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D�9�� 11H+ ���� Cmax012 free Cmax#$�0P�Q�%$RST��UV�
WV8���UV�WX�V���UV�WTY���UV��Z:%?[BO \] area un-

der the time-concentration curve (AUC)&I^�ST��UV�_����������H
I`a�bc�H:de\] AUC/MIC�I^N� �	
��89fgh& (30i40jk+ I
'lc]BO ������������������ 12H (mn���D�9�()opl
@A�+ :R� V8���UV�_de*]MIC&I^NB_� AUC/MIC��89fgh&
(100i125jk+ I'lB�R+Jo,-�q$����n�D�9���Nc�r:s[
BO �����������	
��t.uR��/vw0$�*]e�_1x� ��H2�
�vw0$oR	yxz>[c]BO �	
�����*]MIC,%{?>Q���o\]
AUC&I|}3lc]�ST��UV�R� ~)����������������I^��
	
���Nce�4����5:y��o_^;ABO
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0$�G ?@�J���	
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*-!.����/����0���
����1���2��/�3��*�� 4���
5���6���������.���*���7�
�8����9��:;�<!�� �=�+,�
�� >?�� ������)���0�������
1�@��� A���3�.�(B�� 3CDC*
EF���������G�(� pharmacokinetics/

pharmacodynamics (PK / PD)HIJKLK(MN
�� Cmax�� �OP�Q�! R area under the

time-concentration curve (AUC)/MIC"�#$)�
/(S,���%T;�� C�� ��0�����
��&UV�1�W'X�@��.(Y�)Z��

�����
1. ��	
���
[\��� � (garenoxacin; GRNX) �]#^I#

*�$� \_���� � (levofloxacin; LVFX), L
���� � (sitafloxacin; STFX) �+�`a$� b�
 ���� � (moxifloxacin; MFLX) �c,d*�$
�e-�� fJKgK2��.(�P��

2. �
&UV��� 1999�2� 2003��/h0���

3� 67012�#ijKk�l3� LVFXC�
� CPFX���(1; 1114), 5) �mn� 10i�K
� �21�2�i�K�341�mn� 11(5�
�$� O7o67!)�5��1 21�@��/)
�� p���q�r��� 2002�2� 2004��/h
0���3� 45712�#ijKk�l3�
LVFXC�� CPFX���(1; 1216)�@��/
)�� <� 121�`@�i�K� �f 81� 3

1� 11$ �34)���!+,��� 67!)�
5��1 81�@��./)��

3. ������
W'X8s�W' �t�g9u$ (���#Ipv

w:;�7xy<)�� PCR�7�W'X�2<7).
(:)��=)�� W'X��zLp{�|)���
PCR;�/��}�.��~���(��)�� ~
%&�@���� >?�'�� Kong! Gilbert�
%T8)�@�� cpsA-cpsBA��BC���DE2�
�zLp{(F<)��

4. ���
MICG�� �����%�tKL9)(���� ~
�� Clinical and Laboratory Standards Institute

� 2006��{�"�K�10)�@��� HI�J�K
;�7xL<)��

5. PK/PD������
AUCG�� ���5MN�6;�O����PQ

R.I�@��f���p�L��K��K����
3�G(�SI!)��T)�� GRNX �R.I
400 mg$ � 89.8 mg�h/ml, LVFX (500 mg)� 50.86

mg�h/ml, STFX �50 mg� 1S 2?$ � 5.24 mg�h/

ml, MFLX (400 mg)� 51.5 mg�h/ml���� Cmax

�G�� p�L��K��K�2�O����PQR
.I(U?EFR.)�!}�G(���� GRNX

(400 mg)� 7.19 mg/ml, LVFX (500 mg)� 8.04 mg/

ml, STFX (50 mg)� 0.51 mg/ml, MFLX (400 mg)

� 4.13 mg/ml���� L�HiV��W�p�L
��K��K����3�G �X����Y���
�Z!���[�G$ (��)�� GRNX � 79�80

(79.5)�, LVFX � 26.3�36.2 (31.3)�, STFX �
46�55 (50.5)�, MFLX� 50� ���� <��G
(���� W\�]�����6)�� AUC (free

AUC; fAUC)! Cmax (free Cmax; fCmax)(T�)
��

6. ������
f^��������( Cmax.)-� fCmax�

� ��(_`�ab)�!}�cd�I(L<)
�� 5� (v/v)��eW�fS cation-adjusted Mul-

ler�Hintongh� 2�105 CFU/ml�� �i*)
�&UV����!$j�� �ik)������
���(lI m)� 35¡� Z¢£�nogp)��
2, 4, 8`�¤�gp�(¥q (4,000��, 5 min))�
�(r¦!)�?s)�� t¥qu§��� 9�v�
¨
���*2��� ��r¦(Muller�Hinton�
Jgh�©w)� �xI( 5� (v/v)ª«¬yzWf
SMuller�Hinton{gh�|�)� Z¢£� 24 h

gp)�¤��4)���kKv(L<)��

 !
1. ���
&UV����0�������1� 5��1�@
��� MIC��%9)�%T)��� >?�� &UV�
�6;�Q�®��@���U?EFR.`� Cmax,

fCmax�� �"¯/(:�� (Fig. 1)� ��0�
������1� 5��1�22°�±²!³´��
1� GRNXµSTFXµMFLXµLVFX�}�7x!
�Q�®�������

2. "#��	
���$%&' AUC/MIC(
)(*

¶~��·Z¸¹�·�º�»¶~��·Z¸¹�·�º�»
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Fig. 1. Bactreicidal activity of garenoxacin, sitafloxacin, moxifloxacin, and levofloxacin against S.
pneumoniae strains resistant or susceptible to levofloxacin or ciprofloxacin at a concentration of
Cmax or free Cmax.
Viable cell numbers in the presence of no antibiotics (no symbol), garenoxacin (�), sitafloxacin
(�), moxifloxacin (�), and levofloxacin (�).
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�������	
�� �����������
�� PK/PD������ AUC/MIC!�"# 
fAUC/MIC!$%&'��()*+�&11),14)- ./
0�123& AUC/MIC!
!415�+  67
8
9:9)1�;*+�&� <= Table 1 1>�?
@- ./0�
�� AUC/MIC!� 30,40ABC
&������DE$F&�)*+�&11),13)-
GRNX����� AUC/MIC!A(" GHI��
���J�KALM3N+
K$��OPQRABC
+�@- fAUC/MIC!
ST$� GRNX J�K
10KU 9K$��OPQRABC+�@- STFX 
in vitro $ GRNX�VW1./0�12"+XY
1����Z�A(39) � AUCR <=[\"@
�������	
U$ ��]�R"^()_�@

? 50 mg, 1` 2=$ AUC/MIC! fAUC/MIC

!��1GHI�����J�K 10KU 2K"^
��OPQRABC_^a@- bc 100 mg, 1` 2

=$ AUC/MIC!$ 9K� fAUC/MIC$ 2

K
d���OPQRABC@9)-
e�GHf�g�15�+  hij$kl)*@
m5
J�n����op�K15�+ AUC/MIC

!A Table 2 1>�?@- J�q
��n��� No.

1, No. 212"+ MICR
��]� STFXAL
? �r*
	s���OPQR1tu"+�_^a
@- bc vqJ��w?8*&n��� No. 312
"+  AUC/MIC!$ [\"@ 4s3N+�
fAUC/MIC!$ MFLX�STFX
2s�e�GH
f�g�1xy&��OPQR$%&100,12513), 14)

Table 1. AUC/MIC ratio and free AUC/MIC ratio of various quinolones against S. pneumoniae strains
resistant or susceptible to quinolones

Strain
MIC for
LVFX

(zg/ml)

AUC/MIC [fAUC/MIC] (zg�h/ml)

LVFX
(500 mg{1)

MFLX
(400 mg{1)

STFX
(50 mg{2)

GRNX
(400 mg{1)

SR68 16 3.2 [ 2.2 ] 12.9 [ 6.5 ] 21.0 [10.4 ] 180� [ 37.7�]
DR22 8 6.3 [ 4.3 ] 12.9 [ 6.5 ] 5.2 [ 2.6 ] 44.9� [ 9.2 ]
SR27 8 6.3 [ 4.3 ] 12.9 [ 6.5 ] 21.0 [10.4 ] 359� [ 73.6�]
HU86 8 6.3 [ 4.3 ] 25.8 [ 12.9 ] 21.0 [10.4 ] 718� [151� ]
SR248 4 12.7 [ 8.7 ] 51.5� [ 25.8 ] 21.0 [10.4 ] 359� [ 73.6�]
HU85 4 12.7 [ 8.7 ] 51.5� [ 25.8 ] 21.0 [10.4 ] 718� [151� ]
MH67 4 12.7 [ 8.7 ] 51.5� [ 25.8 ] 21.0 [10.4 ] 718� [151� ]
SR69 1 50.9� [35.0�] 103� [ 51.5�] 83.8� [41.5�] 718� [151� ]
SR211 1 50.9� [35.0�] 206� [103� ] 83.8� [41.5�] 1,440� [302� ]
SR166 1 50.9� [35.0�] 206� [103� ] 21.0 [10.4 ] 1,440� [302� ]
SR4 0.5 102� [69.9�] 412� [206� ] 167� [82.9�] 1,440� [302� ]
SR11 0.5 102� [69.9�] 824� [412� ] 167� [82.9�] 2,870� [603� ]

� Above 30 (target value for bacterial eradication).

Table 2. AUC/MIC ratio and free AUC/MIC ratio of various quinolones against H. influenzae strains
resistant or susceptible to quinolones

Strains (No. of strains)
MIC for LVFX

(mg/ml)

AUC/MIC [fAUC/MIC] (mg�h/ml)

LVFX
(500 mg{1)

MFLX
(400 mg{1)

STFX
(50 mg{2)

GRNX
(400 mg{1)

Quinolone-resistant clone 1 (n|8) 16�32
1.6�3.2

[1.1�2.2]
6.4�12.9
[3.2�6.5]

21.0
[10.4]

5.6�11.2
[1.1�2.3]

Quinolone-resistant clone 2 (n|3) 1�2 25.4�50.9
[17.4�35.0]

51.5
[25.8]

83.2
[41.2]

22.5�44.9
[4.6�9.2]

Quinolone-resistant clone 3 (n|1) 0.5 102�
[70.1]

817�
[409�]

}672�
[}333�]

359�
[73.6]

Quinolone-susceptible strains (n|8) ~0.0078�0.0156 }3,390�
[}2,330�]

}3,300�
[}1,650�]

}672�
[}333�]

}11,500�
[}2,360�]

� Above 100 (target for bacterial eradication).
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3. ���
	
�������������� ������

670��������� Fig. 2 ��� !"� #$
� 19, 23, 6��%&"' 80(�)*���� +,�
-.�/0�12"34�15), 16)� 567��89:
;<=;>?@� 10������� 14� 3�� 15A

� 2�� 19F� 2�� 15B, 22F, 24, 35�AB 1�"
3!� ��CADE�EAFGHI�JKLM��N
OPEQRST>����� U>89V>W��8
9:;<=;>?@������X6G nontypa-

ble�"34��

� �
��� 89:;<=;>?@	
������ 4

Y�<=;>Z[�\� in vitro"�]@����
���� GRNX� STFX�� 	
��7��^�
<=;>Z[�\_`��� a�MICb���9)�
[�\ ���� �cdM3Q��efg�hi@
G�jk2 lQm�Eno"3Q� <=;>Z[
�\ ��� PK/PDRpqTST�c" AUC/

MIC_A�jk2�rstu�Qv�A�w6��
Q11)x14)� GRNX�	
��7��a�MIC��
�� y� AUCb������� 4Y�<=;>Z[
�\�c"zG{�b����*� |��89:;<
=;>?@���	
���7��G�jk2A
}~"�Q AUC/MIC_����� ��� �j���
 lQ�}��k2����� Cmax r�

fCmax�dM lQ	
��7�Q�����
����� GRNXrQ�����w�� 1 MIC, 2

MIC, 4 MIC�dM"_`�Q�MFLX, LVFX�/
���9"34� (data not shown) A� Cmax,

fCmax�dM"� GRNX"zG�����A�*F
6� (Fig. 1)� GRNX�Cmax/MIC_ r� fCmax

/MIC_�zG{�b�EQv�yF� �j���
 ���zG�����A�vQ���F6��
?@���������yF�� ?@����w�
E�[�\�z�dM (mutant prevention concen-

tration; MPC)ARpqTST�����w6��
Q17)� MIC���� MPCr!a�\YdM (mutant

selection window; MSW) ��� ?@�A��w
6Q������"3Q� ParC ¡P�3Q?@
	
����MPC/MIC�b��� SmithF18)��
¢£;8;<¤¢> (CPFX): 64 / 4, LVFX: 32 / 2,

MFLX: 4x¥4 / 0.25� {¦F19) �� LVFX: 30 / 2,

GRNX: 1/0.1x0.2, OkumuraF20)�� CPFX: 128/4,

LVFX 64/2, MFLX: 8/0.25, STFX: 1/0.06�-§�
��Q� ?@��JKw�E�v����Q�� [�
\��cdM�� MPC���QdMA¨s©ªw6�
MSW�dM«3Q�¬A�G�A®�6Q� �
E¯°� MPC�a�±²� y�MPC/MIC_A�w
�±²r�[�\���F6Q� 5�_� GRNXA
5x10³� 56´µ�89:;<=;>Z[�\�'
16x32³"3Q� v6F�-.3Q<=;>Z[
�\�c"�MPC, MPC/MIC_��b�G	
�
�7��� GRNXAzG¶6�b������

Fig. 2. Serotype distribution of S. pneumoniae strains susceptible (A) and resistant to levofloxacin or
ciprofloxacin (B).
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�� 10���
����������	
����
 !"�������"#�$%� &�'(� 7)�
13)�*�+
,� 14� 3�� 19F� 1��- 4

�./01�,2��3����� �%� 23)�*�
+
,�&$�45� 15B, 22F��6 1�� 15B�
�78�9�:�,2� 15A� 2��01�,2%
�.�;� < 2��=>*�+
,01�,2��
3����3��� ��?@2�,���
A
��B
C������	�
������

��� 3D����
���E5�$�����F�
G�,- 12� H6 8�� 3�� 1�I �	J$��
�6)� 3$�K�����
�L$;���M�N�
����;�OP#�� parC, gyrA, parE, gyrB�
quinolone resistance determining regions (QRDR)

�Q- 3R5S��T�#�$�� ���
 No. 1

� 8�,�� 5S� QRDR���T�U��V�.
�W � random amplified polymorphic DNA-PCR

��X�Y	Z DNA�� ��'(6) /�;V��
���
���E5�$��� b-[�\]�^�!
"� PBP3����T�#_����
`,T��6)�
�����	�
��Oa$.%b�� b-[�\Zc
d%��Oa$.%;��&'.���� ���

No. 2�; (�=)�#�$��3$��� Pérez-

Vázquez��*e.���Xf�g+hi,j-�
.�%#�g+h�T�/0.k?����
21) ,
��l-��E5�$�� mb� 3f.%�����
	�
�����
�n1;o2J$�� A
��B

C�!������	�
��� H���
 No.

1, No. 2I �3.��� �L$�%p; AUC/MIC4
�\�Yqr5O6s��/t%�
ms� 7u��v8.%�����	�
cd%

������ A
��B
C��L$;=#,�
�	
��.�%#� v8������� mb;9
:��	��w0� WXx���y=�;z&{O<
=.��"3��>?,��� ���������
MIC, AUC�5�@A�;B|� GRNX� LVFX

����3.�;}��CD~(O:�,2�3��
��J$%� VA� GRNX,; AUC/MIC4�\�
Yqr5OE5���;��MIC 2 mg/ml����

� 1�#�$�W 9)� mb3�Xf��	�

����F4�n1;o2J$�� �G,��	�
H18,887�I �v8,;� GRNX�MIC� 2 mg/ml

�6����� 6�#�$���22)� =#���
�O��.� �	�
���y=OH�?�%#�

;� �	�
cd%� PK/PD;EI.���� X
 J�`,���K��:�,2�%pOLM?�
3��>?���$��

� � ���w���N�%��%GO�PQ
QR�CDv���S ��� TU�h�� F�CD
v��
\���� V�� ����B ¡��B�
�WXY>�� 1�Z¢�� [VCDv��
\��
\S]^�� 6_ `�� a£b1¤R�cd¥¦e
v�ef�§g¨z���©h.6ª�?� �%� 
��!ik �«�¬
��jN�%��%®k
���l©h.6ª�?� X¯°�� mn±2²o/
��¯°pq HVeI �X �³J$%�
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21) Pérez-Vázquez, M., F. Román, S. Garcıÿa-Cobos,
et al. 2007. Fluoroquinolone resistance in Hae-
mophilus influenzae is associated with hyper-
mutability. Antimicrob. Agents Chemother. 51:
1566�1569.

22) Jones, R. N., T. R. Fritsche, H. S. Sader, et al.
2007. Activity of garenoxacin, an investiga-
tional des-F(6)-quinolone, tested against patho-
gens from community-acquired respiratory
tract infections, including those with elevated
or resistant-level fluoroquinolone MIC values.
Diagn. Microbiol. Infect. Dis. 58: 9�17.

+,-.%��	
� �����
+,-.%��	
� �����


&/012�3�4* Vol. 21 No. 1 2011. 23

23



Evaluation of Four Quinolones against Fluoroquinolone-nonsusceptible

Clones of Streptococcus pneumoniae and Haemophilus influenzae
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We evaluated activity of 4 quinolones against conventional-fluoroquinolone-nonsusceptible and sus-
ceptible clinical isolates of Streptococcus pneumoniae and Haemophilus influenzae derived from various
clinical sources in Japan. Bactericidal activity under concentration of Cmax or free Cmax against S.
pneuminiae occurred in order of garenoxacin�sitafloxacin�moxifloxacin�levofloxacin. Garenoxacin was
most rapidly bactericidal for S. pneumoniae, including fluoroquinolone-nonsusceptible strains. AUC/MIC
ratios of garenoxacin to all S. pneumoniae strains tested were highest among the 4 quinolones, and above
the target value (30 to 40) for bacterial eradication. Serotypes of the fluoroquinolone-nonsusceptible S.
pneumoniae strains were relatively rare ones. Fluoroquinolone-nonsusceptible H. influenzae strains were
suggested to expand clonally in Sapporo-city (Hokkaido Prefecture, Japan). Three clones (8 strains, 3
strains and 1 strain of each clone) shared 3 to 5 mutations in quinolone resistance determining region of
quinolone target genes. STFX showed the least MIC values among 4 quinolones, however, no quinolones
showed exceeded target value of AUC/MIC ratio (100 to 125) for bacterial eradication of H. influenzae to
former 2 clones. In conclusion, garenoxacin, which shared high susceptibility to S. pneumoniae and high
AUC value, is expected to have high therapeutic activity against S. pneumoniae strains including resistant
strains to conventional fluoroquinolones.

������	
�����������	
�����

���������� Vol. 21 No. 1 2011.24

24


