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Abstract: The rational medication in pregnant women is a clinical issue that clinicians and pharmacists must
take seriously. Most tissues and organs undergo anatomical and physiological changes during pregnancy that affect
the absorption, distribution, metabolism, and excretion of drugs in vivo, which ultimately lead to changes in
bioavailability. In order to achieve an effective therapeutic concentration, dose adjustment might be required during
this period. In the past ten years, the application of modeling and simulation methods in the field of drug
development and clinical therapy has continued to expand, for instance, using population pharmacokinetic (PPK)
and physiologically based pharmacokinetic (PBPK) modeling to adjust dosage regimen in special populations.
Rigorously designed and validated models will effectively make up for the deficiencies of clinical trials, provide
valuable references for the design of clinical research, and even replace part of them. This article will introduce the
physiological changes that affect the pharmacokinetic properties of the drug during pregnancy and review the
progress in the application of PBPK modeling in pharmacokinetic studies in pregnant women.
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Table 1 The impact of pregnancy on metabolic enzyme activities.

*Extensive metabolisers

Metabolic enzyme  Activity Substrate Ref.
CYP1A2 il Caffeine [14, 16]
CYP2A6 1 Nicotine [17]
CYP2B6 1 Methadone [18]
CYP2C8 1 Verapamil, fluvastatin [19]
CYP2C9 1 Phenytoin [20]
CYP2C19 * } Proguanil [21]
CYP2D6 * 1 Metoprolol, fluoxetine [12, 13, 22]
CYP2EI 1 Paracetamol [23]
CYP3A4 1 Nifedipine, midazolam [11,24]
UGTI1A1 1 Bilirubin [25]
UGT1A4, UGT2B7 1 Lamotrigine, morphine  [15, 26]
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Table 2 The pharmacokinetic alterations of drugs during pregnancy. C, . : Peak plasma concentration; AUC: Area under the curve; C .

Steady-state trough concentration; C, : Average concentration; C,_ : Total concentration; CL: Clearance; V;: Volume of distribution; ¢,

total*

Elimination half-life; fu: Free fraction; C/D: Dose-standardized drug concentration in plasma at a given time; NA: Not available; A, B, C, D,

X: The risk to the fetus is escalating from A to X; *: Not consistent among studies

Drug Pregnancy category Significant change Non-significant change Ref.
Antibiotics
Amoxicillin B CL 1,4, | — [40]
Ampicillin B CL 1,AUC | — [41]
Azithromycin B v, 1 AUC, ¢, [42]
Cloxacillin B L1 — [43]
Flucloxacillin B / 1 — [43]
Cefazolin B CLand 7, 1 — [44]
Cefatrizine B C,. andAUC |,¢, 1 — [45]
Cefradine B CL 1,AUCand¢, | v, [44]
Ceftazidime B CL 1 — [46]
Cefuroxime B CL T,AUCand¢, | v, [47]
Imipenem C CLand ¥, 1,AUC | ty [48]
Penicillin V B AUCandt,, | CL,C,,. [49]
Piperacillin” B CLand ¥, 1,AUC | AUC, C, . t,, [50-52]
Trimethoprim C; D (use in labor) CLand V, 1 t [53]
Tazobactam B V,andt, 1 C,...AUC [51]
Isoniazide” C CL 1 CL,AUC, V, [54,55]
Pyrazinamide C — CL,AUC, V, [55]
Ethambutol B — CL,AUC, ¥, [55]
Antimalarials
Artemeter NA C...and AUC i — [56]
Atovaquone NA CLand 7, 1,C, ,AUCand C, . | — [57]
Chloroquine” C CLand ¥, 1,AUCandt,, | CL,AUC, ¢,, [58-61]
Lumefantrine’ NA CL T,¢, | CL,V, C,..AUC [56,62,63]
Mefloquine” C CLandV, 1.C, | CL, ¢, V, [64-66]
Piperaquine” NA CLandC,, 1,V,AUCand¢, | CL,AUC, ¥, [67-69]
Hydroxychloroquine C v, 1 CL, AUC [70]
Sulfadoxine’ NA CL T,AUCand¢,, | C,.o AUC, 1, [71]
Sedative Hypnotic Drugs
Diazepam D — CL [72]
Thiopental C CLand 7, 1 — [72]
Antiepileptic drugs
Carbamazepine’ D cLt.n1 CL.f, [73-76]
Lamotrigine C CL 1 — [77]
Levetiracetam C cL 1 — [78]
Oxcarbazepine C cL 1,c/m | — [79]
Phenytoin D CLT.f, 1.Cou t — [80]
Phenobarbital D CLT.f, T.Cou t — [81]
Topiramate D c/D | CL [82]
Antidepressant/anxiolytic drugs
Citalopram C Crough — [83]
Fluoxetine ¢ Coonsn — [22]
Paroxetine C Cowi — [84]
Venlafaxine C otal — [85]
Clorazepate D cLt,c, | — [86]
Midazolam D CL,f,and V, T,C,, and AUC | ty [11,87]
Antivirals
Dolutegravir NA — AUC, C_ [88]
Ledipasvir NA — AUC [89]
Lopinavir’ NA CL,f,andV, 1,C, ,AUCandt,, | CL, ¥, t,, AUC, C, ., [39,90]
Elvitegravir NA AUC | — [91]
Abacavir C — C .. CLAUC, ¢t , [92]
Atazanavir B CL 1,C,..AUC,C, and s, | v, [93]
Efavirenz’ D CL 1,AUCand C,, ! C,..AUC, CL [94-96]
Emtricitabine” B cL t,C,,.AUC and Crongh ! C o 11 AUC, C [97-99]
Indinavir C CL1,C,,,AUCandC, . | — [100]
Darunavir C CL 1,AUCandC__ | — [101]

max
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Continued
Drug Pregnancy category Significant change Non-significant change Ref.
Lamivudine C CL 1 — [102]
Nevirapine B ChwAUCand C } — [103]
Tenofovir" NA CLand V, 1, C.o C...o AUC and C[mugh C. .o L AUC, C|mugh [104-106]
Saquinavir’ NA C,, and AUC | CL, C, . t,, AUC, C, . [107,108]
Raltegravir’ NA CLand ¥, T,C, and AUC | C oo 11 AUC, C [109,110]
Ritonavir NA CLand ¥, 1,C, . C,,., and AUC | ty [107]
Etravirine B CL |,AUC 1 — [111]
Oseltamivir NA — CL, t,,, AUC [112]
Cardiovascular drugs
Atenolol D cL 1 C,..AUC, ¢, [113]
Clonidine C CL 1 NA [114]
Digoxin C CL T and AUC | Covtin [11]
Metildigoxin NA CL 1 — [115]
Furosemide C; D (use for gestational CLand V, T, C e } Ly [116]
hypertension)
Labetalol” C CLand 7, T CL, 7, [117-119]
Metoprolol C CL 1 — [120]
Nifedipine ¢ CLT,C, andt, | NA [24]
Sotalol B CL T Vit [121]
Aspirin C; D (high dose during C, .. and AUC ! — [122]
late pregnancy)
Pravastatin X CcL 1 — [123]
Drugs for analgesia and anesthesia
Ketorolac NA CLand V, T ty [124]
Morphine C; D (high dose in labor) CL T and Ly ) v, [26]
Paracetamol’ B CLand ¥, 1,AUC, ¢, and C,,, | AUC, 1, [125,126]
Buprenorphin C C,,.and AUC | — [127]
Methadone C CL 1,AUCand C,,,, | — [128]
Others
Metformin B CLand V, 1 — [36]
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Figure 1 The 27-compartment physiological model of pregnant women. The gray portions are nine gestation-specific compartments
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