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Abstract 

1 Liver Injury Imaging Protocol 
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Drug induced liver injury (DILI) is a major reason for late stage 
termination of drug discovery research projects, so assessment is 
being integrated earlier in the drug development process.  Some 
chemicals can produce different forms of hepatic injury in mice, 
including the two most common forms, cholestasis and 
hepatocellular injury.  Biochemical serum markers of liver damage, 
like alanine transferase (ALT) and alkaline phosphatase (ALP) are 
limited in their ability to detect both of these common forms of liver 
injury and focus on plasma as an indirect measure of what is 
occurring in the liver.   

In contrast, in vivo fluorescent imaging offers non-invasive 
detection of a variety of biological changes detected directly in liver 
tissue, and high through-put epifluorescence (3-5 mice at a time) 
compared favorably to the more accurate acquisition of individual 
animal tomographic datasets.  We assessed three different near 
infrared fluorescent imaging agents, specific for cell death (Annexin-
Vivo 750 [AV750]), matrix metalloproteases (MMPSense 750 FAST), 
and transferrin receptor (Transferrin-Vivo 750) and discovered 
different patterns of liver responses among these different agents 
after dosing with four different drugs.   Drug doses were selected 
that did not induce hemorrhage within the liver, as assessed by 
vascular agent leakage, to exclude the possibility of passive agent 
accumulation within the liver.  In addition, agents were injected at 
different timepoints post-drug to account for potential differences in 
the kinetics of liver injury induction.  A single dose of hepatocellular 
injury-inducing agents, thioacetamide (TAA, 300 mg/kg) and 
acetaminophen (APAP, 300 mg/kg), showed late induction of acute 
injury (18-24h), the liver cholestasis-inducing drug rifampicin (RMP, 
300 mg/kg) showed a very early liver reponse, and chlorpromazine 
(CPZ, 100 mg/kg), which induces mixed hepatocellular/cholestasis 
injury, showed both early and late signal.    

By using a cocktail of these three near infrared fluorescent 
imaging agents, all labeled with 750 nm fluorophores, each of the 
four different drugs showed comparable total fluorescent signal 
within the liver region by epifluorescence imaging.  A strategy of 
agent cocktail injection in separate cohorts at 2h and at 20h allowed 
the effective detection of drugs with either early- or late-onset 
injury. Compared to conventional plasma/serum assays, in vivo 
imaging can offer fast, quantitative imaging results directly 
assessing the tissue of interest.  Our results to date demonstrate the 
potential of optical imaging for assessing the potential for compound 
liver toxicity in early drug discovery programs. 

Imaging Agent Profiling of DILI 5 Early and Late Liver Injury Imaging with 
Compensation for Vascular Leak 

A fluorescent agent cocktail for detecting both cholestasis 
and hepatocellular forms of acute drug-induced liver injury 
Kristine O. Vasquez and Jeffrey D. Peterson.  Life Sciences and Technology, PerkinElmer 
Inc., Hopkinton, MA 
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Using a cocktail of 3 agents for DILI screening in 
vivo 

The present studies  provide evidence for the utility of a cocktail of 

imaging agents, detecting cell death, MMP activity, and transferrin 

receptor upregulation, in the detection of acute drug-induced liver 

injury.  Whereas, the four unique drugs tested showed different 

patterns of these biological changes, the imaging agent cocktail (all 

agents at 750 nm) was designed to detect all three biological 

changes simultaneously, as a universal imaging agent for detecting 

liver injury in the absence of any knowledge of a specific drug’s 

mechanism of liver injury.  A strategy of looking at both an early 

timepoint (2h) and a later timepoint (24h) helped to minimize the 

chance of false negative results.  Further incorporation of a vascular 

agent (AngioSense 680) on another imaging channel allowed both 

the collection of vascular leak information and the ability to 

compensate for non-specific liver accumulation of the 750 nm 

cocktail. 

 

In conclusion, imaging fluorescent biomarkers of liver biological 

changes should provide a robust approach to the assessment of 

drug-induced liver injury in mice, allowing early screens of 

therapeutics in drug discovery. 

 

Summary 

2 Liver Imaging Approaches 

DILI Model Experimental Description: 
 

Depilated BALB/c or C57BL/6 mice (Charles River Labs) were injected IP with 
DILI-inducing drugs.  At 2 or 18-24h post-drug, mice were injected with 
imaging agents to detect biological changes within damaged liver tissue.  

2D epifluorescence, 2D transillumination fluorescence, and 3D fluorescence 
tomography images were acquired on the IVIS® Spectrum CT (PerkinElmer Inc).  
Epifluorescence offered a high through-put option for rapid imaging of 5 mice at a 
time, and 2D collection of fluorescence using transillumination revealed additional 
deep tissue kidney signal.  Tomographic (FLIT) imaging of single animals offered 
improved detection and proper 3D localization of both liver and kidney signal.   

Epifluorescence Tomography (3D) Transillumination (2D) 

Optical Imaging Modes: 
 

Optical Quantification: 
 

A. Hepatocellular Liver Injury Agents:  IVIS Spectrum CT Images 

B. Cholestasis and Mixed Liver Injury Agents:  IVIS Spectrum CT 

Images 

C. Epifluorescence Analysis 
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Time for Agent Injection Post-Drug 

To establish a mix of agents that would allow more universal imaging of drug 
induced liver injury, a cocktail of three imaging agents (AV750, MMP750, and 
TfV750) was optimized for 24h imaging in animals treated with all four drugs.  
Drug dosed mice were injected with the imaging cocktail at 2 different times post-
drug injection (18h for TAA and APAP;  2h for CPZ and RMP), and all mice were 
imaged 24h later.   Epifluorescence images of mice (left panel) of mice receiving 
optimal doses of RMP, CPZ, APAP, or TAA show liver region signal in comparison to 
control mice. Quantification of liver signal from non-invasive imaging (right panel) 
was determined by ROI placement to capture the entire liver, and results were 
represented as total liver fluorescent signal +/- SE. 

Quantification 

RMP CPZ APAP TAA 

Image Math (Living Image 4.5) 

A.  IVIS Spectrum CT Images 

B.  Epifluorescence Analysis 
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Whole mouse epifluorescence imaging was used to detect accumulation of AV750, 
MMP645, and TfV750 in the liver regions of different cohorts of mice at different 
times post-treatment.  A&B.  Epifluorescence images of mice receiving optimal 
doses of RMP, CPZ, APAP, or TAA at four times post-treatment. Highlighted regions 
on the figure show the best times for imaging.  C. Quantification of liver signal from 
non-invasive imaging was determined by ROI placement to capture the entire liver, 
and results were represented as the percent of the highest value among the four 
treatments for each of the agents. Liver signal from negative control mice was 
subtracted.  The 4 different drugs show different profiles and imaging kinetics. 

Different drugs can differ in the specific biological changes that they induceduring 
liver injury, as seen in Figure 3, however vascular injury can also non-specifically 
influence either the quantification or patterns of liver distribution, affecting the 
ultimate interpretation of the imaging data.  To control for this non-specific vascular 
leak effect, mice were co-injected with the 750 nm liver imaging cocktail and 
AngioSense 680, a well-established vascular leak imaging agent.  Whole mouse 
epifluorescence imaging was used to detect accumulation of the 680 nm and 750 
nm agents in the liver regions of different cohorts of mice post-treatment.  A.  
Epifluorescence images of mice receiving optimal doses of AngioSense 680 (upper 
panel), 750 nm cocktail (middle panel) in controls or at two times post-treatment.  
The lower panel shows normalized images generated on the IVIS Spectrum CT 
Living Image 4.5 software.  B. Quantification of liver signal from non-invasive 
imaging was determined by ROI placement to capture the entire liver, and results 
were represented as the percent of the highest value among the four treatments 
for each of the agents. Liver signal from negative control mice was subtracted.  The 
2 different drugs show the benefit of incorporating both 2h and 24h treatment 
arms, with RMP showing earlier liver injury and TAA showing later onset of injury. 


