Quantifying Fecal Phthalate
Exposure Iin the Microbiome
In Alzheimer’'s Risk Study

Gabrielle Eva Husted", Rachel Behrens?, Barbara Bendlin®, Susan Cassels’, Darby Peter?,
Sandra Harding?®, Ethan Grover?®, Elizabeth Ackert!, Sterling Johnson?, Sanjay Asthana®,
Federico Rey?, Puja Agarwal®, Henrik Zetterberg®®, Rachael Wilson®, Ramiro Rea Reyes?

! University of California-Santa Barbara, Geography Department

2 University of California-Santa Barbara, Materials Research Laboratory

3 University of Wisconsin-Madison, Geriatrics and Gerontology

4 University of Wisconsin-Madison, Medical Microbiology & Immunology

® Rush University, Department of Internal Medicine

® University of Gothenburg, Department of Psychiatry and Neurochemistry
* Corresponding author: gabrielle604@ucsb.edu

The authors would like to acknowledge the clinical and neuropathology diagnostic support provided by the Wisconsin ADRC'’s Clinical, Neuropathology and Biomarkers
Cores, and biostatistical support provided by the Data Management and Statistical Core. Wisconsin ADRC grant number: NIH-NIA P30-AG062715. Wisconsin Registry
for Alzheimer’s Prevention (WRAP) grant number NIH R01 AG027161. Thank you to all the participants who provided their samples for this research.

Introduction:

e Phthalates are synthetic diesters of phthalic acid, widely used in plastics, consumer goods, and
personal care products.

e They dissolve readily in fats and oils, migrating from plastic packaging into fatty foods (oils,
dairy, meat, processed snacks).

e They disrupt the gastrointestinal barrier, gut microbial composition, immune function, and
endocrine signaling.

e These mechanisms are linked to inflammation, metabolic dysfunction, and neurodegenerative
risk across the life course.

e Older adults may be especially vulnerable, as age-related declines in detoxification capacity
and blood-brain barrier deterioration may increase susceptibility to phthalate accumulation.

e Microplastics detected in postmortem brain tissue at concentrations 5—8x higher in individuals
with dementia

e The pathway connecting phthalate exposure — gut disruption — neurological risk remains
largely uncharacterized; human fecal phthalate biomonitoring methods are virtually absent from
the literature

Research Questions:

RQ1: Can fecal phthalate analysis methods be optimized to reliably detect phthalates and their
metabolites above methodological sensitivity thresholds, while minimizing contamination and
storage-related bias? (n = 10) H1: Optimized storage, contamination control, and analytical
procedures will improve signal validity and detection reliability. Multiple phthalates and metabolites
will be detectable above methodological sensitivity thresholds in fecal samples.

RQ2: What are the gut microbiome profiles and microbial metabolite patterns among MARS
participants undergoing sequencing analysis? (n = 315) H2: Participants will demonstrate
variability in microbial diversity, genus-level composition, and microbial metabolite concentrations.

RQ3: Are fecal phthalate concentrations associated with gut microbiome composition,
geo-social factors, and brain health measures within the pilot sample? (n = 10) H3: Higher fecal
phthalate concentrations will be associated with reduced microbial diversity, higher area deprivation
scores, and poorer brain health outcomes.
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Figure 1. PubChem 2D chemical structural images of parent phthalates examined in this project. From left to right: Di-ethyl
phthalate, Di-n-butyl phthalate, Butylbenzyl phthalate, Di-(2-ethylhexyl) phthalate, Di-iso-nonyl phthalate.

Methods

Fecal samples were collected at home by participants and frozen at -80°C. Sequencing was conducted at the Rey Lab (UW-Madison). Samples were then
shipped to UC-Santa Barbara, where we adapted urinary extraction protocols for fecal matrices and used UPLC-MS (Ultra-High Performance Liquid
Chromatography Mass Spectrometry) to separate, identify, and quantify phthalate compounds. A key challenge is the "phthalate blank™ problem — because
phthalates are ubiquitous in lab environments, contamination control is central to our method development.

Data Sources

e Microbiome in Alzheimer’s Risk

Study (MARS) (2016—present) Prevalence
: Phthalates S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 across
e Neighborhood Atlas Area samplEs
Deprivation Index (ADI) Di-ethyl phthalate 0%
e Mediterranean-DASH Intervention ¥ onoetyliph ha'ate . " = . = " . - 5%
Di-n-butyl phthalate 0%
for Neurodegenerative Delay (MIND Mono-n-butyl phthalate 0%
dlet)  — _ ; OH-mono-n-butyl phthalate - - 20%
i Mono-(3-carboxypropyl) phthalate - - - - - - 60%
Flgicee @ery URE=—t= Butylbenzyl phthalate - - - - - - - v - 100%
UCSB Materials Research Monosbenzyl phthalate 10%
Laboratory. Polymer Lab. B Di-(2-ethylhexyl) phthalate - - - - - - 90%
Mono-(2-ethylhexyl) phthalate 0%
Mono-(2-ethyl-5-hydroxy-hexyl) phthalate 0%
Mono-(2-ethyl-5-oxo-hexyl) phthalate > - - 50%
Mono-(2-ethyl-5-carboxy-pentyl) phthalate - 40%
04 Enterotype 1 = Mono-(2-carboxymethyl-hexyl) phthalate - 40%
Q’\S Enterotype 2 = Di-iso-nonyl phthalate - 20%
N 02 Mono-isononyl phthalate - 60%
Z Mono-(hydroxy-iso-nonyl) phthalate - 30%
(;j Mono-(oxo-iso-nonyl) phthalate - 30%
5 0.0 Mono(carboxy-iso-octyl) phthalate 20%
< Prevalence within samples 32% 26% 32% 21% 47% 58% 37% 26% 16% 47%
S 02
A

Figure 5. Detection of 19 phthalates in ten fecal samples from the Microbiome in Alzheimer's
o o PCoA Axis(f‘(zm%) " Risk Study (MARS (n = 10).. Green circles indicate strong signal, yellow circles indicate trace,
and gray circles indicate non-detection.

Figure 3. Gut microbiome enterotypes among Microbiome In

Alzheimer’s Risk Study (MARS) participants (n = 315). Colors denote - & &3 i & & & &5 £5 g1
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Table 1. Geo-social measures, cognitive biomarkers, and phthalate prevalence in ten fecal samples

Figure 4. Relative abundance of the top five bacterial species _ _ _ _ _
from the Microbiome in Alzheimer's Risk Study (MARS).

within each enterotype.
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