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Abstract

The metabolic effects of salicylates are poorly understood. This study investigated the effects of 

aspirin on fatty acid oxidation. Aspirin increased mitochondrial long-chain fatty acid oxidation, 

but inhibited peroxisomal fatty acid oxidation, in two different cell lines. Aspirin increased 

mitochondrial protein acetylation and was found to be a stronger acetylating agent in vitro than 

acetyl-CoA. However, aspirin-induced acetylation did not alter the activity of fatty acid oxidation 

proteins, and knocking out the mitochondrial deacetylase SIRT3 did not affect the induction of 

long-chain fatty acid oxidation by aspirin. Aspirin did not change oxidation of medium-chain fatty 

acids, which can freely traverse the mitochondrial membrane. Together, these data indicate that 

aspirin does not directly alter mitochondrial matrix fatty acid oxidation enzymes, but most likely 

exerts its effects at the level of long-chain fatty acid transport into mitochondria. The drive on 

mitochondrial fatty acid oxidation may be a compensatory response to altered mitochondrial 

morphology and inhibited electron transport chain function, both of which were observed after 24 

hr incubation of cells with aspirin. These studies provide insight into the pathophysiology of Reye 

Syndrome, which is known to be triggered by aspirin ingestion in patients with fatty acid oxidation 

disorders.
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Introduction

Research into the therapeutic benefits of aspirin (acetylsalicylic acid) has been recently 

reignited by the observation that it may help prevent complex diseases such as diabetes and 

cancer [1–3]. Mechanisms invoked to explain the benefits of salicylates include increased 

mitochondrial biogenesis and increased mitochondrial energy metabolism via activation of 

key metabolic regulators such as AMP-activated protein kinase (AMPK), NF-Kb, and 

*Address correspondence to: Eric S. Goetzman, PhD; Tel: 412-692-7952; Fax: 412-692-7816; Eric.goetzman@chp.edu. 

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our 
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of 
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be 
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

HHS Public Access
Author manuscript
Biochem Biophys Res Commun. Author manuscript; available in PMC 2018 January 08.

Published in final edited form as:
Biochem Biophys Res Commun. 2017 January 08; 482(2): 346–351. doi:10.1016/j.bbrc.2016.11.066.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



SIRT1, among others [4–8]. However, these findings contradict an older literature from the 

1970s and 1980s that focused on the link between aspirin and Reye Syndrome. Several 

published papers from that era demonstrated that aspirin can uncouple mitochondria and 

inhibit mitochondrial fatty acid oxidation (FAO), among other negative effects [9–12]. This 

research led to the discontinuation of aspirin as an analgesic in children. Many Reye 

Syndrome patients were later found to be suffering from undiagnosed genetic disorders, 

particularly in the pathway of mitochondrial FAO, and aspirin usage was apparently a 

triggering factor in their metabolic decompensation rather than the root cause [13]. While 

aspirin use in children has declined sharply in recent decades, there are still instances of 

severe metabolic decompensation and even death in patients with undiagnosed metabolic 

disorders after ingestion of aspirin [14–16].

Given the resurging interest in aspirin and its potential for new clinical applications, 

resolving the contradiction between old and new literature regarding the effects of aspirin on 

mitochondrial fatty acid metabolism is important. Here, we demonstrate that aspirin 

increases FAO in two different cell lines. This increase is specific to the mitochondrial 

pathway, and is most likely the result of a compensatory shift from carbohydrate metabolism 

to FAO caused by fragmentation of the mitochondrial network and inhibition of the 

respiratory chain. The ramifications of these data for understanding Reye Syndrome and the 

use of aspirin to treat complex metabolic disorders such as diabetes and cancer are 

discussed.

Materials and Methods

Aspirin treatment

HEK293 cells, wildtype mouse embryonic fibroblasts (MEFs), and strain-matched SIRT3 

knockout MEFs (a kind gift of Dr. Eric Verdin, Gladstone Institutes) were cultured in 

DMEM with 10% fetal bovine serum. Aspirin stock was made in ethanol and diluted into 

DMEM with control cells receiving ethanol only.

Chemical acetylation in vitro

Recombinant human long-chain acyl-CoA dehydrogenase (LCAD) was prepared as 

described [17] and, 1 μg aliquots were incubated in 25 mM KPO4 buffer with 5 mM final 

concentration of either aspirin or acetyl-CoA (Sigma) for 1 hr at 37°C. The reactions were 

quenched with 100 mM Tris buffer.

Immunoblotting and immunoprecipitation

Rabbit anti-acetyllysine antibody (Cell Signaling Technology, Beverly, MA) was used at 

1:2500. Rabbit anti-LCAD, anti-very long-chain acyl-CoA dehydrogenase (VLCAD), and 

anti-electron transferring flavoprotein (ETF) antisera (kind gifts of Dr. Jerry Vockley, 

Children’s Hospital of Pittsburgh) were used at 1:2500. Note that the anti-ETF antiserum 

recognizes the α and β subunits of ETF, producing two bands upon immunoblot. For 

immunoprecipitation, Flag-tagged LCAD and VLCAD proteins were recovered from 

transiently transfected HEK293 cells using anti-Flag M2 antibody (Sigma). Fractionation of 

cells into mitochondria and cytosol was conducted exactly as described [18].
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Cellular respiration

Cellular respiration was measured in an Oroboros Oxygraph-2K. The cells (1 million per 

chamber) were resuspended in Mir05 respiration media (110 mM sucrose; 0.5 mM EGTA; 3 

mM MgCl2; 60 mM K-lactobionate; 20 mM taurine; 10 mM KH2PO4; 20 mM HEPES, pH 

7.2 and 1 mg/ml fatty acid free BSA) supplemented with freshly made digitonin solution to 

permeabilize the cell membrane. Then, malate (5 mM), pyruvate (5 mM), and ADP (5 mM) 

were added in rapid succession to stimulate State 3 respiration through Complex I of the 

respiratory chain [19]. Upon reaching steady-state, 10 mM succinate was added to assess the 

combined activity of Complex I + II. Next, 10 μM cytochrome C was added to assess 

mitochondrial integrity, followed by 0.5 μM carbonyl cyanide 3-chlorophenylhydrazone 

(CCCP) to uncouple the mitochondrial membrane and induce maximal respiration.

Substrate oxidation and enzyme activity assays
3H-palmitate and 14C-octanoate were used to measure whole-cell substrate oxidation as 

previously described [18, 20]. All assays were performed in quadruplicate, normalized to 

cellular protein content, and expressed as pmoles of substrate oxidized per μg of protein per 

hr. Acyl-CoA dehydrogenase activity was measured in total HEK293 cell lysates or with 

recombinant LCAD using the anaerobic ETF fluorescence reduction assay with 25μM 

palmitoyl-CoA as substrate, as described [21].

Immunofluorescence

Wild-type MEFs were grown on cover slips in 24-well plates to near confluence, treated 

with aspirin for 24 hr as described above, and then fixed in 4% paraformaldehyde in PBS. 

Mitochondria were visualized with mouse anti-ATP Synthase (ThermoFisher, Clone 

4.3E8.D10), peroxisomes with rabbit anti-PMP70 (Abcam), and nuclei with Hoechst Dye 

(Sigma), using standard techniques as described [22, 23]. Secondary antibodies used were 

goat anti-mouse Cy3 (Jackson Immunolaboratories) and goat anti-rabbit Alexa 488 

(ThermoFisher). Labeled cells were imaged using a Nikon Structured Illumination 

Microscope.

Results

Aspirin increases mitochondrial long-chain fatty acid oxidation (FAO) but decreases 
peroxisomal FAO

Our initial goal was to resolve the conflict in the older literature regarding the effect of 

aspirin on FAO. We chose a dose of 5 mM aspirin applied to HEK293 cells, which have 

been previously studied with concentrations up to 30 mM without toxicity [6]. The rate 

of 3H-palmitate oxidation to 3H2O was significantly increased as early as 3 hr after addition 

of aspirin (Fig 1A). To determine whether the observed increase in FAO was mitochondrial 

versus peroxisomal, the 24-hr aspirin experiment was repeated with and without etomoxir, 

an irreversible inhibitor of carnitine palmitoyltransferase-I (CPT1), which is required for 

fatty acid transport into mitochondria [18]. The etomoxir-sensitive portion of FAO flux 

represents the mitochondrial pathway while the etomoxir-insensitive portion reflects the 

peroxisomal pathway. Aspirin significantly reduced etomoxir-insensitive peroxisomal 3H-
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palmitate oxidation while clearly enhancing the etomoxir-sensitive mitochondrial pathway 

(Fig 1B).

We next investigated potential mechanism(s) by which aspirin drives mitochondrial FAO. 

The relatively rapid acute effect observed at 3 hr post-aspirin suggested that the mechanism 

likely does not involve altered expression of FAO proteins. Indeed, 24 hr exposure to aspirin 

did not significantly change the protein levels of the acyl-CoA dehydrogenase family of FAO 

enzymes or their redox partner electron-transferring flavoprotein (ETF; Fig 1C). Aspirin is 

cleaved to salicylic acid, which was recently shown to increase FAO via AMPK [6]. AMPK 

can indirectly increase CPT1 activity by phosphorylating and deactivating acetyl-CoA 

carboxylase and thereby reducing cytosolic levels of the natural CPT1 inhibitor malonyl-

CoA. To determine whether aspirin and salicylic acid affect FAO by a common mechanism, 

we first compared them head-to-head. Salicylic acid and aspirin had opposite effects on 3H-

palmitate oxidation, as 5 mM salicylic acid had no effect at 3 hr (Fig 1D) and was inhibitory 

at 24 hr (Fig 1E). We attempted to investigate the role of AMPK by immunoblotting for 

phospho-AMPK, but the levels of AMPK in HEK293 cells was very low and could not be 

reliably measured (data not shown). The inability of salicylic acid to increase FAO in our 

cell model as previously reported [6] may be due to low levels of AMPK in HEK293 cells. 

We conclude that aspirin increases FAO by a separate mechanism from the AMPK-

dependent mechanism previously described for salicylic acid.

Aspirin induces non-enzymatic protein acetylation in the mitochondria

The structural difference between aspirin and salicylic acid is a single acetyl group. This 

acetyl group has been shown by others to acetylate cytosolic proteins in cultured cells [24–

26], but the effects on mitochondrial proteins have not been investigated. First, we measured 

aspirin-induced acetylation in whole cell extracts. A 24-hr exposure of HEK293 cells to 5 

mM aspirin resulted in a large increase in acetylated proteins as detected with anti-

acetyllysine immunoblotting (Fig 2A), while 5 mM salicylic acid had no effect. Next, 

mitochondria were isolated from HEK293 cells treated with 5 mM aspirin from 0 to 48 hr. 

Aspirin treatment resulted in acetylation of numerous mitochondrial proteins, with multiple 

bands appearing on the anti-acetyllysine immunoblot (Fig 2B). Maximal mitochondrial 

protein acetylation occurred at 24 hrs post-aspirin administration. By 48 hrs the acetylation 

had largely resolved, possibly due to protein turnover or to removal by mitochondrial 

deacylases such as SIRT3. Further in vitro experiments support the hypothesis that aspirin-

induced acetylation occurs via non-enzymatic transfer of the acetyl group from aspirin to 

lysine residues. Incubation of purified recombinant LCAD, a key FAO enzyme, with 5 mM 

aspirin for 1 hr resulted in lysine acetylation (Fig 2C). Increasing the pH of the reaction 

buffer, which would increase the proportion of deprotonated LCAD lysine residues, led to 

increased acetylation. The reactivity of aspirin with LCAD lysine residues was comparably 

greater than that between LCAD and the same concentration of acetyl-CoA (Fig 2D) which 

has been proposed to non-enzymatically acetylate mitochondrial proteins in vivo [27].

Reversible acetylation of matrix proteins does not regulate FAO flux in aspirin-treated cells

In general, increased lysine acetylation has been associated with reduced function of 

mitochondrial pathways, including FAO [28]. There are, however, some notable exceptions, 
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such as in the heart of obese, diabetic mice where LCAD and other FAO enzymes were 

shown to be activated by increased lysine acetylation rather than inhibited [29]. We probed 

the effect of aspirin on acetylation of the FAO proteins LCAD and VLCAD by transiently 

transfecting HEK293 cells with Flag-tagged-LCAD and VLCAD expression vectors and 

treating the cells with aspirin for 24 hrs. Anti-Flag immunoprecipitation followed by anti-

acetyllysine western blotting revealed aspirin-induced acetylation of both LCAD-Flag and 

VLCAD-Flag (Fig 3A). We next used a highly-specific ETF fluorescence reduction enzyme 

activity assay to measure the combined activities of LCAD and VLCAD toward the 

substrate palmitoyl-CoA in HEK293 cell lysates. Aspirin did not significantly change the 

activity of these enzymes (Fig 3B). Similarly, in vitro treatment of recombinant LCAD with 

aspirin did not alter its activity (Fig 3C). However, the HEK293 cell experiments were done 

in wild-type cells which possess endogenous SIRT3 activity. If aspirin-induced acetylation 

were to activate FAO ala the diabetic heart, then SIRT3 could be deacetylating key sites on 

the FAO machinery and limiting the observed increase in FAO and LCAD/VLCAD enzyme 

activity. To test this, we evaluated whether the effect of 24 hr of 5 mM aspirin on long-chain 

FAO was enhanced in SIRT3 knockout MEFs compared to wild-type cells. Basal palmitate 

oxidation was not significantly different between SIRT3−/− and wild-type MEFs (black 

bars, Fig 3D). Wild-type and SIRT3−/− cell lines exhibited a similar magnitude of FAO 

induction in response to aspirin (gray bars, Fig 3D), indicating that SIRT3 does not play a 

role in the observed increase in FAO.

Aspirin fragments the mitochondrial network and decreases respiration on pyruvate and 
succinate

Salicylates alter mitochondrial morphology in plant cells [30] and the state of the 

mitochondrial network (fused versus fragmented) can change mitochondrial respiration rates 

as well as substrate selection [31]. In particular, a fragmented mitochondrial network has 

been associated with reduced mitochondrial carbohydrate oxidation concomitant with 

increased FAO [32]. To our knowledge, the effect of aspirin on mitochondrial morphology 

has not been reported. We used immunofluorescence to probe organelle morphology during 

aspirin treatment, using MEFs rather than HEK293 due to their superior adherence. As 

shown in Fig 4A, in untreated MEFs the mitochondria (red) form an elongated, largely fused 

network, while peroxisomes (green) are mostly staining in a punctate pattern. After 24 hr in 

1 mM aspirin (Fig 4B), the mitochondrial network showed no overt change, but the 

peroxisomal signal was increased and the peroxisomes appeared to be forming larger, fused 

structures. When treated with 5 mM aspirin for 24 hrs, the dose at which the changes in FAO 

are largest, dramatic changes were seen with regards to both mitochondria and peroxisomes. 

The mitochondrial network became fragmented and the intensity of peroxisomal staining 

was diminished (Fig 4C). These imaging studies were replicated in a second set of cells with 

similar results.

In keeping with increased mitochondrial fragmentation, aspirin-treated MEFs showed an 

overall reduction in oxygen consumption in response to the carbohydrate substrates pyruvate 

and succinate (Fig 4D). The experiment was replicated in aspirin-treated HEK293 cells with 

similar results (Fig 4E). Together, these data suggest that aspirin treatment increases FAO 

not by altering the intra-mitochondrial matrix FAO machinery, but by shifting the 
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mitochondrial network to a more fragmented state which is associated with reduced 

utilization of carbohydrate energy sources and a compensatory increase in FAO, likely 

mediated by increased delivery of long-chain fatty acid substrate through CPT1. In a final 

experiment, we measured the oxidation of 14C-octanoate, a medium-chain fatty acid that 

does not require CPT1 for entry into the mitochondria. Aspirin did not stimulate 14C-

octanoate oxidation to 14CO2 (Fig 4F). These data support the contention that the FAO gain-

of-function induced by aspirin is not related to changes in the mitochondrial matrix FAO 

machinery, but rather, involves stimulated delivery of long-chain fatty acids into the 

mitochondria via CPT1 and the carnitine shuttle.

Discussion

Nearly 120 years after its introduction, new clinical uses are still being discovered for aspirin 

and its derivatives [2, 33, 34]. It has shown promising anti-diabetic and anti-cancer 

properties which have been proposed to be due to its positive effects on cellular energy 

metabolism and mitochondrial function [2, 3]. However, in past decades aspirin was linked 

to mitochondrial dysfunction and to Reye Syndrome [13]. While Reye Syndrome mortality 

has been greatly reduced, aspirin continues to be a trigger for metabolic decompensation and 

even death among those with undiagnosed inborn errors of metabolism [14]. The current 

studies confirmed previous findings that aspirin can decrease mitochondrial respiration. The 

mitochondrial network showed altered morphology after aspirin treatment. Further, a loss of 

peroxisomes was observed after treatment with 5 mM aspirin. The clumps of peroxisomes 

visible in MEFs treated with 1 mM aspirin are suggestive of increased pexophagy—the 

process by which dysfunctional peroxisomes are sequestered by autophagosomes and 

targeted for degradation [35]—because peroxisomes do not normally fuse. Little is known 

about the regulation of pexophagy, although it may be triggered by increased reactive 

oxygen species or possibly by low intracellular ATP [35, 36]. The result of these changes 

appears to be a drive on mitochondrial FAO. In children with inborn errors of the 

mitochondrial FAO pathway, this could aggravate the metabolic disease by forcing more 

substrate through the defective pathway while simultaneously inhibiting peroxisomes as an 

alternative for eliminating the accumulating toxic long-chain fatty acids. We speculate that 

such a mechanism contributed to the fatty liver, encephalopathy, and general metabolic 

decompensation that was commonly referred to as Reye Syndrome. The results presented 

here would caution against the use of aspirin in any patient with compromised mitochondrial 

function.

Aspirin and salicylic acid differ chemically by only an acetyl group, but we observed 

opposite effects on mitochondrial FAO after 24 hr of treatment, with aspirin promoting and 

salicylic acid inhibiting FAO. The acetyl group on aspirin is thought to be rapidly cleaved by 

cellular thioesterases, but aspirin has also been reported to acetylate albumin and other blood 

proteins [37, 38]. When applied to cultured cells, aspirin acetylates many cytosolic proteins 

[26]. Here, we showed that aspirin acetylates mitochondrial proteins including FAO 

enzymes, and this is due to direct chemical acylation of lysine residues by aspirin. 

Therefore, we reasoned that the observed difference with regards to FAO between salicylic 

and acetylsalicylic acid might be caused by protein acetylation. However, further 

experiments suggested that this is not the case. First, aspirin treatment did not change acyl-
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CoA dehydrogenase activity when applied to HEK293 cells nor when used to chemically 

acetylate recombinant LCAD. Second, cells lacking the mitochondrial matrix deacetylase 

SIRT3 displayed the same FAO response to aspirin as wild-type cells. Third, oxidation of 

labeled octanoate, which bypasses CPT1, was not altered by aspirin, suggesting that aspirin 

does not exert its effects via changes to the matrix FAO enzymes, including by protein 

acetylation. However, we cannot rule out the possibility that the effect of aspirin on FAO is 

secondary to cytosolic protein acetylation. Aspirin has been shown to inhibit glycolysis in 

human platelets [39], and it is possible that acetylation of the glycolytic machinery is 

responsible for this effect. Inhibition of glycolysis could result in compensatory changes to 

the mitochondria. It is likewise possible that acetylation of proteins on the outer 

mitochondrial membrane, including CPT1 itself, could alter mitochondrial function. 

Regardless, the opposite effects of salicylic acid and aspirin on mitochondrial FAO indicate 

that, while nearly the same structurally, these two compounds can have widely varying 

effects. In vivo, this could mean that cell types that abundantly express the thioesterases that 

hydrolyze acetylsalicylic acid to salicylic acid may experience one metabolic outcome while 

cell types that poorly express these thioesterases may experience another. In short, the 

metabolic effects of aspirin may be cell-type specific, an important consideration for 

understanding its utility in treating diseases with a metabolic component such as diabetes or 

cancer.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations Used

COX cyclooxygenase

AMPK AMP-activated protein kinase

SIRT3 sirtuin 3

MEFs mouse embryonic fibroblasts

LCAD long-chain acyl-CoA dehydrogenase

VLCAD very long-chain acyl-CoA dehydrogenase

CPT-1 carnitine palmitoyltransferase-I

ETF electron transferring flavoprotein

CCCP carbonyl cyanide 3-chlorophenylhydrazone
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Highlights

• Aspirin increases mitochondrial—but inhibits peroxisomal—fatty acid 

oxidation.

• Aspirin acetylates mitochondrial proteins including fatty acid oxidation 

enzymes.

• SIRT3 does not influence the effect of aspirin on fatty acid oxidation.

• Increased fatty acid oxidation is likely due to altered mitochondrial 

morphology and respiration.
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Figure 1. Aspirin increases mitochondrial long-chain FAO
(a) HEK293 cells were treated with 5 mM aspirin for either 3 hr or 24 hr and total fatty acid 

oxidation was measured with 3H-labeled palmitate. (b) 3H-palmitate oxidation was 

measured in HEK293 cells ± 5 mM aspirin for 24 hrs, with or without etomoxir, an 

irreversible inhibitor of CPT-1. Etomoxir-insensitive fatty acid oxidation represents the 

peroxisomal pathway. (c) Aspirin (0 to 5 mM for 24 hr) did not affect protein levels of the 

acyl-CoA dehydrogenases or their electron acceptor ETF. Note that ETF is a heterodimer 

with two different-sized subunits. (d,e) The experiment from panel A was repeated with 

side-by-side comparison to 5 mM salicylic acid (SA) for either 3 hr (d) or 24 hr (e). All 

palmitate oxidation assays were conducted in quadruplicate wells of cells on a 24-well plate; 

bars represent means and standard deviations of the four wells. *P < 0.01 versus untreated 

control cells.
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Figure 2. Aspirin chemically acetylates mitochondrial proteins
(a) Anti-acetyllysine western-blotting of HEK293 whole-cell lysates after 24 hr of 5 mM 

aspirin versus 5mM salicylic acid (SA). (b) Anti-acetyllysine western-blotting of 

mitochondria isolated from HEK293 cells treated with aspirin from 0 to 48 hr. (c) Anti-

acetyllysine western-blotting of recombinant LCAD after incubation with no aspirin (Ctr) or 

5 mM aspirin for 1 hr at each indicated pH. (d) Anti-acetyllysine western-blotting of 

recombinant LCAD after 1 hr incubation with either 5 mM acetyl-CoA or 5 mM aspirin.
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Figure 3. Reversible acetylation of matrix proteins does not regulate FAO flux in aspirin-treated 
cells
(a) Anti-acetyllysine western-blotting of LCAD-Flag and VLCAD-Flag recovered from 

HEK293 cell lysates by immunoprecipitation ± 24 hr of 5 mM aspirin. (b) Acyl-CoA 

dehydrogenase activity against palmitoyl-CoA in HEK293 cell lysates ± 24 hr of 5 mM 

aspirin. This reflects combined activities of LCAD and VLCAD. (c) LCAD activity against 

palmitoyl-CoA ± 1 hr incubation with 5 mM aspirin. (d) Etomoxir-sensitive (mitochondrial) 

3H-palmitate oxidation in wild-type versus SIRT3−/− MEFs ± 24 hr of 5 mM aspirin. All 

enzyme activity assays and palmitate oxidation assays were conducted on quadruplicate 

samples of aspirin-treated cells or LCAD protein. Bars represent means and standard 

deviations. *P < 0.01 of aspirin versus untreated control cells; NS= difference not 

statistically significant.
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Figure 4. Aspirin fragments the mitochondrial network and decreases respiration on pyruvate 
and succinate
(a–c) Wild-type MEFs treated with vehicle (a), 1 mM aspirin for 24 hr (b), or 5 mM aspirin 

for 24 hr (c). The mitochondrial network (red) was visualized with anti-ATP synthase 

antibody and peroxisomes (green) with anti-PMP70 antibody. MEFs were used rather than 

HEK293 cells because of better adherence. The experiment was repeated with a separate 

plate of cells yielding similar images.(d,e) Oxygen consumption traces for digitonin-

permeabilized wild-type MEFs (d) and HEK293 cells (e) ± 24 hr of 5 mM aspirin. Both cell 

lines show inhibited malate/pyruvate/succinate-driven mitochondrial respiration. These 

experiments were repeated three times witch each cell line, yielding similar oxygen traces. 

(f) Oxidation of 14C-octanoate, a medium-chain fatty acid which can enter mitochondria 

independently of CPT-1, in HEK293 cells ± 24 hr of 5 mM aspirin treatment. Cells were 

assayed in suspension with released 14CO2 captured in hanging baskets. Bars represent 

means and standard deviations of four separate preparations of cells.
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