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Quantitative systems toxicology modelling approach 
characterizes effect of valproic acid on lipid metabolism

Introduction

• Valproic acid (VPA) is a treatment for epilepsy and
bipolar disorder

• A known side effect is induction of hepatic steatosis1

(lipid accumulation)
• We mechanistically examine and quantify the effect

of VPA exposure on lipid metabolism
• We develop a general quantitative systems

toxicology (QST) approach integrating Simcyp PBPK
with core hepatic metabolism2 regulated by PPARα
and insulin signalling

Liver concentration of VPA

Multi-scale QST model

Discussion
• We developed a general QST modelling approach to

evaluate liver toxicity
• We identify that chronic treatment with VPA results in a

persistent disruption in lipid metabolism
• We explore the impact of lipid dysregulation in obese

individuals
• We are further evaluating how PPARα regulation affects

lipid concentration

Want to learn more?
<< Scan Here

Models are verified independently

Additional Information

Reactions regulated by PPARα4

Schematic representation of QST approach 
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Oral dose: 250 mg (τ = 8h)

“This project has received funding from the Innovative Medicines Initiative 2 Joint
Undertaking under grant agreement No 116030. This Joint Undertaking receives support
from the European Union’s Horizon 2020 research and innovation programme and EFPIA.”

Endoplasmic reticulum

Oral dose: 750 mg (τ = 24h)

Effect of VPA on lipid metabolism

Lipid droplet

PPARα regulation enhances the effect of VPA

Effect of PPARα on lipid metabolism

- Healthy -- Obese

VPA causes persistent disturbance in lipid metabolism

Enzyme Reaction

AAT 𝑎𝑘𝑔𝑐𝑦𝑡 + 𝑎𝑙𝑎𝑐𝑦𝑡 𝑔𝑙𝑢𝑐𝑦𝑡 + 𝑝𝑦𝑟𝑐𝑦𝑡

ACC1/ACC2 𝑎𝑐𝑜𝑎𝑐𝑦𝑡 + 𝑎𝑡𝑝𝑐𝑦𝑡 𝑎𝑑𝑝𝑐𝑦𝑡 + 𝑝𝑐𝑦𝑡 +𝑚𝑎𝑙𝑐𝑜𝑎𝑖𝑚𝑚

ACSL1/ACSL4/ACSL5 𝑎𝑡𝑝𝑐𝑦𝑡 + 𝑐16𝑐𝑦𝑡 + 𝑐𝑜𝑎𝑐𝑦𝑡 𝑎𝑚𝑝𝑐𝑦𝑡 + 𝑐16𝑐𝑜𝑎𝑐𝑦𝑡 + 𝑝𝑝𝑐𝑦𝑡

ALDR 𝑔𝑟𝑎𝑐𝑦𝑡 + 𝑛𝑎𝑑𝑝ℎ𝑐𝑦𝑡 𝑔𝑙𝑦𝑐𝑐𝑦𝑡 + 𝑛𝑎𝑑𝑝𝑐𝑦𝑡

ALDDHI/ALDDHII 𝑎𝑎𝑙𝑑𝑐𝑦𝑡 + 𝑛𝑎𝑑𝑐𝑦𝑡 𝑎𝑐𝑒𝑡𝑎𝑡𝑒𝑐𝑦𝑡 + 𝑛𝑎𝑑ℎ𝑐𝑦𝑡

ALDDHgra 𝑔𝑟𝑎𝑐𝑦𝑡 + 𝑛𝑎𝑑𝑐𝑦𝑡 𝑔𝑙𝑦𝑐𝑒𝑟𝑎𝑡𝑒𝑐𝑦𝑡 + 𝑛𝑎𝑑ℎ𝑐𝑦𝑡

ASL arg_𝑠𝑢𝑐𝑐𝑐𝑦𝑡 arg𝑐𝑦𝑡 + 𝑓𝑢𝑚𝑐𝑦𝑡

CACT 𝑐16𝑐𝑎𝑟𝑐𝑦𝑡 + 𝑐𝑎𝑟𝑚𝑖𝑡𝑜 𝑐𝑎𝑟𝑐𝑦𝑡 + 𝑐16𝑐𝑎𝑟𝑚𝑖𝑡𝑜

val𝑐𝑎𝑟𝑐𝑦𝑡 + 𝑐𝑎𝑟𝑚𝑖𝑡𝑜 𝑐𝑎𝑟𝑐𝑦𝑡 + val𝑐𝑎𝑟𝑚𝑖𝑡𝑜

CPS 2 atp𝑚𝑖𝑡𝑜 + NH3𝑚𝑖𝑡𝑜
2 𝑎dp𝑚𝑖𝑡𝑜 + 𝑐𝑚𝑝𝑚𝑖𝑡𝑜 + 𝑝𝑚𝑖𝑡𝑜

CPT1 𝑐16𝑐𝑜𝑎𝑐𝑦𝑡 + 𝑐𝑎𝑟𝑐𝑦𝑡 𝑐16𝑐𝑎𝑟𝑐𝑦𝑡 + 𝑐𝑜𝑎𝑐𝑦𝑡
val𝑐𝑜𝑎𝑐𝑦𝑡 + 𝑐𝑎𝑟𝑐𝑦𝑡 val𝑐𝑎𝑟𝑐𝑦𝑡 + 𝑐𝑜𝑎𝑐𝑦𝑡

G6Per glc6p𝑒𝑟 glcer + 𝑝𝑒𝑟

Glyck 𝑎𝑡𝑝𝑐𝑦𝑡 + 𝑔𝑙𝑦𝑐𝑐𝑦𝑡 𝑎𝑑𝑝𝑐𝑦𝑡 + 𝑔3𝑝𝑐𝑦𝑡

GLNASE 𝑔𝑙𝑛𝑚𝑖𝑡𝑜 𝑔𝑙𝑛𝑚𝑖𝑡𝑜 + 𝑁𝐻3𝑚𝑖𝑡𝑜

HMGsyn_cyt 𝑎𝑐𝑜𝑎𝑐𝑦𝑡 + 𝑘𝑐4𝑐𝑜𝑎𝑐𝑦𝑡 𝑐𝑜𝑎𝑐𝑦𝑡 + ℎ𝑚𝑔𝑐𝑜𝑎𝑐𝑦𝑡

HMGsyn 𝑎𝑐𝑜𝑎𝑚𝑖𝑡𝑜 + 𝑘𝑐4𝑐𝑜𝑎𝑚𝑖𝑡𝑜 𝑐𝑜𝑎𝑚𝑖𝑡𝑜 + ℎ𝑚𝑔𝑐𝑜𝑎𝑚𝑖𝑡𝑜

ME 𝑚𝑎𝑙𝑐𝑦𝑡 + 𝑛𝑎𝑑𝑝𝑐𝑦𝑡 𝑛𝑎𝑑𝑝ℎ𝑐𝑦𝑡 + 𝑝𝑦𝑟𝑐𝑦𝑡

OTC 𝑐𝑚𝑝𝑚𝑖𝑡𝑜 + 𝑜𝑟𝑛𝑚𝑖𝑡𝑜 𝑐𝑡𝑙𝑚𝑖𝑡𝑜 + 𝑝𝑚𝑖𝑡𝑜

PEPCK 𝑔𝑡𝑝𝑐𝑦𝑡 + 𝑜𝑎𝑎𝑐𝑦𝑡 𝑔𝑑𝑝𝑐𝑦𝑡 + 𝑝𝑒𝑝𝑐𝑦𝑡
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PPARα controlled reactions

• PPARα is a key regulator of fatty acid metabolism 

Oral dose: 250 mg (τ = 8h)


