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Figure S1. Schematic representation of the one-compartment empirical model describing the 

pharmacokinetic disposition of nanoformulated cabotegravir after intramuscular 

administration. Parameters highlighted in blue were implemented into the PBPK model. KNP, 

V and CL represent the nanoparticle release rate, plasma compartment volume and clearance, 

respectively. 

 

Equation S1. One-compartment empirical model. 

dDose
dt  = - KNP × Dose (1) 

dPlasma
dt  = KNP × Dose/V - CL × Plasma (2) 

Where KNP, V and CL are the nanoparticle release rate, plasma compartment volume and 

clearance, respectively. 

 

 

 

 



 

Figure S2. Schematic representation of the two-compartment empirical model describing the 

pharmacokinetic disposition of nanoformulated cabotegravir after microneedle array patch 

administration. Parameters highlighted in blue were implemented into the PBPK model. KNP, 

KSKIN, V1, V2 and CL represent the nanoparticle release rate, rate of drug movement in the 

skin, skin compartment volume, plasma compartment volume and clearance, respectively. 

 

Equation S2. Two-compartment empirical model. 

dDose
dt  = - KNP × Dose (3) 

dSkin
dt  = KNP × Dose/V1 - KSKIN × Skin/V1 (4) 

dPlasma
dt  = KSKIN × Skin/V1 - CL × Plasma/V2 (5) 

Where KNP, V1, V2 and CL are the nanoparticle release rate, skin compartment volume, plasma 

compartment volume and clearance, respectively. 

 

 

 

 



Table S1.  MAP intradermal PBPK model parameters. 

Equation Description 

Skin Characteristics 

VSC = VtBP,SC – VtMN,SC Volume of skin in the stratum corneum within the 
boundaries of the MAP 

VVE = VtBP,VE – VtMN,VE Volume of skin in the viable epidermis within the 
boundaries of the MAP 

VDE = VtBP,DE – VtMN,DE Volume of skin in the dermis within the boundaries of the 
MAP 

VBP,SC = BPW × BPL × TSC Volume of the stratum corneum within the boundaries of 
one MAP baseplate 

VBP,VE = BPW × BPL × TVE Volume of the viable epidermis within the boundaries of 
one MAP baseplate 

VBP,DE = BPW × BPL × TDE Volume of the viable epidermis within the boundaries of 
one MAP baseplate 

VtBP,SC = VBP,SC × BPt 
Volume of stratum corneum within the boundaries of total 
MAP baseplates 

VtBP,VE = VBP,VE × BPt Volume of viable epidermis within the boundaries of total 
MAP baseplates 

VtBP,DE = VBP,DE × BPt Volume of dermis within the boundaries of total MAP 
baseplates 

TSC = 17 µM (human), TSC = 18 µM (rat) Thickness of the stratum corneum [1] 

TVE = 47 µM (human), TSC = 32 µM (rat) Thickness of the viable epidermis [1] 

TDE = 2906 µM (human), TSC = 2040 µM (rat) Thickness of the dermis [1] 

MAP Characteristics 
BPMN = 256 Number of microneedles per 16 ×16 baseplate [2] 

BPt = Dose/BPLOADING Number of baseplates in MAP, based on dose 



BPL = 0.7 cm Baseplate length [2] 

BPW = 0.7 cm Baseplate width [2] 

MNH = 600/10000 Microneedle height (cm) [2] 

MNW = 300/10000 Microneedle width (cm) [2] 

MNL = 300/10000 Microneedle length (cm) [2] 

MNH,SC = TSC Height of a microneedle in the stratum corneum 

MNH,VE = TVE Height of a microneedle in the viable epidermis 

MNH,DE = MNH – TSC – TVE 
Height of a microneedle in the dermis, based on the 
remaining microneedle height after stratum corneum and 
viable epidermis penetration 

MNW,DE = MNW × MNH,DE/MNH Width of a microneedle in the dermis, based on the 
fraction of microneedle height 

MNL,DE = MNL × MNH,DE/MNH Length of a microneedle in the dermis, based on the 
fraction of microneedle height 

MNH,VEDE = MNH,VE + MNH,DE Height of a microneedle in the viable epidermis and dermis 

MNW,VEDE = MNW × (MNH,DE + MNH,VE)/MNH Width of a microneedle in the viable epidermis and 
dermis, based on the fraction of microneedle height 

MNL,VEDE = MNL × (MNH,DE + MNH,VE)/MNH Length of a microneedle in the viable epidermis and 
dermis, based on the fraction of microneedle height 

VMN = (MNH × MNW × MNL)/3 Volume of one microneedle 

VMN,SC = VMN – VMN,VEDE Volume of one microneedle in the stratum corneum 

VtMN,SC = VMN,SC × BPMN × BPt Volume of total microneedles in the stratum corneum 

VMN,VE = VMN,VEDE – VMN,DE Volume of one microneedle in the viable epidermis 

VtMN,VE = VMN,DE × BPMN × BPt Volume of total microneedles in the viable epidermis 

VMN,DE = (MNH,DE × MNW,DE × MNL,DE)/3 Volume of one microneedle in the dermis 



VtMN,DE = VMN,DE × BPMN × BPt Volume of total microneedles in the dermis 

VMN,VEDE = (MNH,VEDE × MNW,VEDE × MNL,VEDE)/3 Volume of one microneedle in the viable epidermis and 
dermis 

SAMN = MNH × MNW + MNL ඥ(MNW/2)2 + MNH2    
+ MNW ඥ(MNL/2)2 + MNH2  

Surface area of one microneedle 

SAMN,SC = SAMN – SAMN,VEDE Surface area of one microneedle in the stratum corneum 

SAtMN,SC = SAMN,SC × BPMN × BPt Surface area of total microneedles in the stratum corneum 

SAMN,VE = SAMN,VEDE – SAMN,DE Surface area of one microneedle in the viable epidermis 

SAtMN,VE = SAMN,VE × BPMN × BPt Surface area of total microneedles in the viable epidermis 
SAMN,DE = MNH,DE × MNW,DE + MNL,DE ඥ(MNW,DE/2)2 + MNH,DE2    

+ MNW,DE ඥ(MNL,DE/2)2 + MNH,DE2  
Surface area of one microneedle in the dermis 

SAtMN,DE = SAMN,DE × BPMN × BPt Surface area of total microneedles in the dermis 
SAMN,VEDE = MNH,VEDE × MNW,VEDE + MNL,VEDE ඥ(MNW,VEDE/2)2 + MNH,VEDE2    

+ MNW,VEDE ඥ(MNL,VEDE/2)2 + MNH,VEDE2  
Surface area of one microneedle in the viable epidermis 
and dermis 

Dermis Blood Flow 

QDE = VtBP,DE × (QDERMIS × 60 × 60/1000) 
Blood flow rate in the dermis within the boundary of total 
MAP baseplates 

QDERMIS = 0.0022 cm3 blood/s/cm3 skin Blood flow rate in the dermis [3] 
Microneedle characteristics based on a right rectangular pyramid shape, as previously described [2]. References presented in square brackets in the description column, 
where applicable. V - volume, t - total, BP - baseplate, MN - microneedle, SC - stratum corneum, VE - viable epidermis, DE - dermis, VEDE - viable epidermis and dermis, 
W - width, L - length, H - height, T - thickness, SA - surface area, Q – blood flow rate. 
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