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Quantitation of QACs by Liquid Chromatography-
Tandem Mass Spectrometry
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Exposure Levels in 100 Random Human Plasma
Samples

Human QAC Exposure
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Can Human Body Metabolize QACs?

Using benzalkonium chlorides (BACs) as examples.



Metabolism by Human Liver Microsomes

BAC [nM]

Sequin, R. P., et al. (2019) Chem. Res. Toxicol., 32(12), 2466—-2478.
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Screening Recombinant CYPs Identifies
Responsible CYP Isoforms
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Sequin, R. P., et al. (2019) Chem. Res. Toxicol., 32(12), 2466—-2478.
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What Metabolites are Formed from
BACs?



Primary products: w- and (w-1)-hydroxylation
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Primary Products Undergo Further Metabolism
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Metabolites Can
Be Quantified by
LC-MS/MS

Metabolites of C,,-BAC

Sequin, R. P., et al. (2019) Chem. Res.
Toxicol., 32(12), 2466—-2478.
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QACSs Detected in Kidney Tissue from Mice
Exposed to QACs Via Diet
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QAC Metabolites are Observed in Mice Fed a QAC Diet

Control
kidney tissue

QAC-fed
kidney tissue
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Effect of Benzalkonium Chlorides on
Cholesterol and Lipid Homeostasis:
Why Are We Interested In It?



Why Do We Study Benzalkonium Chlorides (BACs)?

* 1in 10,000 to 60,000

* Congenital malformation, mental
retardation, autistic behavior

* Carrier frequency: 1 in 30
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Small molecule inhibitors of DHCR7:
* Pharmaceuticals: breast cancer, antipsychotics
* Disinfectants: benzalkonium chlorides
Porter,,F. D.; Herman, G. E. J. Lipid. Res. 2011, 52, 6.
Canfran-Duque et al. J. Lipid Res. 2013

Korade, Z. et al. J. Med. Chem. 2016
Herron, J. et al. Tox. Sci. 2016, 151, 261.



Benzalkonium Chlorides Are Structurally Similar to

Known Inhibitor of DHCR7, AY9944
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Benzalkonium Chlorides Inhibit DHCRY7 in a Chain
Length-Dependent Manner

/W/f‘“x HCI P P Hﬁ
( Hz N \,“ /J j 6.8 . .14, 16
--f,,»@wf o n= .

Go Benzalkonium chioride {BA C)

BAC: highest similarity to AY9944 (72.9%)
among molecules in Tox21

AY3S44

Known inhibitor

7-Dehydrocholesterol

Cholesterol Desmosterol
2.0 * %k %k £ 40 5 0.6
- < 5
s [ : i [ ‘1 <0.05
S 10 FE ek B ¥ 5 0.4 » P .
] : £ *%k
S os 1 ™ = * 5 * % % , p <0.005
& 01 o 201 % S % % % *** 200005
° % o o2 ®k okok ok ,p<0.
o 3 101 |-‘=| o * % %
= K- -
[} [3) ()]
: M ] : nill=
0.0 T T T T I:I c:?_ 0 T T T T T T 0.0 T T T T T T
O o & > © > S 4 ,, © o O a0 N 0
0‘$ .@99‘ PO oc’\ oc’\ o“‘éo -@Qb" <} ) < MY od\ 0‘{6 *QQQ o® O ¢
O ¥ F Y oF oY S K R R F F F F
2 32 < Q' < Q Q Q

Neuro2a cells were exposed to each
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BACs Alter Lipid Homeostasis in Neuronal Cells
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Individual BACs Alter Gene Expression

Sterol and Lipid Homeostasis
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Can BACs Alter Sterol and Lipid
Homeostasis In Developmental
Brain?



In utero Exposure to BACs — Experimental Design
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Lipid extraction of tissues (n=5-7)

« BAC distribution

« Sterols analysis (LC-MS/MS)

+ Lipidomics analysis (LC-IM-MS/MS)

RNA isolation of neonate brain (n=4)

+ RNA-sequencing
+ Bioinformatics



BACs Cross the Placenta and Enter the

Developing Brain
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BACs Decrease Sterols in Neonatal Brains
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Principal Component 2

BACs Alter Lipidome of Neonatal Brains
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What Underlying Gene Expression
Changes Are Associated with
Alterations in Sterols and Lipids?
RNA Sequencing



Global Gene Expression Changes in Exposed
Neonatal Brains

Significantly up-regulated Significantly down-regulated
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Cholesterol Biosynthesis Pathway is Activated
in Exposed Neonatal Brains
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Upstream regulator SREBP cleavage-activating
protein (SCAP) is activated in exposed neonatal

brains
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Regulation of
Cholesterol
Homeostasis
by Scap and
Insig

Goldstein, J. L., et al. (2006).
Cell, 124(1), 35-46.




Distinct Expression Patterns of Genes Involved in Sterol- And
Lipid- Homeostasis
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Distinct Expression Patterns of Genes Involved in Sterol- And
Lipid- Homeostasis
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Summary

* QACs are observed in random human plasma samples.
* BACs can be metabolized by human cytochromes P450.

 BACs and metabolites can be quantified by LC-MS/MS and
both should be used for biomonitoring for complete assessment
of BAC exposure.

 BAC exposure leads to elevated levels of parent compounds
and metabolites in dam and neonatal tissues.

* BACs disrupt cholesterol and lipid homeostasis both in vitro and
In vivo.
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