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EFFICACY OF OFLOXACIN AND CIPROFLOXACIN, NEW
ANTIMICROBIAL AGENTS OF PYRIDONE CARBOXYLIC ACID
DERIVATIVE, ON EXPERIMENTAL SINUSITIS

Kei Ogawa, M.D., Eriko Tabuchi, M.D., Joji Hirota, M.D., Kaneaki Haraguchi, M.D.,
Motoko Kohno, M.D., Yasuhiro Miyazaki, M.D., Taijiro Imakiire, M.D.,
Tsutomu Matsuzaki, M.D., Shoji Matsune, M.D., Miss Kazuyo Tanaka, and

Masaru Ohyama, M.D.

Department of Otorhinolaryngology, Kagoshima University, Kagoshima, Japan

Efficacy of ofloxacin and ciprofloxacin
on sinusitis were compared from various
points of view using an experimental m-
odel of rabbits. Experimental sinusitis
was produced by repeated injection of the
Staphylococcus aureus 209P strain into
the maxillary sinus of rabbits three times
a week, following general and local (in-
tramaxillary) sensitization with 2.5% egg
albumin. Thirteen animals were divided
into the following three groups: They
composed of two rabbits without drug tr-
eatment as the control group, two rabbits
treated with ofloxacin and ciprofloxacin
for three days, and nine rabbits treated
with ofloxacin (N=5) and ciprofloxacin
(N=4) for seven days. In addition to the
macroscopic findings, morphological cha-
nges of the nasal and paranasal mucosa
were compared by light microscopy (LM)
and scanning electron microscopy (SEM).
Furthermore, by staining with alcian blue
or acridine orange fluorescence, biochem-

ical smear test of cells and thread-like

components in the nasal discharge, bact-

eriological examination of sinus secretion,
and tissue transfer of the drugs were ob-
served, respectively.

The results obtained were as follows:
No significant differences were observed
between the two different drug groups
in the morphological examination. In the
group of the long-term treatment, the si-
nus mucosal findings of many animals in
both drug groups showed some improve-
ment in the SEM observation, but still
remained light-microscopically marked
evidences of inflammatory changes in their
stroma.

It was of the most interesting finding
that there was 4-7 times higher concent-
ration of ofloxacin than that of ciproflo-
xacin in the serum and the nasal and
sinus mucosa.

Ofloxacin was considered to be one of
the useful antibacterial agents for sinus-

itis.
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EEBRRSROBRPEERSEICHRIN, ERET
RDIRIE T TLUBDBGAEERDITHILIZ,
FIHERICTC, BE7HE 209PHROEEH D
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T, UWTFDEEB(Table2. 3.) #4T-72, Z
D FIZIZRIT O Z X THRE Z4TV, Mg
W T, iz SERIENE L TVE S
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Tablel.

PREPARATION OF EXPERIMENTAL SINUSITIS IN RABBITS

1st-2nd Week : Dorsal subcutaneous injection of 2.5% egg albumin, 3 times/week

3
General Sensitization

3rd-4th Week :Selection of Arthus reaction-positive animals
Injection of egg albumin into bilateral paranasal sinu

4
Local Sensitization

s, 3 imes/week

5th Week :Injection of S. aureus 209P into bilateral paranasal sinus, 3 times/week

6th-7th Week :Observation period
3

[Compleuon of the Ammal Models|

2) A5 (Table2.)

HlSRER KR (KE2.5~3kg) 13F1% Awv
TEPHRRE D ITh NIz, Z0FMiZ Table
2.DZELTHBE, bbb, i) M
EENIIREHETH B, BPERR T, ERFLE
Hoyonk, THERBLZLODE1IPDD

WZDOWTEREBRENDERZBE L, i) A
ﬂﬁﬁﬁ.W%QSH%&%@T,%lgo
DTHbL, AT AT —=TNLEFAL, %
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L CE I & 30mg/kg/day 3 HEHHS
L?’:o 7e B Ofloxacin {ZKEE T Wiz 7
VR AF e n — 2 (A DRI
ZEMHEREZI TV A) TR E L, Ci
profloxacin (2 DWW TR KICEmEL TH
Wiz i) BRI SR Ofloxacin® 53 &,
Ciprofloxacin D4 [ 57 » T b, i
#5001 FRICT 7 BMERES L2, 29
FEIZ DWW, RIS 2 BT
B RS L AT - 72,

Table 2.

GROUP OF TREATMENT

Group No. of animals

1. Control group {no-treatrnent)

0 day 1
7 day 1

2. Short-term (3 days) dosing group
Ofloxacin treatment {30 mg/kg/day) 1
Ciprofloxacin treatment {30 mg/kg/day} 1

3. Long-term {7 days) dosing group
Ofloxacin treatment (30 mg/kg/day) 5
Ciprofloxacin treatment (30 mg/kg/day) 4
Total 13

3) M#EIHH (Table3. )
%mﬁ%wﬁmﬁmf,ﬁamwix—?
— & L CAhmEIETable3. I2;RTIEHIZDOWT
MRt e iT- 72,
Table 3.
INVESTIGATIONAL ITEMS

Parameters for the efficacy evaiuation:
{taken before, 3 and 7days after the dosing)

1 Biochemical smear test of cells and fiber-like compounds from

nasal discharge

a. Alcian blue staining:

observation of inflammatory ceils and AMPS components

b. Acridine orange fluorescence staining:

observation of inflammatory cells and DNA components

2. Bacteriological examination
{manxillary sinus retention fluid and nasal discharge}
a. Bacteria identification
b. Measurement of MIC

3. LM observation {maxillary sinus and nasal concha)
4. SEM observation {maxiliary sinus and nasal concha}

5. Tissue transfer of the drug

a. Serum

b. Maxillary sinus mucosa

c. Nasal concha mucosa
Maxillary sinus retention fluid
e. Nasal discharge

i) R,

WA

o

AR 10> A L0

ERDRREEERYT 5 LT, FDIEE
En DL RIHCAERL, 501, %5 3 H,
%’2»’5—7 HEICHRERL THERL, 72, B

i, BRI A PRECL, RBRIC ARRT
Lf:o BRI LT, Mg THwS
N % Alcian Blueysfs & Acridine Orange
WARB AT - 72, A ISR 2 2 SHE%ES
Bﬁ—ﬁhjé ERbNE A X TERICBIT A 5%0K
REEY (LU TAMP SHEE D) DB DIz,
PR EITSIERGEPIC E & L TR MERIC
HkT 2 t‘ubﬂZgDNAb&%‘b‘ BRI
v A—(:«H(T%L%](U\TDNAT%L%” IR
T RIDIAT- T, BRITBEREICBITSZ
NE3DNRTA—F—Fehb, REMIE
AMPSH#EEY) - DNARSEYIC DT 20 &
(AL 5, &2 —-+ -+ -4 - W5 RIS
LT, HrOYWEELEET 5D
72,(Table4.)

Table4.

Comparison of morphological efficacy
of ofloxaclin and clprofloxacin
in experimental sinusitis

nasal concha mucosa baranasa) sinus mucosa

nasal ssear

Macroj L M |S E M|Macroj L M |S EM

Ofloxacin
80 80 80 80 60 60 80

n=5

ciprofioxacin

75 50 75 75 50 50 75

e
%

%=offective cases /totai(n=d or 5) X 100

Table b

Statisti(_:al comparison of tissue concentrations of
ofloxacin and ciprofloxacin in experimental sinusitis

Nasal Paranasal
Serum concha mucosa | sinus mucosa
Oftoxacin 4.416 O | 4.01 A | 353 o
(n=5) +0.878 +0.954 +0.70

Ciprofioxacin 0.601 ® | 0.806 4 | 0758 .
(n=4) +0.317 +0.607 +0.497

Ofloxacin
b _ 7.348 4.975 4.657
Ciprofloxacin

Resutt of vanance analysis
O @ P<0.001 significant
A A P<0001 significant
0O ® P<0.001 significant
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i) YEEE( L M)ByEE

LBER, SEAREEIC DWW OB 24T
o7z, £LT, BEEHELLTE, EEE
B - At - #EBHEE - AR B - AR
ZOWT, —HEABREIX, FhE - B -
ﬂ%&ﬁ-%ﬁﬁ%é%@&ﬁ%ﬁ%t,:
no#REL T, SRRRIRENIEE &%
(H), HEE), BE), 8BH(£)D
BT THIREL 2, e B, ZO%HA, (+),
(£)%2dEH - L, 1ARSH TokERE
K rEE L7, (Table 4.)
w)%ﬁ%ﬁngmﬁ%
HEDOFMEICHE L THERD £ L
D, BMEMOB(H), BB (+), HEFH
FH(+), BBEE(£)D 4 BBICHEL 72,
B, ZO%EL, KEHOZNERE(F),
(£)z%EB &L, ARG TOREERY
#2EHE L 72, (Tabled.) % B BEKN A% &
T, BRI WMES ER DRI - B - ke 0 g
B DOWTHFHE 24T - 7225, TN HITHE
BOWRIC & 55— TEF L Tz,
v ) SRR TRIE
ARG BT, HAIEOES 1 B 7%
12, X2 b oSLE S —)VERIREE T I B L,
M - FFRIRGE - BRAREEER 5i2i, W
REBIC DV TiE, Bt - EBERFZERIC OV
TL, MEF DM LI NIT R
# % L7z, (Tables, Fig.15.) %0, Mmiklx
biﬂ%ﬁ%@ﬂ ﬁﬁL%mﬁ &0 #lE
L, FRBEHEIZ, REBFHICIZE. coli KP
M%ﬁﬂwil7—b/%/%ﬁbMM%5
yMHﬂA)%ﬁﬁTé&—N—?4Z7&
W& ->TUthniz,

H % B &
1) AHRBYFr R (Fig. 1.2. Table4.)
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Fig. 15

Tissue concentrations of ofloxacin (o. ». 0) and

ciprofloxacin (e. ». ®) in nasal and paranasal

sinus mucosa in experimental sinusitis
— 1 hr after 30 mg/kg p.o. single administration
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Table6 .

STRAINS ISOLATED FROM SINUS SECRETION
AFTER TREATMENT (7 DAYS DOSING)

1. Ofloxacin group (5 animals)

Strain No.
A. faecalis 2
B. bronchiseptica 1
Corynebacterium sp. 1
Pasteurella sp. 2
2
8

P. aeruginosa
Total

2. Ciprofloxacin group (4 animals)

Strain No.

A. calcoaceticus 2

B. bronchiseptica 2
Pasteurella sp. 4

Total 8
HE7HEZEBECEAL 2 AM%IC

RBIEICZRDBITH H%L’Cwém#fﬁ

ANz, (Fig. 1.) 72, HREREMEH X EEE
T, BEREB LUCRIEHEIC 225 WY
IR H D 5 (Fig. 2.), BEIBIEME D
o BRI - FESSEE TH -2, THIEE
FIEMRERB LUHERETHENDLDICE

WY, 1BIZEBROR TH - 72, — A
U GH Cld BT, EEREFSRITERL
T3 LDD% L, HENRRSIEE b 8
Th -7z, MHEHK1EREIZBIT5RHRAR
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DWEFETdbled. DT &, BARERE
DHEEFEF (T Ofloxacinh™80%, Ciprofloxacin
250% T, —HBIRERED T, 60% L
50%T& ", Ofloxacin TRIF% YEMHA 2
A bNTZ,

Fig. 1. Nasal discharge of experime-
ntal sinusitis in rabbit.

Fig. 2. Supprative secret retention
in maxillary sinus.

2) Bt - SRREEE Y B BB
A (Fig. 3.4.5.6. Table4.)
RIEDBMHITIZ, LENDAMPS 5 £ DNA
BT DIRTET B KHEL % < OBz A 5 72 hs,
FHEGIC L) Moz L) Bk wL
IFFREEEYIE, RITP LD EERT M
B2 72, h THDNARD AER A I it
I WET RSB LN, Fig, 3.4.13,
BEENC BT 5 250 B MBS R AR & 1
IZAMPS, % & 182, DNAKSAHBELL Tw
2kREZ/RL, Fig.5.6.13, Ofloxacin 138
BEHI-CZ N HDTER UM D ER & 7
S TWBEERT, 2Dk )% A X THREIC
BT S, 3202357 2—35—%8ALT, 2

DULCSEENLLND DA EHIEL
T, FNFNEFEERL2 A5 L Ofloxacin #ET
|280%, Ciprofloxacin BETI375% T, W&
EL ) OBEEER DA L1 S Z &%
L7z, =%, Biticxmd 5 EBRRFERD
BEHER L, 12128 Tz,

Fig. 3. AMPS components and infla-
mmatory cells, with alcian blue staining
in contorol.

Fig. 4. DNA components and inflamm-
atory cells,with acridine orange fluor-
escence staiaing in control.

Fig. 5.
after ofloxacin treatment for 7 days,
with alcian blue staining

Inflammatory cells only seen



Fig. 6.

only yield fluorescence.

Nuclei in inflammatory cells

3) RS MBS Rk
a ) WEERYEERGE (Fig.7.8.9.10. Table4.)
Fig.7.i%, 56T, ABBEIAA D L3
AR LMATRTH S, —RLTHL2 L &
I RIEFT R H S 4, Rl R nERE
b 5\ IdHI, Z2haft, SEMEOWHE,
MM E &I EARE T mEONZH
FiRE & REFVBEINE, 20k %
JEBHATRIE, #5 3 HEOEBEGHIC B
THLEFEL T, —F, BREHRSHITIE,
Fig.8. M 0floxacin ¥%5HIn & J iz, ko
BRI IEEREIBEI N, B8 L#ES—
B2 EHIT 2 ELiL o e WML AR 6
5, LL, BT, ke L Chrigd
CHEMEEED L BEFL T 5 D2 LS
Entz, TnbnZEibld, Ciprofloxacin #%
S5ETHEERT, EBEIRSEIC D TIZ3EH
LAZSH T, EEBOEREICKLEERE
WENUEOENVBEI N, —F, BH
LTI, SRR RO ST R (Fig. 9.)
AL TELC, REE, BAREE LR RIE
MR, A L0, B EROEREL, M
O BEFENERTH - 72, Fig.10. (ZCi-
profloxacin 15 7 BH AT R %R
T, BAERCBREDZE,SALNLD, |k
BJEIZ & KRz, IJITEBEEETICALN
LRATRICIBIEE N T W, Tk ic—#ic
THINEED 7Y, L3RRI I L S
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BEFTH -7z, YLK R coteEsR
PF D20, Tabled. TH 5, F DS,
AT, B RIIED SN o7z,

Fig. 7. Maxillary sinus mucosa in
control.
Fig. 8. Maxillary sinus mucosa after

ofloxacin treatment for 7 days.

Fig. 9. Nasal concha mucosa in con-

trol.
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Fig. 10. Nasal concha mucosa after

ciprofloxacin treatment for 7 days.

b) SEMMELERE
(Fig.11.12.13.14. Table4.)

TR T, MR Mg b o g
HEBEIRBLELD -0, Fig 1135
xR LSRR B % R 2%, B
(3, 1TWERL, REEIC b2 ) R
WU L Twd, 72480, MER O
TR A B I o SRR, 2 5

Fig. 11.

mucosa in control.

SEM figure of maxillary sinus

SN E AR L 7R BMESC, KA ruffle
EEEZ BT 5 HIMERk & Rbh A Midod
%2 @D LS, Fig.12.130floxacin 1
HEBGHEOSEMIE TH 5, R BER O 512
HHLNEH, BE MBI metachronal
wave 2L TW A& EDLN, EEEOUE
I H R R & Lz AT, BEATIE, JE
#5417 HE TidFig.13. 0 & 912, MbuRE
DFEMUERC B S ZA T, H2 DR
DALy LR S iz, Lo LEA 18
#H5 T, Fig.1l4. DCiprofloxacinfhiz A %
£oiz, ZABOEMEMR L & Bak
WCEAHI L, BERTICHREMRE D BRI N, 2
7k % SEMA RLIL, JEBHRAT R TA& b 7z 3
K LAZRGH Tozis L& —EL Twi,
SEMBEEIC BIT 2 W ¥ D WFEEIT Table 4.
DB THD, TN EodEERE
Lol, ZHEETROEERLI1TIT—
LTwiz,
Fig. 12. SEM image of maxillary sinus
mucosa after ofloxacin treatment for

1 days.
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Fig. 13.

mucosa in control.

SEM image of nasal concha Fig. 14.

after ciprofloxacin treatment for 7 days.

SEM image of nasal concha mucosa

4) FEHIMEHABATHME (Table5. Fig.15.)
Fig.15.1%, FHl 1 AR EHZOME - BT
R - RERIERSE O MBBATORRE R L
YD THE, T, ENEFNOTHE L
BREHBTOGHRAIITREREE L LHDH &
Table5. N LI 2% 5,
A MFEHERE
Ofloxacin#X SEETIZ (LI T m)4.416 ug/
ml, CiprofloxacinTi30.601ug/mTH Y, H]
BHMTIMERRICHATL Tz,
B. EHMEENBATIEE
Ofloxacin#&5-#: Tli m =4.01ug/me, Ci-
profloxacinFE Tl m =0.806ug/mé T, #35.0
ERIESARBICHITL Tz,
C. LBRIMEENBATIEE
Ofloxacin#5&E Tldm =3.53ug/mb, Cip-
rofloxacinEECldm =0.758ug/mb T, 4. 7%
BiED & (BATL Tz,
D. LSRR RBATIRE
IR EDESN D H Y, £flizDonT
IFREIZ LIS h - 72d%, Ofloxacin 4 BT
120.600~2.500, m=1.375ug/ml, —FCi-

profloxacin 2 il Ci%, 0.175, 0.207 T m=
0.191ug/mb &% Y, BIELH 7. 265ATHR
HTh o7z,
E. BHABTRE
BUHIHRETH > 127280, BEREICZD
SHRME %217 CA 5% &, Ofloxacin B 5 #IT
131.25~<¢5.050ug/m, F72Ciprofloxacin 4
B T130.133~0.5ug/mb & L L, BI#H THAT
HERWIZ EEbNT,
5) MEFAMETHME (Table6.)
BRI R RIC B W TE, BitdDback cul-
turelC TEMB7H MR LG, —7F, A
1A% o RIS 5 i3 ¢ Wil
IZDWTHME L HATL 72%%, Table 6.127R
T E)ICEA7THIZREBESNT, no growth
D1BEBREFEAN &F 2605 EEI L
SNz, HBSEHVLNZEATE 209P
DOMIC I, #FEHE 1058/ ml T, Ofloxacin (2
C0.19, Ciprofloxacin ©0.10, £ 72 B %108
B/ ml TZ N E10.39, 0.19ug/mbThH - 72,
T bb4EFERL 72 7HIic DWW TECiprofl-
oxacin?®, MICOE TR 2E T N Twizz
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WEOREICBWT, FahE g ELT
Lo, FHliT 2 M TIIIEFICEHTHS Z
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FBRICHRELBL2EICHS, LT, 1313
FEHTICH HREIBIERICATENER % %5
LT, BAWLE%2 R T 52 L1339k
BICABERTHENLERET VEEZ LI
£,

ARl T A—g—r, WEHETRE %
EERPHZ LMD, T DOMEBHITICONT
TH - 72, BIREITOMBIATOME TIT,
52 LMY CoRRA2 TSI
HE T, FIHLBRIPUKEE T A ZEA K E
W2 T —F DINTYXNEBLENEDH, TD
$I) B —EEETICH LERTTIETII,
RS, ARKELIZIZ—EIca > b e
—NVRRET, MHTEMEELT -5 %2852 &
NTEBEFEZLNE, SEDERERY L
13 Ofloxacin D ILiE= BE| R EREE~DFEAT
#5Ciprofloxacin £ D& 5~ 73 nTw
LT EDHBALA, 2L &%5’2@%@%‘]
@%Eﬁ%?@%ﬁ%?ﬁgntﬁ%t%~
Y5, BRONCTL LA, /WNE, Foms
t&éiiuﬁ%@%ﬂﬁg@%i«@mm»
acin?®fATIE, MOMER LY LT N T
S5ZENHBIL T3, Fluuk, BATL#
WEEINTW D EHEAKFBRSLEITICONT
{ Ofloxcinid, 2% ) DREITH A SN TED
FNC A LN W EZEZ b, Mk

%, Ofloxacin #A"&EH kLK Tm =0.908,
EFHIEAEE Tld m =0.799, —7, Ciproflo-
xacin FETIE LN L Hm=1.341, 1.261 %1%
FHEOFHHUMFED 5 MBADBATIIRETFTH 5
A%, Ofloxacin DEWHHEFEITY 5% 2 i,
EXICHE L Z T 5 WwThH D),

—77, MHRERFERRBERMEIC BT,
EFEIAGEICBE L, SEMATR TlI3miZEAI o 1
W G55 T, MELEDBEEIBEI N
A%, JEERRT W T3, R IR A T I M R R
L2, AR RO LoD (e
mrofz, Ubotnd, 4RIDER TIImITHE
oo 1REEFTIE, R 2%
kDR TRERALN G572, ZHZ LD,
TR HEANDEENEATORE LIS BRI BT 5
EWER DB NEETRT 50D TH D514,
W FRTh F<Pdose response M) RE Z &
HTHHATNERETLH S, 2L ) %lE
BARREIZ BY§ 2 MR B R RN EIL, B
RAKE CII R 3 nd, KRR L SEM
FrA252IE— L Twie, 2, BZ 5K
JRED BRI A ERICHE D, T2 E 2 5
b,

RiCBHEBREICBWTE, 1:H%E5TIZIZ
BITOWKEADLLOPH Y, BETLEIT
& HEAL R AR IS E M D A A5 TERR & iz, &l
RIERETIMTBWT, BIHhla % &R
WWEZEL, ZUC L VHBERZEOEE % H 5
FRETFUT 52 L) TRETH » 72, FRIRIE T
LFESFIGHRE L 2L 2BRL T3,

Ll ko &9 7t e Bz L <
ZOWFEHE L Table 4. L ) DHEMCFLTHS
& OfloxacinfFETHOBERMERIZT74.3%, Ciprofl-
oxacinfENZ L TI364.3% TH -7z, —F,
BHZIZBT éﬁ%ﬁ’]@%@%ﬂ%ﬁ??ﬁb:ﬁf
5 BRI, Ofloxacin #%70%(7/10), %72
Ciprofloxacin f)f89%(8/;89)) ZLOHLTBD,
BRRL NV Z e 3B FIIC B0 NEITH
505, ZOEBRETNOERLERZEMT S L



NEEZHILD,
& 25T, ROfbFREAIORIRR R (L
ZDOEFMOTEN P RLEELRFTH Y,
iz - MEANOBTYERE TH Y
PRARAIR L F NI TCE B DIIE I E T
L7, REBICHH X 1172 O0floxacin i3,
LWL, 4 mEE S
N7 BB 7TH209PIZBIL TRR0%-> T 5705,
MBBITORTENEFELTHENH LT
CN-EMME BT A2PHA EHRINL D,
& B

REEBRWRIRIER 2 RIS, FARIE
#FlOfloxacin & Ciprofloxacin®¥Fhx#F & L
THBIZREFNMER & BgRTOME Y
FolcEt L7z, 2okER, koL ) el
L N,

1. FRERWBIRER BT 2 RAUE
¥, Ofloxacin 74.3%, Ciprofloxacin
64.3%TH -7z,

2. RiTogHmES, BEIBEHEEOY
BB LS EMATR T3 MR MR AR
Exilldhr o7z,

3. WEH 1A#KRS5SEMBTR TR, &E&E
@1 %, —J7NEERT R TR L DB
MR L, BEAREICHE W RERTR 2 ®T 5
B kir iz,

4, EWMBAATIS, ME - SE SRR
12 BT Ofloxacin®*CiprofloxaciniZlb LA
BIZHBATZRL Twiz,

DEDs#EL D, Ofloxacin IZEIBIERIC
LT, MO THEREDE VIR EEZ 5
niz,

(B EATIICH 2D, HITHRGERIC B
LT3, AFWREBHNZHZERFHFELIRD
R R 2R, ZZIZEEL Thr s
BT 5.)

Ciprofloxacin
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