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Journey of Reverse Drug Discovery…

Valspar non-BPA Replacement 



Non-BPA Food-Contact Epoxy

Finding New Materials



Historically
Both Valspar and its competitors made new coatings using pre- 

authorized monomers listed “in the box”

EU Commission Regulations
FDA 21CFR175.300

 The List

Monomer Lists

Polyester acrylich 3-butyl dimethyl butoxylene Methethyl hydroxy bis tri methyloxyly



ValsparIf it matters we’re on it

Pre-Authoriz
ed 

Molecules

To accomplish performance goals, Valspar had 
to get out of the box



Which meant new molecules with a lot of 
requirements….



Acrylic Vinyl Oleo PE 1 PE II
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3PC Food Food D&I Food DRD Food End Food EZO Closure

BPA BASED EPOXY

To replace BPA what choices are there?

Epoxy it is



Candidate
Molecules

If we replace BPA 
what has to 
happen?

Technical
Performance
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What do we know from BPA epoxy?

4,4'-methylenediphenol 
functionality found in 
BPA is essential

Bisphenol A is Estrogenic1

2

There are 2 
sources of BPA in 
the polymer 
synthesis



Chemical 
Reactivity

No Biological 
Hazard

The Challenge  with Monomers 
Used to Make Food Contact Polymers



…so we needed molecules that react with each other
…but like reverse drug discovery 
physiologically, do…





• Bisphenols are the only commercially viable source for 
4,4'-methylenediphenol functionality, many are estrogenic

 
• Diglycidyl ethers alert for mutagenicity

Find some molecules that aren’t
• Estrogenic 
• Genotoxic

Problem
…

Bisphenols

Xylenols

Diglycidyl ethers
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We started Screening Bisphenols for Activity
by asking what’s with BPA?

ortho-BPA

Poor 
ER Agonist

para-BPA

Good
ER Agonist
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Inactive - Ortho BPA Active - Para BPA
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What structural attributes best predict ER inactivity?



V70 Route of Synthesis



Why should people believe these 
molecules are safe?
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We investigated prescriptive approaches



Keeping in mind reactants ≠ products

≠

≠



Sodium

Chlorine

GreenScreen®





Tiered Protocol for Endocrine Disruption (TiPED) 
Designing endocrine disruption out of the next generation of chemicals.
Schug et al. Green Chem., 2013,15, 181-198

“While in silico and in vitro assays offer less costly 
starting points, in vivo assays are necessary to conclude 

that a chemical is unlikely to have EDC activity.”
 http://www.tipedinfo.com/tiped_tier/guiding-principles/

?
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Tom Mallen
Director, Valspar Regulatory

Be strong enough to stand alone
Smart enough to know help is needed

Brave enough to ask for it
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Organizations with whom Valspar openly shared data for comment, approval, or assistance
(Does not necessarily imply endorsement, approval, or future activity)

Dutch G4

Regulatory Authorizations Received

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://keranews.org/post/texas-am-open-branch-israel&ei=4zIoVdL-K8TvsAXnhYCACA&bvm=bv.90491159,d.b2w&psig=AFQjCNGG5uimHs4fQYrdTHPbsXKP6LFzkA&ust=1428784209275126
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.theedulink.com/university/searchView.asp?sNO%3D6&ei=lTMoVYDLF8nMsAWu34GABw&bvm=bv.90491159,d.b2w&psig=AFQjCNGaLxxWhxSH_8PlC1iP3vldSUcijg&ust=1428784361246334


Toxicity Data Summary

res



HYPOTHESES

TMBPF DOESN’T HAVE 
ESTROGENIC ACTIVITY

IN VITRO AND IN VIVO 
TESTING

TMBPF DOESN’T PERSIST 
IN FINAL POLYMER

MIGRATION TESTING
TRUE TRUE

WHAT ABOUT THE POLYMERIC COATING?

IN VITRO TESTING ANALYSIS OF MIGRATES



Approaches to EA and migration 
assessment

• Monomer TMBPF 
– Estrogen activity

• Guidance testing 🡪 Mammary gland biology
• Collaborative testing 🡪 Mammary gland biology

– Migration quantification from final polymer

• Polymeric coating
– Estrogen activity

• Collaborative testing

– Migrates profile 



TMBPF testing 

• Estrogen receptor binding assays (OECD)
– Agonist and antagonist

• High Content Microscopy Prolactin Array (Texas 
A&M and Baylor)

• Cell proliferation E-SCREEN assay (Tufts)
• Immature rat uterotrophic assay (EPA+ mammary 

gland)
• Juvenile male and female pubertal assay (EPA+ 

mammary gland) 



TMBPF testing

• Estrogen receptor binding assays (OECD)
– Agonist and antagonist

• Chromatin transcription-factor binding arrays 
for prolactin (Texas A&M and Baylor)

• Cell proliferation E-SCREEN assay (Tufts)
• Immature rat uterotrophic assay (EPA+ 

mammary gland)
• Juvenile male and female pubertal assay (EPA+ 

mammary gland) 



E-SCREEN

• Estrogen-sensitive MCF7 cells
– Day 1: known number of cells

– Day 5: count final number of cells

• Positive control: 17-beta E2 10-14 to 10-8 M

• Positive EA chemical: BPA 10-10 to 10-5 M

• TMPBF: 10-11 to 10-5 M  

• ENDPOINT: INCREASED CELL PROLIFERATION



E-SCREEN



E-SCREEN

TMBPF DID NOT INCREASE MCF7 CELL 
PROLIFERATION



Uterotrophic assay (+)

• Immature female rats

• 3-days daily oral (gavage) treatment

• Positive control: Estradiol (0.2 mg/kg bw)

• TMBPF: 0, 100, 300, 1000 mg/kg bw

• ENDPOINT: INCREASED UTERINE WEIGHT

• NEW ENDPOINT: MAMMARY GLAND 
DEVELOPMENT



Uterotrophic assay (+)

Ethynyl 
estradiol
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Uterotrophic assay (+)

Ethynyl 
estradiol
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BPA uterotrophic response  
observed @ 160 mg/kg 

(oral)

NORMAL MAMMARY 
GLAND HISTOPATHOLOGY

TMBPF DID NOT INCREASE UTERINE 
WEIGHT AND DID NOT ALTER FEMALE 

MAMMARY GLAND DEVELOPMENT



PUBERTAL ASSAY (+)

• Juvenile male and female rats
• Daily oral (gavage) treatment: 20 and 30 days 

females and males, respectively
• TMBPF: 0, 200, 600 mg/kg bw
• ENDPOINTS: VAGINAL OPENING, PREPUTIAL 

SEPARATION, ESTROUS CYCLE, REPRODUCTIVE 
ORGANS WEIGHT AND HISTOPATHOLOGY

• NEW ENDPOING: MAMMARY GLAND 
DEVELOPMENT



PUBERTAL ASSAY (+)

• No delay in preputial separation; 
mean ages (days)
– Control: 47.27
– 200 mg: 48.20
– 600 mg: 48.67

• No differences in vaginal opening; 
mean ages (days)
– Control: 34.47
– 200 mg: 33.60
– 600 mg: 33.73

• No differences in estrous cycle
• No histological findings in male or 

female reproductive organs



PUBERTAL ASSAY (+)

• No changes in mammary gland developmental 
pattern or histology

Untreated TMBPF 200 TMBPF 600

5000 um



PUBERTAL ASSAY (+)

• No changes in mammary gland developmental 
pattern or histology

Untreated TMBPF 200 TMBPF 600

5000 um

TMBPF DID NOT ALTER:
PUBERTY IN MALE AND FEMALE RATS

FEMALE MAMMARY GLAND DEVELOPMENT



Polymeric coating testing approach

• Migrates from coating extracted using food 
simulants
– Acidic foods: 3% acetic acid (FDA)

– Fatty foods: 50% ethanol (FDA)

• Cell proliferation E-SCREEN assay (Tufts)



Extracted migrates E-SCREEN

3% Acetic acid 50% Ethanol



Extracted migrates E-SCREEN

3% Acetic acid 50% Ethanol

POLYMERIC COATING EXTRACTS DID NOT 
INCREASE PROLIFERATION OF 

ESTROGEN-SENSITIVE MCF7 CELLS



Analysis of extracts 

• TMBPF quantification (extracts spiked with 
TMBPF)

• Chromatographic analysis of 

migrates from both simulants

(FERA)



TMBPF migration quantification
Fera No. Sample description TMBPF concentration

S15-092945 3% acetic acid < LOD (LOD = 0.2 µg/6 dm2 = 0.2 
ppb)

S15-092946 50% ethanol < LOD (LOD = 0.2 µg/6 dm2 = 0.2 
ppb)

S15-092947 1.78mL of 5 part per thousand oligomer 
migrant (NIAS) concentrate in DMSO 
derived from 3% acetic acid/water (8.9 
mg/1.78 mL)

<RL (RL = 0.06 µg/6 dm2 = 0.06 ppb)

S15-092948 1.28 mL of 5 part per thousand oligomer 
migrant (NIAS) concentrate in DMSO 
derived from 50% ethanol/water (6.5 
mg/1.28 mL)

< LOD (LOD = 0.01 µg/6 dm2 = 0.01 
ppb)

LOD: limit of detection, calculated as three times the signal to noise of the TMBPF response in an over-spiked aliquot of the 
simulant
RL: reporting limit or limit of quantification, calculated as three times the response in the procedural blank.
NIAS: no intentionally added substances that migrated from polymeric-coated metal the presence of food simulants.

Liquid chromatography and tandem mass spectrometry (LC-MS/MS) 



No-Intentionally Added Substances 
(NIAS) in food simulants

Procedural blank (50% ethanol) Procedural blank (3% acetic acid

50% ethanol exposed to coated metal 3% acetic acid exposed to coated metal

Liquid chromatography time-of-flight mass spectrometry (LC-TOF-MS) 



What we learned 

• Safety requires evidence of absence
• Absence of evidence has little value
• Evidence of absence requires thinking partners 

who are not like you
• Hire critics and ask them to prove you are wrong
• Get your IP protections in place and freely share 

your toxicity data
• Be patient and be ready for conflict
• Prepare to change your mind



GROWTH         INNOVATION         SOLUTIONS         SUCCESS

 http://www.valsparpackaging.com/valpure/item/our-materials/#om

Valsparpackaging.com > ValPure > Non-BPA Epoxy > Study Reports



E-SCREEN



E-SCREEN



E-SCREEN



BP
A

We need the bisphenol out of the last synthesis step



Read-Across Analysis for ER


