
RESULTS AND DISCUSSION
1. Comparison of PK in HRN and WT mouse

following IV Administration.
• Compared to WT animals, a 2.1-, 4.5- and 5.2-fold 

reduction in CL was observed for DTX, MDZ & TPL, 
respectively. Volume of distribution was unchanged 
(Table 1; Figure 3).

• A corresponding 1.3-, 6.8- and 2.7-fold increase in half-
life was observed for DTX, MDZ & TPL, respectively
(Table 1; Figure 3).

• CL of NFV was very similar in HRN and WT mice 
following IV dosing which suggests that non CYP or 
extra-hepatic CYP pathways are involved in NFV’s CL.

2. Comparison of MDZ Oral Exposure between
HRN and WT Mouse

• The oral AUC of MDZ was increased by ~20-fold in 
HRN mice compared to WT mice (Table 2, Figure 4).

• The greater difference observed between HRN and 
WT mouse following PO dosing compared to IV dosing 
(20-fold increase in AUC) suggests that hepatic first 
pass plays a large role in the oral CL of MDZ.
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MATERIALS & METHODS
In Vivo PK studies:
• Female HRN Mice (Taconic, NY) & C57BL6 (WT; 

Taconic, Oxnard) were used for all studies.
• Commercially available Docetaxel (DTX), Midazolam

(MDZ), Nelfinavir (NFV) and Theophylline (TPL) were 
administered by intravenous (IV) bolus injection into the 
tail vein; Midazolam was also administered via Oral 
Gavage (PO).
• Probe drugs were selected to reflect CL by different 

human CYP’s and to reflect low (TPL, 1A2), medium 
(MDZ, 3A4) and high (DTX, 3A4/A5) CL drugs. NFV 
was selected to reflect mixed CL pathways 
(transporters and CYP3A4, 2C19) (see Figure 2 for 
structures of drugs).
• Doses (5 mL/kg) used for the study were 2 mg/kg: 

MDZ & TLP and 5 mg/kg: DTX & NFV.
• Aminobenzotriazole (ABT, 50 mg/kg; PO) was

administered PO (10 mL/kg) 2 hours prior to 
administration of the drug of interest to inhibit CYP 
activity (extra-hepatic CYP in HRN mice or both 
hepatic and extra-hepatic CYP in WT mice).

• Two blood samples (70 µL retro-orbital, 200 µL terminal) 
were collected per mouse at specified time points (n=3 
samples/time point) using K2EDTA as anticoagulant.
• Blood sample collection times were at either; 0.083, 

0.167, 0.5, 1, 3, 6, 9, 24 hr or 0.083, 0.25, 0.5, 1, 4, 8 hr.
• Plasma samples were analyzed using LC/MS/MS.
• Mean plasma concentrations were calculated for each 

timepoint and non-compartmental analysis was 
conducted on the mean concentration data using 
WinNonlin v5.2.

INTRODUCTION
• P450 Oxidoreductase (Por) is the essential electron 

donor for all P450 enzymes and is responsible for the 
activation of P450 metabolism (see Figure 1). 
• The Taconic Hepatic Cytochrome P450 (CYP) 

Reductase Null (HRN) Mouse Model possesses a 
targeted mutation that results in liver-specific deletion of 
the Por gene disrupting P450 metabolism in the liver.
• This model could be useful in assessing new chemical 

entities (NCE) for proof of concept studies, e.g., in vivo 
efficacy, where high hepatic CYP clearance (CL) and low 
exposure may preclude in vivo evaluation.

• The objective of our studies was to characterize the 
HRN mouse model by administering probe drugs and by 
observing changes in pharmacokinetics of HRN mice 
compared to wild-type (WT) animals.
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3. Co-administration of with ABT (NFV & MDZ)
• To determine the contribution of extra-hepatic CYP 

metabolism to CL of NFV and MDZ in HRN mice, ABT
was co-administered with NFV & MDZ.

• Relatively small difference in NFV PK with ABT co-
administration further suggests that non-CYP (hepatic or 
extra-hepatic) pathways are involved in NFV CL (later 
confirmed in vitro ~20% turnover in mouse liver 
microsomes; Nelfinavir is also a substrate of P-gp) 
(Figure 5).

• Approximately 4-fold increase in MDZ exposure in ABT 
treated HRN mice compared to non treated mice 
suggests that extra-hepatic CYP plays a role in MDZ CL. 

• ~20-fold increase in WT mice when administered with 
ABT indicates that extra-hepatic CYP metabolism plays 
a role in MDZ CL less significant role for MDZ 
metabolism in HRN mice vs. WT mice.

SUMMARY AND CONCLUSIONS
• Liver-specific deletion of the Por gene disrupts CYP450 

metabolism in the liver thereby reducing the hepatic CL 
of drugs that are primarily eliminated by CYP450.

• Drugs with a range of CL and metabolized by different 
CYP450 isoenzymes are affected by the lack of hepatic 
CYP450.

• In addition, HRN mice ±ABT is useful in discerning the 
contribution of extra-hepatic metabolism (e.g. intestinal 
CYP450 metabolism) to the total CL of a drug.

• Further characterization of possible compensatory CL 
pathways may be necessary to determine differences in 
HRN vs. WT mice.

• Overall, the HRN mouse model could potentially be a 
valuable tool in evaluating tool compounds in drug 
discovery where high hepatic CL result in low 
bioavailability and exposure.

• The HRN mouse model would be less useful for 
increasing exposure of compounds where extra-hepatic 
metabolism plays a major role in CL.

Table 1: Summary of Preclinical PK Parameters following IV bolus administration 
of DTX, MDZ, TPL or NFV 

6.770.9571261.16WT
6.820.6751231.19HRN5NFV

0.9580.99525.67.23WT
0.7792.554.9637.3HRN2TPL
0.5750.18238.50.865WT
0.8781.238.523.91HRN2MDZ
28.08.061240.801WT
25.811.058.41.59HRN5DTX

(L/kg)(hr)(mL/min/kg)(hr*µM)(mg/kg)
Vsst1/2 CL        AUC0-inf 
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Dose 

Drug

Figure 3 – IV bolus mean plasma concentration-time profiles of A) DTX  B) MDZ 
C) TPL & D) NFV in HRN and WT mice

Table 2: Summary of Preclinical PK Parameters Following PO Administration of 
MDZ 

0.08330.2690.0843WT
0.2500.6181.75HRN2MDZ
(hr)(µM)(hr*µM)(mg/kg)

TmaxCmaxAUC0-inf 
Strain

Dose 
Drug

Figure 4 – A) Mean plasma concentration-time profile of MDZ in HRN and WT 
mice Following PO administration. B) Depiction of first pass metabolism 
(intestinal/hepatic) 

Figure 1 – Relationship of POR to a microsomal cytochrome P450 enzyme

Huang N et al. PNAS 2008;105:1733-1738
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Figure 2 – Chemical structures of A) Docetaxel B) Midazolam C) Theophylline
and D) Nelfinavir
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Figure 5 – NFV & MDZ AUC0-inf in HRN & WT mice following IV or PO 
administration with or without ABT 
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