
   
 

        

        
          

            

       
       

         

          

       

         

          

        
        

         

         

     

      

       
        

         

            

         

    

         

      

           

        

     
        

       

         

   

   

Protecting your heart with high-
performance computing 
Building a better drug cardiotoxicity prediction model 

“We use Oracle’s high-performance computing (HPC) platform to help us run atomic-
resolution investigations of ion channel functions and ion channel-drug interactions. 
We’re also able to accurately predict the safety and efficacy of preclinical drugs.” 

- Igor Vorobyov, Assistant Professor, Department of Physiology and Membrane Biology; 
Department of Pharmacology, UC Davis School of Medicine 

The hidden danger of cardiotoxicity 

Cardiotoxicity occurs when a drug prescribed to treat or 

cure one medical condition also harms a patient’s heart. It’s 

a serious and expensive problem for the pharmaceutical 

industry, the medical community, and the patients who rely 

on these drugs for improved health and, in some cases, to 

save their lives. Despite the best efforts to gauge 
cardiotoxicity risk in the drug development and testing 

phases, nearly 10% of drugs over the last forty years have 

been pulled from the global clinical market due to 

cardiovascular risks. Additionally, current pharmaceutical 

testing protocols do not well-assess cardiotoxicity risk 

related to unhealthy heart tissue. Pre-existing medical 
conditions can increase a patient’s likelihood of heart 

problems. To truly assess cardiotoxicity risk in this complex 

case, drugs must be tested in the context of what the drug 

will do to a heart that already has complicating 

cardiovascular factors. 

University of California Davis (UC Davis) School of Medicine 

researchers Igor Vorobyov and Colleen Clancy knew there 

had to be a better approach. They set out to identify drug-

induced cardiac health concerns sooner in the drug 

development and testing pipeline to support faster 
development of new drugs to effectively fight diseases, 

more accurately predict safer dosages, save pharmaceutical 

companies billions of dollars, lower the consumer cost of 

drugs and more importantly save lives. 



     
     

                 

              

                 

             

                  

      

               

              

            

             

          

               

                    

                 

                 

     

                  

               

           

           

             

       

Protecting your heart with high-performance computing 
A heart-safe drug development and testing pipeline 

• UC Davis School of Medicine researchers Igor Vorobyov and Colleen Clancy wanted to develop an in-silico model to 

better understand and predict the likelihood of pharmaceutical compounds to cause heart rhythm disturbances 

(arrhythmias). 

• They also wanted to solve the challenge of cardiotoxicity in unhealthy heart tissue by using advanced molecular 

dynamics simulations to develop an AI-driven, in-silico, multi-scale model that predicts (in the early-stage drug 

development) how likely a drug is to harm the heart, at what dosage harm will occur, and what additional risks might 

exist in the context of common comorbidities. 

• Running their molecular dynamics (MD) simulations and machine learning models (500 million energy and force 

computations on more than 100,000 different atoms per typical MD simulation) required enormous computing 

power that exceeded what the researchers could access from the university’s on-premises resources. Vorobyov and 

Clancy turned to Oracle for Research which supported the team with a one-year Oracle for Research grant, that 

provided access to free Oracle Cloud Infrastructure (OCI) and technical collaboration. 

• Moving their research to Oracle High-Performance Computing enabled the research team to provision hundreds of 

compute cores and Nvidia Tesla P100 and V100 GPUs to more quickly spin up their drug testing environments in the 

size and shape they required. And with OCI, it was much easier for them to process multiple tasks simultaneously 

than when they ran their simulations on-premises – helping them analyze more variables at a much larger scale 

than they could with on-premises resources. 

• To improve the performance level of linking their atomistic molecular dynamics (millionth of a billionth of a second) 

and functional kinetic (millisecond and second) scale models, the researchers ran their virtual cardiac tissue 

simulations on OCI bare metal compute instance, using 12-core Intel Xeon CPUs. 

• Using OCI Data Science, including Jupyter Notebook and Python programming language and machine learning 

libraries (PyTorch, NumPy, Pandas, and scikit-learn), the research team was able to complete their machine learning 

simulations in 700 seconds – twice as fast as running it locally. 


