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ABSTRACT Retapamulin, a semisynthetic pleuromutilin derivative, is exclusively used
for the topical short-term medication of impetigo and staphylococcal infections. In
the present study, we report that retapamulin is adequately and rapidly metabolized
in vitro via various metabolic pathways, such as hydroxylation, including mono-, di-,
and trihydroxylation, and demethylation. Like tiamulin and valnemulin, the major
metabolic routes of retapamulin were hydroxylation at the 2� and 8� positions of
the mutilin moiety. Moreover, in vivo metabolism concurred with the results of the
in vitro assays. Additionally, we observed significant interspecies differences in the
metabolism of retapamulin. Until now, modifying the side chain was the mainstream
method for new drug discovery of the pleuromutilins. This approach, however, could
not resolve the low bioavailability and short efficacy of the drugs. Considering the
rapid metabolism of the pleuromutilins mediated by cytochrome P450 enzymes, we
propose that blocking the active metabolic site (C-2 and C-8 motif) or administering
the drug in combination with cytochrome P450 enzyme inhibitors is a promising
pathway in the development of novel pleuromutilin drugs with slow metabolism
and long efficacy.

KEYWORDS drug discovery and development, high-resolution mass spectrometry,
metabolism, retapamulin

Pleuromutilin, first discovered in 1951, exhibits modest in vitro activity against
Gram-positive pathogens and mycoplasma (1). Mycoplasma infections have raised

great concerns due to their high morbidity, mortality, and multidrug resistance (MDR)
because of the bacterium’s unique physical character, such as the absence of a cell wall
(2, 3). Additionally, Staphylococcus aureus and Streptococcus pyogenes are key patho-
gens causing skin and skin structure infections (4, 5) and have also been reported to
have acquired MDR. The emergence and prevalence of MDR have led to the reduction
or even the loss of antibiotic efficacy, which definitely poses a serious threat to animal
and even human health (6, 7). Antibiotics with novel modes of action are thus needed
to address the growing problem of MDR.

Pleuromutilins have no target-specific cross-resistance to other antibacterial agents,
which makes them appealing for human clinical development. Pleuromutilins possess
a mirror image-like stereochemistry and have a unique mode of action (8, 9). They exert
activity by binding to domain V of the 23S rRNA prokaryotic ribosome, whereas the
peptidyltransferase cavity and the complex mode of action are responsible for the lack
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of cross-resistance (9, 10). The chemical structures of the pleuromutilins are illustrated
in Fig. S1 in the supplemental material.

The antibacterial activity of pleuromutilins has been demonstrated to be markedly
enhanced if the glycolic acid side chain at the C-14 position is replaced by other acyl
residues (i.e., basic thioether side chains) (11, 12). Consequently, a large number of
pleuromutilin derivatives exhibiting considerable antimicrobial activity have been syn-
thesized and studied. For instance, tiamulin (TIA) and valnemulin (VLM) were success-
fully developed as therapeutic agents to treat enteric diseases in pigs and enzootic
pneumonia in pigs and poultry (13–15). Moreover, VLM has also been used to treat
immunocompromised patients with resistant mycoplasma infections (16). However,
azamulin, another pleuromutilin derivative, displayed poor oral absorption due to its
poor solubility in water and short half-life due to rapid metabolism and subsequent
excretion (17). These poor pharmacokinetic (PK) characteristics are the bane of the
pleuromutilin class, and efforts to overcome these demerits have been largely fruitless.
Retapamulin (RTM) became the first approved pleuromutilin derivative for human use
since 2007 (18). However, RTM is limited to topical treatment of impetigo and second-
arily infected traumatic lesions.

Structure-activity relationship (SAR) studies indicated that the presence of a thioether
group at the C-22 position and modifications at the C-14 side chain of pleuromutilin
could alter the antibacterial activity of pleuromutilins (19, 20). However, a paramount
requirement for novel drug development is the identification of principal routes of
elimination and metabolism and the mechanism of drug-drug interactions, which is
expensive, demanding, and laborious. This hurdle could be a reason contributing to the
very slow development of pleuromutilin drugs and the approval of RTM for human use.
RTM is not even available in any systemic dosage form. To date, only a few derivatives
(such as valnemulin and tiamulin) have been successfully translated into clinical
practice.

Acquiring metabolic information is critical in the process of drug discovery. Accord-
ing to the European Medicines Agency (EMA), pleuromutilin incubated with hepatic
cytochrome P450 (CYP) enzymes is prone to be extensively hydroxylated at the 1�, 2�,
and 8� positions (21). Recently, our research team has conducted many studies on the
pharmacokinetics (22) and in vitro and in vivo metabolism of VLM and TIA (23, 24).
However, until now, metabolic information about RTM has remained scarce. Therefore,
the aim of present study was to comprehensively unravel the metabolic routes of RTM,
providing indispensable information for new drug development of the pleuromutilins.

RESULTS
Fragmentation behavior of RTM. RTM was found to ionize more efficiently in the

positive mode than in the negative mode, generating a pseudomolecular precursor ion
at m/z 518.3303. The first step in the collision-induced dissociation (CID) of RTM is the
cleavage of the bond at the C-8 position, resulting in the generation of m/z 216.1054
(side chain) and m/z 303.2326 (mutilin moiety) product ions, wherein m/z 216.1054 is
the most dominant product ion (Fig. 1). Further fragmentation of m/z 216.1054 resulted
in the loss of a mercaptoacetic acid (C2H4O2S) moiety, resulting in the product ion m/z
124.1123, and subsequently generated a stable product ion, m/z 81.0704.

On the other hand, the loss of H2O from the mutilin moiety (m/z 303.2326) led to the
generation of the m/z 285.2210 product ion, which subsequently yielded m/z 245.1908
after the loss of the side chain at the C-12 position and, eventually, m/z 163.1123 after
the neutral loss of a C6H10 moiety.

Metabolic profiles of RTM in rat, swine, and human liver microsomes. In vitro
metabolism assays of RTM using rat, swine, and human liver microsomes revealed
various metabolic routes of RTM, yielding approximately 16 different metabolites
(metabolites M1 to M16). Information regarding the retention time, accurate m/z value,
and main fragment ions of each metabolite is described in Table S3 in the supplemental
material. The metabolic routes and the annotation of these metabolites using tandem
mass spectrometry (MS/MS) are described in succeeding sections.
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FIG 1 MS/MS spectra of retapamulin along with its metabolites and their proposed fragment ion patterns.
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Monohydroxylated or oxidative metabolites M1 to M6. Six metabolites were

found to have an m/z value of 534.325 at different retention times. These metabolites
were considered monohydroxylated derivatives of RTM due to the mass difference
associated with the addition of a hydroxyl (-OH) moiety within a 2-ppm mass error of
the calculated exact mass. Metabolites M1 to M5 yielded similar product ions after CID
MS/MS, but their retention times differed, as influenced by the location of the hydroxy-
lation reaction in the parent molecule. For M1 to M5, CID produced product ions m/z
216, m/z 124, and m/z 81, which are similar to those of RTM, inferring that hydroxylation
did not occur at the side chain of the molecule. In addition, characteristic ions m/z 301
and m/z 319, which are equivalent to m/z 285 and m/z 303 each with the addition of
16 Da, respectively, further demonstrated that hydroxylation or oxidation occurred in
the mutilin moiety. Unfortunately, the exact point of hydroxylation within the mutilin
structure could not be soundly elucidated merely on the basis of the MS/MS spectra.
According to a report delivered by EMA, the 1�, 2�, and 8� positions of the mutilin
structure are prone to hydroxylation. Moreover, Lykkeberg et al. described that 2�-OH-
TIA and 8�-OH-TIA were the main hydroxylated metabolites of tiamulin, another
pleuromutilin derivative (25), which was consistent with the finding of EMA regarding
valnemulin, which is also a pleuromutilin derivative (21). On the basis of the results
of these previous studies on structurally closely related compounds, the two major
metabolites obtained from this study were regarded as 2�- and 8�-OH-RTM. Eventually,
M1 and M2 were identified as 2�-OH-RTM and 8�-OH-RTM, respectively, after comparison
to a standard of 8�-OH-mutilin. M3 to M5 were regarded as the products monohydroxy-
lated on the mutilin moiety.

M6, on the contrary, yielded an MS/MS spectrum different from that of M1 to M5,
such that the product ion m/z 232 instead of m/z 301 was produced. This characteristic
product ion could come from the addition of 16 Da to m/z 216, which represented the
side chain. Hence, M6 was regarded as a hydroxyl derivative of RTM on the side chain
moiety, in contrast to the mutilin moiety for M1 to M5. On the basis of the chemical
structure of RTM, the S-motif is the most likely point of hydroxylation.

Dihydroxylated (M7 to M12) and trihydroxylated (M13) metabolites. The exact

mass of M7 to M12 was measured to be m/z 550.31969, which represented the addition
of 2 hydroxyl moieties to RTM, suggesting that these metabolites are dihydroxylated
metabolites. As explained above for the monohydroxylated derivatives, the character-
istic product ion m/z 216.10532 in M7 to M10 indicated that the side chain of RTM was
maintained unchanged and the double hydroxylation occurred on the mutilin moiety.
Based on previous reports (21), we propose M8 to be hydroxylated at the C-2 and C-8
positions of the mutilin structure. On the other hand, the characteristic fragment ion
m/z 232.10005 in M11 and M12 implied that one hydroxylation is at the S-motif of the
side chain. Furthermore, M13 had an m/z value of 566.31515 with a characteristic
product ion of m/z 216.10532, which suggested that the side chain remained un-
changed and all the triple hydroxylations occurred at the mutilin moiety.

N-Demethyl-RTM and N-demethyl-hydroxylated RTM. Using high-resolution MS,

the elemental composition of M14 was predicted to be C29H46O4NS�. On the basis of
the exact mass, M14 lost a mass equivalent to that of a CH2 moiety, which indicated
that M14 was potentially a demethyl-RTM. CID of M14 resulted in its characteristic
product ion of m/z 202.08963, which was 14 Da less than m/z 216.1058, implying that
the demethylation may have occurred at the N motif of the side chain. M15 and M16
shared the same predicted elemental component of C29H46O5NS and exact mass, which
was 16 Da higher than that of M14. This suggested that these two metabolites could
be the hydroxylated or oxidative products of M14, and hence, it is tentatively identified
as an N-demethyl-RTM. The characteristic product ion of m/z 319.2273 was 16 Da larger
than m/z 303.2324, which implied that the hydroxylation or the oxidative reaction
occurred at the mutilin moiety. Hence, M15 and M16 were tentatively identified as
N-demethyl-hydroxylated RTM derivatives.
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Metabolic pathways and interspecies metabolic differences of RTM. On the
basis of the results of the in vitro metabolism assays using human, rat, and swine liver
microsomes, the main metabolic routes of RTM were (mono-, di-, and tri-) hydroxylation
at both the side chain and mutilin moiety and S-oxidation and N-demethylation in the
side chain. Hydroxylation at the mutilin moiety was tentatively assigned to the C-2 and
C-8 positions. Our proposed metabolic routes for RTM are depicted in Fig. 2.

As shown in Fig. 3, it is clear that interspecies variation occurs in terms of
RTM metabolism. For instance, M3 was found only in rat and swine liver micro-
somes, whereas M13 was produced solely by human liver microsomes. Contrary to

FIG 2 Proposed metabolic pathways of retapamulin in vitro and in vivo.

FIG 3 Recovery of retapamulin and generation of its metabolites after incubation with rat, swine, and
human liver microsomes (RLMs, SLMs, and HLMs, respectively).
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swine and rat liver microsomes, merely a minority of the parent drug remained after
incubation in human liver microsomes, which may explain the rapid metabolism of
RTM. It is therefore essential to consider these differences when translating results from
animal metabolism experiments into clinical studies.

Nonetheless, it can be concluded that RTM is metabolized by rat, human, and swine
liver microsomes into a variety of metabolites. For all liver microsomes tested, 2�-OH-
RTM (M1) and 8�-OH-RTM (M2) were the major metabolites produced. Furthermore, the
metabolites produced by rat liver microsomes resembled the metabolites produced by
human liver microsomes more closely than those produced by swine liver microsomes.

Comparative metabolic characteristics of the pleuromutilins. Extracted ion chro-
matograms (EICs) of RTM and its metabolites after incubation with human liver micro-
somes are shown in Fig. S2. The in vitro metabolism of the investigated pleuromutilins
(TIA, VLM, and RTM) in human liver microsomes revealed that the major metabolites
of the pleuromutilins were metabolites hydroxylated at the C-2 and C-8 positions of
the mutilin moiety, which accounted for over 50% of the total metabolites produced
(Fig. 4).

In vivo metabolism in rats. Considering the similar metabolic pattern in liver
microsomes of rats and human, the in vivo metabolism of RTM in rats was conducted
to reflect the metabolic information in human, although not exactly as discussed above.
The results from the in vivo experiments concurred with the in vitro results, such that
RTM was rapidly metabolized in the body. Consequently, a total of 6 metabolites were
identified, including 2 monohydroxylated metabolites (M1 and M2) and 4 dihydroxy-
lated metabolites (M7, M8, M9, and M10). Similarly, the major metabolites of RTM were
also monohydroxylated products at the 2� and 8� positions, which was consistent with
the in vitro results. The other metabolites, like N-demethyl-RTM, were not detected in
vivo, which could be due to their presence at trace levels. Furthermore, this difference
also reflects the oral bioavailability of RTM, which is also affected by the metabolism of
RTM by the intestines.

Metabolic phenotype of the pleuromutilins. Recombinant human cytochrome
enzymes (CYP enzymes 1A2, 2B6, 2C8, 2C9, 2C19, 2D6, and 3A4) were incubated with
TIA, VLM, and RTM individually to determine the main CYP responsible for the metab-
olism of pleuromutilins. The results suggested that CYP3A4 played a vital role in the
in vitro metabolism of the drugs and caused elimination of the parent compounds (Fig.
5). However, when the pleuromutilins were incubated with other cytochrome enzymes,
such as CYP1A2 and CYP2B6, the levels of pleuromutilins remained unchanged (100%),
indicating that CYP3A4 is the principal enzyme responsible for the metabolism of TIA,
VLM, and RTM.

DISCUSSION

Recently, the emergence and rapid spread of methicillin-resistant Staphylococcus
aureus (MRSA) isolates have fueled the need for the discovery and development of new

FIG 4 Relative amounts of 2�- and 8�-hydroxylated metabolites and other metabolites of tiamulin, valnemulin, and retapamulin in human
liver microsomes.
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antibiotics with novel modes of action, such as pleuromutilin antibiotics (26). However,
a number of challenges, some of which are outlined later in this paper, have led to a
significantly delayed entry of these drugs into successful clinical application, although
like almost all new classes of antibiotics, pleuromutilins have made their way into
veterinary medicine. However, very limited progress to make use of this underexploited
antibiotic class for treatment in humans has been made.

It has previously been reported that modification of the pleuromutilin side chain at
C-14 could be the most promising way to obtain a considerable enhancement in
antibacterial activity (12). For instance, molecular modifications at the C-14 glycolic acid
chain of pleuromutilin led to the discovery of two pleuromutilin derivatives, TIA and
VAL. Additionally, pleuromutilin analogues which contain a purine ring have been
reported to have excellent antibacterial activity. SAR studies showed that the presence
of a thioether group at the C-22 position of pleuromutilin also enhances its antibacterial
activity (19).

For the novel drug discovery and development of the pleuromutilin class, both
academic and industrial research groups have focused on the modifications at the
molecule’s side chain (27), which is often optimized to obtain maximum in vitro activity,
based on empirical and semiempirical SAR studies (28, 29). In vitro activity, however,
could not be sufficiently extrapolated to explain in vivo biological activity. This could be
attributed to some undesirable pharmacokinetic properties that reduce the in vivo
activity and bioavailability, whereas the formation of reactive metabolites may contrib-
ute to increased toxicity. Thus, it is highly important to investigate the pharmacoki-
netics and metabolism of candidate drugs, as their metabolic fate could be considered
prerequisites to in vivo efficacy. Moreover, as metabolism studies of new drug candi-
dates are initially conducted in vitro and in animal models before clinical trials, it is
important to compare the metabolism of animals and humans in order to obtain
information on the appropriate selection of animal species for toxicity and in vivo
metabolism studies (28).

High-resolution mass spectrometry has been widely used to aid with drug discovery
and development (30–33). Using this technique, our research team has previously
illustrated the pharmacokinetics (22) and metabolic profiles of VLM (24) and TIA (23). In
the current study, the comparative metabolism of RTM in animal and human liver
microsomes was investigated. Our results indicated that the pleuromutilins, including
VLM, TIA, and RTM, were prone to be metabolized at the 2� and 8� motifs of the
mutilin moiety. Furthermore, RTM is likely dihydroxylated and trihydroxylated, which
may explain the extensive metabolism and poor bioavailability of RTM after oral
administration.

FIG 5 Relative amounts of tiamulin, valnemulin, and retapamulin remaining after incubation with human
CYP enzymes (1A2, 2B6, 2D6, 2C8, 3A4, 2C9, or 2C19).
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Drugs with high metabolic clearance are usually subjected to extensive first-pass
metabolism, resulting in low bioavailability. Hence, to improve the bioavailability of the
drug, it could be useful to determine the main metabolizing enzymes responsible for
the hydroxylation of RTM. Drug-metabolizing enzymes, including cytochrome P450s,
perform numerous oxidative reactions with the carbon, oxygen, nitrogen, and sulfur
atoms of substrates (34). Our results showed that the pleuromutilins were adequately
metabolized by CYP3A4. We therefore hypothesize that an alternative approach to the
development of new pleuromutilin derivatives is to block the active metabolic moiety
within the molecule or to administer the drug in combination with a CYP3A4 inhibitor.

The concept of soft drugs was first put forward in 1980 (35). These so-called soft
drugs evade oxidative metabolism and use hydrolytic enzymes to achieve predictable
and controllable drug metabolism (36). Based on this principle, Bodor designed soft
quaternary-type drugs containing three structural components: an acidic group, an
aldehyde, and a tertiary amine (37). As for the highly lipophilic and poorly soluble
compounds, like the pleuromutilins, a basic amine could be incorporated into the
active metabolic site to increase the solubility and block the rapid metabolism. Several
human immunodeficiency virus (HIV) protease inhibitors successfully applied the con-
cept of sealing the active metabolic site by the use of, for instance, different substitu-
tions at the N atom of the C-2 position. Consequently, one of the compounds, indinavir
sulfate, is well absorbed after oral dosing and was approved for use for the treatment
of AIDS (38). Thus, this concept for new drug discovery, blocking the active metabolic
site, could be used for novel drug discovery of the pleuromutilins.

In conclusion, due to the surging drug resistance and the unique mode of action,
semisynthesized pleuromutilin derivatives of the pleuromutilins with no cross-resistance
have attracted considerable attention. The metabolic results obtained in vivo and in vitro
suggested that the pleuromutilins, including TIA, VLM, and RTM, are rapidly metabo-
lized into hydroxylated products at the C-2 and C-8 positions. The current pathway for
the development of pleuromutilin antibiotic derivatives often focuses on the modifi-
cations at the side chain, which could improve the bioactivity only to some extent but
not improve metabolic stability and bioavailability. Therefore, in this paper, we propose
a promising approach to develop safe and efficacious drugs derived from pleuromuti-
lins: to seal active metabolic sites (the C-2 and C-8 motifs) or to administer the drug in
combination with a CYP3A4 inhibitor.

MATERIALS AND METHODS
Materials and chemicals. Retapamulin was purchased from Ouhe Technology Co. Ltd. (Beijing,

China). Pooled human, rat, and porcine liver microsomes were bought from the Research Institute for
Liver Diseases Co. Ltd. (Shanghai, China) and stored at �80°C until use. NADPH was purchased from
Sigma-Aldrich (Germany). Acetonitrile and formic acid were all of liquid chromatography (LC)-MS grade
and were purchased from Fisher Chemical Co. (USA). 8�-OH-Mutilin was purchased from Argus Chem-
icals S.r.l. (Italy). Distilled water was obtained using a Milli-Q system (Millipore, USA). The other reagents
were of analytical grade.

Animals. Six Wistar rats (age, 6 weeks; weight, 200 to 220 g; 3 males and 3 females) were purchased
from Vital River Laboratory Animal Technology Co. Ltd. (Beijing, China). The animals were acclimatized
for 1 week under standardized conditions. All the animal procedures were approved by the Ethical
Committee of China Agricultural University (Beijing, China) (2016-SYXK-0038).

Preparation of in vivo samples. Rats (3 male rats and 3 female rats) were subjected to a 12-h fast
before the in vivo metabolism study. The animals were individually housed in metabolic cages and
administered RTM by oral gavage at a dosage of 15 mg/kg of body weight. Urine and fecal samples were
gathered before RTM administration and 12 to 24 h postadministration. The samples were frozen at
�20°C until further analysis. Extraction was performed by adding 10 ml ethyl acetate into 2.0 g of feces
or 2.0 ml of urine, followed by vortexing for 5 min and centrifugation at 5,000 � g for 10 min at 4°C. The
supernatant was obtained and evaporated to dryness with a gentle nitrogen flow at 45°C. The residue
was then finally redissolved in 1.0 ml of 15% acetonitrile in aqueous solution and filtered through a
0.22-�m-pore-size micropore cellulose membrane filter before analysis using liquid chromatography–
high-resolution mass spectrometry (LC-HRMS).

In vitro metabolism. Recombinant human cytochrome enzymes (CYP enzymes 1A2, 2B6, 2C8, 2D6,
2C9, 2C19, and 3A4) were incubated with TIA, VLM, and RTM to investigate the roles of these enzymes
in the metabolism of pleuromutilins. To initiate the in vitro metabolism, the reaction consisted of
phosphate buffer (100 mM, pH 7.4), CYP enzymes (30 pmol), and NADPH (2 mM) along with 3 �M each
TIA, VLM, and RTM. After incubation for 1 h at 37°C, 100 �l cold acetonitrile was added to terminate the
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reaction. Then the mixtures were vortexed and centrifuged at 12,000 � g for 5 min. The supernatant was
gathered and evaporated to dryness under a gentle nitrogen stream. Finally, the residue was reconsti-
tuted with the initial mobile phase. The in vitro metabolism assays were performed in triplicate, and an
additional sample without NADPH served as the negative control.

Instrument conditions. In current study, the metabolic fate of the pleuromutilins, especially RTM,
was investigated using a Thermo LC system equipped with a binary pump, an autosampler, and
thermostatic column modules coupled to a Quadrupole-Exactive Plus (UHPLC-Q-Exactive Plus; Thermo
Fisher Scientific, Bremen, Germany) high-resolution mass spectrometer consisting of a heated electros-
pray ionization source (HESI-II) in the positive mode. Chromatographic separation was achieved using a
Hypersil Gold C18 column (100 mm by 2.1 mm; particle size, 1.9 �m; Thermo Fisher Scientific, Waltham,
MA). The mobile phase consisted of solvent A (0.1% formic acid) and solvent B (acetonitrile containing
0.1% formic acid) with a flow rate of 0.3 ml min�1. The optimum gradient elution program was as follows:
from 0 to 2.0 min, 15% to 35% solvent B; from 2.0 to 3.5 min, 35% to 50% solvent B; from 3.5 to 4.0 min,
50% to 65% solvent B; from 4.0 to 6.0 min, 65% to 80% solvent B; from 6.0 to 8.0 min, 80% to 100%
solvent B; from 8.0 to 9.0 min, 100% to 100% solvent B; from 9.0 to 9.5 min, 100% to 15% solvent B; and
from 9.5 to 10.0 min, 15% solvent B. The column temperature was maintained at 30°C, and the injection
volume was 2 �l.

Typical parameters for mass spectrometry detection were set as follows: the spray voltage and
capillary temperature were set at 3.5 kV and 320°C, respectively, and the sheath gas and auxiliary gas
flows were set at 45 and 10 arbitrary units, respectively. For the full MS mode, the mass range was set
between m/z 300 and 800, while the major parameters were set as follows: resolution, 70,000 full width
at half maximum (FWHM); automatic gain control (AGC) target, 3 � 106; maximum injection time (IT), 100
ms. For the data-dependent MS2 mode, the major parameters were set as follows: resolution, 17,500; AGC
target, 1 � 105; maximum IT, 100 ms. Mass accuracy was maintained within 2 ppm to ensure the
reliability of the identifications.

Data analysis. Acquired data (full scan and all ion fragmentation) were initially processed using
Compound Discoverer (version 2.0) software, which could conveniently screen the possible metabolites
in comparison with control samples. The mass window was set within 0.05 Da for expected and
unexpected metabolites. Furthermore, false-positive identifications were eliminated on the basis of an
accurate mass and the elemental composition of both precursor ions and all fragment ions.

SUPPLEMENTAL MATERIAL

Supplemental material for this article may be found at https://doi.org/10.1128/AAC
.02388-17.

SUPPLEMENTAL FILE 1, PDF file, 0.3 MB.
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