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Introduction

* Urea cycle disorders (UCDs) are rare genetic diseases with
a deficiency of one of the six enzymes in the urea cycle.

A UCD PhysioPD Platform was developed and qualified. Inhibition of AA absorption lowers plasma levels of

ammonia and excess glutamine.

UCDs can result in hyperammonemia causing irreversible e Platform qualification included comparison to preclinical

brain damage and death. and clinical data, including dietary and drug interventions. 5 A emvare UEEH YR wee d el vidh @tiher aerd ) 6
 The onset and severity of UCDs is highly variable and Diet interventions included response to fasting, oral restricted protein diets and/or SAATi treatment. A second

depends on the amount of residual function of the urea glucose tests, and meal tests. Drug interventions included experiment simulated a hypothetical ammonia binding

cycle enzymes. Metabolic stressors may trigger events in sodium phenylbutyrate (sodium PBA), arginine/citrulline, drug. The amount of glutamine above a healthy

patients with mild to moderate UCDs, potentially causing and a hypothetical ammonia (NH4+) binder. concentration was counted as excess.

severe neurological symptoms. = * The simulated treatments resulted in decreased ammonia
* Development of therapies for UCD is complex due to the protein ISR “- production which may contribute to declines in plasma

different role played by each urea cycle enzyme, gaps in | proteases transporter AA transported ammonia concentration.
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Figure 2. The Platform includes dietary protein digestion and absorption.
Clinically, AA absorption occurs through several transporters. Select AA and
peptide transporters and inhibitors were incorporated within the Platform.

Figure 6. Changes in plasma ammonia and excess glutamine in severe UCD VP
simulated with diet or select amino acid transport inhibitor. Left graph shows
effects on plasma ammonia. Right graph shows effects on the levels of excess
glutamine in the plasma.
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. e % 70 £
can be used to develop and test drug targets in silico, and to : § o0 g 1
. . 50 - W 15% protein ®© 08 - W 15% protein
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and urine metabolite levels. > Glutamine- 2 i l i,
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(e AD Ureain \ Flgur.e 7. slmulated cha.nges in plas.ma.ammonla and excess glutamine in a UCD
-> > VP with diet or theoretical ammonia binder. Left graph shows effects on plasma
nplasmg/ OTC |\ plasma a. Right graph shows effects on the levels of total pl jutami
A quantitative metabolic PhysioPD™ Research Platform fom Activity ammonia. TISTE STAPT STOWS SHECES Of TNE IEVELS OF Total plasima STHEamine.
) Phenylacetyl l NH4+
was used as the basis for the UCD Platform development. glutamine  Binder — : N— :
c AU oD - ™ platf | Ures Co-administration of an AA transport inhibitor with
rea Cycle Disorder PhysioPD™ Plattorm was Ammonia) in citrulline reduces plasma ammonia
developed to test potential drug treatments that affect W urine .
the metabolism of amino acids (AA), ammonia, and urea. * AUCD VP was simulated with no treatment, SAATI,
Rosa modified an existing PhysioPD™ Research Platform Figure 3. Graphic of the metabolism incorporated into the UCD Platform. citrulline, or combination of SAATi and citrulline.
for this project. Urea and ammonia metabolism in the Amino acid, ammonia, and urea metabolism were integrated with the existing  Simulations suggest that adding citrulline allows the urea
liver kidney, -nd blood were incorporated into the protein, glucose, and lipid metabolism represented in the Platform. cycle to puII ammonia from the plasma ammonia pOO|,
O T p— excrete it and lower ammonia concentrations.

original Research Platform that contained a quantitative
mechanistic model of glucose, amino acid, and protein
metabolism. The Platform included food intake with
digestion and absorption of protein and amino acids.
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* Pharmacokinetic representations for select AA transport

inhibitor (SAATI) drugs were added to the Platform. Figure 4. Treatment of the UCD-VP with UCD standard of care treatments results | I ., I ., I I ol X I SAA-T ~ ch SAA-T

* Virtual Patients (VP) were created to simulate the in similar changes in plasma ammonia or glutamine compared to literature Notreatment AT Citrlline2  SAATI+ Citruline2 Citrulline2

hvsiologv of an adult male with late onset ornithine values. Left graph shows results of treatment with sodium PBA on plasma
phy Y ammonia concentrations. Right graph shows results of treatment with sodium
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Figure 8. Simulations suggest that adding citrulline with SAATi reduces plasma
ammonia and glutamine concentrations. Plasma ammonia is on the left and

transcarba.mylase (OTC) deﬁCien.Cy; d representati?n of PBA on chcfnnge ir.1 pIasma glutamate. Simulation measurement shown is excess plasma glutamine is on the right.
the UCD disease state. Changes in plasma ammonia and nonessential amino acids (NEAA). o ,
glutamine were evaluated after four weeks of simulated . The notential effects of muscle loss or adantation with ° Platform resgarch !ndlcated.that some ?AATI WO.Uld have
treatment with different hypothetical treatments, potentiat _ P improved efficacy if co-administered with citrulline or
. . : L . . low protein diet were evaluated in the Platform. arginine
including restricted protein diets and a variety of SAATI. . . o . . '
. Based on the initial A standard diet with 15 or 7.5% protein was used. Protein . Additional hypotheses for SAATi mechanisms of action
it eT e e - kcals were replaced with both carbohydrates and fat. and combinations of hypotheses were identified for
. . ’ s Protein is assumed to be very high quality with 40% o
additional nine hypotheses | y nigh quatity ° testing in the Platform.
were developed to explain essential AA.
~10P P _— g * Release of AA from muscle has strong effects on
the perceived

Qualification

increasing the amount of plasma AA or ammonia (Fig. 5).

discrepancies between .l > o lusi
simulations and preclinical el i 3 Conclusions
data. Seven of these were provand 3
evaluated further within Tl i | e Research conducted in the UCD Platform provided
' o i uidance to support more definitive preclinical
the PIatfqrm. ThIS Figure 1. The Platform was qualified 05 - =y I I 5 . pp. P _
hypOtheSIS teStIng enabIEd according to Rosa’S MOdeI Qualiflcatlon ’ plS%;ProteinI)iet: lg%Prote;n T7.5%Protein70iet' 7.75%Protein 7 ’ 7‘15%7ProteinDiet‘ 15% Protein '7.5%ProteinDietv 7.75%Protein - experlmenta deSIgn and Compound evaluatlon.
Oritisati Method? (MQM e A D e o i -
the prioritization of (MQM) — R o o — s, o o In addition, the research identified two therapeutic
experimental work to evaluate sensitive uncertainties approaches that would combine well with a SAATI target.
* The Platform was qualified in accordance with Rosa’s salance with e Ealan ki e kel i
t troge ce t n ti It . . . e
Model Oualiteat . Method (MAM) (Fieure 1 change nmusde | | andinceased | |  andmusde | | balance with some Quantitative modeling facilitated the development and
ode Qua ITiIcation etho ( Q )( Igure ) protein content muss;;ihp;‘iem protein loss muscll(ejéasrotem testing Of hypothetlcal drug targets in early-Stage drug
development.
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