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Abstract

Acylcarnitines are esters of L-carnitine that emerge
from the fatty acid metabolism pathways in
mitochondria and peroxisomes.

Metabolomic profiling assays that investigate
disease and nutrition states often include
measurements of different acylcarnitines. This has

resulted in increased interest regarding the
consequences of increased/decreased levels of
plasma acylcarnitine concentrations and the

mechanisms associated with these changes. Altered
acylcarnitine metabolome is characteristic of certain
inborn errors of fatty acid metabolism, as well as
cardiovascular, metabolic, and neurological diseases
in addition to some forms of cancer. Long-chain
acylcarnitines accumulate under conditions of
insufficient mitochondrial functionality reaching
tissue levels that can affect enzyme and ion channel
activities, and impact energy metabolism pathways
and cellular homeostasis.

A better understanding of biochemical and
molecular mechanisms behind the changes in
acylcarnitine levels and their physiological and
pathological roles forms the basis for future
therapeutic target selection and preclinical drug
discovery, as well as explains off-target effects of some
clinically used drugs.
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1. Introduction

Acylcarnitines are emerging as important fatty acid metabolites and biomarkers for
the diagnosis of inherited diseases of fatty acid metabolism, insulin resistance, and heart
failure (Dambrova M 2022). An increasing number of metabolomic studies analyzing
plasma/serum samples from different diseases and conditions produce new evidence
regarding the involvement of acylcarnitines in mitochondrial energy metabolism
processes and the pathogenesis of related diseases. For example, measurements of
acylcarnitine profiles were suggested for better prediction of high-risk patients for
progressive atherosclerosis-mediated diseases (Blair et al 2016). Alterations in
acylcarnitines concentrations have been identified in different cancers (McCann et al
2021), insulin resistance, and cardiovascular events (Davies et al 2014, Albert and Tang
2018). The recently updated Human Metabolome Database now includes chemical
structure information and biochemical pathway description for 1240 acylcarnitines
(Wishart et al 2022). However, the physiological role of all detected acylcarnitines is not
clear and more research data are needed to understand the regulatory pathways of
different acylcarnitines in health and disease.

2. Sources of acylcarnitines

Acylcarnitines in the cell are produced by conjugating an acyl group with L-carnitine
by the enzymes carnitine acyltransferases (Figure 1). Each acyltransferase transfers acyl-
groups with different chain lengths to form respective short- (SC), medium- (MC) and
long-chain (LC) acylcarnitines. Carnitine acetyltransferase (CrAT, EC:2.3.1.7) is
synthesizing acylcarnitines with acyl group chain lengths up to 8 carbons (Violante et al
2013). Carnitine O-octanoyltransferase (CrOT, EC:2.3.1.137) is responsible for the
transesterification of medium-chain (C6-C12) and probably long-chain (>C12)
acylcarnitines in peroxisomes to ensure acyl group transport out of the peroxisome to the
cytosol and mitochondria (Ferdinandusse et al 1999). Carnitine palmitoyltransferase 1
(CPT1, EC:2.3.1.21) is an enzyme in the outer mitochondrial membrane that converts
long-chain acyl-CoA to their corresponding long-chain acyl-carnitines and is the rate-
limiting step in long-chain fatty acid oxidation in mitochondria (Finocchiaro et al 1990).
CPT1 has two main isoforms specific to the liver and skeletal muscle, while in the heart
mitochondria both CPT1 isoforms are present. For further metabolism, acylcarnitines are
transported into the mitochondrial matrix by carnitine/acylcarnitine translocase (CACT,
SLC25A20), where carnitine palmitoyltransferase 2 (CPT2, EC:2.3.1.21) converts
acylcarnitines to acyl-CoA for further beta-oxidation (Rufer et al 2009).

Plasma concentrations of specific acylcarnitines are used for the diagnosis of inborn
fatty acid oxidation defects and acquired diseases caused by incomplete fatty acid
metabolism (Rinaldo et al 2008, Wanders et al 2020). It has been determined, that
acylcarnitines of differing chain lengths are transported into the bloodstream from
different organs or tissues. The highest content of acylcarnitines is found in the heart,
skeletal muscle, and liver, all of which contain short-, medium-, and long-chain
acylcarnitine species. However, the heart is the main contributor to the plasma medium-
and long-chain acylcarnitine pool (Makrecka-Kuka et al 2017). Therefore, plasma long-
chain acylcarnitine concentrations are valuable markers of cardiac acylcarnitine content
and can be successfully used for the diagnosis of mitochondrial fatty acid metabolism
disorders in the heart.
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Figure 1. (a) Synthesis of acylcarnitines in mitochondria and peroxisomes. (b) The
main contributors delivering acylcarnitines to the plasma pool are the heart (long-chain),
skeletal muscles (medium-chain) and liver (short-chain). CPT1: carnitine
palmitoyltransferase 1; CPT2: carnitine palmitoyltransferase 2; pex-f-ox: peroxisomal 3-
oxidation; mt-f3-ox: mitochondrial B-oxidation; LC AC: long-chain acylcarnitine; MC AC:
medium-chain acylcarnitine; SC AC: short-chain acylcarnitine CrAT: -carnitine
acetyltransferase; CrOT: carnitine O-octanoyltransferase; CAC: citric acid cycle; CACT:
carnitine/acylcarnitine translocase.

In the skeletal muscles, the fatty acid metabolism pattern is similar to the heart but
the content of long-chain acylcarnitines is significantly lower. This is likely linked to
skeletal muscles mainly contributing to the plasma availability of medium-chain (C6 to
C12) acylcarnitines, but not long-chain acylcarnitines (Schooneman et al 2015, Xu et al
2016, Makrecka-Kuka et al 2017). Importantly, the liver is the main source of circulating
acetyl- and propionyl-carnitines while it does not efflux any acylcarnitines that are longer
than C4 (Schooneman et al 2015, Xu et al 2016).

3. Acylcarnitines in diseases

Acylcarnitines are invaluable biomarkers used for screening a series of genetic
disorders affecting fatty acid oxidation and amino acid metabolism (Costanzo et al 2017,
Wanders et al 2020). Meanwhile, changes in acylcarnitine concentrations in the blood are
also linked to many acquired diseases (Table 1). Type 2 diabetes and heart failure are two
diseases in which the blood concentrations of practically all types of acylcarnitines are
elevated. Numerous studies have shown increased concentrations of short-chain (C2-C5),
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medium-chain (C6-C12), long-chain (C13-C20) and hydroxyl-/dicarboxyl-chain
acylcarnitines (Table 1). Moreover, increased levels of long-chain and hydroxyl-
/dicarboxyl-chain acylcarnitines have been demonstrated in pulmonary arterial
hypertension patients. Elevated blood concentrations of unsaturated-chain acylcarnitines
with different fatty acid moiety lengths have been observed in patients with liver diseases
and individuals with obesity. Increased blood concentration of acylcarnitines has been
observed not only in the case of cardiometabolic diseases but also in liver and central
nervous system (e.g., chronic fatigue syndrome) disorders.

Conversely, several diseases are characterized by decreased levels of
acylcarnitines in the blood. Decreased blood levels of short-chain acylcarnitines have
been observed in several central nervous system diseases: Alzheimer's disease
(Cristofano et al 2016), major depressive disorder (Nasca et al 2018) and chronic fatigue
syndrome (Kuratsune et al 1998). In addition, long-chain, very-long-chain (>C21),
unsaturated-chain, branched-chain, and hydroxyl-/dicarboxyl-chain acylcarnitine
concentrations in blood have been decreased in case of injury to the neurons of the central
nervous system (e.g., traumatic brain injury or intracerebral hemorrhage) and
schizophrenia (Table 1). Decreased blood concentrations of medium-chain acylcarnitines
have been demonstrated in celiac patients and patients with breast cancer (Park et al
2019), hepatocellular carcinoma (Kim et al 2019), colorectal cancer (Tan et al 2013) and
esophageal squamous cell carcinoma (Xu et al 2013).

Table 1. Acquired diseases with altered acylcarnitine levels in the blood

Acylcarnitine (AC) Concentration Disease
type in the blood
Heart failure (Cheng et al 2015, Zordoky et al 2015),
Increased

Type 2 diabetes (Mihalik et al 2010, Sun et al 2020)

Short-chain AC CNS diseases (Kuratsune et al 1998, Cristofano et al

Decreased 2016, Nasca et al 2018)
Increased Type 2 diabetes (Mihalik et al 2010, Batchuluun et al
Medium-chain AC 2018), Diastolic heart failure (Zordoky et al 2015)
Decreased Celiac disease (Bene et al 2005), Tumors (Tan et al 2013,
Xu etal 2013, Kim et al 2019, Park et al 2019)
Type 2 diabetes (Mihalik et al 2010, Zhang et al 2014),
] Increased Heart failure (Zordoky et al 2015, Hunter et al 2016),
Long-chain AC Pulmonary Arterial Hypertension (Brittain et al 2016)
Decreased Intracerebral hemorrhage (Zhang et al 2017)
Very-long-chain AC Increased Type 2 diabetes (Zhang et al 2014)
Decreased Acute cerebral infarction (Zhang et al 2017)
Obesity and overweight (Wahl et al 2012, Schlueter et al
) Increased 2020), Liver diseases (Chen et al 2016, Miyaaki et al
Unsaturated-chain AC 2020)
Decreased Schizophrenia (Cao et al 2020)
Increased -
Branched-chain AC
Decreased Traumatic brain injury (Jeter et al 2013)
Type 2 diabetes (Adams et al 2009, Hameed et al 2020),
Heart failure (Cheng et al 2015, Hunter et al 2016)),
Increased

Pulmonary arterial hypertension (Mey et al 2020),

Hydroxyl-/dicarboxyl- Chronic fatigue syndrome (Reuter and Evans 2011)

chain AC Traumatic brain injury (Jeter et al 2013), Intracerebral

Decreased hemorrhage (Zhang et al 2017), Psoriasis (Ottas et al
2017, Chen et al 2021)
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4. Acylcarnitines and drugs

Acylcarnitines are considered mitochondrial biomarkers for precision medicine for
both inherited and acquired metabolic diseases, as well as drug-induced mitochondrial
dysfunction (McCann et al 2021). FDA-approved drugs (more than 20) are in trials
(https://clinicaltrials.gov/) in which acylcarnitines are being assessed as biomarkers or
as a study outcome measure (Dambrova M 2022). Acylcarnitine profile assessment is
commonly being used as an outcome measure in clinical trials of diabetes, insulin
resistance, and obesity.

Acylcarnitines are typically being measured in studies with antihyperglycemic
drugs, antihyperlipidemics, fatty acid analogs, carnitine supplements, but also hormone
replacements, and antidepressants (Dambrova M 2022). The accumulation of long-chain
acylcarnitines inhibits pyruvate metabolism and phosphorylation of protein kinase B, also
known as Akt, thus impacting the molecular mechanisms of insulin signaling and leading
to insulin resistance and hyperinsulinemia (Makrecka et al 2014, Liepinsh et al 2017).
Several clinically known drugs for the treatment of insulin resistance, diabetes, and
obesity in addition to their identified molecular target activities affect also acylcarnitine
levels. Thus, the well-known diabetes drug metformin, dipeptidyl peptidase-4 (DPP-4)
inhibitor vildagliptin, and glucagon-like peptide-1 (GLP-1) receptor agonist liraglutide
have been shown to impact energy metabolism homeostasis and induce changes in the
acylcarnitine concentration profile (Table 2).

Table 2. Examples of acylcarnitine levels-affecting drugs

Drug Target/mechanism Condition Ref
Metformin antidiabetic drug, multi-target  Diet-induced obesity and (Tomasova et al
type 2 diabetes, preclinical 2019)
Vildagliptin antidiabetic antihyperglycemic Diet-induced obesity and (Tomasova et al
drug, inhibitor of DPP-4 type 2 diabetes, preclinical 2019)
Liraglutide antidiabetic drug, GLP-1 Insulin resistance, clinical (Hussein et al
receptor agonist 2021)
Meldonium cardiometabolic drug, OCTN2 Ischemic heart disease, (Liepinsh et al
inhibitor preclinical 2013, Dambrova
etal 2016)
Atorvastatin blood cholesterol-lowering, Atherosclerosis, diet- (Ryan etal 2017)
cardiovascular disease induced obesity preclinical
prevention, HMG-CoA
reductase inhibitor
Rosuvastatin blood cholesterol-lowering, Hyperlipidemia, clinical (Lee etal 2018)
cardiovascular disease
prevention, HMG-CoA
reductase inhibitor
Sildenafil erectile dysfunction, Heart failure with preserved (Wangetal 2017)
pulmonary arterial ejection fraction, clinical
hypertension treatment,
phosphodiesterase-5 inhibitor
Propofol intravenous anesthetic, GABA Propofol-related infusion (Vollmer et al
receptor agonist syndrome, clinical 2018, McCann et
al 2021)
Acetaminophen nonsteroidal anti- Acetaminophen toxicity, (Bhattacharyya et
inflammatory drug, analgesic preclinical al 2013)

and anti-fever, cyclooxygenase
inhibitor
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Long-chain acylcarnitine assessment is of particular interest because their
increased concentrations are detected in concurrence with dysfunctional fatty acid
metabolism, particularly in mitochondria (Houten et al 2016). In addition, detrimental
long-chain acylcarnitine accumulation disturbs mitochondrial functionality and energy
metabolism in ischemia-reperfusion (Liepinsh et al 2016, Kuka et al 2017). At elevated
concentrations, long-chain acylcarnitines inhibit oxidative phosphorylation in
mitochondria, induce membrane hyperpolarization, and stimulate reactive oxygen
species production (Dambrova et al 2021). Therefore, it is not surprising that compounds
that affect long-chain acylcarnitine levels rise in interest as potential mito-protective and
anti-ischemic drugs (Dambrova et al 2021). For example, the cardiometabolic drug
meldonium decreases long-chain acylcarnitine levels and possesses anti-infarction and
antiarrhythmic activity in preclinical models and is used clinically to treat heart failure
(Rupp et al 2002, Liepinsh et al 2013). Some other examples of acylcarnitine profile-
affecting cardiovascular drugs include statins and sildenafil (Table 2).

Pathologically altered levels of acylcarnitines have been noted also in some cases of
drug-induced toxicity. The intravenous anesthetic propofol was found to increase levels
of acylcarnitines in peripheral blood of a patient and inhibit the electron transport system
in mitochondria (Table 2). Also, high doses of acetaminophen (paracetamol) induced
acute increase in acylcarnitine levels in a preclinical study. Acylcarnitine profile
measurements could be a method of choice to investigate mechanisms of suspected drug-
induced mitochondrial dysfunction cases.

In conclusion, several clinically approved drugs have been shown to reduce long-
chain acylcarnitine concentrations in vivo and would be worth investigating whether
these compounds could be repurposed for treatment of long-chain acylcarnitine
accumulation-induced conditions, such as cardiac arrhythmia during ischemia, insulin
resistance and in some cases of inherited fatty acid metabolism disorders. It is expected
that more metabolomics data will become available in the future, as metabolomics
analysis of plasma samples collected during clinical trials become more affordable and
popular, driving further the artificial intelligence and machine learning-supported drug
repurposing and drug discovery.

5. Future perspectives

Acylcarnitines emerge from mitochondrial energy metabolism processes and, if
accumulated or deficient, play a pivotal role in the regulation of cellular energy
homeostasis. More data on altered concentrations of acylcarnitines in human biosamples,
blood, and tissue, under physiological and pathological conditions, are needed for the
comprehensive understanding of their validity as biomarkers and regulation of their
plasma and tissue levels by dietary and pharmacological means to treat certain diseases.

6 Dambrova et al (2022) MitoFit Preprints 2022.20
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Abbreviations:

AC acylcarnitine GLP-1 glucagon-like peptide-1

CAC citric acid cycle LC long-chain

CACT carnitine/acylcarnitine translocase | MC medium-chain

CPT1 carnitine palmitoyltransferase 1 mt-f3-ox mitochondrial $-oxidation
CPT2 carnitine palmitoyltransferase 2 OCTN2 organic cation/carnitine
CrAT carnitine acetyltransferase transporter

CrOT carnitine O-octanoyltransferase pex-f-ox peroxisomal -oxidation

DPP-4 dipeptidyl peptidase-4 SC short-chain

GABA gamma-aminobutyric acid
Acknowledgements

The authors were supported by the European Union’s Horizon 2020 research and
innovation programme under grant agreement No 857394.

References

Adams SH, Hoppel CL, Lok KH, Zhao L, Wong SW, Minkler PE, Hwang DH, Newman JW, Garvey WT (2009)
Plasma acylcarnitine profiles suggest incomplete long-chain fatty acid beta-oxidation and altered
tricarboxylic acid cycle activity in type 2 diabetic African-American women. ] Nutr 139:1073-81 doi:
10.3945/jn.108.103754

Albert CL, Tang WHW (2018) Metabolic Biomarkers in Heart Failure. Heart Fail Clin 14:109-18 doi:
10.1016/j.hfc.2017.08.011

Batchuluun B, Al Rijjal D, Prentice K], Eversley JA, Burdett E, Mohan H, Bhattacharjee A, Gunderson EP, Liu
Y, Wheeler MB (2018) Elevated Medium-Chain Acylcarnitines Are Associated With Gestational
Diabetes Mellitus and Early Progression to Type 2 Diabetes and Induce Pancreatic beta-Cell
Dysfunction. Diabetes 67:885-97 doi: 10.2337/db17-1150

Bene |, Komlosi K, Gasztonyi B, Juhasz M, Tulassay Z, Melegh B (2005) Plasma carnitine ester profile in adult
celiac disease patients maintained on long-term gluten free diet. World ] Gastroenterol 11:6671-5
doi: 10.3748/wjg.v11.i42.6671

Bhattacharyya S, Pence L, Beger R, Chaudhuri S, McCullough S, Yan K, Simpson P, Hennings L, Hinson ], James
L (2013) Acylcarnitine profiles in acetaminophen toxicity in the mouse: comparison to toxicity,
metabolism and hepatocyte regeneration. Metabolites 3:606-22 doi: 10.3390/metabo3030606

Blair HC, Sepulveda ], Papachristou DJ (2016) Nature and nurture in atherosclerosis: The roles of
acylcarnitine and cell membrane-fatty acid intermediates. Vascul Pharmacol 78:17-23 doi:
10.1016/j.vph.2015.06.012

Brittain EL, Talati M, Fessel JP, Zhu H, Penner N, Calcutt MW, West |JD, Funke M, Lewis GD, Gerszten RE,
Hamid R, Pugh ME, Austin ED, Newman JH, Hemnes AR (2016) Fatty Acid Metabolic Defects and Right
Ventricular Lipotoxicity in Human Pulmonary Arterial Hypertension. Circulation 133:1936-44 doi:
10.1161/CIRCULATIONAHA.115.019351

Cao B, Wang D, Pan Z, McIntyre RS, Brietzke E, Subramanieapillai M, Nozari Y, Wang ] (2020) Metabolic
profiling for water-soluble metabolites in patients with schizophrenia and healthy controls in a
Chinese population: A case-control study. World ] Biol Psychiatry 21:357-67 doi:
10.1080/15622975.2019.1615639

Chen C, Hou G, Zeng C, Ren Y, Chen X, Peng C (2021) Metabolomic profiling reveals amino acid and carnitine
alterations as metabolic signatures in psoriasis. Theranostics 11:754-67 doi: 10.7150/thno.51154

ChenY, Li C, Liu L, Guo F, Li S, Huang L, Sun C, Feng R (2016) Serum metabonomics of NAFLD plus T2DM
based on liquid chromatography-mass spectrometry. Clin Biochem 49:962-6 doi:
10.1016/j.clinbiochem.2016.05.016

Cheng ML, Wang CH, Shiao MS, Liu MH, Huang YY, Huang CY, Mao CT, Lin JF, Ho HY, Yang NI (2015)
Metabolic disturbances identified in plasma are associated with outcomes in patients with heart
failure: diagnostic and prognostic value of metabolomics. ] Am Coll Cardiol 65:1509-20 doi:
10.1016/j.jacc.2015.02.018

www.mitofit.org 7



OJ/ MitoFit

®Preprints Mitochondrial metabolites acylcarnitines

Costanzo M, Zacchia M, Bruno G, Crisci D, Caterino M, Ruoppolo M (2017) Integration of Proteomics and
Metabolomics in Exploring Genetic and Rare Metabolic Diseases. Kidney Dis (Basel) 3:66-77 doi:
10.1159/000477493

Cristofano A, Sapere N, La Marca G, Angiolillo A, Vitale M, Corbi G, Scapagnini G, Intrieri M, Russo C, Corso
G, Di Costanzo A (2016) Serum Levels of Acyl-Carnitines along the Continuum from Normal to
Alzheimer's Dementia. PLoS One 11:e0155694 doi: 10.1371/journal.pone.0155694

Dambrova M, Makrecka-Kuka M, Vilskersts R, Makarova E, Kuka ], Liepinsh E (2016) Pharmacological
effects of meldonium: Biochemical mechanisms and biomarkers of cardiometabolic activity.
Pharmacol Res 113:771-80 doi: 10.1016/j.phrs.2016.01.019

Dambrova M, Zuurbier C], Borutaite V, Liepinsh E, Makrecka-Kuka M (2021) Energy substrate metabolism
and mitochondrial oxidative stress in cardiac ischemia/reperfusion injury. Free Radic Biol Med
165:24-37 doi: 10.1016/j.freeradbiomed.2021.01.036

Dambrova M M-KM, Kuka ], Vilskersts R, Nordberg D, Attwood M, Smesny S, Duygu Sen Z, Chi Guo A, Oler E,
Tian S, Wishart D, Liepinsh E, Schioth H (2022) Acylcarnitines: Nomenclature, biomarkers,
therapeutic potential, drug targets and clinical trials. Pharmacol Rev 74:1-50 doi:

Davies SK, Ang JE, Revell VL, Holmes B, Mann A, Robertson FP, Cui N, Middleton B, Ackermann K, Kayser M,
Thumser AE, Raynaud FI, Skene DJ (2014) Effect of sleep deprivation on the human metabolome.
Proc Natl Acad SciUS A 111:10761-6 doi: 10.1073/pnas.1402663111

Ferdinandusse S, Mulders J, L 1], Denis S, Dacremont G, Waterham HR, Wanders R] (1999) Molecular cloning
and expression of human carnitine octanoyltransferase: evidence for its role in the peroxisomal beta-
oxidation of branched-chain fatty acids. Biochem Biophys Res Commun 263:213-8 doi:
10.1006/bbrc.1999.1340

Finocchiaro G, Colombo I, DiDonato S (1990) Purification, characterization and partial amino acid
sequences of carnitine palmitoyl-transferase from human liver. FEBS Lett 274:163-6 doi:
10.1016/0014-5793(90)81354-q

Hameed A, Mojsak P, Buczynska A, Suleria HAR, Kretowski A, Ciborowski M (2020) Altered Metabolome of
Lipids and Amino Acids Species: A Source of Early Signature Biomarkers of T2DM. ] Clin Med
910.3390/jcm9072257

Houten SM, Violante S, Ventura FV, Wanders R] (2016) The Biochemistry and Physiology of Mitochondrial
Fatty Acid beta-Oxidation and Its Genetic Disorders. Annu Rev Physiol 78:23-44 doi:
10.1146/annurev-physiol-021115-105045

Hunter WG, Kelly JP, McGarrah RW, 3rd, Khouri MG, Craig D, Haynes C, Ilkayeva O, Stevens RD, Bain JR,
Muehlbauer M], Newgard CB, Felker GM, Hernandez AF, Velazquez E]J, Kraus WE, Shah SH (2016)
Metabolomic Profiling Identifies Novel Circulating Biomarkers of Mitochondrial Dysfunction
Differentially Elevated in Heart Failure With Preserved Versus Reduced Ejection Fraction: Evidence
for Shared Metabolic Impairments in Clinical Heart Failure. ] Am Heart Assoc
510.1161/JAHA.115.003190

Hussein NA, Ebied SA, Nour HA, Zaki UK, El-Kotishy SM, Salem TM (2021) Liraglutide treatment and
acylcarnitine profiles in Egyptian obese insulin-resistant females. Eur ] Pharmacol 891:173668 doi:
10.1016/j.ejphar.2020.173668

Jeter CB, Hergenroeder GW, Ward NH, 3rd, Moore AN, Dash PK (2013) Human mild traumatic brain injury
decreases circulating branched-chain amino acids and their metabolite levels. ] Neurotrauma
30:671-9 doi: 10.1089/neu.2012.2491

Kim DJ, Cho E], Yu KS, Jang IJ, Yoon JH, Park T, Cho JY (2019) Comprehensive Metabolomic Search for
Biomarkers to Differentiate Early Stage Hepatocellular Carcinoma from Cirrhosis. Cancers (Basel)
1110.3390/cancers11101497

Kuka ], Makrecka-Kuka M, Cirule H, Grinberga S, Sevostjanovs E, Dambrova M, Liepinsh E (2017) Decrease
in Long-Chain Acylcarnitine Tissue Content Determines the Duration of and Correlates with the
Cardioprotective Effect of Methyl-GBB. Basic Clin Pharmacol Toxicol 121:106-12 doi:
10.1111/bcpt.12775

Kuratsune H, Yamaguti K, Lindh G, Evengard B, Takahashi M, Machii T, Matsumura K, Takaishi ], Kawata S,
Langstrom B, Kanakura Y, Kitani T, Watanabe Y (1998) Low levels of serum acylcarnitine in chronic
fatigue syndrome and chronic hepatitis type C, but not seen in other diseases. Int ] Mol Med 2:51-6
doi: 10.3892/ijmm.2.1.51

Lee H, Choi JM, Cho JY, Kim TE, Lee HJ, Jung BH (2018) Regulation of endogenic metabolites by rosuvastatin
in hyperlipidemia patients: An integration of metabolomics and lipidomics. Chem Phys Lipids
214:69-83 doi: 10.1016/j.chemphyslip.2018.05.005

8 Dambrova et al (2022) MitoFit Preprints 2022.20



%

MitoFit 2022.20. doi:10.26124/mitofit:2022-0020 MitoFit

Liepinsh E, Skapare E, Kuka ], Makrecka M, Cirule H, Vavers E, Sevostjanovs E, Grinberga S, Pugovics O,
Dambrova M (2013) Activated peroxisomal fatty acid metabolism improves cardiac recovery in
ischemia-reperfusion. Naunyn Schmiedebergs Arch Pharmacol 386:541-50 doi: 10.1007/s00210-
013-0849-0

Liepinsh E, Makrecka-Kuka M, Volska K, Kuka ], Makarova E, Antone U, Sevostjanovs E, Vilskersts R, Strods
A, Tars K, Dambrova M (2016) Long-chain acylcarnitines determine ischaemia/reperfusion-induced
damage in heart mitochondria. Biochem ] 473:1191-202 doi: 10.1042/BCJ20160164

Liepinsh E, Makrecka-Kuka M, Makarova E, Volska K, Vilks K, Sevostjanovs E, Antone U, Kuka ], Vilskersts R,
Lola D, Loza E, Grinberga S, Dambrova M (2017) Acute and long-term administration of
palmitoylcarnitine induces muscle-specific insulin resistance in mice. Biofactors 43:718-30 doi:
10.1002/biof.1378

Makrecka-Kuka M, Sevostjanovs E, Vilks K, Volska K, Antone U, Kuka ], Makarova E, Pugovics O, Dambrova
M, Liepinsh E (2017) Plasma acylcarnitine concentrations reflect the acylcarnitine profile in cardiac
tissues. Sci Rep 7:17528 doi: 10.1038/s41598-017-17797-x

Makrecka M, Kuka ], Volska K, Antone U, Sevostjanovs E, Cirule H, Grinberga S, Pugovics O, Dambrova M,
Liepinsh E (2014) Long-chain acylcarnitine content determines the pattern of energy metabolism in
cardiac mitochondria. Mol Cell Biochem 395:1-10 doi: 10.1007/s11010-014-2106-3

McCann MR, George De la Rosa MV, Rosania GR, Stringer KA (2021) L-Carnitine and Acylcarnitines:
Mitochondrial Biomarkers for Precision Medicine. Metabolites 1110.3390/metabo11010051

Mey JT, Hari A, Axelrod CL, Fealy CE, Erickson ML, Kirwan P, Dweik RA, Heresi GA (2020) Lipids and ketones
dominate metabolism at the expense of glucose control in pulmonary arterial hypertension: a
hyperglycaemic clamp and metabolomics study. Eur Respir ] 5510.1183/13993003.01700-2019

Mihalik S], Goodpaster BH, Kelley DE, Chace DH, Vockley ], Toledo FG, DeLany JP (2010) Increased levels of
plasma acylcarnitines in obesity and type 2 diabetes and identification of a marker of
glucolipotoxicity. Obesity (Silver Spring) 18:1695-700 doi: 10.1038/0by.2009.510

Miyaaki H, Kobayashi H, Miuma S, Fukusima M, Sasaki R, Haraguchi M, Nakao K (2020) Blood carnitine
profiling on tandem mass spectrometry in liver cirrhotic patients. BMC Gastroenterol 20:41 doi:
10.1186/s12876-020-01190-6

Nasca C, Bigio B, Lee FS, Young SP, Kautz MM, Albright A, Beasley ], Millington DS, Mathe AA, Kocsis JH,
Murrough JW, McEwen BS, Rasgon N (2018) Acetyl-l-carnitine deficiency in patients with major
depressive disorder. Proc Natl Acad Sci U S A 115:8627-32 doi: 10.1073/pnas.1801609115

Ottas A, Fishman D, Okas TL, Kingo K, Soomets U (2017) The metabolic analysis of psoriasis identifies the
associated metabolites while providing computational models for the monitoring of the disease. Arch
Dermatol Res 309:519-28 doi: 10.1007/s00403-017-1760-1

Park ], Shin Y, Kim TH, Kim DH, Lee A (2019) Plasma metabolites as possible biomarkers for diagnosis of
breast cancer. PLoS One 14:e0225129 doi: 10.1371/journal.pone.0225129

Reuter SE, Evans AM (2011) Long-chain acylcarnitine deficiency in patients with chronic fatigue syndrome.
Potential involvement of altered carnitine palmitoyltransferase-I activity. ] Intern Med 270:76-84
doi: 10.1111/j.1365-2796.2010.02341.x

Rinaldo P, Cowan TM, Matern D (2008) Acylcarnitine profile analysis. Genet Med 10:151-6 doi:
10.1097/GIM.0b013e3181614289

Rufer AC, Thoma R, Hennig M (2009) Structural insight into function and regulation of carnitine
palmitoyltransferase. Cell Mol Life Sci 66:2489-501 doi: 10.1007/s00018-009-0035-1

Rupp H, Zarain-Herzberg A, Maisch B (2002) The use of partial fatty acid oxidation inhibitors for metabolic
therapy of angina pectoris and heart failure. Herz 27:621-36 doi: 10.1007/s00059-002-2428-x

Ryan PM, London LE, Bjorndahl TC, Mandal R, Murphy K, Fitzgerald GF, Shanahan F, Ross RP, Wishart DS,
Caplice NM, Stanton C (2017) Microbiome and metabolome modifying effects of several
cardiovascular disease interventions in apo-E(-/-) mice. Microbiome 5:30 doi: 10.1186/s40168-017-
0246-x

Schlueter R], Al-Akwaa FM, Benny PA, Gurary A, Xie G, Jia W, Chun S], Chern [, Garmire LX (2020)
Prepregnant Obesity of Mothers in a Multiethnic Cohort Is Associated with Cord Blood Metabolomic
Changes in Offspring. ] Proteome Res 19:1361-74 doi: 10.1021/acs.jproteome.9b00319

Schooneman MG, Ten Have GA, van Vlies N, Houten SM, Deutz NE, Soeters MR (2015) Transorgan fluxes in
a porcine model reveal a central role for liver in acylcarnitine metabolism. Am ] Physiol Endocrinol
Metab 309:E256-64 doi: 10.1152/ajpendo0.00503.2014

Sun Y, Gao HY, Fan ZY, He Y, Yan YX (2020) Metabolomics Signatures in Type 2 Diabetes: A Systematic
Review and Integrative Analysis. ] Clin Endocrinol Metab 10510.1210/clinem/dgz240

www.mitofit.org 9



OJ/ MitoFit

®Preprints Mitochondrial metabolites acylcarnitines

Tan B, Qiu Y, Zou X, Chen T, Xie G, Cheng Y, Dong T, Zhao L, Feng B, Hu X, Xu LX, Zhao A, Zhang M, Cai G, Cai
S, Zhou Z, Zheng M, Zhang Y, Jia W (2013) Metabonomics identifies serum metabolite markers of
colorectal cancer. ] Proteome Res 12:3000-9 doi: 10.1021/pr400337b

Tomasova P, Buganova M, Pelantova H, Holubova M, Sediva B, Zelezna B, Haluzik M, Maletinska L, Kunes ],
Kuzma M (2019) Metabolomics Based on MS in Mice with Diet-Induced Obesity and Type 2 Diabetes
Mellitus: the Effect of Vildagliptin, Metformin, and Their Combination. Appl Biochem Biotechnol
188:165-84 doi: 10.1007/s12010-018-2899-8

Violante S, Ijlst L, Ruiter ], Koster ], van Lenthe H, Duran M, de Almeida IT, Wanders R], Houten SM, Ventura
FV (2013) Substrate specificity of human carnitine acetyltransferase: Implications for fatty acid and
branched-chain amino acid metabolism. Biochim Biophys Acta 1832:773-9 doi:
10.1016/j.bbadis.2013.02.012

Vollmer JP, Haen S, Wolburg H, Lehmann R, Steiner ], Reddersen S, Fend F, Fallier-Becker P (2018) Propofol
Related Infusion Syndrome: Ultrastructural Evidence for a Mitochondrial Disorder. Crit Care Med
46:€91-e94 doi: 10.1097/CCM.0000000000002802

Wahl S, Yu Z, Kleber M, Singmann P, Holzapfel C, He Y, Mittelstrass K, Polonikov A, Prehn C, Romisch-Margl
W, Adamski ], Suhre K, Grallert H, Illig T, Wang-Sattler R, Reinehr T (2012) Childhood obesity is
associated with changes in the serum metabolite profile. Obes Facts 5:660-70 doi:
10.1159/000343204

Wanders RJA, Visser G, Ferdinandusse S, Vaz FM, Houtkooper RH (2020) Mitochondrial Fatty Acid Oxidation
Disorders: Laboratory Diagnosis, Pathogenesis, and the Complicated Route to Treatment. ] Lipid
Atheroscler 9:313-33 doi: 10.12997/jla.2020.9.3.313

Wang H, Anstrom K, Ilkayeva O, Muehlbauer M], Bain JR, McNulty S, Newgard CB, Kraus WE, Hernandez A,
Felker GM, Redfield M, Shah SH (2017) Sildenafil Treatment in Heart Failure With Preserved Ejection
Fraction: Targeted Metabolomic Profiling in the RELAX Trial. JAMA Cardiol 2:896-901 doi:
10.1001/jamacardio.2017.1239

Wishart DS, Guo A, Oler E, Wang F, Anjum A, Peters H, Dizon R, Sayeeda Z, Tian S, Lee BL, Berjanskii M, Mah
R, Yamamoto M, Jovel ], Torres-Calzada C, Hiebert-Giesbrecht M, Lui VW, Varshavi D, Varshavi D,
Allen D, Arndt D, Khetarpal N, Sivakumaran A, Harford K, Sanford §, Yee K, Cao X, Budinski Z, Liigand
], Zhang L, Zheng |, Mandal R, Karu N, Dambrova M, Schioth HB, Greiner R, Gautam V (2022) HMDB
5.0: the Human Metabolome Database for 2022. Nucleic Acids Res 50:D622-D31 doi:
10.1093 /nar/gkab1062

Xu G, Hansen ]S, Zhao X], Chen S, Hoene M, Wang XL, Clemmesen ]JO, Secher NH, Haring HU, Pedersen BK,
Lehmann R, Weigert C, Plomgaard P (2016) Liver and Muscle Contribute Differently to the Plasma
Acylcarnitine Pool During Fasting and Exercise in Humans. ] Clin Endocrinol Metab 101:5044-52 doi:
10.1210/jc.2016-1859

Xu ], Chen Y, Zhang R, Song Y, Cao ], Bi N, Wang ], He ], Bai ], Dong L, Wang L, Zhan Q, Abliz Z (2013) Global
and targeted metabolomics of esophageal squamous cell carcinoma discovers potential diagnostic
and therapeutic biomarkers. Mol Cell Proteomics 12:1306-18 doi: 10.1074/mcp.M112.022830

Zhang X, Zhang C, Chen L, Han X, Ji L (2014) Human serum acylcarnitine profiles in different glucose
tolerance states. Diabetes Res Clin Pract 104:376-82 doi: 10.1016/j.diabres.2014.04.013

ZhangX, LiY, Liang Y, Sun P, Wu X, Song ], Sun X, Hong M, Gao P, Deng D (2017) Distinguishing Intracerebral
Hemorrhage from Acute Cerebral Infarction through Metabolomics. Rev Invest Clin 69:319-28 doi:
10.24875/RIC.17002348

Zordoky BN, Sung MM, Ezekowitz ], Mandal R, Han B, Bjorndahl TC, Bouatra S, Anderson T, Oudit GY,
Wishart DS, Dyck JR, Alberta H (2015) Metabolomic fingerprint of heart failure with preserved
ejection fraction. PLoS One 10:e0124844 doi: 10.1371/journal.pone.0124844

Copyright: © 2022 The authors. This is an Open Access preprint (not peer-reviewed)

distributed under the terms of the Creative Commons Attribution License, which permits ° M.
unrestricted use, distribution, and reproduction in any medium, provided the original Ixfoprleliaorinlts
authors and source are credited. © remains with the authors, who have granted MitoFit

Preprints an Open Access publication license in perpetuity.

10 Dambrova et al (2022) MitoFit Preprints 2022.20



