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Prediction of the bioequivalence of different crystal forms of rifampicin

based on physiologically based pharmacokinetic model
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Abstract The physiologically based pharmacokinetic (PBPK) modeling strategy was adopted to predict the
pharmacokinetic behavior of crystal forms I and I of rifampicin in humans, which was used to determine whether
the two were bioequivalent. After conducting studies in vitro of the two crystal forms, a rat PBPK model was estab-
lished based on the pharmacokinetic data of intravenous administration in rats. The model was optimized by the
pharmacokinetic data of oral administration in rats. Species were extrapolated to healthy humans, and the extrapo-
lation model was used to predict such pharmacokinetic behaviors as the drug-time curve, absorption site, and
absorption amount of the two crystal forms of rifampicin in healthy humans. The prediction results of the healthy

of form I and form II rifampicin were 8. 42 and 10. 35 pg/mlL, ¢, were 0. 40 and

max

human model showed that the ¢,
0. 32 h,and AUC,, were both 62. 90 pg+-h/mL. According to the prediction results of absorption, neither crystal
form I nor crystal form II rifampicin was absorbed in the stomach, yet both were completely absorbed in the
intestinal tract, with both the absorption site and the absorption amount were basically the same. The pharmacoki-

netic parameters of both crystal forms I and 11 of rifampicin were very close, which could indicate bioequivalence.
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Figure 1 PXRD patterns of rifampicin form I and I1(The position of
the arrow indicates the characteristic peak )
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Figure 2 Equilibrium solubility of two crystal forms of rifampicin
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Figure 3 Dissolution curves of two crystal forms of rifampicin powder in different medium
A: pH 1. 0; B: pH 4. 0; C: pH 6. 8; D: Water
Table 1 Parameters required for PBPK model establishment
Parameter Data References
Molecular formula C,H N, O, DrugBank
M, 822.94 DrugBank
lg P 2.7 DrugBank
Settling time/s 900 GastroPlus™ default
Difference coefficient/( X 10°° em?¥/s) 0.447 1 GastroPlus™ calculation
Diffusion coefficient/( x 107 cm/s) 57.9 +0.053 References [ 12 ]
Particle density/(g/mL) 1.2 GastroPlus™ default
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Figure 4  Profile of rifampicin in rat plasma concentration after iv ad-

ministration (¥ + s, n = 6)
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Figure 5 Atrioventricular model fitted by GastroPlus™
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Figure 6 Profiles of rifampicin in rat plasma concentration after oral

administration (¥ + s,n = 6)

Table 2  Pharmacokinetic parameters of oral administration in rats

(x £s,n=06)

Parameter Form 1 Form I1
€,/ (g/mL) 11.19 + 1.81 13.70 £ 2.78
L/ 2.00 + 0.66 2.00 + 0.60

AUC, /(g h/mL) 149.36 + 20.52 155.11 £ 40.81
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Figure 7 Stimulated and observed plasma concentration for two crystal forms of rifampicin in rat(po)

A: Form I; B: Form 11

Points represent observations, lines represent prediction results
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Table 3 Comparison of pharmacokinetic parameters of oral adminis-

tration in rats

Form I Form 11
Parameter
Observed  Predicted  Observed  Predicted
¢, hg/mL) 11.19 11.94 13.70 13.89
Lo/ 2.00 2.08 2.00 1.84
AUC, f(ng-h/mL)  149.36 140.65 155.11 147.49
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Table 4 Amount predicted of drug absorption in various intestinal

segments after oral administration in rat

Predicted absorption/%

Organ
Form I Form II
Stomach 0.0 0.0
Duodenum 17.5 18.2
Jejunum 1 439 445
Jejunum 2 20.3 20.1
Tleum 1 0.6 0.6
lleum 2 0.2 0.2
Ileum 3 0.2 0.2
Caecum 15.0 14.2
Colon 2.2 2.0
Total absorption 99.8 99.9
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Table 5 Plasma concentrations of healthy people by intravenous infu-

sion of 600 mg (infusion time 30 min, ¥ + s)

t/h c(Plasma)/(mg/mL.)
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Table 6 Comparison of pharmacokinetic parameters of oral adminis-

tration in healthy people

Predicted
Parameter
Form I Form 11
¢,./(g/mL) 8.42 10.35
Lo/ 0.40 0.32
AUC, / (ng*h/mL) 62.90 62.90
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Figure 8 Stimulated plasma concentration for two crystal forms of rifampicin in healthy people (po)

A: Form I; B: Form 11
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Table 7 Amount predicted of drug absorption in various intestinal

segments after oral administration in human

Predicted absorption/%

Organ
Form I Form II
Stomach 0.0 0.0
Duodenum 34.1 35.3
Jejunum 1 40.0 40.6
Jejunum 2 14.6 14.5
Tleum 1 5.7 5.5
Ileum 2 2.2 2.1
Ileum 3 0.9 0.8
Caecum 2.0 1.1
Colon 0.3 0.1
Total absorption 99.9 100.0
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