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What are Quaternary Ammonium Compounds (QACs)?
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Are QACs found in humans?



Median QAC Levels in Human Blood Have Increased
Relative to Pre-COVID
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Parent BACs Reach Up to UM in Human Feces
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Overview of BAC Metabolism and Disposition
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Bidirectional Interactions Between Gut and Liver

Primary Bile Acids
Antimicrobial Molecules

Biliary secretion

Intestinal absorption

Secondary Bile Acids
Dietary Metabolites

Hypothesis: BACs reduce gut microbiome diversity and alter the metabolism of xenobiotics,

bile acids, sterols, and lipids in the liver by modulating the activities of nuclear receptors.

Tripathi, A. et al. Nat Rev Gastroentero 15, 397-411 (2018).



Specific Aims

* Aim 1. Characterize the impact of BAC exposure on gut
microbiome diversity and function in conventional mice.

* Aim 2. Measure the effects of BAC exposure on bile acid, sterol,

lipid, and xenobiotic metabolism in the liver of conventional and
germ-free mice.

* Aim 3. Evaluate the relationship between BAC levels and gut
microbiome diversity and function in humans.



Aim Ta. Oral BAC Exposure Decreased Alpha Diversity of Gut
Microbiome — 7-Day Exposure at 120 ug/g/day
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Compositional Changes by BACs at the Family Level:
120 ug/g/day for 7 Days
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Ruminococcaceae and Lachnospiraceae are families of bacteria that
can metabolize primary bile acids into secondary bile acids
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Aim 1b. Chronic Oral BAC Exposure Decreased Alpha Diversity of
Gut Microbiome in Females — 31-Day Exposure at 1.2 ug/g/day
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Compositional Changes at the Species Level: Chronic
Exposure at 1.2 ug/g/day
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Changes in Bile Acid Metabolism



Bile Acid Metabolism in Mice
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Small Increases in Primary Bile Acid Cholic Acid in Feces =120 ug/g/day
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Large Decreases in Secondary Bile Acids =120 ug/g/day

Male Feces
1500
[ |
o, 1000~ «
E
= .
< 500 o
L : * %k ? "'.
i L) 1 ‘ %
0=
DCA LCA w-MCA
Male Liver
100
80=
60=
.Ej ™
£ 404
]
20
-,
lovep — oo —F

DCA LCA w-MCA

Lopez, V. A. et al. Toxicol. Sci. 202, 265-277 (2024).

Exposure
Female Feces
2500 — e
2000~ ]*_I rr
15004 ¢ !
£ 1000 oy * N °
K- 4 »
c 500 o i L
e * %k
INgs o] &
50
nT ; PA ] L*_-_l_t
DCA LCA w-MCA
Female Liver
25
**
20— .'
Eﬁ-
2 10+ ®
* ™
5_ I_I
L’—.—.—.—-—ﬁiz_
u-

16



How About Changes in the Liver? Aim 2
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Bile Acid Action through Nuclear Receptors: Farnesoid X Receptor
(FXR) and Pregnane X Receptor (PXR)
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Cholesterol — 120 ug/g/day Exposure
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Lipidomics Revealed Upregulation of Major Phospholipid Classes —
120 ug/g/day Exposure

Lipid Class Totals
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RNA Seq Also Revealed Alteration in Xenobiotic and Lipid
Metabolism — 120 pg/g/day Exposure
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Summary

QACs are observed in human feces at up to UM concentrations.
BACs, in general, reduce gut microbiome diversity.

Alteration in gut microbiota composition led to reduced
production of secondary bile acids.

BAC-exposed livers display altered cholesterol, lipid, and
xenobiotic metabolism
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QACs Display a Variety of Toxicities
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BACs Are Metabolized by CYPs
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BAC Distribution Among Organs



Mice Orally Exposed to BACs
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Levels of Parent BACs in Tissues and Fluids
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Parent to Metabolite Ratios in Tissues (Female)
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Levels of BACs in Feces
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BACs are absorbed, metabolized, then excreted to the feces
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Exposure Scheme
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BAC Exposure Led to Different Microbial Communities

Beta Diversity in Male Cohort Beta Diversity in Female Cohort
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Compositional Changes at the Phylum Level
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Negative Mode Lipidomic Analysis revealed differential

lipid class totals between Control and BAC treated mice
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