  coagulase-positive staphylococci  64  512 µg/ml 

   coagulase-negative staphylococci  MIC5�  MIC9�  64 

 256 µg/ml    MIC  S. aureus ATCC 25923  S. 

epidermidis PSSCMI �142  32 µg/ml   

     5.3   

            2� fractions  rhodomyrtone 

 4 fractions  R4, R5, R6  R7 (

 S. pyogenes)  rhodomyrtone 

 coagulase-positive staphylococci 2   NPRC 3�2  NPRC 348    

coagulase-negative staphylococci 2   NPRC 5�2  NPRC 58�  

4  MIC  S. aureus 

ATCC 25923  S. epidermidis PSSCMI �142 MIC  MBC  3 

 MIC  MBC  R4-R7  NPRC 3�2, NPRC 5�2, NPRC 58�, S. 

aureus ATCC 25923  S. epidermidis PSSCMI �142  1-8 µg/ml  
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 MIC  MBC  NPRC 348  8->128 µg/ml  

rhodomyrtone  MIC  MBC  NPRC 3�2 NPRC 5�2 S. aureus ATCC 25923  

S. epidermidis PSSCMI �142  �.5 µg/ml  MIC  MBC  NPRC 348 

 NPRC 58�  8 µg/ml  1 µg/ml  

 

6.   time-kill study 

      coagulase-positive staphylococci  

coagulase-negative staphylococci  time-kill study 

 2  (  3   4) 

 coagulase-positive staphylococci (  3) 

 MIC  

 4MIC  3log 

 6-8   NPRC 3�4   4MIC 

 S. aureus ATCC 25923  NPRC 3�8  348 

 6   NPRC 3�2, NPRC 3�4, NPRC, 345  S. aureus 

ATCC 25923  16  

      coagulase-negative staphylococci  4   

 MIC  coagulase-

positive staphylococci   2MIC 

 3log  6-8   8 

 12   NPRC 5�3  S. epidermidis PSSCMI �142  

 NPRC 5�2  NPRC 58�  2�  
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 3 Time-kill curves  coagulase-positive staphylococci  Staphylococcus aureus 

ATCC 25923  (○)  1/2MIC (●),  MIC 

( ), 2MIC (▲) and 4MIC ( )     
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 4  Time-kill curves  Coagulase-negative Staphylococci  Staphylococcus 

epidermidis PSSCMI �142   (○)  1/2 

MIC (●),  MIC ( ), 2 MIC (▲) and 4 MIC ( )   
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7.   Lipase  Protease  

Staphylococci 

      lipase  protease  coagulase-positive 

staphylococci 64   coagulase-negative staphylococci 85  

 lipase   protease 

 5  4  coagulase-

positive staphylococci  lipase  42  (65.6%)  

protease  17  (26.6%)   coagulase-negative staphylococci 

 lipase  protease  85  (1��%)  56  (65.7%)  

 S. aureus ATCC 25923  2   S. 

epidermidis PSSCMI �142  lipase  

 

 

 4   Lipase  Protease  

Coagulase-positive  Coagulase-negative Staphylococci 

 

                (%) 

           Coagulase-positive (n=64)  Coagulase-negative (n=85)   

 

Lipase         42 (65.6)        85 (1��.�) 

Protease        17 (26.6)        56 (65.7)  
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         5   Lipase (A)  Protease (B)  

                  Staphylococci 

B

A

* 

A



39

8.    Lipase  Protease 

 Staphylococci 

       lipase  protease 

 (degree of hydrolysis  ≤ 5�% ) 

     8.1   Lipase 

           coagulase-positive staphylococci 42   coagulase-negative 

staphylococci 85  lipase  

 1/2MIC 1/4MIC  1/8MIC  6A 

 lipase  coagulase-positive staphylococci  13  

(3�.9%)  15  (35.7%)  2  1  (2.4%)  

NPRC 361  lipase 13  (3�.9%)   

5  1/2MIC 1/4MIC  1/8MIC  

lipase  11  (26.2%) 1�  (23.8%)  1�  (23.8%)  

 3  9  

(21.4%) 12   (28.6%)  12  (28.6%)  (  6)  NPRC 

361  1/2MIC  1/8MIC   

1/4MIC  

            coagulase-negative staphylococci 

 lipase   79  (92.9%)  

 lipase  6  (7.1%)  

5  1  (1.2%) 4  (4.7%)  2  

(2.4%)  1/2MIC 1/4MIC  1/8MIC  (  6) 

     8.2   Protease 

            coagulase-positive staphylococci 17   coagulase-negative 

staphylococci 56  protease  

 1/2MIC, 1/4MIC,  1/8MIC  6B 

 protease  coagulase-positive staphylococci  1�  

(58.8%)  2  (11.8%)  5  

(29.4%)  7  protease  coagulase-positive 

staphylococci  7 (41.2%) 6  (35.3%)  7  (41.2%) 

 1/2MIC 1/4MIC  1/8MIC   protease 

 1  (5.9%) 2  (11.8%)  2  (11.8%)  

(  8)    

  protease  coagulase-negative 

staphylococci  7  (12.5%)   3  (5.4%)  2 

 1  (1.8%)  NPRC 512  protease 45 



4�

 (8�.4%)  7  protease  

coagulase-negative staphylococci  5  (8.9%)  2  (3.6%)  2  

(3.6%)  1/2MIC 1/4MIC  1/8MIC  

 2  (3.6%)  NPRC 512 

 1/4MIC  1/8MIC   1/2MIC 

 (  8)    

       S. aureus ATCC 25923  lipase 

 protease  lipase  S. epidermidis PSSCMI �142 

                       

 

 

  

 

 

 

 

 

 

 

 

 

 6   Lipase (A)  Protease (B)    

Staphylococci  

BA
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9.   Biofilm  Staphylococci 

      biofilm  staphylococci 

  9   coagulase-positive staphylococci 64 

  biofilm  4   

  (non-adherent) 3  (4.7%)  (weakly adherent)  39 

 (6�.9%)  (moderately adherent)  8  (12.5%) 

 (strongly adherent)  14  (21.9%)   coagulase-negative 

staphylococci  85   biofilm  1 

 (1.2%)  31  (36.5%)  31  (36.5%) 

  22  (25.9%)    coagulase-

negative staphylococci  coagulase-

positive staphylococci   S. aureus ATCC 25923   S. 

epidermidis PSSCMI �142  

 

 

 9   Biofilm  Coagulase-positive   

Coagulase-negative Staphylococci 

 

              (%) 

           Coagulase-positive (n=64) Coagulase-negative (n=85) 

 

       3 (4.7)         1 (1.2)    

      39 (6�.9)         31 (36.5) 

      8 (12.5)         31 (36.5) 

        14 (21.9)         22 (25.9) 
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10.   Biofilm  

       coagulase-positive  coagulase-negative staphylococci 

 biofilm   biofilm  1�  

  1/2MIC 1/4MIC 1/8MIC  

 1/16MIC  biofilm  7  

       biofilm  coagulase-positive 

staphylococci 1�   biofilm  5  (  8)  

 NPRC 334 NPRC 34�  NPRC 361  biofilm 

 (p<�.�5)   NPRC 326  NPRC 339 

 biofilm   

 biofilm  NPRC 326   1/2MIC  1/4MIC  

(p<�.�5)   NPRC 339  1/2MIC  biofilm 

 (p<�.�5)  NPRC 316  NPRC 362 

  biofilm   9 

 1/2MIC  1/4MIC NPRC 316  biofilm  

(p<�.�5)  1/2MIC NPRC 362  biofilm 

   biofilm 

  NPRC 324 NPRC 329  NPRC 357 (  1�) 

 

 

 

 

 

 

 

 

 

 

 

 

                  

 

      7   Biofilm  Staphylococci  

               NPRC 316 NPRC 326 NPRC 361  NPRC 577 
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 8   Biofilm  Coagulase-positive 

Staphylococci  Staphylococcus aureus ATCC 25923    * 

 (p<�.�5)  (1% DMSO)   
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 9   Biofilm  Coagulase-positive 

Staphylococci    *  (p<�.�5) 

 (1% DMSO)   
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       biofilm  coagulase-negative 

staphylococci 1�   11 

 biofilm   biofilm  NPRC 

526  (p<�.�5)   

 NPRC 522 NPRC 535 NPRC 564 NPRC 576  NPRC 577  

1/2MIC 1/4MIC  1/8MIC  biofilm 

 (p<�.�5)  NPRC 511 NPRC 531 NPRC 585  S. 

epidermidis PSSCMI �142  1/2MIC  1/4MIC  

biofilm  (p<�.�5)  NPRC 55� 

  biofilm    

 (  12) 

 



5�

 

 

 11   Biofilm  Coagulase-negative 

staphylococci  Staphylococcus epidermidis PSSCMI �142 
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 11 ( )   Biofilm  Coagulase- negative 

Staphylococci  Staphylococcus epidermidis PSSCMI �142 

 

 

 

 

 

 

 

 

 

 

 

 12   Biofilm  Coagulase-

negative Staphylococci  
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 4 

 

 

 

   staphylococci  

  impetigo, 

furuncle, subcutaneous abscess, staphylococcal scalded skin syndrome  toxic shock 

syndrome (Iwatsuki et al., 2��6) 

 (Brook et al., 1995)  oleic acid 

 lipase  (O'Leary and Weld, 1964) 

 staphylococci  9�   coagulase-positive 

staphylococci 64   coagulase-negative staphylococci 85   

 coagulase-negative  coagulase-positive staphylococci 

 P. acnes   S. epidermidis 

(Higaki, 2��3)  Burkhart et al. (1999)  S. epidermidis  

 sebaceous follicle  

   

 staphylococci 

   beta-lactams, glycopeptides, aminoglycosides, macrolides, 

tetracyclines, quinolones  (Nishijima et al., 2���; Hoeger, 2��4; Brown and 

Ngeno, 2��7)   staphylococci  

 clindamycin, erythromycin  penicillin 

 coagulase-negative staphylococci  S. aureus  3 

 (Cove et al., 1998; Nishijima et al., 2���; Kim et al, 2��4 Koksal et al., 2��7) 

 clindamycin  erythromycin 

  2  (Toyoda and Morohashi, 

1998; Kunynetz, 2��2; Longshore and Hollandworth, 2��3) 

 clindamycin  erythromycin 

  Harkaway et al. (1992) 

 coagulase-negative staphylococci  

 erythromycin 12   S. epidermidis  

erythromycin  clindamycin  tetracycline   

 S. epidermidis  3�%  clindamycin, erythromycin 

 roxithromycin  S. epidermidis 

 (Nishijima et al., 2���) coagulase-negative staphylococci 
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 erythromycin 87%  erythromycin 

gel 2%  erythromycin  98% (Mills et al., 2��2) 

   staphylococci  

  staphylococci 

 

 (cidal)  (static)  

 

 staphylococci   MIC 

 32-1�24 µg/ml  MIC5�  64 µg/ml  MIC 9�  256-512 µg/ml 

 Myrtaceae  

Syzygium aromaticum  MIC  781 µg/ml  MRSA (Abu-Shanab et al., 

2��4)   Eucalyptus globulus  MIC5�  MIC 9�    S. 

aureus  64  128 µg/ml (Salari et al., 2��6)  Djipa et al. (2���)  

 Syzygium jambos  S. aureus  MIC  

5��-1��� µg/ml  Syzygium cumini  S. aureus  MIC 

 2�� µg/ml (Oliveira et al., 2��7a)   Myrtaceae 

 staphylococci   

 staphylococci  

   R4-R7  staphylococci  MIC 

 MBC  1-64 µg/ml  

  MIC  MIC  4-6�   

fraction R5  MIC   R6, R7  R4  Gibbons 

(2��4)  staphylococci  11   

monoterpenes, sesquiterpenes, diterpenes, triterpenes, phenylpropanoids  stilbenoids, 

simple phenols  tropolones, flavonoids, Alkaloids Polyketides  polyynes, sulfur 

containing products  acylphloroglucinols) 

 rhodomyrtone   acylphloroglucinols  E. coli  S. 

aureus (Salni et al., 2��2)  

acylphloroglucinols  hyperforin   Hypericum perforatum 

 MRSA, MSSA  S. aureus ATCC 25923  MIC  �.1-1 

µg/ml (Schempp et al., 1999; Reichling et al., 2��1)  myrtucommulone   semi 

myrtucommulone   Myrtus communis  staphylococci  

MIC  S. aureus ATCC 25923  2  64 µg/ml  (Appendino et al., 

2��2)  acylphloroglucinols Hypericum foliosum  S. 

aureus  MIC  16-32 µg/ml (Gibbons et al., 2��5) 
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 rhodomyrtone  S. 

aureus ATCC 25923, S. epidermidis PSSCMI �142, coagulase-positive staphylococci 

 NPRC 3�2  coagulase-negative staphylococci  NPRC 5�2  MIC 

 �.5 µg/ml  MIC  NPRC 58�  1 µg/ml  

MIC  vancomycin    MIC  NPRC 348  1 µg/ml  8 

µg/ml  MIC   5�� µg/ml  

  MIC  rhodomyrtone   MIC  6�  

  rhodomyrtone 

 staphylococci  

   

 

subMIC  virulence factors   

 virulence factors (Bernardo et al., 2��4) 

  lipase  protease  staphylococci  2  

  lipase 

 protease  coagulase-negative staphylococci 

 2  coagulase-positive staphylococci 

 lipase  staphylococci  (Reisner and 

Puhvel, 1969)  S. epidermidis   sebaceous follicle 

 lipase  (Burkhart et al., 1999) 

 S. epidermidis   S. aureus  

lipase  

(Longshaw et al., 2���)  

    lipase  protease  

 subMIC  2 

 2  

 (  ≤ 5�% 

)   subMIC 

     Helichrysum italicum  

1/2MIC  coagulase, DNAse, thermonuclease  lipase  S. aureus 

ATCC 6538P, MRSA  MSSA   1/4MIC  DNAse 

 thermonuclease (Nostro et al., 2��1a)  Nostro et al. (2��1b) 

 Nepeta cataria  DNAse, thermonuclease,  lipase  

 coagulase  MRSA  MSSA  propolis  1/2MIC 

 coagulase  lipase  lipase  S. aureus, S 

epidermidis, S. homonis,  S. warnerii   17-5�%  
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(Scazzocchio et al., 2��6)   Edwards-Jones and Foster (2��2)  Silver 

sulphadiazine  protease  S. aureus 2 

 24    

tea tree oil  protease  S. aureus 6  

 protease   3  

  3   

(Hammer et al., 2��5)    

clindamycin, erythromycin  linezolid   virulence 

factors   protease, enterotoxin, autolysin  haemolysin   (Sofer et al., 1999; 

Herbert et al., 2��1; Bernardo et al., 2��4)   beta-lactam 

  methicillin  subMIC  alpha-toxin 

 (Doss et al., 1993; Ohlsen et al., 1998)  

 2   

 

 

 

  virulence factor  staphylococci  biofilm  biofilm 

  

 extracellular polysaccharide 

 (Burkhart and Burkhart, 2��3)  

   

 (Frank and Patel, 2��7) 

 biofilm 

  biofilm  staphylococci  2 

  coagulase-positive staphylococci  

(6�.9%)   coagulase-negative staphylococci 

 36.5%  25.9%  coagulase-

positive staphylococci  biofilm  virulence factor 

 staphylococci  host  

 host  (Oliveira et al., 

2��6)    Vuong and Otto (2��2)   S. epidermidis  

virulence factor    S. aureus 

 S. epidermidis 

 (biofilm)   
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   biofilm  

 biofilm  coagulase-positive staphylococci  

coagulase-negative staphylococci  biofilm  

 biofilm  biofilm  

 biofilm    Perez-Giraldo et al. (2��3)  allicin 

 Allium sativum  subMIC  biofilm  S. epidermidis 

   PolytoxinolTM   Eucalyptus globulus, Melaleuca 

alternifolia, Thymus sp., Syzygium aromaticum  citrus, butylated hydroxytoluene, 

triclosan  95% ethanol  biofilm  coagulase-negative 

staphylococci  (Al-Shuneigat et al., 2��5)  oregano, carvacrol  

thymol  biofilm  S. aureus  S. epidermidis   

1/2MIC, 1/4MIC,  1/8MIC (Nostro et al., 2��7 )   Kuzma et al. (2��7)  Salvipisone 

 Salvia sclarea  biofilm  staphylococci  

 tea tree oil  S. aureus 

  tea tree oil 3   biofilm 

 biofilm   biofilm  (Hammer et al., 2��5) 

 biofilm 

 biofilm (Hammer et al., 2��5)  

  extracellular polysaccharide  fibrin fiber  glycocalyx 

(Katsuyama et al., 2��5; Musk  and Hergenrother, 2��6)   

biofilm  

(Hammer et al., 2��5)   detergent, urea, 

ethanol   Staphylococcus spp.  biofilm 

 (Rachid et al., 2���; Knobloch et al., 2��2)   

subMIC  biofilm  (Dunne et al., 199�; 

Rachid et al., 2���; Cerca et al., 2��5)   

 (Frank and Patel, 2��7)  ribosome 

 tetracycline  quinupristin-dalfopristin  subMIC 

 biofilm  (Rachid et al., 2���)   beta-lactam  

dicloxacillin  biofilm  S. epidermidis  S. haemolyticus  (Cerca et al., 

2��5)  (Frank and Patel, 2��7)  nafcillin  subMIC 

 S. lugdunensis  biofilm   

tetracycline  linezolid  biofilm  93%  8�%  

  Rhodomyrtone  

acylphlorogucinols  Salni et al., 2��2 
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(cidal)  (static)  MBC  MIC  4  

(Lorian, 1996)  acylphloroglucinols 

  triterpenoids (Hui et al.,1975; Hui and Li, 1976), tannins 

(Ai et al., 1997; Hou et al., 1998), ellagitannin  flavone glycoside (Hou et al.,1999)  

 

    biofilm 

 

 tannins  adhesin,     

 polysaccharide (Cowan, 1999)  tannins 

 biofilm  

polysaccharide  tannins  carvacrol  

terpenoids  carvacrol  biofilm  

 biofilm matrix   carvacrol 

 (Knowles et al., 2��5)  carvacrol  

thymol 

 polystyrene microtitre plate (Nostro et al., 2��7) Cowan (1999) 

 terpenoids  

 staphylococci  

 biofilm  

 rhodomyrtone 

 staphylococci  
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 5 

 

 

 

1.   coagulase-positive  coagulase-negative staphylococci 

 clindamycin, erythromycin,  penicillin 

2.   staphylococci 

 

3.   

staphylococci  

4.   staphylococci 

 4      

 

5.   biofilm  staphylococci 

 3    biofilm   biofilm  

 biofilm  biofilm  
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Casein Agar 

  Beef extract     ��3.� g 

   Peptone     ��5.�  g 

   Casein sodium salt    �2�.� g 

   Distilled water                      1���.� ml 

   magnetic stirrer 

 hot plate  15   121 °C 

 15  

 

Mannitol Salt Agar (MSA) 

  Peptone from casein    ��5.� g 

   Enzymatic digest of animal tissue  ��5.� g    Meat extract     ��1.�

 g 

   Sodium chloride    �75.� g    D-mannitol     �1�.� g 

   Phenol red      �.�25 g 

   Agar      �12.� g 

   Distilled water                      1���.� ml  

  1�8 g  1��� ml  magnetic stirrer 

 hot plate  15   121 

°C  15  

 

Mueller-Hinton Agar (MHA) 

  Beef extract     3��.� g 

   Casamino acids technical      17.5 g 

   Starch             1.5  g 

   Agar                          15.� g 

   Distilled water                      1���.� ml 

  38.� g  1��� ml  magnetic stirrer 

 hot plate  15   121 

°C  15  

 

Mueller-Hinton Broth (MHB) 

  Beef extract             3��.� g 
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   Bacto Casamino acids technical  �17.5 g 

   Bacto soluble starch     ��1.5  g 

   Distilled water                               1���.� ml 

  21.� g  1��� ml  magnetic stirrer 

 hot plate  15   121 

°C  15  

 

Tributyrin agar 

  Beef extract     ��3.� g 

   Peptone     ��5.�  g 

   Tributyrin     �1�.� ml 

   Distilled water                      1���.� ml 

   magnetic stirrer 

 hot plate  15   121 °C 

 15  

 

Tryptic Soy Agar (TSA) 

  Pancreatic digest of casein   �15.� g 

   Enzymatic digest of soy bean meal  ��5.� g 

   Sodium chloride     ��5.� g 

   Agar      �15.� g 

   Distilled water                               1���.� ml  

 

  4�.� g  1��� ml  magnetic stirrer 

 hot plate  15   121 

°C  15  
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Tryptic Soy Broth (TSB) 

  Pancreatic digest of casein   �17.� g 

   Enzymatic digest of soybean meal  ��3.� g 

   Dextrose     ��2.5 g 

   Sodium chloride    ��5.� g 

   Dipotassium phosphate   ��2.5 g 

   Distilled water                               1���.� ml  

  3�.� g  1��� ml  magnetic stirrer 

 hot plate  15   121 

°C  15  
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1.   Catalase 

 35% H2O2      ���8.6 ml 

 Distilled water                                 1���.� ml 

  

 

2.   

     2.1  Crystal violet 

    A :  crystal violet 2.� g  95% ethyl ethanol  2� ml 

    B :  ammonium oxalate �.8 g  8� ml 

    A  B   24   crystal 

violet staining reagent 

     2.2  95% ethyl ethanol 

     2.3  Gram iodine  

    iodine 1.� g  potassium iodine 2.� g  

 iodine   3�� ml    

     2.4.  Safranin 

      safranin O 2.5% (w/v)  95% ethyl ethanol  1� ml  

1�� ml 

  

3.  0.85% Normal Saline Solution 

 Sodium chloride     ��8.5 g 

    Distilled water                                 �91.5 ml  

      Sodium chloride  15  

 121 °C  15  

 

 

 

 

 

 

 

4.  McFarland standard 
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      H2SO4 1% v/v  BaCl2.2H2O 1.175% w/v  BaSO4   

 H2SO4 1%  BaCl2.2H2O 1.175%  McFarland standard 

  

 

McFarland Standard 

No. 
�.5 1 2 3 4 5 6 7 8 9 1� 

Barium chloride (ml) �.�5 �.1 �.2 �.3 �.4 �.5 �.6 �.7 �.8 �.9 1.� 

Sulfuric acid (ml) 9.95 9.9 9.8 9.7 9.6 9.5 9.4 9.3 9.2 9.1 9.� 

Approx. cell density 

(x1�8/mL) 
1.5 3 6 9 12 15 18 21 24 27 3� 
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