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... ABSTRACT ... ... METHODS ... .

Objective: Kidney, as a major excretory organ, Is exposed to high . Mitochondrial dysfunction sub-model in RENAsym™

levels of drugs and their metabolites. Therefore, kidney toxicity is representing proximal tubule cell bioenergetics and substrate

an Iimportant part of drug safety assessment in clinical trials. utilization was adapted from DILISsym® by removing specific __
RENAsym™ is a guantitative systems toxicology (QST) model of orocesses(red bubbles) and reparametrizing the model ogenesis

drug induced acute kidney injury (AKI) currently under based on published kidney energetic needs.

development. In its current form, the model Includes . Gentamicin plasma and kidney cortex profile for rats was
representations  of proximal tubule cell (PTC) litecycle, extracted from literature[2] and scaled for higher doses. v
bioenergetics, cellular injury and death pathways. Our objective Is . Gentamicin plasma profile for humans was extracted from
to develop a mechanistic mathematical model of mitochondrial clinical data [3] and kidney cortex profile was estimated using

dysfunction in proximal tubule cells to predict drug induced AKI. scaling factor derived fromrats. | [ s ommmm
Methods: We adapted the mitochondrial dysfuncton model | * MITOsym® a model of in vitro mitochondrial bioenergetics,
existing in DILIsym®, a QST model of drug induced liver injury, by was used to fit mitochondrial toxicity data measured In e
modifying the equations to accommodate the physiological HepG2 cells and conversion factors were used to derive ETC

differences between kidney and liver. Changes made in order to inhibition parameters for RENAsym™.

translate the model to the kidney include (but are not limited to) » (Gentamicin induced oxidative stress parameters were

eliminating de novo lipogenesis and glycogen storage, refining optimized based on normalized ROS at a single exposure[4].

PTC bioenergetics, and changing mitochondrial substrate
uiization. For example, glucose oxidation was removed during IR I S LTS

homeostasis as little glucose oxidation was observed In rat

proximal convoluted tubules. We then simulated gentamicin as an Steady State Simulations

exemplar compound to qualitatively validate the model.

Gentamicin in vitro mitochondrial toxicity was measured in HepG2 " Kidney Liver RENAsym has been | s,

cells and converted to RENAsym™ parameters using MITOsym®. 3000 parameterized to |

Parameters for oxidative stress and kidney exposure were . capture the high

obtained from literature. ATP turnover rate 051 ey average ATF (i)
2000 Observed in the Rat Kidney average ATP (umol/mL)

CaZ
T

Results: Simulations predicted significant toxicity in rats (100

mg/kg QD dosing) and humans (3mg/kg QD dosing) within 24h.

Oxidative stress was predicted to be the major mechanism of and can maintain

toxicity in both species. Mild mitochondrial signals were predicted - I I average ATP levels
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Conclusions: A mitochondrial dysfunction model originally rumans  Rats  wumans  ras | (FIGAL). Time (ours)
constructed for the liver has been adapted to the kidney and . .. . . .
reasonably predicts gentamicin-induced AKI. Simulations show Invitro Toxicity Toxicity Simulations
that gentamicin induced oxidative stress causes more toxicity than
mitochondrial dysfunction. 0 1'i
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* Over the counter and prescription drugs with kidney liabilities are £ 04
. : . . . . . - = B Measured OCR (HepG2)
implicated In 17-26% of acute kidney injury cases in the clinic[1]. T 02 —imulated

 Drug induced acute kidney injury Is also one of the leading & o |
causes of safety related attrition during drug development. ©c 1 100 1000 10000 100000 1000000

« RENAsym™ is a quantitative systems toxicology model of drug Gentamicin concentration (M) N
Induced acute kidney injury currently under development, which —— Human : ..
upon completion would include mitochondrial dysfunction, HepG2 data
oxidative stress, DNA depletion/damage, and crystal eTCmin g0, S | e
nephropathy as mechanisms of tubular injury. — = . —

* In RENAsym™, drugs can be modeled to cause mitochondrial Gentamicin ETC inhibition was Slmdgla:tlgns_ m_fr_at (-Eotp I_Ef_tt) an_(;lhhurgzlr;] (Eéotton_] Ieft)t I
dysfunction by uncoupling mitochondria, inhibiting electron measured in HepG2 cells and was fit gre |che S'ﬂm |car(1j OXICILy WITHIN . ’ x%e_rlmen a5
transport chain activity, or depleting mitochondrial DNA. using MITOsym®. ETC inhibition ata show that moderate toxicity is observed in rats|5]

* In the first phase of RENAsym™ development Gentamicin was coefficient calculated in MITOsym was and humans [6] at the simulated doses suggesting the
used as positive control exemplar compound. converted to RENAsym™ parameter S|mé|1_latt|%nts (:E)vetrﬁrecclhcte_d toiq(:lty.hOx[datl\_/e stiﬁss was

* Gentamicin is a widely used aminoglycoside antibiotic for the using rotenone-derived conversion gre 1eH 1O el © orr;ll_nand mee _aI}nlsm 'r:‘ 0 bspeues.
treatment of gram-negative bacterial infections, that is known to factor ensitivity analysis predicted rats (Top right) to be more

sensitive to gentamicin induced ETC inhibition than
humans (Bottom right)
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cause acute kidney injury in ~24% of patients.
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