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Metabolism of the veterinary fluoroquinolone sarafloxacin by the
fungus Mucor ramannianus

IA Parshikov, JP Freeman, JO Lay Jr, JD Moody, AJ Williams, RD Beger and JB Sutherland

National Center for Toxicological Research, Food and Drug Administration, Jefferson, AR 72079, USA

To investigate the microbial biotransformation of veterinary fluoroquinolones, Mucor ramannianus was grown in
sucrose/peptone broth with sarafloxacin for 18 days. Cultures were extracted with ethyl acetate and extracts were
analyzed by liquid chromatography. The two metabolites (26% and 15% of the A,g, respectively) were identified by
mass and 'H nuclear magnetic resonance spectra as N-acetylsarafloxacin and desethylene-N-acetylsarafloxacin.
The biological formation of desethylene- N-acetylsarafloxacin has not been previously observed. Journal of Industrial

Microbiology & Biotechnology (2001) 26, 140—144.
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Introduction

Sarafloxacin (Figure 1) is a fluoroquinolone antibacterial agent
that is registered for veterinary use in the U.S. [1]. It is widely used
in chickens and turkeys for the prevention and treatment of
colibacillosis [5] and is also used in aquaculture in several
countries [8,16,20]. Although it has not been shown to be
carcinogenic, sarafloxacin has been associated with chromosomal
aberrations and in vitro forward mutation of the Aprt locus in
Chinese hamster ovary cells in the presence of the S9 fraction from
rat liver [2] and with unscheduled DNA synthesis in rat primary
hepatocytes [2]. Furthermore, some isolates of Escherichia coli,
Salmonella spp., and Campylobacter jejuni from poultry have
developed resistance to sarafloxacin and other quinolones in vitro
and in vivo [10,17].

Veterinary fluoroquinolones, including sarafloxacin, bind to
organic matter [9] and persist unchanged for long times in soils
[6] and marine sediments [4]. Due to this binding, sarafloxacin
did not inhibit bacteria in an experiment using ocean sediments
[2]. It inhibited E. coli and other bacteria in a simulated human gut
model, but a dose five times higher than in broth cultures was
required for equal effectiveness [9]. Microorganisms with the
ability to biotransform fluoroquinolones have been found in the
environment [3,7,12,18,19]. Danofloxacin is metabolized by a
variety of fungi and bacteria via processes that include N-
oxidation, N-demethylation, and degradation of the piperazine
ring [3], and enrofloxacin is degraded by Gloeophyllum striatum
and several other fungi to a large number of metabolites [7,13,18].
Both danofloxacin and enrofloxacin can be mineralized by some
fungi [3,7,18]. Sarafloxacin is metabolized to a glucuronide by
mice, rabbits, and dogs; to N-acetylsarafloxacin by mice and
rabbits; to 3'-oxosarafloxacin by rabbits and humans; and to an
ethylene diamine - substituted quinolone and an aminoquinolone by
humans [2].
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The aerobic incubation of sarafloxacin in soil produces a small
amount of CO, [6]. To determine whether soil fungi might be able
to biotransform sarafloxacin to other metabolites, we used a strain
of Mucor ramannianus that we obtained while screening soil fungi
for fluoroquinolone metabolism [12]. This strain is capable of N-
oxidation, N-acetylation, N-deethylation, and breakdown of
piperazine rings in other fluoroquinolones [12,13]. We hoped that
the addition of sarafloxacin to cultures of saprobic fungi would shed
additional light on the ability of these fungi to influence the
amounts of veterinary fluoroquinolone residues in the environment.

Materials and methods

M. ramannianus strain R-56 [12] was maintained on agar slants
[11,14]. Cultures were grown in triplicate flasks in a sucrose—
peptone broth [12] with shaking at 180 rpm. Sarafloxacin [6-
fluoro- 1 - (4 -fluorophenyl) -4 -oxo - 7 - piperazinyl - 1,4 - dihydro-
quinoline -3 - carboxylic acid | hydrochloride (Figure 1) was a gift
from Abbott Laboratories (North Chicago, IL). It was dissolved in
20 mM aqueous KOH and filter - sterilized; 1 ml was added to each
flask to make a final concentration of 260 M sarafloxacin.
Cultures and controls [ 13] were incubated at 28°C with shaking at
180 rpm. They were harvested after 18 days and extracted with
ethyl acetate [12]. Residues were dissolved in 2.0 ml of
methanol:acetonitrile:acetic acid (10:10:2) for analysis.

Extracts were analyzed by high-performance liquid chromato-
graphy (HPLC) [13], using a Phenomenex Prodigy 5-pm ODS-
3 column (10%250 mm) and a flow rate of 2.5 ml min"'. The
mobile phase consisted of solvent A (H,O:methanol, 90:10) and
solvent B (H,O:methanol, 10:90); 2 ml 1"" acetic acid was added
to each solvent, which was adjusted to pH 3.0 [12]. The percent
solvent B was initially 10%; it was increased from 10% to 95% over
20 min and then held at 95% for 10 min. The metabolites were
collected, concentrated [12], and dissolved in methanol:acetoni-
trile:acetic acid (10:10:2).

For direct exposure probe (DEP) mass spectrometry (MS), a
Finnigan TSQ 700 triple quadrupole instrument [ 12] was operated
in both the single quadrupole (Q1) and the product-ion modes.
The ion source temperature was 150°C and the DEP current was
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Figure 1 Structure of sarafloxacin.

ramped at 5 mA s”'. The quadrupole was scanned from m/z 50 to
550 with a 0.5-s cycle time. Electron ionization (EI) mass
spectrometry was performed with an electron energy of 70 V.
Positive ion chemical ionization (PICI) and negative ion chemical
ionization (NICI) mass spectrometry utilized 10% NH; (90% N»)
as the reagent gas with an uncorrected ion source pressure of 5.0-
5.5 Torr. Product ions from the molecular anion (with NICI) and
the protonated molecule (with PICI) were generated with a
collision cell pressure of 0.5 mTorr of argon and a collision energy
of 100 eV. Samples in methanol were applied to the rthenium wire of
the DEP and the solvent was allowed to evaporate [12].

For electrospray ionization (ESI) mass spectrometry, a
Finnigan TSQ 7000 instrument was operated at 200°C and 4.5
KeV in either the single-quadrupole (Q1) mode or the tandem
(MS/MS) product-ion mode [12]. For full-scan ESI/MS, a
Varian model 9012 HPLC pump was used with an autosampler
[12] and a Vydac RP-18 Pharmaceutical 5 - zm microbore column
(1x250 mm) [13]. The mobile phase consisted of solvent A
(H,O:methanol, 95:5) and solvent B (H,O:methanol, 5:95); 1 ml
1"! formic acid was added to each solvent [13]. The percent
solvent B was 10% for 5 min; it was increased from 10% to 90%
over 10 min. The flow rate was 70 xl min~' and the absorbance was
monitored at 280 nm. For MS/MS, argon was used with a collision
energy of 50 eV. The apparent protonated molecules were mass-
selected in Q1 and fragmented in the collision cell; the product ions
were separated in Q3 [12,13].

For 'H nuclear magnetic resonance (NMR) analysis, each
metabolite was dissolved in 0.5 ml methanol-d 4 (99.96 at.% *H).
The NMR measurements were carried out at 500.13 MHz on an
AMS500 spectrometer (Bruker Instruments, Billerica, MA).
Chemical shifts are reported on the 6 (ppm) scale by assigning
the residual solvent peak at 3.30 ppm. Typical data acquisition
parameters were: data size, 32 K; sweep width, 7042 Hz, filter
width, 8900 Hz; acquisition time, 2.33 s; flip angle, 90°; relaxation
delay, 0 s; temperature, 301 K. For spectra recorded under
quantitative conditions, a 10- to 20-s relaxation delay was used.
For measurement of coupling constants, the free induction decay
(FID) was zero-filled to 64K, resulting in a final data point
resolution of 0.215 Hz per point. Coupling constants reported are
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first order. Assignments were made via homonuclear decoupling
experiments, nuclear Overhauser enhancement (NOE) experi-
ments, integration, and analysis of substituent effects.

Results

HPLC analysis of the ethyl acetate extract from cultures of M.
ramannianus dosed with sarafloxacin (Figure 2) shows that
sarafloxacin eluted from the HPLC column at 12.0 min and two
metabolites eluted at 21.6 and 23.1 min. After 18 days, as shown by
the peak area (A45g0), 59% of the starting material remained. The
percentage of sarafloxacin remaining did not decrease with
additional incubation (data not shown).

Sarafloxacin had a UV absorption spectrum with A ,,=282,
319 and 331 nm. The DEP/EI mass spectrum (Table 1) had
significant ions at m/z 385 [M]", 343, and 341 [M—CO,]"".
The base peak ion was m/z 299. The DEP/NICI mass spectrum had
a molecular anion at m/z 385 [M]~ and the DEP/PICI mass
spectrum had a protonated molecule at m/z 386 [M+H]". The
product-ion spectrum (NICI/MS/MS) for the molecular anion at
m/z 385 included ions at m/z 290, 246, and 201 (Table 1). The ESI
mass spectrum showed one prominent ion, the protonated
molecule, at m/z 386. Because mass spectra vary somewhat
depending upon conditions, none of these exactly match the
previously published spectra for sarafloxacin [16]. The 'H NMR
spectral data for sarafloxacin are shown in Table 1.

Metabolite I eluted from the HPLC column at 21.6 min, with a
yield of 15% of the total A4,g9, and had a UV spectrum with
Amax=284, 320 and 344 nm. The DEP/EI mass spectrum had
significant, but low-intensity, ions at m/z 401 [M]"" and 357
[M—CO,]"". The ESI mass spectrum showed a single prominent
ion at m/z 402, corresponding to the protonated molecule. The
product-ion spectrum from the protonated molecule, obtained by
ESI/MS/MS, included an ion corresponding to water loss (m/z
384) and an ion at m/z 299 that was also observed in the product-
ion spectrum from the protonated molecule of sarafloxacin. The
DEP/PICI, DEP/NICI, and NICI/MS/MS spectra for metabolite I,
shown in Table 1, are consistent with a compound with a molecular
weight of 401.

The five resonances in the 6.0 to 9.0 ppm region of the '"H NMR
spectrum of metabolite I showed the same coupling patterns as
those of sarafloxacin (Table 1), indicating that the aromatic ring
system was unchanged. A methyl group was evidenced by a sharp
singlet at 1.88 ppm that integrated as three in the upfield region of

2
‘S
‘
o c -
2 £ -
~ B o =
< é 3
@ s
2 ©
i : T
T ¥ L] T L
0 s 10 15 20 25 30

Elution time (min)

Figure 2 HPLC chromatogram, obtained at 280 nm, for the
metabolites produced from sarafloxacin by M. ramannianus.
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Figure 3 Structures of the two metabolites formed by M. ramannianus
from sarafloxacin.

the spectrum (1.8 to 3.9 ppm). Two triplet resonances, represent-
ing protons associated with the piperazine moiety, were observed at
3.10 and 3.28 ppm. They were shifted upfield from the piperazine
resonances of sarafloxacin and each one integrated as two,
indicating that the piperazine ring had been degraded to an
ethylidene - type structure. Upon irradiation of the resonance at 3.10
ppm, an NOE was detected at 6.09 ppm (HS8), showing that the
resonance at 3.10 ppm was the ethylidene « resonance. These 'H
NMR results are consistent with the assignment of metabolite I as
6 -{[2- (acetylamino) ethyl] amino} -5-fluoro-1- (4 - fluorophe-
nyl)-4-oxo0-1,4-dihydroquinoline - 3 - carboxylic acid ( =desethy-
lene - N-acetylsarafloxacin, Figure 3).

Metabolite II eluted from the HPLC column at 23.1 min, with
a yield of 26% of the total 4,59, and had a UV spectrum with
Amax=286, 321 and 330 nm. The DEP/EI mass spectrum had
significant ions at m/z 427 [M]", 407 [M-HF]", and 383
[M-CO,]"". The ESI mass spectrum showed the expected
protonated molecule at m/z 428 and a single product ion,
corresponding to water loss (m/z 410). Neither the ion at m/z
299 nor any other ion was above 5% relative abundance. The
DEP/NICI, DEP/PICI and NICI/MS/MS mass spectra for
metabolite II, shown in Table 1, are consistent with a compound
with a molecular weight of 427.
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The chemical shifts of the aromatic proton resonances in the 'H
NMR spectrum of metabolite II (Table 1) were all within 0.05 ppm
of those of sarafloxacin. The chemical shifts and the multiplicities
of the piperazine resonances were different, with two groups of two
triplets. The resonances of the piperazine v protons were shifted
upfield from those of sarafloxacin and those of the piperazine /3
protons were shifted downfield. The spectrum showed a sharp
singlet, a methyl resonance that integrated as three and was shifted
downfield from that of metabolite I. Irradiation of the methyl
resonance produced an NOE to the group of triplets at 3.66 and 3.69
ppm, representing the piperazine (3 protons. When the HS
resonance at 6.47 ppm was irradiated, NOEs were detected to the
resonances at 7.64 ppm and the group oftriplets at 3.10 and 3.15 ppm,
showing that these were the fluorophenyl o and piperazine a
resonances, respectively. The 'H NMR results are consistent with the
assignment of metabolite II as 7- (4 -acetylpiperazinyl) - 6 - fluoro-
1- (4-fluorophenyl) -4 -o0xo0- 1,4 -dihydroquinoline- 3 - carboxylic
acid (N-acetylsarafloxacin, Figure 3).

Discussion

N-Acetylation of the piperazine ring is a common reaction in the
biotransformation of fluoroquinolones, as in the metabolism of
sarafloxacin by mice and rabbits [2] and that of norfloxacin by
humans [15]. It also occurs in the metabolism of enrofloxacin and
ciprofloxacin by M. ramannianus [12,13]. In cultures of M.
ramannianus with sarafloxacin, we found not only N-acetylsara-
floxacin but also a previously undescribed metabolite produced by
removing two carbons from the piperazine ring of N-acetylsara-
floxacin. This step probably occurred rapidly after the acetylation
step, because we did not find a desethylene—sarafloxacin
metabolite without the acetyl group. In enrofloxacin, G. striatum
and M. ramannianus remove an ethylene group to open the N-
ethylpiperazine ring without forming an acetyl group [13,18].
During the metabolism of norfloxacin in humans, N-acetylation
and breakdown of the piperazine ring may occur either singly or
together [15].

N-Acetylsarafloxacin and three other potential metabolites are
less active than sarafloxacin against several bacteria [2]. The
transformation of sarafloxacin by M. ramannianus, which included
N-acetylation and then the removal of two carbons from the
piperazine ring, demonstrates the potential for environmental
biotransformation of sarafloxacin by saprobic soil fungi.
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