
Figure 3. Serum Uric Acid, serum xanthine, urinary uric acid and urinary 
xanthine time course profile for three different scenarios 
 

A. Strong UA clearance stimulation + weak UA formation inhibition 
 

B. Weak UA clearance stimulation + strong UA formation inhibition 
 

C. Week UA clearance stimulation + strong xanthine clearance stimulation  
 

 

Results: 
Simulations showed that the three potential drug mechanisms explored have 
similar effects in the serum UA profile, however very different effects in the 
urinary profiles. A strong UA clearance effect, produces fast and large increase 
in the amount of UA present in urine which then returns to baseline levels (or 
below due to the UA formation inhibitor effect) as seen in Fig 3A. The rapid 
increase in UA in urine can be reduced by the presence of a stronger UA 
formation inhibitor (Fig 3B) that not only decreases the peak UA in urine during 
the first days but also reduces the UA amounts in urine below baseline levels. 
However the strong UA formation inhibitor produces a significant increase in 
the xanthine amount in urine. A strong xanthine clearance stimulation effect 
will produce urinary profiles similar to the UA formation inhibition however the 
increase in the urinary xanthine will be much faster than the UA formation 
inhibition. As high levels of UA in urine are not desirable further simulation 
work was done to explore other possibilities to reduce urinary UA in the first 
days of treatment; Figure 4 shows how titration could also reduce the UA peak. 
 
 

Figure 4. Urine Uric Acid time profiles with and without titration 
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Methods: 
A PK/PD model was developed using NONMEM 7.2 based on the systems model 
but simplified and calibrated with healthy volunteer serum and urinary data 
from an internal compound and from literature data (5). The model consisted of 
4 compartments, where xanthine will be either renally cleared or converted 
into UA prior to elimination to the UA urinary compartment (Fig 2).  Drug 
effects were tested in the (i) UA formation as informed by the systems model, 
(ii) UA clearance as informed by the internal compound data, but also in the (iii) 
xanthine clearance as available literature indicated a XO inhibitor could increase 
xanthine clearance. 
Simulations were performed assuming different daily doses of the internal 
compound for 10 days and assuming different magnitude of the drug effects in 
each potential route. For each of the scenarios simulated [(A) Strong UA 
clearance stimulation + weak UA formation inhibitor, (B) Weak UA clearance 
stimulation + strong UA formation inhibitor, (C) Weak UA clearance stimulation 
+ strong xanthine clearance stimulation] the serum and urinary UA and 
xanthine profiles are shown.  

Conclusions:  
• Simulations provided greater insight into the interaction between key 

mechanisms and how balancing those may help optimize treatment with 
existing and emerging mono therapies while providing targets for future dual 
inhibitor development. 

• A mechanistic PK/PD model was built based on systems pharmacology 
information, literature information and internal data. It has explored a renal 
component that the systems pharmacology model had not explored at this 
time. Further work in the systems pharmacology model can be based on the 
renal component exploration that has been done with the PK/PD model. 

• This case study also illustrates how systems pharmacology can help define 
specific research questions which can be explored by focused mechanistic 
PK/PD modelling, which can ultimately be fed back into the wider systems 
pharmacology model. 
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Objectives:  
The rising population prevalence of hyperuricemia (1) has renewed interest in 
the purine metabolic pathway (PMP). Dua et al (2) recently published a system 
pharmacology model which has determined sensitivity of the pathway to mono 
and dual inhibitory effects, a representation of this model is shown in Fig 1. This 
work highlighted the potential therapeutic value of simultaneous inhibition of 
XO (xanthine oxidase: enzyme responsible for oxidation of xanthine to uric acid 
(UA)) and a transporter responsible for the reabsorption of UA. This therapeutic 
strategy is currently being explored via combination therapy (3) or as a target for 
a dual inhibitor (4). The aim of this work is to develop a mechanistic PK/PD 
model to characterise the interaction between these points in the PMP in terms 
of impact on rate and extent of changes in serum and urinary concentrations of 
xanthine and UA. 

Gout Systems Pharmacology Model 

Figure 1  

Figure 2. PKPD model 
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