
State of the art and progress made in 
high throughput testing

Ivan Rusyn, M.D., Ph.D.
Professor

Veterinary Integrative Biosciences
Texas A&M University
College Station, TX



Acknowledgements

Texas A&M University
Masters students:

Melinda Wilson
Oleksii Seniutkin, MD

Doctoral students:
Grace Chappell, MSPH
Abhi Venkatratnam, MS
Yu‐Syuan Luo, MS

Postdoctoral fellows:
Joseph Cichocki, PhD
Fabian Grimm, PhD
Yasuhiro Iwata, DVM
Shinji Furuya, MD, PhD
William Klaren, PhD

Academic Collaborators:
Weihsueh Chiu (Texas A&M University)
William Russell (Texas A&M University)
Michael Bittner (Texas A&M University)
Fred Wright (North Carolina State University)
David Reif (North Carolina State University)
Shu‐Dong Zhang (University of Ulster)
Denis Fourches (North Carolina State University)

Industry Collaborators:
Hans Ketelslegers (Concawe and ExxonMobil)
Peter Boogaard (Shell)
Arlean Rohde (ExxonMobil and Concawe)
Tim Roy (Port Royal Research)
Oksana Sirenko (Molecular Devices)

Government Collaborators:
Tim Gant (Public Health England)
Richard Judson (US EPA‐NCCT)
Russell Thomas (US EPA‐NCCT)
Maurice Whelan (EU Joint Research Centre)
Raymond Tice (NIEHS)

Funding:
NIH/NIEHS
NIH/NIAAA
NIH/NIMH
EPA/NCER

European Petroleum Refiners 
Association (Concawe division)



EU REACH Definition of UVCB: 
“Substances of Unknown or Variable composition, Complex reaction products or Biological materials”

 A UVCB is difficult to define by chemical composition because:
 It has a large number of constituents
 Composition is largely unknown, variable, or poorly predictable.  

 A UVCB substance has no definite molecular formula representation and 
either a partial structural diagram or no structural diagram.   

 UVCB substance must be identified by other types of information (e.g., the 
source of the substance or the process used to obtain the substance)

Slide content courtesy of Dr. Graham Whale (Shell)



High Production 
Volume Chemicals

“Chemical” Read-Across “Biological” Read Across

Structural Categorization/Grouping Toxicological Categorization/Grouping

Complex Substances / UVCBs

Category Read Across:

Not amenable to full 
chemical characterization

Batch-to-Batch 
Variability (same CAS)

Hazard characterization through read-across
Traditional Read Across Toxicological data-based read-across



Opportunities for incorporating 
in vitro/in silico data into read‐across

1. Replacing an animal study/endpoint with an “apical endpoint‐relevant” non‐
animal alternative method
• EDSP “Pivot”: Replacement of a uterotrophic assay with a battery of 18 in vitro 

tests (FRL‐9928‐69 06/19/2015, Judson et al. Tox Sci 2015)
• Providing additional “biological” plausibility to the chemical structure‐based 

similarity argument using relevant alternative method(s)

2. Reducing uncertainty in a read‐across argument in a regulatory submission:
• Using in vitro/in silico data to confirm the similarity in the mechanism of action 

within a category and/or between the “target” and “source” compounds
• Confirming or refuting a hypothesis that analogues may have “other” effects
• Assessing relative “potency” of the analogues



Analogue Read‐Across
with CBRA

Category Grouping
with ToxPi



High Production 
Volume Chemicals

Case Study: Grouping of Petroleum Substances With Toxicity Profiling

Regulators have issues with:
Categories as such (not sufficiently defined)       Substance ID (too sketchy)      Variability within a category

Complex, UVCB Chemically Diverse 
Product Groups

Batch-to-Batch Variability in 
Composition (same CAS)

C2‐100+



Modified from Dr. Peter Boogaard (Shell)

Sample Selection From Representative Stages of the Oil Refining Process



May 2010

Polycyclic Aromatic Compounds (PAC) include “PAHs, alkylated PAHs, and those multi‐ringed aromatic
molecules in which one or more atoms of a heteroatom such as nitrogen, oxygen or sulfur replaces a
corresponding number of carbon atoms in a ring system. The majority of the PACs found in crude oil
and petroleum streams have alkyl‐substituents, with from one to twenty carbons, or even higher,
depending on the boiling range of the petroleum stream.” http://petroleumhpv.org/



High-Content Bio-profiling of UVCBs (Petroleum Substances)

Grimm et al. Green Chemistry 2016, 18:4407-4419



Category-Specific Effects of Petroleum Substances on Cardiomyocytes
[Cardiomyocyte Beating Frequency and Cytotoxicity Phenotypes as an Example]



Data Integration using Toxicological Priority Index (ToxPi) Approach
(Converting In Vitro Screening Point of Departure Values Into Each Compound’s ToxPi “Signature” )



In Vitro Toxicity Data Reveals Similarities Among Petroleum Substances 
(Category Grouping Using Toxicity Profiles From Human iCell Cardiomyocytes and Hepatocytes)

Grimm et al. Green Chemistry 2016, 18:4407-4419



Physico-chemical data-integrative grouping of petroleum substances
(Category Grouping Using Evaporation Profiles Available for 18 Petroleum Substances)

Grimm et al. Green Chemistry 2016, 18:4407-4419



Chemical-biological data-integrative categorization of petroleum substances
(Category Grouping Using Phenotypic Screening Data and Physico-Chemical Descriptors)

Grimm et al. Green Chemistry 2016, 18:4407-4419



Cat‐App project: Bioactivity profiling scope

Petroleum UVCBs Bioactivity data‐enabled read‐across in vitro models



Petroleum Substance Sample (≈4 g)

Dissolved in 10 ml of Cyclohexane

Extracted with 10 ml of 
pre‐equilibrated DMSO

Collected in 20 ml vial

Extracted with 10 ml of 
pre‐equilibrated DMSO

again Samples shipped to 
Texas A&M for 
dilution and 
masterplate
preparation

Method Blank

Pre‐equilibrated DMSO

DMSO & cyclohexane (10:1) 
mixed to equilibrate

Substances (141 total):
1. Bitumen (n=4)
2. CGO (n=8)
3. Diesel Fuel (n=1)
4. FO (n=3)
5. Gasoline (n=10)
6. HFO (n=27)
7. HRBO (n=1)
8. Kerosine (n=9)
9. OGO (n=4)
10. OLBO (n=32)
11. Ox Asph (n=1)
12. P&H Wax (n=6)
13. Paraffin Wax (n=1)
14. Petrolatum (n=3)
15. Slack Wax (n=3)
16. SRGO (n=6)
17. TDAE (n=2)
18. UATO (n=4)
19. UDAE (n=4)
20. RAE (n=2)
21. VHGO (n=10)

Cat‐App project: Bioactivity profiling scope



Empty Wells

Inter-Plate Replicates

DMSO (pure)

Intra-Plate Replicates
Assay controls

Media
DMSO (method blank)

Reference Standards

4 total plates (Stock Plate, 10 fold, 100 fold, 1000 fold diluted)
Plates diluted in “Method Blank” (cyclohexane equilibrated DMSO)
4 sets of plates prepared (16 total plates)
Stored at ‐20°C.
Identical substance plates are used at TAMU/AgriLife and PHE screening

MED DMSO

1 2 R1 4 5 6 R2 8 9 10 R3 12 13 14 15 16 17 18 R4 20

21 22 23 24 25 26 27 28 29 30 31 32 33 R5 35 36 37 38 39 40

41 42 43 R6 R7 46 R8 R9 49 50 51 52 53 54 55 56 57 58 59 60

61 62 R10 64 65 R11 67 68 69 70 71 72 73 74 75 76 77 78 79 80

5 25 37 50 65 84 104 118 130 151 R1 R3 R5 R7 R9 R11 R13 R15 R17 R19

81 82 83 84 85 86 87 88 89 90 91 92 93 R12 95 96 97 98 R13 100

101 102 103 104 105 106 107 108 R14 110 R15 112 113 114 115 116 117 118 119 120

121 122 123 124 125 126 127 128 129 130 131 R16 133 134 R17 136 137 138 139 140

141 142 143 144 145 R18 147 148 149 150 151 R19 153 154 R20 156 157 158 158 160

MED 161 DMSO
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ASSAY SPECIFIC CONTROLS MED DMSO (pure)
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ASSAY SPECIFIC CONTROLS

ASSAY SPECIFIC CONTROLS MED DMSO (pure) ASSAY SPECIFIC CONTROLS

ASSAY SPECIFIC CONTROLS

ASSAY SPECIFIC CONTROLSDMSO

141 Petroleum Substances
20 Reference Chemicals
20 Intra‐Plate Replicates
20 Inter‐Plate Replicates

14 Media 
13 DMSO 

28 Method Blanks 
52 Assay/Cell Type Specific Controls

308 Total Wells

1000x

MED DMSO

1 2 R1 4 5 6 R2 8 9 10 R3 12 13 14 15 16 17 18 R4 20

21 22 23 24 25 26 27 28 29 30 31 32 33 R5 35 36 37 38 39 40

41 42 43 R6 R7 46 R8 R9 49 50 51 52 53 54 55 56 57 58 59 60

61 62 R10 64 65 R11 67 68 69 70 71 72 73 74 75 76 77 78 79 80

5 25 37 50 65 84 104 118 130 151 R1 R3 R5 R7 R9 R11 R13 R15 R17 R19

81 82 83 84 85 86 87 88 89 90 91 92 93 R12 95 96 97 98 R13 100

101 102 103 104 105 106 107 108 R14 110 R15 112 113 114 115 116 117 118 119 120
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141 142 143 144 145 R18 147 148 149 150 151 R19 153 154 R20 156 157 158 158 160
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141 Petroleum Substances
20 Reference Chemicals
20 Intra‐Plate Replicates
20 Inter‐Plate Replicates

14 Media 
13 DMSO 

28 Method Blanks 
52 Assay/Cell Type Specific Controls

308 Total Wells

100x

MED DMSO

1 2 R1 4 5 6 R2 8 9 10 R3 12 13 14 15 16 17 18 R4 20

21 22 23 24 25 26 27 28 29 30 31 32 33 R5 35 36 37 38 39 40

41 42 43 R6 R7 46 R8 R9 49 50 51 52 53 54 55 56 57 58 59 60

61 62 R10 64 65 R11 67 68 69 70 71 72 73 74 75 76 77 78 79 80

5 25 37 50 65 84 104 118 130 151 R1 R3 R5 R7 R9 R11 R13 R15 R17 R19

81 82 83 84 85 86 87 88 89 90 91 92 93 R12 95 96 97 98 R13 100

101 102 103 104 105 106 107 108 R14 110 R15 112 113 114 115 116 117 118 119 120

121 122 123 124 125 126 127 128 129 130 131 R16 133 134 R17 136 137 138 139 140

141 142 143 144 145 R18 147 148 149 150 151 R19 153 154 R20 156 157 158 158 160
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141 Petroleum Substances
20 Reference Chemicals
20 Intra‐Plate Replicates
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14 Media 
13 DMSO 

28 Method Blanks 
52 Assay/Cell Type Specific Controls

308 Total Wells

10x
Stock

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

A

B MED DMSO

C 1 2 R1 4 5 6 R2 8 9 10 R3 12 13 14 15 16 17 18 R4 20

D 21 22 23 24 25 26 27 28 29 30 31 32 33 R5 35 36 37 38 39 40

E

F 41 42 43 R6 R7 46 R8 R9 49 50 51 52 53 54 55 56 57 58 59 60

G 61 62 R10 64 65 R11 67 68 69 70 71 72 73 74 75 76 77 78 79 80

H 5 25 37 50 65 84 104 118 130 151 R1 R3 R5 R7 R9 R11 R13 R15 R17 R19

I

J 81 82 83 84 85 86 87 88 89 90 91 92 93 R12 95 96 97 98 R13 100

K 101 102 103 104 105 106 107 108 R14 110 R15 112 113 114 115 116 117 118 119 120

L

M 121 122 123 124 125 126 127 128 129 130 131 R16 133 134 R17 136 137 138 139 140

N 141 142 143 144 145 R18 147 148 149 150 151 R19 153 154 R20 156 157 158 158 160
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20 Intra‐Plate Replicates
20 Inter‐Plate Replicates

14 Media 
13 DMSO 

28 Method Blanks 
52 Assay/Cell Type Specific Controls

308 Total Wells

Cat‐App project: Bioactivity profiling scope



CAT-APP Work Package 2a - Progress Summary
[March 2017]

Human iPSC in vitro models

• Viability
• Phagocytosis
• Cytokine Production

• Viability
• Mitochondria Integrity
• Lipid Accumulation

• Neurite Outgrowth
• Viability
• Mitochondrial Integrity

• Tubulogenesis
• Cytokine Production
• Viability
• Mitochondrial Integrity

Assay Development

Hepatocytes

Cardiomyocytes

Endothelium

Macrophages

Neurons

• Anticipated 
• 2nd quarter 2017

• Screening complete
• QC failed
• Troubleshooting i.p.

• Screening Complete
• QC in progress

• HUVECs complete
• iPSC EC scr. Complete
• iPSC EC QC in progress

Screening/Data analysis

• Screening complete
• QC passed
• Data evaluated 

• Cell Beating Parameters
• Viability
• Mitochondrial Integrity



Similarity-Assessment of Petroleum Substances in iCell Cardiomyocytes

Cytotoxicity
[12.5 %]

Mitochondrial Integrity
[12.5 %]

Cytotoxicity
[12.5 %]

Mitochondrial Integrity
[12.5 %]

90 min

n=4
n=4
n=4
n=27
n=6
n=10
n=8
n=2
n=1
n=9
n=4
n=1
n=2
n=32
n=10
n=3
n=3
n=1
n=6
n=3
n=1

Cardiophysiologic
Phenotypes

[25 %]

Cardiophysiologic
Phenotypes

[25 %]

24 hours

Peak Frequency

Peak Width
Peak Width 10%
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Peak Rise Time
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Similarity-Assessment of Petroleum Substances in HUVECs
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Cell Lysates
Chemical 
Exposure

Capture-free assay design
[no RNA cleanup required]

Remove Media
Add 10 µl 1x Lysis Buffer

Tox Detector Oligo Panel
[S1500+ gene set]

Barcoding for sample IDs
[current capacity: 384/library]

Sequencing (TAMU) and Data Processing (NCSU)

Templated Oligo Detection Sequencing:
Targeted transcriptomic analysis (n~3,000) in high throughput 



TempO-seq – robust and highly reproducible dataset for biological read-across

Grimm et al. Green Chemistry 2016, 18:4407-4419



Category grouping with concentration-response TempO-seq data

Grimm et al. Green Chemistry 2016, 18:4407-4419



Conclusions
1. Petroleum substances are an excellent example of the challenges that exist in evaluating 

potential health hazards of UVCBs

2. Read‐across‐based testing proposals for petroleum substances have been provisionally
accepted by ECHA, where the category and read‐across are cited with deficiencies and 
uncertainties with respect to the amount of information available to “fully characterize 
the chemical composition of the petroleum substances in question ”

3. When full chemical characterization of a substance, such as petroleum substance UVCB, is 
unattainable, in vitro bioactivity data may be the strongest basis for applying a similarity 
principle for grouping and read‐across

4. Our initial experience with using in vitro screening of petroleum substances from 6 
production‐based groupings demonstrates excellent groupings based on concentration‐
response hazard indicators from different human cell types 

5. Integration of in vitro screening information with multi‐dimensional chemical 
characterization should improve confidence in read‐across and grouping of complex UVCB


