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Populärvetenskäplig sämmänfättning
Vid dopingkontroller kan det vara fördelaktigt att mäta halten av nedbrytningsprodukter
(metaboliter) istället för den ursprungliga otillåtna substansen, bland annat då de flesta
substanser bryts ner till metaboliter i kroppen och sen även utsöndras i denna form. Fler
fördelar är att det går att styrka att substansen har passerat genom ett metabolt system (en
kropp), det är även svårare att kontaminera proverna samt att detektionsperioden oftast
förlängs. Men för att kunna bestämma förekomsten av en förening i ett biologiskt prov med
säkerhet krävs referensmaterial. Vissa metaboliter har en komplicerad struktur och är därför
svåra att syntetisera, vilket gör tillgången på marknaden väldigt begränsad. Det har visats i
tidigare studier att svampen Cunninghamella elegans (C. elegans) kan användas för
produktionen av metaboliter, då de har en nedbrytningsprocess som liknar den hos däggdjur.
Det finns även en studie från 2013 där metaboliter från den anabola steroiden oxandrolone
producerats av C. elegans och tillämpats som referensmaterial.
Syftet med detta projekt var att undersöka om nedbrytningsprocessen hos C.
elegans är generell, med avseende på en specifik metabolit, nämligen glukosider. Glukosider
bildas genom att molekylen konjugeras med en glukosmolekyl, i avseende att göra den mer
vattenlöslig, så att den lättare utsöndras ur kroppen. Analyserna utfördes på en UPLC Q-TOF
MS, som är en vätskekromatograf kopplat till en masspektrometer. I den första delen (UPLC)
sker en separation, där modersubstansen separeras från eventuella metaboliter. Med hjälp av
Q-TOF-instrumentet mäts molekylernas exakta massa, vilket gör att deras atomära
sammansättning kan bestämmas och en identifiering kan genomföras.
Under projektet undersöktes 14 olika substanser från olika läkemedelsklasser
med olika strukturer. Gemensamt för dessa var att alla var kända att metaboliseras i hög grad i
däggdjur samt att de flesta även hade en hyroxylgrupp, där en glukosidering kunde ske direkt.
Substanserna inkuberades med svampen i 5-7 dagar, varpå koncentrationen av eventuella
glukosider ökades genom en provupparbetning. Resultatet av analysernas visade att svampen
kunde omvandla diklofenak, buprenorfin, norbuprenorfin och oxazepam till glukosider. Detta
visar att svampen klarar av att bryta ner föreningar med väldigt olika strukturer till glukosider.
Anledningen till att glukosider inte kunde detekteras för det övriga substanserna kan bero på
att förhållandena vid inkubationen med svampen (tid, temperatur, typ av svamp) inte var
optimala. Andra typer av metaboliter detekterades för diklofenak, buprenorfin och
dexamtason.
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1. Introduction
The identification and monitoring of drug metabolites is of great importance since they can
have pharmacological or toxicological effects, which could constitute a risk to the patients [1].
Detection of metabolites can also be used to establish intake of certain substances, for
instance, in doping control or suspected intoxications. One advantage of analyzing the
metabolites, instead of the parent substance, is a prolonged detection period, since it often
takes longer time for the metabolites to leave the body, than for the parent substance to be
eliminated. By measuring the metabolites in doping control, it is possible to preclude
contamination of the sample as the finding of metabolite(s) proves that the substance has
passed through metabolic system (a body).
In order to determine the presence of a compound in a biological sample with
certainty, reference material is required [2]. However, the availability of drug metabolites as
reference material is limited. This especially applies to phase II metabolites, since the
synthesis of these kinds of structures are difficult using classic organic synthesis. Metabolites
can instead be produced by the use of liver microsomes, which has the ability to form
complex structures using various enzyme systems [3][4]. However, these types of methods
are less suited for large scale production since they often produce small amounts of
metabolites and are costly. Therefore, an alternative to commercially available metabolites
and classic organic synthesis is the use of fungi for the production of metabolites. In recent
time, it has been shown that Cunninghamella elegans (C. elegans) can be used to simulate the
mammalian metabolism of SARMs (selective androgen receptor modulators) [2] and several
other xenobiotics [5]–[17]. The use of Cunnighamella species, as a model of the mammalian
metabolism, is dated back to the mid 70’s [18][19]. C. elegans has the ability to transform
many compounds to the corresponding phase I metabolites found in mammals. For instance,
four phase I metabolites, known to be found in horses, of the non-steroidal anti-inflammatory
drug (NSAID) meloxicam have been synthesized by the fungus and where three of them were
isolated and characterized by the use of liquid chromatography hyphenated to a mass
spectrometer (LC-MS) [12]. Another example is omeprazol, which is used in veterinary
medicine and thereby regulated in equine sports [9]. The biotransformation of the drug by C.
elegans has resulted in the formation of hydroxylated metabolites in the quantities and purities
acquired for the use as analytical reference material. Three of the obtained metabolites, known
to bee found in horses, were isolated as amorphous colourless solids with a relative
chromatographic yield of 9-34%. These metabolites were chosen for full characterization by
the use of LC-MS, LC-MS/MS and NMR. Recently, metabolites of the anabolic steroid
oxandrolone has been produced by the fungus and applied as reference standard for the
detection of two isomeric oxandrolone metabolites in an oxandrolone administration study
[17]. The result of the study showed a prolonged detection period of the fungus-produced
metabolites compared to the previously targeted metabolites of oxandrolone.
Certain biotransformation processes of the fungus differ from the formation of
phase II metabolites in mammals [1]. For instance, it is known to conjugate drugs with
glucose, forming glucosides, instead, as for mammals, forming glucuronides by conjugation
with glucuronic acid. This biotransformation pathway has only been studied for a few drugs,
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such as β-lapachone [8], quercetin [16], curcumin [15] and SARMs [1][2]. Rydevik et al.
(2013) has recently shown that glucosides produced by C. elegans can be converted into
glucuronides by oxidation with tetramethylpiperidinyl-1-oxy (TEMPO). Therefore, even
though the fungus biotransform the drugs into glucosides, it is possible to convert them to
glucuronides by oxidation.
In previous studies of glucosides produced by C. elegans, the extracts from the
mycelium has been examined by direct injection [2] or after pretreatment of the sample, either
by solid phase extraction (SPE) [1][8] or liquid-liquid extraction (LLE) [8][15][16]. The LLEs
were performed with ethyl acetate [8][16] or ethyl acetate in combination with methanol
(MeOH) [15]. Paludo et al. (2013) performed a combined sample preparation, first with LLE
and afterwards with SPE. However, a low yield was obtained (below 3 %). The reason for this
may be that the glucosides, which are hydrophilic, accumulate inside the fungus or that the
extraction methods are not sufficiently adapted to their hydrophilicity.
Today, the strongest structure identification tools for drugs and metabolites are
nuclear magnetic resonance (NMR) and mass spectrometry (MS) [20][21]. Generally, oneand two dimensional NMR techniques can identify the structure of most unknown molecules;
however, the limited sensitivity makes it less suitable for the identification of metabolites due
to the often low concentrations. Mass spectrometry, on the other hand, has a limited ability to
provide structural information and is less suited for absolute structural determination, but it
has a higher sensitivity than NMR. Nonetheless, since supplementary information, such as
structure of the parent compound and metabolic pathway, often is accessible, MS is to prefer
for structural elucidation of metabolites. High-resolution techniques (HR-MS), for instance a
quadrupole time-of-flight (Q-TOF) instrument, provide the accurate mass, which can give the
elemental composition of a molecule. The accurate mass is defined as the mass of an ion
obtained from experimental measurements, with a number of decimals of three to four [22].
Other advantages with HR-MS are the enhanced full scan sensitivity, the scan speed and the
improved resolution compared to low-resolution MS. This makes these types of instruments
powerful for the identification of the structure of unknown metabolites.
The aim of this project was to study whether the metabolic process of C. elegans
is general, with respect to the formation of glucosides since only a few substances have
previously been studied. During the project, the biotransformation of different classes of
drugs, such as NSAIDs, amines, steroids and carboxylic acids, were examined. Further, it was
also investigated whether the formed glucosides could be converted into glucuronides by the
use of the oxidation reagent TEMPO. The analyses were performed on a UPLC hyphenated to
a high-resolution mass spectrometer (Q-TOF MS). The high resolution MS provides the
accurate mass of the biotransformation products, which facilitates their identification.
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2. Experimentäl
2.1 Chemicals
Formic acid, sodium hydroxide (NaOH), sodium bicarbonate (NaHCO3) and sodium
carbonate (Na2CO3) was bought from Merck (Darmstadt, Germany) while the acetonitrile
(ACN), methanol (MeOH) and ethanol (EtOH) was of HPLC grade and obtained from Fisher
Scientific (Loughbrough, Leicester, UK). Tetramethylpiperidinyl-1-oxy (TEMPO) reagent,
oxazepam, sodium bromide (NaBr), sodium hypochlorite solution (NaOCl, 10-15 % available
chlorine) and Sabouraud dextrose broth was from Sigma-Aldrich (St. Louis, MO, USA). The
substance 4´-hydroxyprpranolol was from Toronto Research Center Inc. (Toronto, Canada).
Buprenorphine, norbuprenorphine, diclofenac sodium, morphine hydrochloride,
ketobemidone hydrochloride, stanozolol, propranolol, terbutaline sulfate, meloxicam,
dexamethasone, clenbuterol, 3´-hydroxybupivacaine was from in-house storage at National
Veterinary Institute (SVA). Sabouraud dextrose agar plates, sodium chloride solution (0.860.90 % in MQ water) and hydrochloric acid-phosphate buffer (pH = 2, 0.1 M) were prepared
in-house at SVA. All chemicals were of analytical quality or higher.

2.2 Materials
The centrifuge and the ultrasonic bath used were a Biofuge 15 from Heraeus Sepatech
(Hanau, Germany) and an Ultrasonic Cleaner from VWR (Leighton Buzzard, UK),
respectively. The ultra pure water (MQ water) came from a Millipak Express 40 Filter Unit
(Billerica, MA, USA). The heating block used for the evaporations was a Grant BT3 Dry
Block Heater from Grant Instruments Ltd (Shepreth, Cambridge, UK). The incubator was a
MIR-253 from SANYO (Wood Dale, IL, USA).

2.3 Analysis
The analyses were performed on an Acquity UPLC hyphenated to a Xevo G2-S Q-TOF with
electro spray ionization (ESI) from Waters Corporation (Milford, MA, USA). The data was
collected and analyzed by the use of UNIFI software (version 1.6), also from Waters
Corporation. The analytes were separated at 65C by an Acquity UPLC®BEH C18 1.7 μm
column (2.1 x 100 mm) at a flow rate of 0.5 mL/min. The mobile phase consisted of 0.1 %
formic acid in MQ water (A) and MeOH (B). Two different gradient were to be used, gradient
1: 0-1.0 min 5 % B, 1.0-6.0 min linearly 5-95 % B, 6-8 min 95 % B, 8.0-8.1 min 95-5 % B,
8.1-10.0 min 5 % B and gradient 2: 0-1.0 min 5 % B, 1.0-8.0 min linearly 5-50 % B, 8.0-8.1
min 50-95 % B, 8.1-10 min 95 % B, 10.0-10.1 95-5 % B, 10.1-12.0 min 5 % B. Gradient 1
was used for the fungal incubates of all substances besides norbuprenorphine, where gradient
2 was used instead. In MSE and MSMS, negative ESI was used for diclofenac and for the rest
positive ESI was applied. The system was run in resolution mode with a scan range of m/z 501200, a cone voltage of 40 V and a scan time of 0.1 s for MSE and 0.15 s for MSMS. For
negative MSE and negative MSMS, the source temperature was set to 120C, the desolvation
temperature was 550C, the desolvation gas flow was 800 L/h and the cone gas flow was 100
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L/h. For positive MSE the source temperature, the desolvation temperature, the desolvation
gas flow, the cone gas flow and the capillary voltage set to 120C, 500C, 800 L/h, 100 L/h
and 0.7 kV, respectively. The source temperature, the desolvation temperature, the
desolvation gas flow and the cone gas flow was set to 100C, 250C, 600 L/h and 0 L/h,
respectively, for positive MSMS. The system was run with a capillary voltage of 2.5, 3.0, 3.0
and 0.7 kV for negative MSE, negative MSMS, positive MSE and positive MSMS,
respectively. Run in MSE mode, the collision energy was set to 4.0 eV for the low energy
trace and 20-40 eV for the high energy trace. Individual settings were applied for each
compound for the collision energy when run in MSMS mode. The calibration of the system
was performed using sodium hydroxide (0.5 mM in 2-proranolol:water). Automatic lock-mass
correction was applied using a solution consisting of leucine - enkephalin (2 ng/μL) in
ACN:MQ water (50:50; v/v) and 0.1 % formic acid at a flow rate of 5 μL/min. Before and
after each set of runs, a standard solution consisting of diclofenac, mefenamic acid and
paracetamol was run to control the maintenance of the mass accuracy throughout the set of
runs. The settings of the instrument, run in MSE mode, and gradient 1 originates from
Rydevik et al. (2013).

2.4 Procedure
The project was divided into two parts; screening for glucosides and full scale experiments
with sample preparation and oxidation reactions with TEMPO.
To confirm the findings of metabolites, the first step was to run the samples in
E
MS mode, resulting in the collection of data from all ions formed. For each metabolite, the
chromatogram for the accurate mass was displayed and it was investigated whether there were
any peaks that were not present in the blank samples. If so, it was examined if the molecular
ion and fragments could be found in the spectrum. The chromatograms of the accurate mass
of the fragments were also displayed to verify the consistent of the retention times with the
molecular ions retention time. Further, to prove the existence of the metabolites, the samples
were run in MSMS mode. When run in MSMS mode, only the chosen ion will pass through
the quadropole, which will confirm that the ion found in MSE is not a fragment of another ion
but originates from a molecule in the sample. The obtained chromatogram and spectrum are
only going to contain fragments that derive from the chosen ion. The retention time for a
specific compound will coincide in MSE and MSMS, since the same chromatographic system
is used. However, if the collision energy is set too high, it will break the compound
completely into fragments making the molecular ion undetectable. The sample preparation
was conducted primarily to increase the concentration of glucosides, given that the low
concentration could be the reason why some of the compounds were not detectable. Another
reason was to reduce the risk of ion suppression, since the samples contained remains from
the fungus that could be ionized. The criteria a detected compound had to fulfill in order to be
identified as a metabolite was: 1) the peak detected was not found in the blank samples (se
section 2.4.1 for descriptions of the blank samples), 2) the accurate mass of the
protonated/deprotonated molecule (or adduct) was present in low energy MSE, with a
accuracy of ± 1.0 mTh, 3) fragments were found and identified either in high energy MSE or
MSMS (preferably both), with a mass accuracy of ± 1.0 mTh.
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2.4.1 Fungal cultivation
The fungus used during the project was Cunninghamella elegans (ATCC 9245) bought from
LGC standards (Teddington, Middlesex, UK). First, the fungus was cultivated on Sabouraud
dextrose agar plates in an incubator at 26.5C. After five days, the cultures were transferred to
jars containing 75 mL of sodium chloride solution (0.86-0.90 % in MQ water). The fungal
cell suspensions were stored in the refrigerator (4C).
For the screening, 6 mL of Sabouraud dextrose broth was poured into 25 mL
beaker along with 1 mL of fungal cell suspension. The E-flasks were covered with aluminum
foil with an air gap and put into an incubator, with a temperature of 26.5C. After three days
0.2 mg of drug dissolved in 20 μL methanol (MeOH) was added to the flasks. To maintain the
same volume of broth, new broth was added when needed. The incubation lasted between five
to seven days, before the cultivation was terminated by the addition of 5 mL ACN. The full
scale experiments were carried out in the same way as for the screening, but instead 30 mL of
broth, 5 mL of fungal cell suspension, 1.0 mg of drug in 100 μL of MeOH and 25 mL of ACN
were used.
For each substance, two cultures were incubated with the drug and also one
blank sample, containing only broth and drug, were prepared. To examine the contribution
from the fungus, one blank sample containing only broth and fungus was prepared as well.
2.4.2 Preparation of samples before direct injection
To remove the ACN, the samples were evaporated at 60C under a stream of nitrogen gas to
half of the initial volume. The removal significantly improved the top symmetry. The samples
were centrifuged at 11,500 rpm (12,000 g) for 10 min, resulting in an accumulation of the
remains from the fungus by sedimentation. The supernatant was collected and analyzed by
direct injection or further processed.
2.4.3 Solid phase extraction (SPE)
The solid phase extraction (SPE) was performed on C18 Bond Elut SPE-columns (500 mg)
form Varian (Palo Alto, CA, USA). A volume of 20 mL of the fungal incubate was
transferred to a test tube and evaporated to remove the ACN, at 60C under a stream of
nitrogen gas to a volume of approximately 10 mL. Buffer was added until a satisfying pH
value had been attained (basic conditions pH9.26, acidic conditions pH2.10). The column
was conditioned with 2 mL of MeOH and equilibrated with 4 mL of buffer. The sample was
added and washed with 4 mL of buffer. The elution was performed with 4 mL of ACN. To
remove the ACN, the sample was evaporated to dryness at 60C under a stream of nitrogen
gas. The remains were redissolved in 0.5 mL of MQ water and vortexed. The solution was
transferred to vials and analyzed. Diclofenac and meloxicam were subjected to an acidic
sample preparation (HCl-phosphate buffer pH=2.10), while 3’-hydroxybupivacaine, 4’hydroxypropranolol, clenbuterol, dexamethasone, ketobemidone, norbuprenorphine,
oxazepam and terbutaline were subjected to an alkaline sample preparation (sodium carbonate
buffer pH=9.26).
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2.4.4 TEMPO reaction
A volume of 3 mL of the fungal incubate was put into a test tube and evaporated to a volume
of 1 mL at 53C under a stream of nitrogen gas. The pH was adjusted to a pH value of 10.511 or 12-12.5 (different for different experiments, see Table 1) by the addition of a few drops
of NaOH solution (2 M). The solution was transferred to a micro tube containing NaBr and
vortexed for a couple of seconds. The content of the micro tube was transferred to a test tube
containing TEMPO reagent. A volume of 2 mL of NaOCl solution was added and the sample
was vortexed. After a predetermined time, the reactions were terminated by the addition of 3
mL of EtOH (95 %). The reaction was performed under various conditions and amounts of
NaBr and TEMPO reagent, the composition of the NaOCl solution, the reaction time and the
pH value used are shown in Table 1. To remove the EtOH, the sample was evaporated at
53C for 1 h under a stream of nitrogen gas. A volume of 1 mL of the sample was transferred
to a micro tube and centrifuged at 11,500 rpm (12,000 g) for 10 min. The supernatant was
analyzed.
Table 1: The values of the parameters of the TEMPO reaction.

Reaction
number
1*
2
3
4
5
6
7

Amount of
NaBr (mg)
3.0
0.3
3.0
3.0
0.3
3.0
3.0

Amount of
TEMPO (mg)
1.0
1.0
0.1
1.0
0.1
1.0
1.0

NaOCl
solution
2 mL of A
2 mL of A
2 mL of A
2 mL of B
2 mL of B
2 mL of A
2 mL of A

Reaction time
(min)
10
10
10
10
10
1
10

pH
12-12.5
12-12.5
12-12.5
12-12.5
12-12.5
12-12.5
10.5-11

A = 3 mL NaOCl solution (10-15 %) + 17 mL MQ, B = 1 mL NaOCl solution (10-15 %) + 99 mL MQ.
*The original reaction from Rydevik et al [1].

2.4.5 Stability test of diclofenac under alkaline conditions
A volume of 3 mL of the fungal incubate was transferred to a test tube. Two replicates were
prepared. The samples were evaporated to a volume of approximately 1 mL at 60C under a
stream of nitrogen gas. The pH value was changed in one of the samples to 12-12.5 by the
addition of 2 drops of NaOH (2 M) and the confirmation of the pH value were performed with
indicator paper. To adjust for the dilution differences, 2 drops of MQ water was added to the
second sample and the pH value was measured to 4.72. The samples were left in room
temperature for one hour. The content of the test tubes were transferred to separate micro
tubes and centrifuged at 11,500 rpm (12,000 g) for 10 min. The supernatant were collected
and stored in a freezer overnight before the analyses were performed.
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3. Results änd discussion
The substances selected for the project are known to be extensively metabolized in mammals
and most of them have a hydroxyl group enabling a direct glucuronidation. The substances
selected
for
the
screening
part
of
the
project
were
diclofenac,
buprenorphine/norbuprenorphine, stanozolol, ketobemidone, morphine, propranolol/4´-OHpropranolol, 3’-OH-bupivacaine, oxazepam, dexamethasone, meloxicam, clenbuterol and
terbutaline. As previously mentioned, C. elegans doesn’t primarily form glucuronides [2][23],
as mammals do by conjugation with glucuronic acid, but is instead, by the conjugation with
glucose, forming glucosides.

3.1 Diclofenac
Diclofenac undergoes extensive phase I and phase II metabolism in some mammals [24][25].
Besides a large number of phase I metabolites, three types of phase II metabolic products has
been found in different species (man, baboon, dog, rat and mouse), i.e. glucuronides, taurine
(dog and mouse) conjugates and sulfate conjugates [25][26]. The major metabolites are
formed by hydroxylation and conjugation reactions, which can occur at different sites of the
molecule. Two types of conjugates can be formed, given the molecular structure of
diclofenac. The conjugation can occur directly, resulting in an acyl glucuronide for mammals
and an acyl glucoside for the fungus, or after the molecule has undergone a hydroxylation,
resulting in an ether glucuronide or ether glucoside, respectively. At the latter, the conjugation
can occur at two different places of the molecule, either at the carboxylic acid group or at the
new hydroxyl group. It is also possible for the conjugation to occur at the secondary amine
[22]. However, it is less likely than the other positions, due to steric hindrance.

Figure 1: The structures of a) diclofenac and the observed metabolites; b) D1, c) D2, d) D3 and e) D4. The
hydroxylation and sulfation can occur on either of the two aromatic rings.

In the screening part of the project, samples were run in both positive and
negative ionization mode. It was shown that diclofenac ionizes better in negative mode, which
was used throughout the rest of the analyses. Four metabolites were detected using the MSE
mode in the fungal incubates, both with and without pretreatment with SPE. Beside two
glucosides, formed by direct glucosidation (D4) and glucosidation after hydroxylation (D1),
two other metabolic products were found; a hydroxylated metabolite (D3) and a hydroxylated
metabolite conjugated with sulfate (D2). The metabolites are numbered after the retention
order. The structures of the metabolites are illustrated in Figure 1. All compounds found were
separated from each other chromatographically with the use of gradient 1. Generally, the
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Table 2: The fragments observed in MSE for diclofenac and its metabolites. D1 = glucosidation and hydroxylation of
diclofenac, D2 = diclofenac conjugated with sulfate, D3 = hydroxylation of diclofenac and D4 = glucosidation of
diclofenac. Glu = glucoside.

Compound

Diclofenac

Retention
time,
min
5.39

D1

4.25

D2

4.49

D3

4.75

D4

4.87

Observed
fragments,
m/z
340.0142*
294.0095
275.9989
250.0199
214.0428
178.0664
518.0628*
472.0577
310.0047
266.0143
258.0319
230.0375
194.0609
389.9611
310.0034
266.0144
230.0377
194.0611
356.0096*
310.0047
266.0145
230.0379
194.0613
502.0682*
456.0619**
275.9990
250.0198
212.0274
200. 0273
179.0557

Type of ion

[M+COOH][M-H][M-H-H2O][M-H-CO2][M-H- CO2-HCl][M-H- CO2-2xHCl][M+COOH][M-H][M-H-Glu][M-H-Glu- CO2][M-H-Glu-HCl]
[M-H-Glu- CO2-HCl][M-H-Glu- CO2-2xHCl][M-H][M-H-SO3][M-H- CO2][M-H- CO2-HCl][M-H- CO2-2xHCl][M+COOH][M-H][M-H- CO2][M-H- CO2-HCl][M-H- CO2-2xHCl][M+COOH][M-H][M-H-Glu-H2O][M-H-Glu-COO][M-H-Glu-HCOOH-HCl]-

Mass
error,
mTh
-0.2
+0.6
+0.1
+0.4
+0.1
+0.7
+0.6
+1.0
+0.9
+0.4
-0.8
+0.3
+0.3
+0.5
-0.4
+0.5
+0.5
+0.5
+0.4
+0.9
+0.6
+0.7
+0.7
+1.0
+0.2
+0.2
+0.3
+0.2
+0.1
-0.3

Mass
accuracy,
ppm
-0.59
2.04
0.36
1.60
0.47
3.93
1.16
2.11
2.90
1.50
-3.10
1.30
1.55
1.28
-1.29
1.88
2.17
2.58
1.12
2.90
2.26
3.04
3.61
1.99
0.44
0.73
1.20
0.94
0.50
-1.68

*Formic acid adduct, only observed in low energy spectrum, **Only observed in low energy spectrum

response was higher for the metabolites and the parent substance after the SPE. The sample
preparation could theoretically enrich the samples up to 20 times. For D1, the response
increased by approximately 10 times with a yield of 42%. However, for D4, the response
increased only about 5 times, resulting in a yield of approximately 24 %. Since there were no
reference standards available for the glucosides, the concentrations, both before and after the
SPE, were unknown. Further, the yields do not take any matrix effects into account and are
only based on the signal response ratios. To increase the yield of the SPE, the sample
preparation has to be optimized with respect to each metabolite separately. If the relationship
between the concentration and the response was proportional to each other with the same
proportionality factor, the major metabolite formed by C. elegans was D2, since it gave the
highest response before the sample preparation. The second most intense metabolite was D3,
followed by D1 and then D4. The occurrence of the observed metabolites in the project is
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consistent with findings in previous in vivo studies made on man [26][27], rats [26], dogs,
baboons and mice [25]. However, the ratio between the metabolites differs between the
fungus and the mammals, and also between the different species of mammals. For instance, in
man the hydroxylation followed by a glucuronidation is the predominant metabolic pathway
[27], while in the mouse the most common metabolite is a conjugation of the parent substance
with taurine and second most common is a hydroxylated metabolite followed by conjugation
to taurine, glucuronic acid or glucose [25].
The fragmentation pattern of diclofenac was consistent with that of previous
studies [28]. The characteristic isotope pattern of chlorine was common for all the fragments
containing chlorine. The observed fragments in MSE are presented in Table 2. Some of the
fragments are similar for diclofenac and D4, which is expected since the only structural
difference is a substituted glucose molecule. A fragment was discovered for diclofenac at m/z
214.0428 (mass error +0.1mTh), which represent the loss of the carboxylic acid group as a
carbon dioxide and the chlorine as a hydrochloride (HCl) from the deprotonated molecule.
For D4, a similar fragment was detected at 212.0274 (mass error 0.2 mTh), which also
represented the loss of HCl, but instead of losing the carboxylic acid group as a carbon
dioxide, it lost a formic acid molecule. In the spectrum of D4, a peak was discovered at m/z
502.0682, which is 46.0063 (mass error +0.8 mTh) m/z units from the deprotonated molecule.
The peak belonged to an adduct formed with formic acid, which is a component in the mobile
phase. By monitoring the adduct instead, a chromatogram with a higher signal-to-noise ratio
and a higher response, was obtained. Similarly, the formic acid adduct was also discovered for
the parent substance, D1 and D3, but the signals were not as intense as for D4.

Figure 2: The MSE spectra for D1, a) low energy spectrum (4 eV) and b) high energy spectrum (20-40 eV). The
protonated molecule and the known fragments are marked with yellow.

Several fragments were common for D1, D2 and D3, all with a nominal shift of
+16 (+O) compared to the fragments of the parent substance. The fragmentation pattern was
consistent with that of previous studies of diclofenac and hydroxylated diclofenac [28]. For
D1, the loss of first only the glucose molecule and then an additional carbon dioxide molecule
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resulted in fragments at m/z 310.0047 (mass error +0.9 mTh) and 266.0143 (mass error +0.4
mTh), respectively. Two fragments at m/z 230.0375 (mass error +0.3 mTh) and 194.0609
(mass error +0.3 mTh) were also detected for D1 and indicated an additional loss of first one
and then the other chloride molecule, as hydrochlorides, from the fragment at m/z 266.0143.
No fragment has been found indicating the position of the hydroxyl group. A fragment at m/z
258.0319 (mass error -0.8 mTh) was also discovered and represents the loss of only one HCl.
The low and high energy spectra for D1 are presented in Figure 2. To assure that all the found
fragments certainly belong to their respective metabolite, the accurate mass of each fragment
was extracted from the chromatogram. The retention times of the fragments were consistent
with each deprotonated molecule (diclofenac, D1-4). In Figure 3, some of the extracted
chromatograms of the theoretical accurate masses of the fragments of D1 are shown. Since
D1, D2 and D3 have a few common fragments; there are also peaks at 4.49 and 4.75 min,
belonging to D2 and D3, respectively.

Figure 3: The extracted high energy MSE (4 eV, 9.5 ppm) chromatograms of the accurate mass of some of the
fragments belonging to D1 at 4.25 min; a) a summary of diclofenac and all the fragments (D1-D4), b) [M-H] m/z
472.0567, c) [M-Glu-H] m/z 310.0038, d) [M-Glu-COOH] m/z 266.0139, e) m/z 258.0319 [M-Glu-HCl], f) m/z 230.0372
[M-Glu-HCOO-HCl]. Glu = glucose molecule.

To further prove the presence of the glucosides and the other metabolites,
MSMS was also run. For all metabolites beside D4, the deprotonated molecule was chosen as
the precursor ion. For D4, the formic acid adduct was chosen, since it gave the highest peak
intensity in the MSE spectra. All metabolites and the parent compound were detected. The
collision energy had to be adjusted for each compound, to obtain a spectrum with extensive
fragmentation, but where the precursor ion still was detectable. The observed m/z values of
the fragments of each metabolite agreed with previous results obtained from the MSE runs.
The isolation width of the quadrupole included the isotope pattern of chlorine, which also
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resulted in a wide range of ions passing through the quadrupole. One of the advantages of
seeing the isotope pattern is that it makes it easier to identify the fragments containing
chlorine and thereby originating from diclofenac or any of its metabolites. However, the
sensitivity could be increased afterwards by extracting the accurate mass from the total ion
current (TIC) chromatograms. To fully identify the structure of the metabolites, either
reference material is required or a complement of another analytical method, for instance
nuclear magnetic resonance (NMR).
The TEMPO reaction was run according to the previous study by Rydevik et al
[1]. After the reaction, the signal for the glucosides had disappeared. However, no
glucuronides could be detected. The reaction seemed to be too vigorous. To identify the
parameters that affected the reaction the most, different parameters were changed. Based on
the results, the aim was to further improve the reaction. Each parameter was changed
according to Table 1 in the experimental section. The parameters changed were the amount of
TEMPO reagent and NaBr, the concentration of NaOCl solution, the reaction time and the pH
value. As expected, the oxidation reagent did not affect the parent substance, D2 and D3,
since they do not contain any oxidizable groups. However, for reaction number 7, which had a
lowered pH value, none of the compounds could be detected. The peaks belonging to the
glucosides, D1 and D4, had disappeared during the reaction for all the different reactions.
Nevertheless, a peak was detected at 3.37 min for the TEMPO reaction number 2-6, which
could not be detected in the blank samples. The accurate mass of the possible oxidation
product of D1 (hydroxylated diclofenac glucuronide) was discovered in the spectra of the
peaks for reaction number 2, 5 and 6. The mass error of the detected accurate mass for the
possible glucuronide was between 0 and 0.6 mTh for the three different reaction types.
However, further identification was not possible to achieve since the glucuronides or possible
fragments were not detectable in MSMS, even though the collision energy was lowered
significantly. This may be due to the too low overall intensity.
Since none of the changes of the composition of the TEMPO reaction affected
the reaction significantly; the stability at pH 12-12.5 had to be evaluated. Two samples were
prepared, in one of them the pH value was measured to 4.72 (no adjustment of the pH) and in
the other; the pH value was adjusted to 12-12.5 by the addition of a few drops of NaOH. The
samples were left in room temperature for one hour to hydrolyze and stored in a freezer over
night before the analysis could be performed. All metabolites (D1-D4) and the parent
substance were detectable in the sample with the pH value of 4.72. In the sample with the pH
value adjusted to 12-12.5, no glucosides were detected. For D4, the result was expected, since
the hypothesis of an acyl glucoside was reinforced by the outcome of the hydrolysis study.
Thus, the conjugation with glucose forms an ester bond, which is known to be easily broken
at high pH values. The result for D1 also indicates an acyl glucoside, which means that the
conjugation has not occurred at the added hydroxyl group. If so, it is possible that the
conjugation takes place before or after the hydroxylation. The other two metabolites (D2 and
D3) and the parent substance were not affected by the alkaline conditions, which were
expected since the compounds do not contain any easily breakable bonds.
In summary, the fungus could produce two acyl glucosides (D1 and D4), one of
which also had been subjected to a hydroxylation at any of the two ring systems. Further, two
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additional metabolites were identified, one of which was hydroxylated and the other which
was both hydroxylated and conjugated with sulfate.

3.2 Buprenorphine/Norbuprenorphine
Experiments were performed on both buprenorphine and norbuprenorphine, see Figure 4.
Norbuprenorphine is a phase I metabolite of buprenorphine, formed by N-dealkylation [29].
In humans, approximately 80-90% of both compounds are directly conjugated with
glucuronic acid and eliminated by the kidneys.

Figure 4: The structure of a) buprenorphine and b) norbuprenorphine (B2).

For the analyses of buprenorphine, positive ionization was used since they are
amines and forms more stable positively charged ions than negatively charged ions. In the
fungal incubates, two metabolic products were discovered, a metabolite formed by direct
glucosidation (B1) and the phase I metabolite norbuprenorphine (B2). The metabolites are
numbered after the retention order. The compounds were separated chromatographically with
gradient 1. The observed fragments in MSMS for the parent substance and B1-2 are presented
in Table 3. The fragmentation patterns were consistent with those of previous studies of
buprenorphine [30]. A number of fragments were common for buprenorphine and
norbuprenorphine (B2), such as fragments at m/z 396.2539, 187.0759 and 101.0966. The
fragment at m/z 187.0759 was also found for B1. A fragment at 468.3123 was discovered in
the spectrum of B1, which represent a loss of 162.0514 Da (mass error +1.4 mTh) from
[M+H]+, thus the conjugated glucose molecule has detached. An additional fragment was
encountered for B1 at 414.2629 (mass error -1.5 mTh), which probably represent the
fragmentation into norbuprenorphine even though it suffers from poor mass accuracy. The
fragment at m/z 187.0734 (mass error -2.5 mTh) for B1 also suffers from poor mass accuracy.
The biotransformation of norbuprenorphine was also studied by incubating the
substance with C. elegans. The samples were analyzed in MSE mode with positive ionization.
No glucosides were discovered in MSE with direct injection of fungal incubates. To increase
the concentration of glucosides, an SPE was carried out at alkaline conditions (pH = 9.26).
The compound contains several protolytic groups, with different pKa values, such as two
hydroxyl groups, one of which is aliphatic and one that is a phenol, and it also contains a
secondary amine. The pKa values estimated for the phenol group and the amine on
buprenorphine are 10 and 8.24, respectively [31]. Norbuprenorphine can be presumed to have
similar values for the phenol and slightly higher pKa value for the amine. In the choice of the
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Table 3: The observed fragments, from the MSMS run, for buprenorphine, B1 and B2. Glu = glucoside.

Compound,
collision energy

Retention time,
min

Buprenorphine,
45 eV

3.86

Buprenorphine
glucoside (B1),
40 eV

3.45

Norbuprenorphine
(B2), 35 eV

3.50

Observed
fragments,
m/z
468.3112
414.2637
396.2530
187.0751
101.0962
630.3637
468.3123
414.2629
187.0734
414.2640
396.2534
187.0752
101.0963

Type of
ion

Mass error,
mTh

Mass accuracy,
ppm

[M+H]+

-0.2
-0.7
-0.9
-0.8
-0.4
-0.5
+0.9
-1.5
-2.5
-0.4
-0.5
-0.7
-0.3

-0.41
-1.69
-2.27
-4.27
-3.96
-0.79
1.92
-3.62
-13.36
-0.97
-1.26
-3.74
-2.97

[M+H]+

[M+H]+

* The fragmentation pattern unknown.

pH of the buffer, the aim was to reach the isoelectric point where the net charge is zero. A pH
value of 9.26 was chosen for the buffer. The sample preparation resulted in the finding of a
metabolite formed by direct glucosidation (N1). However, the retention time of the parent
substance and the metabolite almost coincided, which resulted in an overlapping of the peaks,
as shown in Figure 6. The gradient was modified, by reducing the change rate of the gradient,
until separation of the peaks was achieved. The detail of the modified gradient (gradient 2) is
found in the experimental part of the report in section 2.3 Analysis.

Figure 5: The low energy MSE (4 eV) chromatograms of a) norbuprenorphine and b) norbuprenorphine glucoside
(N1) with gradient 1, c) norbuprenorphine and d) norbuprenorphine glucoside (N1) with gradient 2.
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Theoretically, glucosides are more soluble in water than the parent substance
and should have a shorter retention time on a C18 column run in reversed phase. Remarkably,
N1 elutes after norbuprenorphine, according to Figure 6. The shorter retention time for the
parent substance may be because it was chromatographically overloaded, which also the
shape of the peak indicates. The retention time of norbuprenorphine became 5.67 min and for
N1 5.92 min using gradient 2.
Table 4: The observed fragments in MSMS for norbuprenorphine and N1. The [M+H]+ is not visible for N1 at a
collision energy of 55 eV.

Compound
(collision energy)
Norbuprenorphine
(40 eV)

Retention
time (min)
5.67

Norbuprenorphine
glucoside (N1)
(40 eV)

5.92

Norbuprenorphine
glucoside (N1)
(55 eV)

5.92

Observed
fragments (m/z)
414.2641
396.2534
340.1908
187.0755
101.0965
576.3169
558.3064
540.2956
414.2637
396.2536
187.0750
558.3064
540.2954
414.2637
396.2535
340.1914
187.0753
101.0963

Type of
ion
[M+H]+

[M+H]+

Mass error
(mTh)
-0.3
-0.5
-0.4
-0.4
-0.1
-0.4
-0.2
-0.5
-0.7
-0.3
-0.9
-0.2
-0.7
-0.7
-0.4
+0.2
-0.6
-0.3

Mass accuracy
(ppm)
-0.72
-1.26
-1.18
-2.14
-0.99
-0.69
-0.36
-0.93
-1.69
-0.76
-4.81
-0.36
-1.30
-1.69
-1.01
0.59
-3.21
-2.97

To further prove the existence of N1, the samples were also run in the MSMS
mode. Peaks with the same retention time as in MSE were found for the metabolite and the
parent substance. As for the previous samples, the sensitivity was increased by extracting the
accurate mass from the TIC chromatogram. The observed fragments are presented in Table 4.
The spectrum of the peak of the parent substance contained fragments previously known for
norbuprenorphine [30]. The chromatogram for the accurate mass of N1 contained a lot of
noise, largely due to the majority of the protonated molecule had been fragmented in the
collision cell. The protonated molecule of N1 was detected at m/z 576.3167. A loss of
18.0099 (mass error -0.6mTh) units was clearly visible and indicated a loss of water. Due to
the high intensity of the fragment, a chromatogram was extracted based on its accurate mass.
The chromatogram obtained contained less noise and the peak had higher intensity. A loss of
18.0107 (mass error +0.2 mTh) more units represent the loss of an additional water molecule.
The fragments at m/z 396.2539, 187.0759 and 101.0966 were common for the compounds.
N1 also contained a fragment after the loss of the glucose at m/z 414.2644 and a fragment at
m/z 540.2961, representing the loss of the glucose molecule and two additional water
molecules. Different instrumental set ups for the collision energy were examined for the
MSMS runs, with the aim to obtain as much fragmentation as possible, but still be able to
18 (28)

detect the protonated molecule. A value of 40 eV was selected for norbuprenorphine, as
presented in Figure 7. However, no such value was obtained for N1. At a collision energy of
40 eV, the protonated molecule only lost a water molecule and the fragments at lower m/z had
low intensity, as shown in c) in Figure 7. When the collision energy was increased further to
55 eV, the protonated molecule was completely fragmented, but the fragments had a higher
intensity and a number of additional fragments were detected, as shown in b) in Figure 7.
Instead two collision energies were selected, of which 40 eV resulted in a detectable
deprotonated molecule and 55 eV resulted in extensive fragmentation.
In conclusion, for N1, a fragment was found which represent the loss of the
conjugated glucose molecule (a loss of 162.0528 Da) and also a number of other fragments at
lower m/z were detected, which further proves the identification of the metabolite. Based on
this results obtained from MSE and MSMS, it is possible to conclude that the detected
metabolite, N1, is a glucoside.
The TEMPO reaction was performed on the samples containing
norbuprenorphine as well. The seven different kinds of compositions of the reaction were
carried out. The parent substance was only detectable for reaction number 4-6. For the other
reactions, the signal for norbuprenorphine had disappeared. The glucosides, previously
detected in the samples, were no longer detectable for any of the reactions. Indications of the
presence of a glucuronide were found for reaction number 2 (lower amount of NaBr), where
the protonated molecule of the oxidation product and a few fragments were found.
Unfortunately, they suffered of poor mass accuracy and had a mass error of greater than 1
mTh. A confirmation of the findings was not possible to implement since neither the
protonated molecule nor any of the fragments were detectable in MSMS, even when the
collision energy was lowered.

Figure 6: The MSMS spectra of a) norbuprenorphine run with a collision energy of 40 eV, b) N1 run with a collision
energy of 40 eV and c) N1 run with a collision energy of 55 eV. The protonated molecule and the fragments are
marked with yellow.
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In summary, the fungus was able to produce a glucoside of buprenorphine and
additionally also form the phase 1 metabolite norbuprenorphine. A glucoside was discovered
as well when norbuprenorphine was used as starting material. Both glucosides were formed
by direct glucosidation.

3.3 Dexamethasone
Metabolic studies of dexamethasone has previously been performed for several different
species, such as rat, camel and human [32][33][34]. The major metabolite found in human
liver microsomes was formed by hydroxylation [33]. In a study of the camel metabolism,
glucuronides where found both originating from the parent substance and a hydroxylated
phase I metabolite [32].
The fungal incubates containing dexamethasone were run in
positive mode and gradient 1 was used. No glucosides were detected in MSE with direct
injection of the fungal incubates. However, a phase I metabolite, formed by de-fluorination
(Dx1), could be observed. Dexamethasone does not metabolize into Dx1 in mammals, to the
best of the authors knowledge. Nonetheless, de-fluorination of fluorine bound to aliphatic
compounds can occur during hydroxylation of adjacent parts of the molecule, while
fluorinated aromatic compounds are rarely metabolized [35]. Thus, the fungus might be able
to de-fluorinate other substances and produce this type of metabolites.

Figure 7: The low energy (4 eV) MSE chromatogram of a) dexamethasone and b) the defluorinated metabolite (Dx1).
The peak at 3.43 min in the bottom chromatogram is found in both the blank samples (substance/broth and
fungus/broth).

The concentration of the metabolites in the fungal incubates were increased by
alkaline SPE. Nonetheless, no glucosides were detected. The yield of Dx1 was estimated to
16.2 %. As for previous calculations of the yield, it was only based on the signal response and
no matrix effects were taken into account. The MSE chromatograms of dexamethasone and
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Dx1 are shown in Figure 7 and the observed peaks are presented in Table 5.The spectra of the
peaks found in the chromatograms contained two common fragments at m/z 237.1273 and
153.0909, which are illustrated in Figure 8. In both spectra, a potassium adduct was
discovered at m/z 431.1626 (mass error -1.0 mTh) and 413.1733 (mass error +0.3 mTh) for
dexamethasone and Dx1, respectively. The potassium ion gave a higher signal in the low
energy spectra of Dx1, which also, when the accurate mass of the potassium adduct was
extracted from the TIC, gave a chromatogram with higher signal-to-noise ratio. For the parent
substance an sodium adduct was also discovered at m/z 415.1895 (mass error 0.1 mTh). The
mass error of the fragments was very low for dexamethasone. Unfortunately, some of the
fragments of Dx1 suffer of bad mass accuracy, which unfortunately makes them less reliable.

Figure 8: The structural illustration of the fragments found at m/z a) 153.0909 and b) 237.1273.
Table 5: The observed fragments in MSE for dexamethasone and Dx1

Compound
Dexamethasone

Defluorinated
dexamethasone
(Dx1)

Retention
time, min
4.65

4.38

Observed
fragments, m/z
431.1626
415.1895
393.2076
337.1799
319.1692
237.1273
147.0805
153.0909
413.1733
391.1916
253.1222
237.1268
222.1038
153.0910

Type of
ion
[M+K]+
[M+Na]+
[M+H]+

[M+K]+

Mass error,
mTh
-1.0
-0.1
-0.1
+0.1
0.0
0.0
+0.1
0.0
+0.3
-0.4
-1.2
-0.5
-1.2
+0.1

Mass accuracy,
ppm
-2.32
-0.24
-0.25
0.30
0.00
0.00
0.68
0.00
0.73
-1.02
-4.74
-2.11
-5.40
0.65

The samples were run in MSMS to further prove the existent of Dx1. The
retention time of Dx1 was consistent with the results from the MSE runs. However, even with
high collision energy, only poor fragmentation of the metabolite was obtained, thus, no
fragments could be detected. The potassium adduct had been chosen as the precursor ion,
which could be the reason for the poor fragmentation of the protonated molecule since metal
ions are known to be more difficult to break. In summary, the fungus was not able to form
glucosides of dexamethasone, but instead a previously not described metabolic pathway (to
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the best of the authors knowledge) of the fungus was discovered; a de-fluorination of the
parent substance.

3.4 Oxazepam
Metabolic studies show that there are three main pathways for the metabolism of oxazepam in
rat, mice and human [36][37]; direct conjugation, phenyl ring oxygenation and diazepine ring
contraction. Conjugation with sulfate is most common in rat, while in humans and mice the
formation of glucuronides, by conjugation with glucuronic acid, is occurring to a greater
extent.
In the fungal incubates pretreated with SPE and analyzed in MSE mode, a
glucoside (O1), formed by direct conjugation, was detected at 4.28 min. The yield of the SPE
could not be estimated, since the glucoside was not possible to detect before the sample
preparation. In the low energy spectrum, only the protonated molecule of the metabolite was
discovered. Three fragments, beside the protonated molecule, were found in the high energy
spectrum. Extracted chromatograms of the fragments are shown in Figure 9. The first
fragment at m/z 287.0587, which is the accurate mass of protonated oxazepam, represents a
loss of the glucose molecule from [M+H]+ of the metabolite. Further, a loss of an additional
water molecule gave a fragment at m/z 269.0482. The last fragment detected, m/z 241.0533,
represent the loss of an additional CO molecule after the loss of the water molecule. As seen
in Figure 9, the fragments were also detected for the parent substance at 4.67 min. Besides
these fragments, a dozen additional fragments were found for the parent substance in the high
energy spectrum, some of them previously known for oxazepam [38]. In the low energy
spectrum of oxazepam, only the protonated molecule and two adducts, formed with sodium
and potassium, were observed.

Figure 9: The extracted accurate mass (MSE, high energy, 20-40 eV) of the discovered fragments of oxazepam
glucoside (O1), a) [M+H] m/z 449.1115, b) oxazepam [M-Glu+H] m/z 287.0587, c) [M-Glu-H2O+H] m/z 269.0482 and
d) [M-Glu-H2O-CO+H] m/z 241.0533. Glu = glucose molecule.
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As for previous substances, the existence of O1 was confirmed with MSMS.
The collision energy was set to a ramp of 20-55 eV. The protonated molecule had almost been
fragmented completely and suffered of poor mass accuracy. A loss of a water molecule from
the [M+H]+ was also discovered, but suffered as well of poor mass accuracy. As in the MSE
spectrum, fragments were found at m/z 287.0567 (mass error -1.0 mTh) and 269.0476 (mass
error -0.6 mTh). The main fragment of the glucoside was detected at 241.0532 (mass error 0.1
mTh). The fragmentation at lower m/z was almost nonexistent and no further fragments could
be detected. The fragments consisted with those found for the parent compound. Beside the
protonated molecule of oxazepam and the mentioned fragments a bow, a dozen additional
fragments were detected (the same as in MSE).
In conclusion, a glucoside of oxazepam, produced by the fungus, was
discovered. Several fragments were consistent between the metabolite and oxazepam, which
strengthen the evidence of the transformation product deriving from the parent substance. The
loss of the glucose, found in both MSE and MSMS, strongly indicates that the metabolite is a
glucoside.

3.5 Clenbuterol, 3’-hydroxybupivacaine, ketobemidone, meloxicam,
morphine, propranolol/4’-hydroxypropranolol, stanozolol and terbutaline
3’-hydroxybupivacaine [11], clenbuterol [39][40], ketobemidone [41][42], meloxicam [12],
morphine [43][44], propranolol/4’-hydroxypropranolol [45], stanozolol [46][47] and
terbutaline [48] are all known to form glucuronides in some mammals. However, no
glucosides were found for any of the compounds in the fungal incubates. Clenbuterol,
ketobemidone, meloxicam, terbutaline 4’-hydroxypropranolol and 3’-hydroxybupivacaine
were pretreated by SPE before injection, with the aim to increase the concentration of
glucosides. Even then, no glucosides could be detected. The reason why no glucosides could
be detected for these substances may be due to several causes, such as insufficient SPE, the
incubation with the fungus was not optimal or the use of wrong kind of fungus. Further, it
would be necessary to develop individually optimized sample preparations for each substance,
to first rule out the eventual problem with low concentration.

23 (28)

4. Conclusions
In conclusion, four metabolites of diclofenac, two of which were acyl glucosides, were
successfully produced by C. elegans. The fungus was also able to transform buprenorphine
into a glucoside and the phase I metabolite norbuprenorphine and further when
norbuprenorphine was used as starting material, an additional glucoside were encountered.
Additionally, one glucoside of oxazepam, formed by direct glucosidation, could also be
produced by the fungus. This demonstrates C. elegans ability to transform substances of
different classes (carboxylic acid, opiate and benzodiazepine) with major structural
differences into glucosides. The biotransformation into glucosides by C. elegans of these
classes of drugs has never before been studied. Additionally, it was discovered that the
fungus could transform dexamethasone into a degradation product by de-fluorination, which
is, to the best of the author’s knowledge, not before described as a biotransformation pathway
of C. elegans.
The analytical method could successfully identify the metabolites by the
accurate masses of the compounds and the fragmentation pattern in MSE and MSMS. All
metabolites found for each drug were chromatographically separated from each other and
from the parent substance on a C18 column run in reversed phase. The same gradient
(gradient 1) could be used for diclofenac, buprenorphine, dexamethasone and oxazepam. For
norbuprenorphine, the gradient had to be modified to be able to separate the glucoside from
the parent drug (gradient 2).
Since it was a qualitative evaluation of C. elegans ability to form glucosides, the
aim with the SPE was to increase the concentrations of the glucosides so it exceeded the limit
of detection. The produced glucosides of norbuprenorphine and oxazepam was below a
detectable concentration before the sample preparation, but the extraction resulted in such a
high increase of the concentration that the glucosides could be detected and identified. The
reason why glucosides could not be discovered for some of the substances may be because the
concentration was below the detection limit. A potential strategy to increase the concentration
may be to destroy the cells, since it is possible that the glucosides, which are hydrophilic,
accumulated inside the cells. Another possibility is to increase the production, by optimizing
the incubation conditions (temperature, type of broth, incubation time and type of fungus). A
sample preparation developed to suit each individual substance might have solved the
problem with the low concentrations.
Although, various conditions were applied during the oxidation of the fungal
incubates of diclofenac, none seemed to be able to oxidize the glucoside metabolites into
glucuronides. After the stability study it could be established that the glucosides hydrolyzed at
high pH values. Further, to be able to oxidize the glucosides of diclofenac other oxidation
reactions with a lower pH would have to be examined in the future. However it could be
established that both glucosides of diclofenac were acyl glucosides. Indications of the
presence of glucuronides were discovered for norbuprenorphine after the TEMPO reaction.
However, no further identification could be performed. For future work, a sample preparation
for the possible glucuronides of norbuprenorphine has to be conducted to increase the
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concentration of glucuronides. Zhang et al. [49] performs a LLE with ethyl acetate to
concentrate and purify glucuronides, which in this case also could be a successful approach.
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