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Abstract

Fatty acid esters of hydroxy fatty acids (FAHFAS) are a recently discovered class of endogenous
lipids with anti-diabetic and anti-inflammatory activities. Interest in these lipids is due to their
unique biological activity and the observation that insulin resistant people have lower palmitic acid
esters of hydroxystearic acid (PAHSAS) levels, suggesting that a FAHFA deficiency may
contribute to metabolic disease. Rigorous testing of this hypothesis will require the measurement
of many clinical samples; however, current analytical workflows are too slow to enable samples to
be analyzed quickly. Here, we describe the development of a significantly faster workflow to
measure FAHFAS that optimizes the fractionation and chromatography of these lipids. We can
measure FAHFAs in 30 minutes with this new protocol versus 90 minutes using the older protocol
with comparable performance in regioisomer detection and quantitation. We also discovered
through this optimization that oleic acid esters of hydroxystearic acids (OAHSASs), another family
of FAHFAS, have a much lower background signal than PAHSAS, which makes them easier to
measure. Our faster workflow was able to quantify changes in PAHSAs and OAHSAS in mouse
tissues and human plasma, highlighting the potential of this protocol for basic and clinical
applications.
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The adipose tissue Glut4 overexpressor (AG40X) mouse is a valuable model for
understanding the molecular pathways related to insulin sensitivity and metabolic diseasel.
Normally, obesity in rodents and humans is linked to the onset of insulin resistance and,
eventually, the development of diabetes®~7. AG40X mice are unique because they are obese,
yet they remain insulin sensitive and are resistant to diabetes~>. Gene expression studies
followed by metabolic tracer studies revealed that AG4OX mice have increased lipid
production (i.e., de novo lipogenesis (DNL)) in their adipose tissue and this increased DNL
is necessary for the improved metabolism of these mice3: °. Elevated fatty acid levels are
typically associated with poorer metabolic outcomes® suggesting that AG40OX mice might
be producing beneficial lipids in their adipose tissue. Lipidomics of these animals followed
by structure elucidation of the lipids with the largest fold change between AG40X and wild-
type(WT) samples revealed the existence of a new class of lipids called Fatty Acid Esters of
Hydroxy Fatty Acids (FAHFASs). FAHFAs are highly elevated in AG40X mice8 and
subsequent biological studies demonstrated that FAHFASs have potent anti-diabetic and anti-
inflammatory activities8-10, Serum and adipose tissue PAHSA levels from insulin resistant
people are lower, indicating that a FAHFA deficiency might underlie metabolic disease®.

FAHFA families are defined by the composition of the fatty acid and hydroxy fatty acid.
Analysis of adipose tissue from AG40X mice revealed the existence of 16 different FAHFA
families®. For example, the two most highly upregulated FAHFA families in adipose tissue
of AG40OX mice were palmitic acid esters of hydroxy stearic acids (PAHSAS) and oleic acid
esters of hydroxy stearic acids (OAHSAS).

Within each FAHFA family discovered to date, there are multiple regioisomers, which differ
by the position of the ester. The distribution and amounts of the different regioisomers can
vary substantially between tissues. In mice, for example, there are eight different PAHSA
regioisomers in adipose tissue three in liver, and six in serum®. The structural similarity of
these regioisomers poses a challenge for their detection and quantitation. Obtaining baseline
separation of different PAHSA regioisomers required extremely long isocratic gradients (90
minutes in length)8: 11,

As interest in FAHFASs grows, faster protocols for analyzing and measuring different
families and regioisomers!2 are needed. The current protocol for PAHSA measurements, for
instance, is time-consuming because of the difficulty in separating PAHSA isomers from
each other and from a contaminating ceramide® 11. This protocol also has background
PAHSA signal which is negligible for tissues with high PAHSA levels. However, this
background is problematic in tissues with low PAHSA concentrations, such as serum, where
this background can constitute ~10-15% of the total PAHSA signal.
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Here, we optimized the protocol for endogenous FAHFA measurements to afford a method
with significantly shorter run times but similar analytical performance. Our optimized
protocol provides a rapid, robust method for measuring FAHFAs (PAHSAs and OAHSAS)
that should increase the throughput and quality of endogenous FAHFA measurements for
basic and clinical studies.

EXPERIMENTAL SECTION

Chemicals and Standards

All PAHSAs, OAHSAs, and 13C4-9-PAHSA were purchased from Cayman Chemical
Company. The internal standard 13C;g-12-OAHSA was synthesized as described
(Supporting Information).

Samples for FAHFA Measurements

Male AG40X mice and WT FVB littermate controls’3 at 40 weeks of age were used for
FAHFA measurements. Mice were fed a chow diet (Lab Diet, 5008) ad libitum. Mice were
kept on a 14 hr light, 10 hr dark schedule at 22-23C. All animal care and use procedures
were in accordance with and approved by the Institutional Animal Care and Use Committee
at Beth Israel Deaconess Medical Center, Boston, MA. Human plasma samples were
obtained and prepared as previously described!®. An IRB letter of exemption for the de-
identified human plasma samples used in this study is on file at the Salk Institute for
Biological Sciences.

Lipid Extraction

Lipid extraction was based on previous literaturell: 15, Perigonadal white adipose tissue
(PGWAT, 150 mg) was dounce homogenized on ice in a mixture of 1.5 mL PBS, 1.5 mL
methanol, and 3 mL of chloroform. 5 pmol/sample of 13C,-9-PAHSA and 13C1g-12-OAHSA
and 1 pmol/sample of 13C;4-5-PAHSA were added to the chloroform prior to extraction. The
mixture was then centrifuged at 2,200 g, 5 min, 4°C to separate the organic (bottom) and
aqueous phases. The organic phase was then transferred to a new vial and dried down under
a gentle stream of nitrogen and stored at —80°C. For blood samples, 200 uL of mouse serum
or human plasma was added to 1.3 mL of PBS, 1.5 mL methanol and 3 mL chloroform with
internal standard (1 pmol/sample of 13C,-9-PAHSA, 13Cg-12-OAHSA, and 13C;¢-5-
PAHSA). The resulting mixture was vortexed for 30s and then centrifuged to separate the
organic and aqueous phases. The organic phase was transferred, dried and stored following
the same method for tissues.

Solid Phase Extraction

SPE was slightly modified from a previously reported method!. SPE was performed at
room temperature using positive pressure (nitrogen) to push solvents though a Strata SI-1
Silica SPE cartridge (500 mg silica, 3 mL, Phenomenex, 8B-S012-HBJ-T). For the
following steps, we added 3 x 2 mL aliquots of solvents. The SPE cartridge was first pre-
washed with 6 mL of ethyl acetate and then conditioned with 6 mL hexane. Afterwards,
extracted lipids, from the previous lipid extraction step, were reconstituted in 200 pL
chloroform and then applied to the cartridge. Neutral lipids were eluted using 6 mL 5% ethyl
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acetate in hexane, followed by elution of FAHFAS using 4 mL ethyl acetate. The FAHFA
fraction was dried down under a gentle stream of nitrogen and stored at —80°C.

Targeted LC/MS Analysis of PAHSAs and OAHSAS

PAHSASs and OAHSASs were measured on a TSQ Quantiva LC/MS instrument using
Multiple Reaction Monitoring (MRM) in negative ionization mode. The following MS
source parameters were used: spray voltage, 3.5 kV; ion transfer tube temperature, 325°C;
vaporizer temperature, 275°C; sheath gas, 2.7 L/min; aux gas, 5.0 L/min; and sweep gas, 1.5
L/min. An Acquity UPLC BEH C18 column (1.7 um, 2.1 mm x 100 mm, Waters) was used
for separation of FAHFAs. PAHSAs and OAHSAS were resolved with isocratic flow at 0.2
mL/min using 93:7 methanol:water with 5 mM ammonium acetate and 0.03% ammonium
hydroxide (v/v) over 30 minutes. The column was kept at a constant temperature of 25°C.
Each extracted and fractionated sample was reconstituted in 40 pL methanol and 10 pL was
injected for analysis. Multiple reaction monitoring (MRM) was utilized using one quantifier
and one or two qualifier transitions per FAHFA (Table 1). The collision energies (CE) for the
MRM transitions are as follows: FA (29 V), HFA (28 V), and HFA-H20 (27 V).

RESULTS AND DISCUSSION
Development of a faster FAHFA LC-MS gradient

In our previous studies, we established a 90-minute liquid chromatography (LC) method to
resolve PAHSA isomers using a Luna C18(2) (3 um, 250 x 2.0 mm, Phenomenex) column?l,
Due to the long run time of each sample, this method is not ideal for analyzing large
numbers of samples. To increase throughput of FAHFA analysis, we needed to shorten the
run time while maintaining chromatographic resolution of FAHFA regioisomers. Our prior
method went through extensive optimization of carrier solvents, additives, temperature, and
flow rates and we did not want to alter these in developing a new method!!, We made a mix
of different PAHSA isomers (5-, 9-, and 12-PAHSA) and OAHSA isomers (5-, 9-, and 12-
OAHSA) and analyzed their retention times and resolution using different reversed phase
columns. We found that the Acquity UPLC BEH C18 column (1.7 pm, 2.1 mm x 100 mm,
Waters) afforded the best resolution in a 30-minute time frame (Fig. 1).

In addition to shortening the run time, we also wanted to reduce the time and material for
sample preparation. After the extraction of lipids, we enrich for FAHFAS by using solid-
phase extraction (SPE). This step is critical in removing other lipids and contaminants that
could impair chromatographic resolution and cause signal suppression of FAHFAs. We
previously established a FAHFA enrichment setup using a silica extraction cartridge,
however, this step takes nearly 4 hours. The majority of this time was waiting for flow
through of solvent by gravity and drying down of the eluted FAHFAs. To reduce the sample
prep time, we modified the SPE method to utilize smaller volumes of elution solvent in
addition to using positive pressure (nitrogen) to push solvent through the column. Strata SI-1
Silica SPE cartridges (500 mg silica, 3 mL, Phenomenex) were conditioned with 6 mL of
hexane, followed by sample addition to the cartridge. Neutral lipids were then eluted using 6
mL of 95:5 hexane:ethyl acetate, followed by the elution of FAHFAs with 4 mL of ethyl
acetate. Solvents were added in 2 mL increments to avoid overfilling the SPE column. When
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applying positive pressure through the column, it is important not to dry out the sorbent bed
mass to prevent phase collapse. This method can also be used with a vacuum manifold
compatible with the SPE cartridges. Overall, this SPE method for FAHFA enrichment takes
one hour.

Separation of 5-PAHSA from the ceramide contaminant

Solid-phase

The most referenced FAHFAs with biological activity are 5- and 9-PAHSA, therefore it is
essential that we can detect these two PAHSA regioisomers in biological samples with our
shorter method. In addition to SPE background issues when measuring PAHSAs, another
challenge to measuring PAHSAs, specifically 5-PAHSA, is the existence of a contaminating
signal from a ceramide. Specifically, C16:0 ceramide shares all the major MRM transitions
with PAHSAs!L, This peak can be differentiated from PAHSASs by its differences in MRM
transitions ratio. For example, the two most abundant product ions from the collision-
induced dissociation of PAHSAS are palmitate (/7/2 255.2) and dehydrated HSA (m/z
281.2), with the m/z 255.2 being greater than the m/z 281.2. For the contaminant ceramide,
this ratio reversed, with the /2 281.2 being greater than the /2 255.2.

When initially measuring mouse serum PAHSAs with our faster method, we had difficulties
separating the 5-PAHSA and the ceramide peak. In order to separate the 5-PAHSA from the
ceramide, we tried altering the column temperature and flow rate (Fig. 2, a-b). Although
lowering the flow rate from 0.2 ml/min to 0.15 ml/min allowed separation of 5-PAHSA and
the ceramide peak, this came at the cost of extending the method from 30 minutes to 40
minutes. In order to keep our method under 30 minutes, we increased the pH of the mobile
phase to 0.03% NH4OH from our usual 0.01% NH4OH (Fig. 3c). The increase in pH allows
PAHSAS to elute faster while the neutral ceramide is unaffected, thus allowing resolution of
5-PAHSA and the ceramide.

With the increase in NH4OH in the mobile phase, we were concerned that this might
degrade FAHFAs as esters are base-labile. To test this, we ran a PAHSA ladder consisting of
12-, 10-, and 9-PAHSA with either 0.01% NH4OH or 0.03% NH,4OH and compared the area
under the curves (AUC) (Fig. 3). The increased pH does not degrade FAHFAS as can be seen
by comparing the integrated peak areas of the respective PAHSA standards. In addition, with
the increased pH, one can also observe the earlier retention shift of PAHSAs. Another
concern with the additional concentration of base is the stability of the silica within the
column. We have run more than 150 samples using the higher base concentration (0.03%
NH4OH) and have not observed any loss of column performance.

extraction contributes to the PAHSA background

We previously reported that the use of silica SPE columns and some buffers yield
background when trying to detect PAHSALL. For tissues with high levels of FAHFAS such as
white adipose tissue (WAT) and liver, this background is negligible. However, for other
tissues or serum where FAHFA levels are low, a background signal can account for up to
15% of the total PAHSA signall. Indeed, we find that this background is problematic when
measuring serum PAHSAs using our faster protocol where we observe extremely high
background that can account for up to 50% of the signal in some runs.

Anal Chem. Author manuscript; available in PMC 2019 April 17.
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Previous literature has shown that SPE cartridges can be major sources of background
contamination!6-18, The most abundant contaminants from the SPE cartridges are phthalates
and other plasticizers which are used in the manufacturing process of these cartridges. This
background contamination is not constant and can vary from lot-to-lot and even column-to-
columnl’. When we tested SPE columns from two different lots, we observed variation in
PAHSA background (Fig. 4). The two lots had background PAHSAS ranging from 5- to
13/12-PAHSA, but with different PAHSA trace profiles. For example, in the cartridge from
lot one, 13/12- and 9-PAHSA have similar peak heights, while in lot two, 9-PAHSA has
greater peak height (Fig. 5). This high level of background PAHSAS presents serious
problems when measuring PAHSAS from serum or a tissue with low PAHSA levels. The lot-
to-lot variation is also problematic as the blank background levels can be significantly
different.

The general workflow for the SPE enrichment of FAHFAS begins by prepping the SPE
column for sample loading by equilibration with hexanes, loading of the sample in 200 uL
of chloroform, followed by stepwise elution of analytes from the SPE column. To address
the background issue, we tested a SPE prewash step with different organic solvents to
remove contaminants before equilibrating the column with hexanes.

We used different organic solvents in isolation or in combination to see which afforded
minimal PAHSA background (Fig. 6). For example, for the “EA + MeOH Prewash” we
added 6 mL of ethyl acetate (EA) followed by 6 mL methanol (MeOH) before beginning
with our conditioning step of 6 mL hexanes. For these blank runs, we added 200 pL CHCL3
to the column after the conditioning step with hexanes to emulate true sample loading. We
still observed some PAHSA background with these prewashes, however it was significantly
reduced (Fig. 6).

The triple wash with EA, MeOH, and DCM did not appear to have any added benefit
compared to the MeOH prewash alone. Although the MeOH prewash appeared to lower
background more than the EA prewash for this lot of SPE cartridges, when using biological
samples, we noticed the EA prewash was more reliable than MeOH prewash in sample
reproducibility. We believe this is due to MeOH not being completely removed before the
sample is loaded, thus limiting the sample from binding to the stationary phase. We also
tried an NH, SPE cartridge to enrich for FAHFAs, but this also had high levels of
background PAHSASs that could not be removed with a MeOH prewash (Fig. S1).

OAHSAs have lower background signal

Although PAHSAs have been the most studied FAHFAs to date8: 10, we reasoned that other
FAHFA families might also serve as excellent markers of FAHFA levels. Indeed, during our
discovery of FAHFAs, we found six FAHFA families that were highly elevated in the
AG40X mice adipose tissue8. As mentioned previously, the SPE columns can cause
significant PAHSA background if the columns are not prewashed. In addition, if one alters
the pH of the mobile phase for FAHFA analysis, this could lead to overlap of the 5-PAHSA
and the C16:0 ceramide. Due to the potential diagnostic potential of serum FAHFA
measurements, we wondered whether other FAHFAs might have a lower background to
obviate this issue.

Anal Chem. Author manuscript; available in PMC 2019 April 17.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Kolar et al.

Page 7

PAHSAs and OAHSAs only differ by their acyl chains. PAHSAS have a palmitoyl group
(C16:0) while OAHSAS have an oleoyl group (C18:1). This physical difference can be seen
chromatographically, as the OAHSA regioisomers elute later than analogous PAHSA
isomers. For example, with our shorter method, the retention time of 9-OAHSA is ~19 min
while the retention time of 9-PAHSA is ~18 min, showing that OAHSAs are slightly more
hydrophobic than PAHSAs (Fig. 1c). This difference is more pronounced when comparing
the same OAHSA and PAHSA regioisomers with the original method (Fig. 1b).

Before measuring OAHSAs in tissues, we needed to determine if SPE columns have
background OAHSA contaminants. Here we analyzed background OAHSA levels from two
different SPE cartridge lots (Fig. 6). As shown earlier, SPE cartridges have high and varying
amounts of PAHSA background (red lines), yet the background OAHSA levels (blue lines),
are not distinguishable compared to noise. The non-existent OAHSA background signal is
ideal for studying the regulation of these lipids in tissues where total FAHFA levels are low,
which includes blood.

FAHFA regioisomers and quantitation

To validate that our optimized FAHFA detection method affords similar results as our
previous method, we analyzed PAHSAs in PGWAT of WT and AG40X mice using our
shorter method and the original method (Fig. 7a—b). Previously, we have shown that
PAHSAs are significantly upregulated in the WAT of AG40X mice, with 9-PAHSA being
the most abundant PAHSA isomer8. We observe the same profile when analyzing PAHSAS
using the original and shorter method for this biological sample (Fig. 7a—b). When
comparing the traces of the PGWAT from WT and AG40X mice with the original method
and the shorter method, the shape of the peaks and the separation of the isomers look
identical and full resolution of PAHSA regioisomers is achieved. No prior data exists on
OAHSA regioisomers and their distribution in tissues. When analyzing OAHSAS in PGWAT
in WT and AG40X mice, we observed increased levels of OAHSAs in the AG40X mice,
with 9-OAHSA having the highest degree of upregulation (Fig. 7c—d). This overall profile is
similar to what is seen for PAHSAs and is also consistent when comparing OAHSAS using
the original and shorter methods.

When comparing the peak heights (the Y-axis of the chromatograms) of the same sample
using the original or shorter method, one will notice they are different. The peak height is
shorter for the original method due to the sample being spread out over a longer period of
time compared to the shorter method. Although there is an obvious difference in peak

height, the area under the curve is unaffected and is the same between both methods (Fig.
S3). When the same sample, either PGWAT from WT or AG40X mice, is analyzed using the
shorter method versus the original method, the absolute quantities are the same.

We then quantified the PAHSA and OAHSA regioisomers in the PGWAT of WT and
AG40X mice using the shorter method and the longer method to determine whether there
are any performance differences (Fig. 8). All measured PAHSA regioisomers measured were
increased in the AG40X mice, which is consistent with our previously reported
measurements.8 We did notice that this cohort of AG40X mice had lower levels of 9-
PAHSA than what was previously reported; however, this may be due to the different age
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and sex of these mice. In our original report of FAHFAs, we used female mice at 8-14
weeks of age®, while in this study we used male mice at 40 weeks of age. Overall, the two
methods performed equivalently with the same concentrations of PAHSAs measured
regardless of the gradient utilized.

In order to accurately quantify and properly assign endogenous OAHSA isomers based on
their retention times, we synthesized the internal standard 13C;g-12-OAHSA (Supporting
Information; Fig. S2). We detected 9-, 10-, 11-, 12, and 13-OAHSA in PGWAT, with 9-
OAHSA being the mostly highly upregulated OAHSA regioisomer in AG40X mice. As with
our longer method, we could not achieve baseline resolution of the 12- and 13-OAHSA
regioisomers, therefore these two regioisomers are reported as a single value (i.e. 13/12-
OAHSA).

Detection of PAHSAs and OAHSAs in human plasma

Using the shorter method, we examined whether we could detect PAHSAs and OAHSAS in
human plasma. To avoid the issue of dietary sources affecting endogenous plasma FAHFAS,
we analyzed PAHSASs and OAHSASs in fasting humans (Fig. 9). 5-6 plasma samples were
analyzed in addition to two SPE procedural blanks to show background levels from the SPE
cartridge. The background for PAHSAs can be seen from the black and gray lines but are not
visible when looking at plasma OAHSASs. For the PAHSA measurements, plasma was taken
from 3 humans twice on different days. For example, 1A and 1B represent that same human,
but with blood draws a few weeks apart. For PAHSAs, 5-, 6-, 7-, 8-, 9-, 10-, 11-, and 13/12-
PAHSA regioisomers were detected in all five human plasma samples. For the OAHSAs, 8-,
9-, 10-, 11-, and 13/12-OAHSA can be identified with 8-,9-, and 10-OAHSA having the
highest levels. There is also a peak at ~24 minutes which is 5-OAHSA (see alignment with
5-OAHSA standard (Fig. S4). PAHSA and OAHSA levels not only vary between different
human subjects, but also from the same subject, and further human and animal studies
should provide more insight into this observation.

CONCLUSION

We optimized the analysis of FAHFASs by chromatography to afford shorter run times
without a loss in baseline resolution between FAHFA regioisomers. We discovered that
solid-phase extraction (SPE) cartridges are the most significant and variable contributors to
the PAHSA background signal and the background can be mitigated by additional wash
steps in the SPE protocol. Other FAHFAs, in particular OAHSAS have no background
signal, which might make OAHSAs the ideal markers for blood FAHFA levels. Lastly, the
faster protocol was tested on fasting human plasma to determine the feasibility of this
approach for clinical studies, and we detected multiple PAHSA and OAHSA regioisomers
with excellent analytical performance.

The emerging importance of FAHFASs in biology and medicine will require better and faster
methods for their detection. By optimizing several key steps and using a better column, we
reduced the analysis time by nearly 70%. Moreover, these studies revealed that other
FAHFAs, notably OAHSAS, have several qualities that improve their detection in blood,
such as lower background signal and lack of any contaminating lipids. However, the
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physiologic and pathophysiologic regulation and the biological activities of the OAHSASs
have not been reported. With this new protocol, it should now be possible to determine
whether FAHFASs, PAHSAs and OAHSAs, are reliable markers of insulin resistance in
people.
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Figure 1. Development of a faster FAHFA analysis method
(a) Structures of 5-, 9-, and 12-PAHSA and 12-OAHSA. Extracted ion chromatograms

showing the retention times of 5-, 9-, and 12-PAHSA and 5-, 9-, 12-OAHSA standards on a
Luna C18(2) column (3 pm, 250 x 2.0 mm, Phenomenex) (b) and an Acquity UPLC BEH
C18 column (1.7 pum, 2.1 mm x 100 mm, Waters) (c).
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(a) Traces showing the effect of altering column temperature ranging from 20 °C to 40 °C
on resolution of 5-PAHSA and the ceramide. (b) Traces showing the effect of different flow
rates on the resolution of 5-PAHSA and ceramide. (c) Traces showing the effect of
increasing the mobile phase pH. Black lines represent the transition m/z537 — 255 (which
is shared by PAHSAs and the ceramide contaminant). Purple line represents the internal
standard 13C16-5-PAHSA, which is used as a surrogate for analyzing 5-PAHSA retention
time. Although 5-PAHSA is present in mouse serum, it is not shown on the chromatogram

because it needs magnification to be seen.
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Figure 3. Stability of PAHSAs with different NH4OH percentages in mobile phase
Extracted ion chromatogram of 12-, 10-, and 9-PAHSA with their respective AUC with

either 0.01% NH,4OH (top trace) or 0.03% NH4OH (bottom trace).
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Figure 4. SPE cartridges have variable PAHSA background from lot-to-lot
Extracted ion chromatograms for PAHSAS (top) and internal standard 13C4-9-PAHSA

(bottom). Internal standard was added during the sample loading step to account for
variation in the SPE procedure.
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Figure 5. Background SPE signal for OAHSAs and PAHSAs
Extracted ion chromatograms for background PAHSAs (red) and OAHSAs (blue) in SPE

cartridges from two different lots.

Anal Chem. Author manuscript; available in PMC 2019 April 17.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnuely Joyiny

Kolar et al.

PAHSA (lon Count)

Page 16

1x10%

‘ — No Prewash

13/12 — EA Prewash

8x10%+ n — MeOH Prewash

d — EA + MeOH Prewash

10 —— EA + MeOH + DCM prewash

6x1034 ﬂ

] 9
4x10%-
2x1034

Time (min)

Figure 6. Effects of prewashing SPE cartridge on PAHSA background
SPE columns from the same lot number were prewashed with EA alone, MeOH alone, EA +

MeOH, or EA + MeOH + DCM and their PAHSA background was compared to PAHSA
background from a non-prewashed column (black line).
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Figure 7. Analysis of OAHSAs and PAHSAs in PGWAT of WT and AG40X mice with our
original and shorter method

Extracted ion chromatograms comparing PGWAT PAHSAs in AG40X and WT mice using
the original (a) and shorter method (b). Extracted ion chromatograms analyzing OAHSAs in
PGWAT WT and AG40X mice in the original (c) and shorter method (d).
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Figure 8. PAHSA and OAHSA quantification and distribution in WT and AG40OX mice PGWAT
Quantification of PAHSA (a) and OAHSA (b) isomers in AG40X and WT mice PGWAT.

Data are expressed as means + SEM. Differences between groups was evaluated with Mann-
Whitney test. n=3-5/group, *p<0.05.
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Figure 9. PAHSA and OAHSA regioisomers in fasting human plasma
Extracted ion chromatogram of PAHSAs (top trace) and OAHSAs (bottom trace).
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Table 1

MRM transitions for PAHSAs and OAHSAs and their respective standards

Quantifier ion is the fatty acid (FA), and the qualifier ions are the hydroxy fatty acid (HFA) and the HFA
dehydration product (HFA-H,0). The HFA-H,0 ion and the FA ion for OAHSA have the same m/z. The HFA

ion and the FA ion for 13C;g-12-OAHSA have the same /m/z. Q1 represents parent ion and Q3 represents

daughter ions.

FAHFA Q1[M-H]- Q3FA Q3HFA Q3HFA-H20
PAHSA 537.5 2552 299.3 281.2
13C4-9-PAHSA 5415 259.2 299.3 281.2
OAHSA 563.5 2812 2993 -

13C,4-12-OAHSA 581.6

2993 - 281.2
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