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Acetaminophen (APAP) overdose is the most common cause of liver failure in the Initial studigs established the in \./ivo APAP—induggd acute liver to?<icity moc_lel in th_e_KIaunig I_.ab. We have developed methc_)ds for high-resolution mi_cro§copy of the liver of living mice Perfusion _fixed control and APAP treated mouse livers (male C57BL/6J, 8weeks) have
western world. APAP induced liver injury was first reported over forty years ago, yet These studies were essential to insure repeatablllt_y of the APAP md_uced liver thu:lty model in based upon methods preylously develope_d for rat I|\_/e_r, | | been obtalned_from both th_e Dunn and Klaunig groups and we have prepared
how and why APAP induced liver injury progresses to liver failure in some individuals mice and a|so aIIow for protocols tl-*]a-t.can be. consistently rep.eated in the Klaunig and D.unn 1._We developed mouse ]UgU|3..I’ cannulation for |.V. |nject|on§ during surgery and on the hundre.ds_of thick liver sections for microscopy. - .
but not in others is sill not fully understood. In silico modeling offers the opportunity to labs. In addition, Ilvers_, from th_ese initial stuc_hes were approprlately_processed and provided to microscope stage a_md comparisons showed jugular cannulations to be profoundly more Our initial efforts h:_:lv_e bgen chused on deyglop!ng rob_ust and standardlz_ed_methods
better understand how liver toxicity occurs and progresses to liver failure while the Glazer_ Lgb f_or their analysis. _The_ following ha_lve been a_ccomphshed: reliable than tal_l vein capnulaﬂops. Thls development led to a complete protocol for for r_no_rph_ologlcal stqlnlng, imaging and quantlf!catlon of tissue m(_)rphology In I|ve_r.
simultaneously reducing the numbers of animals that must be used to gain this 1. The optimization and standardization of the animal handling, treatment and exposure of the surgery, probe mtro_ductl_on gnd Imaging. | | Optlmlzatl_o_n of_ labeling reduces the effort and increases the quality of segmentation
understanding. mice. 2. We have _d_etermlned In Vivo d_oses for sodium flupresceln (hepatocyte transport and quant_lflcatlon that fo_IIow. | | o |
Pharmacological and toxicological processes occur across a wide range of spatial and 2 The_ proper and repeatable fqrmu|ati9n of the dru_g for i.p. injectic_)n, Wh_ich is critical. | assay), 2 m|II|on_ MW dext_ran (mlcrovascular_perfus_lon and leakage a§says), H(_)e_chst To _obtgm_gl_obal 3D mlcro-morphology_ (_)f hepatocytes, smu_smdal cap_lllarle_s and bile
temporal scales and include multiple organ systems. A Systems Biology in silico 3. Opt'_m'z‘"_"t'of‘ of the_ euth.anas|a and 1.:|Ssue sampllng p.rocgdures including b_Iood collection, 33342 _(apopt05|s, necrosis, white cell adhesion/rolling assays), and dihydroethidium can_allcgll within a lobule we need the al_alllty _to label end_oth_ella_l _ceIIs (smusom_lal
toxicological model must include submodels that cover the multiple scales and the perfusion fixation of liver, tissue sampling and formalin fixation for standard histopathology (oxidative stress assay). y . . capillaries and larger vessels), cell-cell junctions (to outline individual cells), bile
multiple tissues relevant to human medicine and toxicology. We will develop a liver examination. 3 We have optlmlze_d Imaging _cond!tlons for collagen se(_:ond harmonic generation can_ahcuh and FIucts, and nuclei. Additionally, th_ese Ia_bels nee_d to be minimally affected
centered mechanism based multiscale in silico simulation framework for xenobiotic 4. Developed and validated analytical methods for measuring APAP and metabolites; APAP- Images for charactgrlzgtlon of flbrogls_. An example of an image volume coIIecFed from a by t|ssue_clear|ng solutions so that we can obt_al_n optical sectlons from 150-200_
toxicity and metabolism that incorporates three key biological scales: Glth, APAP'GIC’ APAP-Sul. ApAp_oMe and APAP-NAC, in both serum and_ Iiyer tissue samples. I|y|ng mouse following !ntravenous |n_Ject|on (_)f 1SQK rhodgmlpe dextrqn (Iabellng | microns tlssu_e de_pth. We _hgve developed staining protocols using Tomato Lectl_n _(TL)
1.Physiologically Based Pharmacokinetic (PBPK) whole body scale A preliminary study to examine the dose-response effects of acute liver toxicity of APAP using _smuso_lds red) and sodium qu_oresceln (_Iab_ellng bile canaliculi gr_een)_ |s_shown In Figure 5 anc_l Lens Culinaris Agglutinin (_LCA) that allow us to use the gradient of LCA staining to
5 Tissue level and multicellular scale the following experimental design has been completed. Twenty five 8-10 week old male including the second harmonllc generatlo_r_l Image of collagen (pr_lmarlly In the capsule). defmg lobule Zones as shown in Figure 7. | |
3.Subcellular signaling and metabolic pathways scales C57BL/6 mice were treated with APAP. Mice (5/group) were assigned to five groups and 4_. We hgve developed technigues to facilitate complementary _blochemlcal and | US|_ng these stalnlng_protocols we have proces_sed thick se_ctlons_ of no_rmal mouse
Our approach to developing the multi-scale model includes tight coupling between wet administered a sing!e dose of AP’.A‘P. at 10 mQ/kg, 100 mg/kg, 259 mg/kg anq 500 mg/kg or _hlstologlcal analyse_s. We developed a r_nethod of _photobleathng_a pa_ttern on the liver tissue. Segmentation allows us t(_) clearly d_e_llneate the smusm_ds _(mlc;ro
lab experiments and mode! building, verification and validation. Experimental outputs sterile 1X PBS (vehicle control) via i.p. injection for 24 hr. The mice had ad libitum access to |mage_d left Iatera_ll Ilver. Iobe.to be used in histological analysis to |dent|fy regions Fhat had va_sculature) anc_l measure morphological quantities sgch as cross linking indexes
from all sets of experiments can be used as correlated inputs and validations for the food and water. Blood from each mouse was collected and serum samples were prepared. The been imaged by |nt_raV|taI microscopy. We developed a_pro_cedure for tylng c_)ff a_smgle (Figure 6) and sinusoid diameters across a lobule as in Figure 8.
simulations. serum liver enzymes, Alanine aminotransferase (ALT) and Aspartate aminotransferase (AST), lobe for snap freezing and paraformaldehyde perfuse-fixation of the remaining liver
Preclinical Histopathology (Klaunig, Wang, Li): Drug metabolites and serum were meaSl_Jred |mme§hately using Infinity™ ALT and AST kI'[S.. The rest of the sample was _used lobes. | ' _ |
markers of liver function. Level and distribution of liver damage assessed by standard for metabolites analysis. The liver irom one (out of 5) mouse In each group was perfusion fixed 5. We have conducted pilot studies of untreated mice, collecting data for 3D structure,
pathology. V.V'th 4% PFA and prow_ded t_o the Glazier group for 3D liver strupture dete_rmlnatlon. p|eC?S qf mlcrovagcular perfuspn, microvascular leakage, fluorescein transport, oxidative stress,
Quantitative Intravital Imaging (Dunn, Ryan): Dynamic processes - blood flow within liver from the I_eft, median, right ar_1d cgudate_ Iobe_ of the remaining four mice were for_malln fixed apoptosis ar_ld NECrosis. - | o
the liver at the sinusoid scale, trans-hepatocyte transfer kinetics, reactive oxygen for standard histopathology examination of liver tissue damage. The rest of the liver tissue was 6. We have identified a library of images collected from the liver of living rats under
species, cell proliferation/death, cell motility snap frozen and stored at -80° C for future biochemical analysis including inflammatory control and various pathological conditions, to be used to develop image processing
Quantitative 3D Liver micro-morphology (Clendenon): Morphology - size of blood m_arkers, APAP and metabolites, etc. as needed. | | tephnlques for quantitative assays of white cell adhesion/rolling, apoptosis, necrosis,
vessels and bile canaliculi, distribution and sizes of liver cell types, mitotic, apoptotic Figure 2 shows the results of AST and ALT analysis for the dose-response study in C57BL/6J microvascular flow and leakage.
and necrotic index. Specific protein levels and spatial. _m_lce._A slight increase in both ALT and AST was observed _after 2_4 hr following single i.p.
Model Building (Glazier, Sluka, Fu): Creation, verification and validation of the in Injection of 10 mg/kg and 100 mg/kg APAP as compared with vehicle control. In contrast,
silico model. Close interaction with the wet-lab groups in designing follow-up _remarkable Increases in serum ALT and AST were seen following single APAP at 250 mg/kg, the
experiments. Increases were even more prominent at the dose of 500 mg/kg. The levels of ALT and AST
Animals: Three mouse strains were chosen from the Mouse Phenome Database corresponded to the severity of liver tissue damage, specifically hepatocyte necrosis, as seen in
(http://phenome.jax.org/) based on their sensitivities to APAP: CAST/EiJ highly the standar_d histopathology (H&E staining) slide_s shown in_Figure 4, _Figure_B shows typicall
resistant, C57BL/6J mid-range sensitivity, BEC3F1/J highly sensitive. Note that all of results for tissue and serum levels of APAP and its metabolites following a single 100mg/kg i.p.
these strains have the same genetic background. dose of APAP.
Protocols: 5000 5000+
TIME RESPONSE: Mice will be sampled 0,1,4,24,and 48 hrs post treatment 4000 (138””‘;:( 4000 (138””‘;:(
DOSE RESPONSE: Mice will be treated with saline only (control group), pharmacologic = 388& - = 100m,gg,?<g = ‘2’88& = momr?]g,?(g
dose of acetaminophen (10 mg/kg BW), and higher doses of acetaminophen (100, 250, = 1000 ‘ MO 250mgky 1000 — % [ 250 my/kg
500 mg/kg BW). i 1007 500 mg/kg ‘fé’ 1007 500 mg/kg
601 S 601 Figure 5. Projected image volumes collected by multiphoton fluorescence excitation from the
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/ ,‘,_ Lung 4_| Figure 2. Serum ALT levels (left) and AST levels (right) in C57BL/6J mice 24 hours after treatment
) \\ with a single i.p. dose of APAP. Values are mean = SEM of 5 animals per group. of the three channels.
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Figure 3. Tissue (left) and serum levels (right) of APAP and its metabolites following a
single 100mg/kg i.p. dose of APAP
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Figure 6. Robust specific tissue labeling is a critical step in image segmentation and
guantification. Tomato lectin (TL) cleanly delineates blood vessels and cell-cell
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Figure 1. The multiscale modeling framework built using open source tools. 1b: Whole-body Figure 4. Representative liver tissue micrographs from C57BL/6J mice 24 hrs after treatment with the NIH (GM111243 and GMO77138), and Indiana : : _ e :

. . _ . . R . _ _ _ : : . Figure 8. Sinusoid diameter by position in the lobule. Diameters of
ADME is represented as a PBPK model expressed in SBML. 2b: The multicell model of a single i.p. injection of APAP. a. Vehicle control; b. 10 mg/kg BW; c. 100 mg/kg; d. 250 mg/kg. Un|vers|ty, which Is gra’[efully acknowledged. ted si id ified using th ling ball alaorithm. th
single simple sinusoid, lined with hepatocytes, including blood flow, is modelled in Note the extensive centrilobular necrosis and ballooning degeneration of hepatocytes surrounding Segm_e_n € Sln_USOI S WEre quantitied using the Totling balfl algorithm, then
CompuCell3D. 3b: The subcellular metabolic reactions of APAP (Phase | and Phase Il) are  the necrotic area; e. 500 mg/kg. Showing extensive centrilobular congestion and hepatocyte quantified by distance from CV or PT.
modeled in SBML. necrosis. Mag. 100X.
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