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Product Description
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The Agilent Seahorse XF Palmitate-BSA fatty acid oxidation (FAO) Substrate is 
a bio-available palmitate reagent for researchers studying substrate utilization 
who require a reliable source of conjugated fatty acids. The XF Palmitate-BSA 
FAO Substrate is manufactured at a 6:1 Palmitate:BSA ratio. Each lot is tested 
for activity and free fatty acid (FFA) concentration.
Contents
• 1 mM palmitate conjugated to 0.17 mM BSA in 150 mM NaCl, pH 7.2, 
3 × 2 mL vials

• 0.17 mM BSA control in 150 mM NaCl, pH 7.2, 3 × 2 mL vials. Lot-specific 
FFA is listed on each box
Storage conditions
Upon arrival, store at -20 °C, aliquot and refreeze if desired. Glass vials are 
recommended for storage. The stability of the product is still under evaluation, 
but has a minimum 6-month shelf life when properly stored. Do not store in a 
frost-free freezer.
Reagent preparation
• Thaw solution at room temperature.

• Prior to beginning the assay, add undiluted substrate or control directly to 
the well. We recommend adding the substrate directly to the microplate 
instead of to the injection ports to avoid inconsistent injection performance 
due to viscosity.

Table 1 Recommended volumes: Palmitate-BSA or BSA control

Component Volume

XFe24/XF24 87.5 µL

XFe96/XF96 30 µL
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Introduction
Seahorse XF Palmitat
The ability to oxidize exogenously added fatty acids (FAs), as indicated by an 
increase in O2 consumption rate (OCR), will be influenced by ATP demand, 
other substrates present in the assay medium (such as glucose), and stores of 
endogenous substrates (such as glycogen or triglycerides). Exogenously added 
FAs can also uncouple mitochondria, and cause an increase in the OCR not 
due to fatty acid oxidation (FAO).

Palmitate-BSA has been used extensively to examine FA oxidation. The 
addition of etomoxir to a cell, and the subsequent return to the control rate of 
respiration, demonstrate utilization of exogenous fatty acids1,2. A drop in OCR 
in both the palmitate and BSA control indicates that endogenous FAs were 
also being oxidized3. Finally, if the OCR signal is insensitive to etomoxir or 
oligomycin, this indicates that the FAs are uncoupling the mitochondria4.

Because a change in OCR can be caused by utilization of exogenous FAs, 
endogenous FAs, or uncoupling by FAs, Agilent Technologies developed the XF 
FAO Assay that can measure all three sources. With the combined use of the 
XF Palmitate-BSA FAO Substrate, etomoxir, and the XF Cell Mito Stress Test, 
one can drive cells to oxidize exogenous fatty acids while revealing the portion 
of the OCR signal generated by endogenous and exogenous fatty acid 
oxidation, as well as uncoupling.

The assay requires components that are not included with the this product, 
which is referenced in Table 2. A guideline on how to perform FAO assay is 
provided in this document. This assay was developed using immortalized cell 
lines. Use of primary cultures may require optimization of reduced nutrient 
conditions.
Table 2 Items required but not provided

Component Details

XFe24/96 or XF24/96 Analyzer www.agilent.com/en-us/products/cell-analysis-(seahorse)

XFe/XF FluxPak or FluxPak Mini www.agilent.com/en-us/products/cell-analysis-(seahorse)

Substrate-Limited Medium See formulation below

FAO Assay Medium See formulation below

Etomoxir (10 mM Stock Solution in H2O) Sigma-Aldrich, catalog #E1905, (+)-etomoxir sodium salt hydrate

XF/XFp Cell Mito Stress Test Kit Agilent Technologies, catalog #103015-100, #103010-100
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Table 3 Substrate-limited medium

Component Details

DMEM Corning #17-207-CV or Life Technologies catalog #A14430-01 are DMEM 
formulations without glucose, glutamine, sodium pyruvate, or HEPES

0.5 mM Glucose D-(+)-Glucose, catalog #G7021, Sigma-Aldrich

1.0 mM GlutaMAX GlutaMAX Supplement, catalog #35050061, Life Technologies

0.5 mM Carnitine L-Carnitine hydrochloride, Sigma-Aldrich, catalog #C0283

1 % FBS Fetal Bovine Serum
Table 4 FAO Assay buffer

Component 1x Concentration (mM) 5x Concentration (mM)

NaCl 111 555

KCl 4.7 23.5

CaCl2
* 1.25 6.25

MgSO4 2.0 10

NaH2PO4 1.2 6

Supplements On the day of the assay, supplement 1x KHB with 2.5 mM glucose, 0.5 mM carnitine and 5 mM 
HEPES (final concentrations). Warm to 37 °C, and adjust pH to 7.4 with NaOH.

Carnitine may be purchased as L-carnitine hydrochloride from Sigma. Make as a 0.5 M stock solution in H2O and adjust pH 
to 7.2 with NaOH.

* This document was updated to include CaCl2 in the FAO Assay Medium
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Running Fao Assay
Seahorse XF Palmitat
Note: The XF assay work flow deviates from standard XF assays, and includes 
two pretreatment steps:

• Selected groups are treated with etomoxir 15 minutes prior to the XF assay 
being initiated (t = –15 minutes).

• Selected groups are provided BSA control or Palmitate:BSA prior to the XF 
assay being initiated (t = 0).

Figure 1 FAO Assay workflow.

Table 5 Recommended volumes

Recommended volumes XFe/XF24 (µL) XFe/XF96 (µL)

Starting volume 375 135

400 µM Etomoxir (40 µM final) 37.5 15

BSA control or Palmitate:BSA 87.5 30

XF Cell Mito Stress Test Injections (all 10X) - final concentration

Port A: 25 µg/mL Oligomycin (2.5 µg/mL final) 50 20

Port B: FCCP (TBD by user*)

* Determination of maximal FCCP stimulation (maximal exogenous FA oxidation) should be conducted by 
performing an FCCP titration in the context of the FAO assay workflow (that is, cells should be grown in 
substrate-limited medium, assayed in FAO assay media, and be FCCP titrated in the presence of BSA Control 
and Palmitate-BSA).

55 22

Port C: 20 µM Rotenone/40 µM Antimycin A 
(2 and 4 µM final, respectively)

60 24

FAO Assay Workflow

t = –45 minutes
Exchange substrate- 
limited medium for 

FAO medium.

t = –15 minutes
Add etomoxir
(40 µM final)  

t = 0 minutes
Add Palmitate:BSA

or BSA control. Initiate XF assay.

Conduct XF 
Cell Mito 

Stress Test.  

Day 2: Perform XF AssayDay 1

Exchange growth 
medium for 

substrate-limited 
medium. Incubate 

overnight.
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Figure 2 Kinetic graph of the FAO/XF Cell Mito Stress Test assay. The green arrow 
indicates utilization of exogenous fatty acids. Note: in this case, utilization of 
exogenous fatty acids was dependent on placing energetic stress (via FCCP) on 
the cells. This experiment illustrates that under conditions of substrate 
limitation, and the combined use of the XF Palmitate-BSA FAO Substrate, 
etomoxir, and the XF Cell Mito Stress Test, one can determine the proportion of 
respiration that is supported by exogenous fatty acids.

Figure 3 Bar chart highlighting the differences in maximal respiration. Data taken from 
the rate 10 measurement in Figure 2. The use of the XF Cell Mito Stress Test can 
elucidate different metabolic parameters allowing the determination if the cells 
are oxidizing the exogeneous palmitate, as well as oxidizing endogenous fatty 
acids or causing uncoupling.

Determination of Fatty Acid Utilization in the XFe/XF Analyzer
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Agilent Technologies
Product Use and Limitations, Warranty, Disclaimer
Agilent Technologies manufactures products for a number of intended uses. 
Please refer to the product label or user manual for the intended use 
statements for specific products. Agilent Technologies products contain 
chemicals that may be harmful if misused. Due care should be exercised with 
all Agilent Technologies chemical products to prevent direct human contact.

Each Agilent Technologies product is shipped with documentation stating 
specifications and other technical information. Agilent Technologies products 
are warranted to meet or exceed the stated specifications. Agilent 
Technologies sole obligation, and the customer’s sole remedy is limited to 
replacement of products free of charge in the event that products fail to 
perform as warranted.

Agilent Technologies makes no other warranty of any kind whatsoever, and 
specifically disclaims and excludes all other warranties of any kind or nature 
whatsoever, directly or indirectly, expressed or implied, including, without 
limitation, as to the suitability, productivity, durability, fitness for a particular 
purpose or use, merchantability, condition, or other matter with respect to 
Agilent Technologies products. In no event shall Agilent Technologies be liable 
for claims for any foreseeable, consequential, or special (including but not 
limited to loss of use, revenue, or profit), whether based upon warranty, 
contract, tort (including negligence) or strict liability arising in connection 
with the sale or the failure of Agilent Technologies products to perform in 
accordance with the stated specifications.
www.agilent.com/chem
For Research Use Only. Not for use in diagnostic procedures.

This information is subject to change without notice.

© Agilent Technologies, Inc. 2017
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