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Effects of Enoxacin and Ciprofloxacin on the Theophylline Metabolism in Humans

Soo Jeon Choi, M.D., Bong Choon Lee, M.D. and Dong Soon Kim, M.D.
Department of Internal Medicine, Paik Hospital, Inje Medical College, Inje University, Seoul, Korea

Some kinds of newer fluoroquinolone antibiotics are known to interact with theophylline, which is
widely used as a potent bronchodilator in asthma or chronic obstructive lung disease.

To evaluate the effect of enoxacin and ciprofloxacin on the metabolism of theophylline, aminophyl-
line was administered intravenously in bolus (6 mg/kg) over 30 minutes to 6 healthy volunteers (age:
23.3+4.2 year, body weight: 63.2+9.0 kg, height: 169.0+6.5 cm, female 3, male 3) before and after per
oral 5-day medication of enoxacin and ciprofloxacin, respectively and we measured the level of
theophylline in serum.

The results were as follows:

1) Enoxacin and ciprofloxacin did not influence the volume of distribution significantly.

2) Enoxacin decreased the clearance of theophylline significantly (from 42.9:+14.6 ml/min to 30.1+
6.3 ml/min: p<0.05), but ciprofloxacin did not cause significant decrease (to 32.8:4:6.2 ml/min: p>0.
05).

3) Enoxacin increased the elimination half life of theophylline significantly (from 496383 min to
693 +32 min: p<0.001), but ciprofloxacin did not cause significant increase {to 687 +222 min: p>0.05).

These results suggested that enoxacin influenced clearance and elimination half life significantly
and thorough monitoring of the level of theophylline in patients with coadminstration of enoxacin
and theophylline was necessary. In case of ciprofloxacin, the influence on the metabolism of theophyl-
line was not statistically significant, but one exceptionally large decrease of the clearance and
increase of the elimination halflife of theophylline suggested the necessity of monitoring of theophyl-
line level during coadministration of ciprofloxacin and theophylline.
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Tableé 1. The Characteristics of Subjects
Age Weight Height
Subjects Sex
ot ) (kg) (cm)
1 20 F 58 166
2 19 F 62 165
3 20 F 52 160
4 25 M 61 160
5 27 M 78 178
6 29 M 68 172
MeantSD 23.3+4,2° 169.0£6.5

63.219.0
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Table 2. Theophyliine Concentration ( «g/mi) of Serum in 6 Normal Subjects

Time (h) 12 ‘ 12

Subjects / ! 4 6 8
Control 10.65 10.45 9.35 7.85 6.70 5.85 4.35
1 Enoxacin 10.15 8.95 8.05 8.20 7.40 5.95 4.70
Ciprofioxacin 10.65 11.40 8.50 6.70 5.25 5.20 4.70
Control 11.35 11.70 10.05 9.05 7.50 7.30 5.65
2 Enoxacin 13.40 12.00 10.75 10.60 9.00 8.80 6.20
Ciprofloxacin 9.80 11.35 8.65 7.50 8.20 6.10 5.25
Control 10.75 9.80 8.85 6.70 5.75 4.60 : 3.25
3 Enoxacin 11.10 10.50 8.95 7.45 6.50 5.90 4.45
Ciprofloxacin 10.60 9.75 8.00 6.80 6.20 4.90 3.70
Control 8.80 7.60 6.80 5.95 5.00 3.75 2.35
4 Enoxacin 9.95 7.90 8.55 6.75 6.20 5.35 4.45
Ciprofloxacin 9.25 11.80 7.80 7.15 6.25 4.45 3.60
Control 9.35 7.85 7.35 6.00 4.75 4.35 3.05
5 Enoxacin 8.80 8.80 8.20 7.40 6.55 5.50 4.70
Ciprofloxacin 11.90 8.75 7.95 5.35 7.20 6.00 5.55
Control 12.80 12.80 11.65 10.05 7.55 6.40 5.15
6 Enoxacin 14.15 11.00 10.20 9.35 7.70 6.10 6.30
Ciprofloxacin 10.15 12.35 7.55 8.90 8.80 7.20 . 5.65

Mean + SD

Control 10.62 10.03 9.08 7.60 6.20 5.37 3.97
" +1.43 £ 2.07 +1.84 +1.69 £1.23 %1 .3‘6 +1.29
Enoxacin 11.26 9.85 9.12 8.29 1.23 6.27 5.30
: £ 2.10 1 1.55 +1.11 +1.44 +1.04 +1.27 +0.87
Ciprofloxacin 10.39 10.90 8.08 7.07 6.98 5.64 4.74
i + 0.91 +1.36 +0.42 t1.16 +1.34 £0.99 + 0.9

nation half life: t1/2 &) & Falgied 224404
Aminophylline€ &% F«3 %1} enoxacino]u}
ciprofloxacing F{8 9} 7% 747 29.1+6.4 L,

29.8+6.3L, 31.0+£5.9L2 M2 EAH<] fd
o] 7} $1%eH(p<0.05) (Table 3, Fig. 2), F&&(To-
tal body clearance)-& Aminophylline2 ©= £oj3
734 42,9%14.6 ml/minc|¢l 2 enoxacin® #-&%
% 30.1+6.3ml/mine 2 Fo)& 245 2ot (p=
0.0159) ciprofloxacing ¥-£38} o= 32.8+6.2ml/
mine g f2ldk xlol: Ugdch{p=0.1395) (Table 4,
Fig. 3). =] enoxacing £-83 %29 ciproflox-
acing 8-8-8 F& vlarshyd 98 zholst giglehp=
0.4562), 317+7] (Elimination half life) &} 4+ Amino-
phylline® 5% od8 7% 496+83%-¢1¢lem] enox-

acing B-88 %9 A% 603432802 §od 2518
£ 4 919l e} (p=0.0008) ciprofloxacin® ¥-&3 %-
of & 6892228 2 2 2l d Ao fetp=
0.0905) (Table 5, Fig. 4). 2.2]% enoxacing #-&3
%9 ciprofloxacing 288 9 748 vlas] vy
HE F9E zbelE gichp=0.9461).
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Table 3. The Volume of Distribution (L) in 6 Normal Subjects

Subjects

Theophylline (pg/mi)

1 2 3 4 5 6 Mean + SD
Drugs
Control 25.5 25.3 25.4 33.7 40.1 24.2 29.1 + 6.4
Enoxacin 28.5 23.1 25.7 31.9 41.1 28.6 29.8+6.3
Ciprofloxacin 273 30.7 26.5 31.0 42.5 28.2 31.0+5.9
12 _ L
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Fig. 1. Serum theophylline concentrations against time. Amp Enx Cfx

Mean from 6 subjects before (Amp) and during

coadministration of enoxacin (Enx) and cipro-

floxacin (Cfx)

Fig. 2. Volume of distribution of theophylline before

(Amp) and during coadministration of enoxacin
(Enx) and ciprofloxacin (Cfx).

Table 4. The Clearance (ml/min) of Theophylline in 6 Normal Subjects

Subjects

1 2 3 4 5 6 Mean + SD
Drugs
Control 34.1 27.3 38.2 59.8 62.6 35.5 429 + 14,6
Enoxacin 28.4 22.5 26.7 35.0 39.8 28.1 30.1 + 6.3%
Ciprofloxacin 36.6 28.9 33.6 42.8 27.4 27.2 328+ 6.2
* P < 0.05 vs Control
Table 5. The Half Life {min) of Theophylline in 6 Normal Subjects

Subjects 1 2 3 4 5 6 Mean + SD
Drugs
Control 518 642 477 391 473 474 496 + 83
Enoxacin 696 712 685 632 715 715 693 + 32%
Ciprofloxacin 516 737 557 502 1090 718 687 + 222

* P < 0.001 vs Control
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Fig. 3. Clearance of theophylline before (Amp) and
druingcoadministration of enoxacin (Enx) and
ciprofloxacin (Cfx).
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% ¢lo] theophyline 2 Aol ti3] enoxacin=te] Ab3 2t
&0l ohdst . FZFe ot ©]F ThomsonE?,
Raoof5*, PaidipatyS® o2 ¥.2ollA ciproflox-
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4 948 Aol A ciprofloxacin EojE €% theo-
phylline F=7} 7.8+4.6 ug/mlol| A 14.6+7.4 pg/
mlZ 35350 o) F 209 (61%) ol M+& HF 10.5 4
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Fig. 4. Elimination half life of theophylline before
(Amp) and during coadministration of enoxacin
(Enx) and ciprofloxacin (Cfx). )
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2 o] Aol dis] Nix5!'V2 ciprofloxacin £o3% §
o3 27171 9k st o} SanoS19L enoxacin %
o & f-ofq wslvl gisictn dglen B Aol
Aminophylline gH&-50] 4] 29,1+6.4 LollA4] enoxacin
EojE 29.8+6.3L% ¥ #HIl glglen ciproflox-
acin o Foll % 31.0£5.9L% Fold W3lst gisich
(Table 3, Fig.2). &3 enoxacin %% theophyl-
line9] A 4-g2] ¥l s}o] o3 Beckmanns'2e 69719
enoxacin?} theophyllines] = & %oi % 81.2+27.0
mi/minell4] 21.+4.8ml/min2 2 73.6%%] 74§ 8
8} gl o SanoE'YY 733 397ke) enoxacin T

% 0.054+0.0131/h/kgoll A 0.027+£0.0051/h/kg=
50%9 Algh #h4g B Wijnands%'9¢ 34 7%
9] enoxacin FoiF 2welA 39%¢] Hite Had
Hasld e £ Al E 54874 enoxacin Foi &
42.9+14.6 ml/mino] 4 30.1+6.3ml/minZ 29.9%
of felgh 2HaE Bedl(p=0.0159) & A-ollA el
oAt uld AA ez 22 HIE Bqly e
a7t He Jg nejsiviets &% S g2 ol
A8 FA0L glelofdt Ao g Azbgieh ® ciproflox-
acin $o 39} theophylline®] #4282 #Hilo] )4
= Schwartz5Wo] 44 7+9] ciprofloxacin® theo-
phyllines] ¥ Fof & ok 30%2] A48 HLE BT
B 3 Wijnands 59-¢ 5.5% 742} ciprofloxacin 3}t
theophyllines] ¥-&Foi % of 30.4%9 AL &9 &
£ ZpAElgi e NixE'We 7979 ciprofloxacing
o & 17.8%9 A4de) 2AE B4 Aot A
o2 FolsiAl dotrha(p=0.1) dgieul £ AT
A& 5978 ciprofloxacin 9% 42.9+14.6ml/
minell 4 32.8+6.2ml/mine] 4 27.4mi/min & 2
56%9 Had ¥el 1eE A9de sefloll M 39.0%
12.3ml/minoll4 33.8+6.2ml/min% 13.3%9 74
& ¥3ov o] theophylline®] wiAlell gloiA] 7A1AH
7F AR e g A 4 g Aoz Azt (Table
4, Fig. 3).
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Za Wijnands%V€ enoxacin® theophyllines] =8
FolA] 3ol A 49lo]Foll= A 2042t e g Wk o}
Z7lslginty S 2 veig ov = Wijnandss 98 2
ol A4 39 7H 2] enoxacin ¥ F 72 100%<}
101.6%9] 57+ st e & dFolAE 547k

enoxacin Fo}3% 496+ 83804 693+32¢ o7 Hi
39.7%9 718 WA ol BAH o2 {oisl
9.2t (p=0.0008) Wijnands%'¥¢| ¥io] ulaj g
ol & Bl AL Er] B ddelolA] 5 s ofo}f
gzl o 2 A7H ), 49 ciprofloxacin F933%-9] theo-
phylline2] whztr]e] W&o} ois] Winjinands52
42.4%9) $7+ 223 Nix5'Ux Fo g Wi}
kst el 2 o FolAe 4968330l M 6871222
Fo 2 38.5% F7P7F e BAH o7 §ofA
+ kel (p=0.0905) °1F 130.5%2 $71& 29l 1
ofl & A 93 vieiR] sellell e 500£92¢ A 606113
Rog 21.2%2] E7F% Bol&ul o|& theophyllined
thate] Aglatel o7t oleldal b2 F4 Y& Aol
o} (Table 5, Fig. 4).

2 o] ZoA enoxacin® Fo3% Aminophylline
th3] FAMEEE theophylline®] 4ol 3 29.9%¢]
F2l gk 2ol (p=0.0159)F Rolw] = ubghr]o] 4] 39.7%
2] f2l& Aol (p=0.0008) & EUARL Bl Aoz
olu] galxl wloli} Ao Ze Ao]E 29l Zio|
o8] 412} enoxacin®} theophylline-g ¥ &-%oid 49
ol E A7 e} ® ¥ &7 4] theophylline &2k
gz Sol F FEAAC destezr A4R,
ulxb7}Al 2 E oo A ciprofloxacin®] $oJ3% theo-
phylline®] HA&2) Fras} wbzirie] Foirt FeolsiA
E oigken} Halr) giglx 16l e A8 W) gl
Al AL HAalelo| A= ol 714 g2 theophylline %
o] & 4 Urhe A& A AEe} Bl en] B8 754
A7) 5o Ashrl gl el BxjolAe g d-Fod A
theophylline ¥ =9 A& 7447} D23} shzlvh,

# 2

AREo gule] AAAelel 4] fluoroquinolone A<
9] gAQAql enoxacind} ciprofloxacin®] 7-1%-of3
Fofl theophyllineg 7AW Fo3dqdF % theophyl-
line 5% &4t thgdt 22 AE-& dgich

1) enoxacind ciprofloxacin® theophyllines] ¥
Z&Ao| dsted f-2 3 FEE vl AA ket

2) enoxacinZ theophyllined] A4&& 42.9+14.6
ml/minol 4] 30.1+6.3ml/mine & 98 A 2 A7
21}(p<0.05) ciprofloxacin®] 7% 32.8+6.2ml/
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min® 2 Zrd7t Yoyt BAH 2 ol gt
cH(p<0.054). '

3) enoxacing theophylline?] #7171 & 496+83 %
o4 693132802 Fo5tA FrH17 2k (p<0.001)
ciprofioxacingl 73-9- 68722282 8 Z7}7} glgi ot

BAHoz2 oAl YottH(p>0.05).
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