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Physiologically based pharmacokinetic model of mechanism-based inhibition

of theophylline/caffeine by enoxacin/ciprofloxacin

HE Xiaobei, LIU Xiaodong *
Key Laboratory of Drug Metabolism and Pharmacokinetics, China Pharmaceutical University, Nanjing 210009, China

Abstract To characterize the mechanism-based inhibition of CYP1A2 activity by enoxacin ( ENX) or ciprofloxacin
(CPFX) and develop a physiologically based pharmacokinetic ( PBPK) model to predict the interactions between
theophylline (TP) or caffeine (CAF) and enoxacin or ciprofloxacin using in vitro study from phenacetin. CYP1A2
activity in pooled human hepatic microsomes was assessed using phenacetin O-deethylation following incubation
with ENX or CPFX, respectively. A PBPK model characterizing mechanism-based inhibition was developed to
clarify the interaction between TP or CAF and ENX or CPFX. The results showed that ENX and CPFX themselves
were weakly reversible inhibitors of CYP1A2 in pooled human hepatic microsomes, but following pre-incubation
with NADPH system and ENX or CPFX in pooled human hepatic microsomes, the inhibitory effects on phenacetin
0O-deethylation were significantly enhanced. The inhibition was NADPH-, pre-incubation time-, and ENX or CPFX
concentration-dependent, characterizing mechanism-based inhibition. The developed PBPK model for characteri-
zing mechanism-based inhibition was successful applied to predict the interaction between TP or CAF and ENX or
CPFX. Enoxacin and ciprofloxacin are mechanism-based inhibitors of CYP1A2. The interactions between TP or
CAF and ENX or CPFX may be predicted using PBPK model characterizing mechanism-based inhibition of
CYP1A2 and in vitro study from phenacetin.
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Figure 1 Deethylation reaction of phenacetin
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Figure 2  Physiologically based pharmacokinetics model for describing
the time-profiles of theophylline ( TP) or caffeine ( CAF) (A),and
enoxacin (ENX) or ciprofloxacin (CPFX) (B)
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Table 1 Parameters on the paracetamol formation rate in the presence

of 250 mmol/L phenacetin(x +s,n=3)

Parameters ENX CPFX
ICsy, (umol/L) 279.3 +£10.7 388.3+4.0
k' ypps (umol/L) 52.89 £3. 11 71.09 £2. 63
ke, (min 1) 0. 028 0. 001 0.023 +0. 001

Ik ( X107/

inact

0.53 +0.002 6 0.32 +0. 001

(Lepmol ' emin 1)

ENX; enoxacin ; CPFX ; ciprofloxacin
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ENX(A):—¢—0 pmol/L;—x—28.44 pmol/L;—a—56. 88 pumol/L;—m—113.76 pmol/L;— *—227.52 pmol/L;and —@-—455.05 pmol/L
CPFX(B) :—¢—0 pmol/L;—x—25.62 pmol/L;—a—51.25 pmol/L;—m—102.49 pmol/L;— % —204.99 wmol/L;and —e—410. 07 pmol/L

Figure 3 Concentration- and time-dependent inactivation of phenacetin O-deethylation activity in human liver microsomes by enoxacin ( ENX) (A)

and ciprofloxacin ( CPFX) (B). Percentage of activity remaining ( related to time O in the presence of solvent alone) was plotted in the logarithmic

scale determined from a single experimentThe insets show corresponding double-reciprocal plots of the inactivation rates and the inhibitor concentration
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AT HER o FEREAUL TN 1 R, e R e 5 5
MR IR A AR I U5 RS L

BN TR B RGO MNE R i 25 sh S EC (RIS R R A, T S R

Table 2 Parameters of substrates and enzyme turnover used in the simulation

Parameter TP Reference CAF Reference ENX Reference CPFX Reference

PK of parameters

fu 0.56 [18] 0.59 [15] 0.33 [21] 0.5

V/(mL) vy =16 114 [10] 43 400 [16] 199 500 [22] 247 110 [25]
V, =8 051

CLy/(mL/min) 7. 14 [10] 0.71 [17] 236.6 [22] 357 [25]

CL;;/ (mL/min) / / / / 264.6 [23] 295 [25]

1,/ min 0.022 5 [10] / / / / / /

ko, /min 0. 045 [10] / / / / / /

k, 0.01 [10] 1 Assumed 0. 006 7 [23] 0.030 7 [25]

F, 1 Assumed 1 Assumed 1 Assumed 1 Assumed

K, 0. 69 [10] 1 Assumed 1 Assumed 1 Assumed

HLM protein per human/mg / / / / 87 791 [11] 87 791 [11]

kdeg/(min’l) / / / / 0.000 5 [11] 0.000 5 [11]

Physiological parameters

Qy/ (mL/min) 1 450 [13] 1 450 [13] 1 450 [13] 1 450 [13]

Q57 (mL/min) 300 [13] 300 [13] 300 [13] 300 [13]

Q,./(mL/min) 1150 [13] 1 150 [13] 1150 [13] 1150 [13]

Vy/mL 1 690 [13] 1 690 [13] 1 690 [13] 1 690 [13]

V,/mL 70 [14] 70 [14] 70 [14] 70 [14]

Parameters of enzyme Kinetics

K,/ (mmol/L) 2.49 [20] 0.46 [19] / / / /

K.,/ (mmol/L) 16. 08 [20] 0.31 [19] / / / /

K, 3/ (mmol/L) 9.02 [20] 0.28 [19] / / / /

K4/ (mmol/L) / / 0.41 [19] / / / /

V e/ ( pmol/min/mg pro) 19.51 [20] 570 [19] / / / /

Ve / ( pmol/min/mg pro) 54.33 [20] 27 [19] / / / /

V s/ ( pmol/min/mg pro) 225. 84 [20] 53 [19] / / / /

V s/ ( pmol/min/mg pro) / / 41 [19] / / / /

Parameters ki, and Fapp, i used for simulation are those in Table 1. TP:theophylline ; CAF ; caffeine
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Figure 4 Comparison between the observed ( point) and simulated
(line) profiles of ENX concentration in blood ( A) [26) active CYP1A2
content in the liver (B) ,TP (C) and CAF (D) concentration in blood
Symbol; ( O ,dash line) TP or CAF alone; ( ®,solid line) Following
ENX for 7 days, TP or CAF co-administration with ENX[2-2¢]

Z G B RN YD B R TR ME R Y 25
75 (R 3) BB EHA R/ RN B 55
i/ N R ) i 2453 B2 A2 A, B PR Fh i 4 CYP4SO0
it (=2 CYPLA2) i35 i (R AR ARZS B ¢ =0 1), 7%
P CYPLA2 5 {BuE y 100) B 2E 4. 4528 o,
WD B/ BN RS CYPLA2 B A TR o

Table 3 Comparision between the observed and predicted AUC ratio

PRI PR, JEG D 1) i 245 9k 2 S 25 15 o ( [&1 4C . D/ &
5C.D).

R B 25 4 4525 )5 (400 mg F IR, 1 K 2
W7 d), LSS 4B) R CYPLA2 fiF 1 72
W R, RS 5 B 2y iR B3, L) CYP1A2
A A X L) 32% , 25 Bide/ W D) (19 9k B .
E TV, 5 X L AR L, H AUC 43 531 % B 28 114
2.39 5517 4%, 53CHiRE R He Al 2. 73 £ 5
5. 72 f5 P AW

Figure 5 Comparison between the observed ( point) and simulated
(line ) profiles of CPFX concentration in blood (A)) ) active
CYP1A2 content in the liver (B) ,and TP (C) or CAF (D) concentra-
tion in blood

Symbol: ( O ,dash line) TP or CAF alone; (®,solid line) Following
CPFX for 7 days, TP/or CAF co-administration with CPFX[?7-28]

Inhibitor Inhibitor dose regimen Victim drug Predicted Observed Reference
ENX D2-D5:200 mg, bid, po CAF,D1,D5,230 mg,po 2.01 2.76 [3]
ENX D2-D5:400 mg, bid, po CAF,D1,D5,230 mg,po 3.21 4.46 [3]
ENX 400 mg,bid,5 doses CAF,200 mg,po 2.35 4.71 [29]
ENX 400 mg,bid,7doses CAF,230 mg,po 4.09 4.39 [29]
ENX D1-D7:400 mg,bid,po CAF,D1-D5,183 mg,po 5.17 5.72 [2]
ENX D1-D7:400 mg,bid,po TP,D1,D5,200 mg,po 2.39 2.73 [26]
ENX 400 mg,bid,3 d TP,612 mg,po 2.62 1.65 [29]
ENX 400 mg,bid. ,4 d TP,146 mg,po 2.21 2.71 [29]
ENX 400 mg,bid,5.5 d TP,1200 mg,po 2.84 4.52 [29]
CPFX 750 mg,bid,po,10 d TP,200 mg bid 1.49 1. 86 [27]
CPFX 750 mg,bid,po,7 d CAF,D1-D5,183 mg,po 2.20 2.74 [28]
CPFX 500 mg,bid,po,4 d TP,D1,D5,200 mg,po 1.77 1.24 [4]
CPFX D2-D5:500 mg, bid, po CAF,D1,D5,183 mg,po 1.91 1.58 [3]
CPFX D1-D5 :250 mg, bid, po CAF,D1,230 mg, po 1. 34 1. 46 [30]
CPFX D1-D5:200 mg, bid,po TP,100 mg,bid, po 1.12 1.27 [29]

po :peroral administration ;bid ; twice a day
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