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(7)
(8)
(9)Rapid urbanization, industrial development, and improvements in life quality lead to 
 increasing consumption and development of new chemical substances. Unfortunately, 
 uncontrolled utilization of these compounds results in their appearance in all environment 
 compartments. 


Environmental pollutants are represented by several groups, such as heavy metals, 
 chlorinated pesticides, flame retardants, plasticizers, cleaning agents, illicit drugs, hormones, 
 pharmaceuticals and personal care products (PPCPs), metabolites and transformation 
 products (TPs) of these substances, antibiotic resistant genes, etc. All of these contaminants 
 were investigated in the different aquatic environmental matrices during the last decade 
 (Aymerich et al., 2016; McGrory et al., 2017; Stayner et al., 2017; Wang et al., 2016; Wang 
 et al., 2015; Woudneh et al., 2015), soils and sediments (Huber et al., 2016; Styszko, 2016; 


Svahn and Björklund, 2015; Tan et al., 2016), and different biological matrices (de Solla et al., 
 2016; Du et al., 2016; Grabicova et al., 2015; McGoldrick et al., 2014). 


Industry and agriculture are the main sources of “traditional” contaminants like heavy 
 metals and pesticides. Nowadays, compounds emitted by consumption and use in global 
 population are in the spotlight. 


Among all contaminants, PPCPs constitute a large part of environmental pollutants. These 
 chemical substances are continuously entering the aquatic environment due to incomplete 
 removal by wastewater treatment plants (WWTPs) (Figueroa-Nieves et al., 2014; Grabicova et 
 al., 2015; Roberts et al., 2016; Zaibel et al., 2016). It is well known that WWTPs were initially 
 designed to remove solids, dissolved organic matter and nutrients. Although, it has been 
 shown that most of conventional technologies for wastewater treatment cannot remove all 
 PPCPs from wastewater (Golovko et al., 2014a; Kasprzyk-Hordern et al., 2009; Liang and Liu, 
 2016), novel tertiary treatments, such as advanced oxidation processes, are considered to 
 be quite promising (Barbosa et al., 2016; Lonappan et al., 2016). Soils may be contaminated 
 via direct sludge and manure application to fertilize agriculture fields or by irrigation with 
 effluent wastewater (Paltiel et al., 2016). It has been proved that PPCPs may cause several 
 adverse effects on aquatic organisms (Brodin et al., 2013; Hargitai et al., 2016; Henriques et 
 al., 2016; Osorio et al., 2016), since these compounds are widespread in the environmental 
 water bodies. 


Due to a  high consumption and possible harmful effects on the ecosystem, PPCPs have 
 been identified as “emerging organic contaminants”. In addition, pharmaceutical’s metabolites 
 and TPs originated from the human or bacterial metabolisms (during sewage treatment) 
 or different environmental processes may preserve biological activity. Detailed literature 
 analysis showed an increasing trend in research related to different aspects of pharmaceutical 
 metabolites and TPs (Fig. 1).


Although PPCPs, their metabolites and TPs are frequently detected in the environment and 
have potential to be harmful for living organisms, no restriction for their trace levels in any 
environmental matrix have been reported, , with the exception of maximum residue limits for 
veterinary drugs in foods (WHO, FAO, 2015). For example, European Commission has been 
regulating maximum residue levels of pesticides in food and feed of plant and animal origin 
since 2005 (European Commission, 2005). In addition, pesticide and their metabolite levels 
are regulated in different environmental waters worldwide (Hamilton et al., 2003).



(10)Figure 1. Number of scientific publications on pharmaceuticals and their metabolites and TPs, which 
 can be found through a  Web of Science. Search entry parameters: TOPIC: (metabolites and TPs of 
 pharmaceuticals) AND YEAR PUBLISHED: (1997–2016).


Increasing environmental concern regarding PPCPs occurrence in the environment forced 
 European Parliament to pay attention to this problem. Recently, a few pharmaceuticals, which 
 belong to different therapeutic groups, such as anti-inflammatory drugs (diclofenac (DIC)), 
 macrolide antibiotics (azithromycin (AZI), erythromycin (ERY) and clarithromycin (CLA)), and 
 oral contraceptives (17-Alpha-ethinylestradiol (EE2)) have been included in the “watch list” 


of priority substances under the Water Framework Directive (European Commission, 2015). 


Unfortunately, this legislation only sets a maximum acceptable methods detection limit for 
 these mentioned compounds and forces national regulatory bodies to monitor. 


The literature survey showed a great interest in the occurrence and fate in the environment 
 and removal of these micropollutant compounds. Although several review papers have 
 been published in the last decade (Barbosa et al., 2016; Barreiros et al., 2016; Bu et al., 
 2013; Lonappan et al., 2016; Quadra et al., 2017; Zhang et al., 2008); more studies should 
 be performed to better understand and evaluate adverse effects on living organisms. 


A  brief overview regarding different environmental characteristics of selected “watch list” 


pharmaceuticals is presented in Table 1.
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(11) Removal efficiency (RE), occurrence and effect of selected pharmaceuticals that belong to “watch list”. oundRE, %Occurrence in the environmentEffects  (Mode of action, tested concentrations organism)Water [ng L-1]Sediments [ng g-1]Biota [ng g-1] 69 (1)< LOQ–8 (5) nd–29.6 (6) nd–67 (7) 0.6–1620 (21) nd–4.7 (22)


35.62–265.1(12) <  LOQ–44 (13)Hydropsyche < LOQ–85 (5)Cause macrolide-resistance genes  appearance, 128 mg L-1, marine Vibrio and  Photobacterium (16) 40 (1)< LOQ–120 (5) < LOQ–616 (8)  nd–26.8 (6) 0.01–778(21) nd–180(22)


1.61–2.65 (12) 28–130 (14)Hydropsyche < LOQ–2.9(5)Cause macrolide-resistance genes appear > 512 mg L-1, marine Vibrio and Photobact (16); growth inhibition, 6.9 µg L-1, algae  Pseudokirchneriella subcapitata (17)  17 (2) 21.8–65.8 (3) 20-> 93(25)  


< LOQ–94 (5) < LOQ–324 (8) nd–64 (7) 620 (9) nd–17.6 (10) 0.8-1043 (21) nd–717(22) 8.1-5900(23)
 234 (15) nd–5.55 (10)Erpodella octoculata. 12– 33(5) Bellamya 0.45–11.7 Corbiculidae 1.41–5.42 Cyprinus carpio 0.58–8.07 Coilia ectenes nd–13.8, Carassius auratus 1–6.22 (10)


Oxidative stress with increased superoxide  dismutase and glutathione peroxidase activities  and lipoperoxidation in liver, testosterone levels  reduce, 0.2–20 µg kg-1, food exposure of Hoplias  malabaricus (18), adverse affect on the gr egg phase and significant reduction of hat and delay in hatching, 0.001–10 mg L-1, Japanese  medaka; a heavy damage of gill, liver and  kidney,  50 μg L-1, brown trout, induction of lipid  peroxidation, order ng L-1, mussels, adverse affect  on the metabolism and growth, 0.001–10 blue mussels (25)



(12)RE, %Occurrence  in the  environment


Effects  (Mode of  action, tested  concentrations,  organism) Water [ng L-1]Sediments [ng g-1]Biota [ng g-1] -30 (1) 25.2–43 (3) 2.8–61.7 (4)


12ľ336 (11) 19 (9) nd–10.4(10) 0.28–2246(21) nd–1540(22)


nd–67.5 (11) nd–0.78 (10)Lepomis megalotis 1.6, Menidia beryllina 1.6 , Ictiobus bubalus 3.5, Ictalurus punctatus 3.2 (9), Bellamya nd–0.34, Corbiculidae nd–5.21, Cyprinus carpio nd–1.93, Carassius auratus nd–7.64,  Coilia ectenes nd–0.78 (10)


Cause macrolide-resistance genes appear 512 mg L-1, marine Vibrio and Photobacter inhibition of acetylcholinesterase activity and the  induction of EROD and SOD activities, 3.5–70.5  L-1, crucian carp (19); DNA damage,0.05–0.8  rainbow trout (20); cause immobility, order mg L D. magna (23) 70–99(21)0.2–230 (21) nd–3500(23)< LOD-0.7(24)Carassius auratus 1.35–8.43  (24)Embryos/larvae mortality increase, significantl retardation of hatching time, teratogenesis  induction, 0.05 ng L-1 – 1 mg L-1, clearhead icefish(26), anxie and shoal cohesion increase, alteration in gene  expression in brain tissue,  effects on pathw connected to the circadian rhythm, cytosk and motor proteins and synaptic proteins and 7.34 n g L-1, zebrafish(27) t al., 2014b), (2) (Golovko et al., 2014a), (3) (Radjenović et al., 2009), (4) (Zhang et al., 2015), (5) (Grabicova et al., 2015), (6) (Paíga e etrovic et al., 2014), (9) (Du et al., 2016), (10) (Xie et al., 2015), (11) (Dong et al., 2016), (12) (Feitosa-Felizzola and Chir t al., 2013), (15) (Koumaki et al., 2017), (16) (Nonaka et al., 2015), (17) (Watanabe et al., 2016), (18) (Guiloski e drigues et al., 2016), (21)(Barbosa et al., 2016), (22)(Bu et al., 2013), (23)(Quadra et al., 2016), (24)( Barreiros et al., 2016), (25) t al., 2017), (27) (Porseryd et al., 2017); LOQ – limit of quantification; nd – not detected.



(13)environmental matrices is mainly related to technological progress in the sensitivity and 
 accuracy of detection equipment and analytical methods. Gas chromatography with mass 
 spectrometry (GC-MS) or tandem mass spectrometry (GC-MS/MS) and liquid chromatography 
 with mass spectrometry (LC-MS) or tandem mass spectrometry (LC-MS/MS) are the most 
 common techniques for detection of pharmaceutical compounds (Fatta et al., 2007). So far, 
 based on physical and chemical properties of targeted analytes, LC methods are suitable for 
 polar and highly water soluble compounds, whereas GC are better for lipophilic or volatile 
 substances. 


Recent advances in mass spectrometers are primarily devoted to development of high 
 resolution mass spectrometers (HRMS) (time-of-flight and orbital trap instruments) for 
 untargeted analysis, screenings and identification of new contaminants or metabolites/


TPs (Pico and Barcelo, 2015) and modern triple quadrupoles (QqQ) for improving limits of 
 detection and quantitation for routine analysis (Fig. 2).
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Figure 2. Comparison of chromatograms obtained for different azithromycin concentrations spiked 
 into tap water detected with different triple quadruple generations. A – a triple-stage quadrupole MS/


MS TSQ Quantum Ultra, B – TSQ Quantiva™ Triple Quadrupole Mass Spectrometer. Extracted transition is 
 749 → 591 m/z. The same chromatographic gradient, analytical column type, and ion source set up were 
 used for both devices. 


High resolution mass spectrometry has a  few great advantages for screening and 
identification of new environmental pollutants. Usage of full scan and data-independent 
acquisition (DIA) mode gives a possibility to search for other compounds of interest without 
additional measurements, since these data contain all measured ions and possible MS/MS 
products. Unfortunately, this cannot be done using target analysis with QqQs (Pico and Barcelo, 
2015). HRMS instrumentation is also more sensitive and selective, compare with quadrupoles, 
and it provides less time-consuming sample analysis for identification and determination, 
because with help of DIA it is possible to obtain full scan data and MS/MS fragmentation for 
tentative identification in one step. This is not possible using QqQs, where several additional 
steps should be done, such as direct injection of samples containing possible metabolites, 
development of analytical method, targeted analysis of possible “candidates”, etc (Acena et 



(14)in vitro and in vivo approaches applied for different mammalian and fish species  (Koba et 
 al., 2016; Liu et al., 2012; Scheidweiler and Huestis, 2014). TPs may be formed by different 
 processes, such as ozonation, chlorination, UV and solar photolysis, advanced oxidation 
 processes, etc. in laboratory studies and under real environmental conditions (Blum et al., 
 2017; Koba et al., 2017; Li et al., 2014; Matsushita et al., 2016; Michael et al., 2012; Olmez-
 Hanci et al., 2015; Salgado et al., 2013; Svan et al., 2016). 


Unambiguous metabolites and TPs identity confirmation may be carried out by using 
 analytical standards or nuclear magnetic resonance mass spectroscopy. Unfortunately, 
 a  limited number of metabolites and TPs are commercially available nowadays and their 
 chemical synthesis is time consuming and expensive. Consequently, a tentative identification 
 using high resolution mass spectrometry has become a popular technique for identification 
 and screening of new environmental contaminants (Acena et al., 2015; Bu et al., 2014; Gomez-
 Ramos et al., 2011; Ibáñez et al., 2017; Li et al., 2014; Svan et al., 2016).  


Based on literature analysis, several specific steps for metabolites and TPs identification 
 may be highlighted. Initially, optimization of analytical method, such as selection a  proper 
 ionization technique and chromatographic conditions, should be done based on parent 
 compound from which metabolites or TPs may be originated. The second step is to use full 
 scan mode in high resolution. Full scan data are later filtered based on 5 ppm difference from 
 accurate mass of possible candidates, isotopic pattern, double bond equivalent, predicted 
 retention time (RT). As a  next step, MS/MS conformation data should be obtained from 
 a list of candidates coming from HRMS full scan fanalysis. A spectra interpretation softwares, 
 databases with MS/MS spectra, available in the internet or in the laboratory, similarities 
 with parent compound fragmentation pathway are commonly applied for the last step in 
 metabolites and TPs tentative identification.


Due to high interest in metabolite and TPs identification, lots of commercial and free available 
 software for database search, generation of inclusions list for MS/MS confirmation based on 
 applied filters, blank subtraction, RTs and collision energies prediction, spectra interpretation 
 may be used to simplify identification (Gomez-Ramos et al., 2011; Ibáñez et al., 2017; Li et al., 
 2014; Pico and Barcelo, 2015).


To evaluate dynamic metabolic profiles, tissue distribution, excretion and actual level in the 
environment of tentatively identified metabolites and TPs, a  semi-quantitative approach is 
frequently used, since majority of tentatively identified metabolites and TPs standards are not 
available on market. Semi-quantification is a method based on using the standard curve of the 
parent drug instead of metabolite/TP due to the similar structure, fragmentation pathway and 
same mass spectrometry or UV response (Koba et al., 2016; Ravindran et al., 2014; Vikingsson 
et al., 2016).



(15)different environmental compartments and little is known about their fate in the environment, 
 this study aimed:


•  to develop a method to detect, identify and quantify metabolites formed in fish exposed 
 to diltiazem;


•  to develop an analytical method to evaluate a  fate of several pharmaceuticals in 
 the laboratory conditions in the soil environment by means of identification and 
 determination of formed degradation products and study their behaviour in soil matrix;


•  to develop and validate several analytical methods to study pharmaceuticals and their 
 metabolites/TPs behaviour via complex approach using pond affected with treated 
 wastewater for contaminants transport assessment between water, sediments and fish.
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RATIONALE:Diltiazem, a calcium channel blocker drug, is widespread in the environment because of its incomplete
 elimination during water treatment. It can cause negative effects on aquatic organisms; thus, a rapid and sensitive liquid
 chromatography/mass spectrometry (LC/MS) method to detect its presence was developed. Our approach is based on
 accurate mass measurements using a hybrid quadrupole-orbital trap mass spectrometer that was used to measure
 diltiazem and its metabolites inﬁsh tissue.


METHODS:Blood plasma, muscle, liver, and kidney tissues of rainbow trout (Oncorhynchus mykiss), exposed for 42 days
 to 30μg L–1diltiazem, were used for the method development. No metabolite standards were required to identify the
 diltiazem biotransformation products in theﬁsh tissue.


RESULTS:Overall, 17 phase I diltiazem metabolites (including isomeric forms) were detected and tentatively identiﬁed
 using the MassFrontier spectral interpretation software. A semi-quantitative approach was used for organ-dependent
 comparison of the metabolite concentrations.


CONCLUSIONS:These data increase our understanding about diltiazem and its metabolites in aquatic organisms, such
 asﬁsh. These encompass desmethylation, desacetylation and hydroxylation as well as their combinations. This study
 represents theﬁrst report of the complex diltiazem phase I metabolic pathways inﬁsh. Copyright © 2016 John Wiley


& Sons, Ltd.


The calcium channel blocker diltiazem is used mainly in the
 treatment of cardiovascular diseases, such as angina pectoris
 and hypertension.[1]It is also prescribed to prevent migraines
 and, as an ointment, treat chronic analﬁssures.[2,3]Due to its
 widespread use and incomplete elimination in sewage
 treatment plants (STPs), diltiazem has been frequently
 detected in STP efﬂuent and in recipient surface waters.[4–7]


Diltiazem metabolites are excreted the same way as diltiazem
 and can also be found in aquatic environments surrounding
 STPs. Recently, concentrations of acetyl diltiazem higher than
 its parent compound have been found in efﬂuent waste water
 in India.[8]In the same study, it was also reported that acetyl
 diltiazem has a lower removal efﬁciency compared with
 diltiazem.[8]


Diltiazem is bioconcentrated in ﬁsh tissue.[9,10] For
 example, diltiazem was detected in the liver and muscles of
 white suckers (Catostomus commersonii) and johnny darters
 (Etheostoma nigrum) living downstream of a local STP in the
 USA.[9]Under laboratory conditions,[10]whole homogenates


of the eastern mosquitoﬁsh (Gambusia holbrooki) demonstrated
 rapid uptake (rate = 0.033 mL g–1h–1) and a relatively long
 half-life (117 h) of diltiazem. However, details about the
 presence and behavior of diltiazem metabolites inﬁsh are
 currently missing. Therefore, providing this information
 would improve our understanding of the the metabolic
 pathways and chronic effects of diltiazem onﬁsh.


In mammals, diltiazem metabolism is well documented.[11–18]


In humans, it is metabolized into three major products,
 O-desacetyl diltiazem, N-desmethyl diltiazem, and N-
 desmethyl-O-desacethyl diltiazem,[19,20]which are all found
 in blood plasma. O-Desacethyl and N,O-didesmethyl
 diltiazem are pharmacologically active and their effects differ
 from the parent compound. For example, those metabolites
 are more potent inhibitors of blood cell aggregation and
 adenosine transport by erythrocytes.[21]Similarly,N-desmethyl
 and N,N-didesmethyl diltiazem are stronger inhibitors of
 CYP450 3A compared with diltiazem.[16,18]In contrast, it has
 been shown in mammals[22]that some diltiazem metabolites
 might affect non-target organisms with a higher probability
 of the same mode of action as the parent compound.


Most studies focused on diltiazem metabolites have
 generally dealt with mammalian and human tissues. Recent
 studies have presented analytical methods for only a limited
 number of diltiazem metabolites (N-desmethyl diltiazem
 and desacetyl diltiazem).[20,23]To the best of our knowledge,
 only one study has described a method for determining 11
 phase I metabolites of diltiazem in human plasma.[24]
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(24)Metabolic pathways and tissue-speciﬁc metabolite
 distribution can help to explain diltiazem effects on testedﬁsh
 as well as be used for investigating diltiazem (and its
 metabolites) bioaccumulation, transformation and excretion
 in wildﬁsh. Since there is limited information on diltiazem
 metabolites inﬁsh tissues, we developed a new approach
 for diltiazem metabolite detection and tentative identiﬁcation
 based on accurate mass measurements using the hybrid
 quadrupole-orbital trap mass spectrometer.


EXPERIMENTAL
 Chemicals


Diltiazem [(2S,3S)-5-[2-(dimethylamino)ethyl]-2-(4-
 methoxyphenyl)-4-oxo-2,3-dihydro-1,5-benzothiazepin-3-yl]


acetate (CAS No. 42399-41-7) and the internal standard
 verapamil hydrochloride (CAS No. 152-11-4) were purchased
 from Sigma-Aldrich (Steinheim, Czech Republic). The
 LC/MS grade acetonitrile (LiChrosolv Hypergrade) was
 obtained from Merck (Darmstadt, Germany). Formic acid
 was used to acidify the mobile phases and was purchased
 from Labicom (Olomouc, Czech Republic). Ultrapure water
 was prepared using an Aqua-MAX-Ultra system (Younglin,
 Gyeonggi-do, South Korea).


Instrumentation


A TissueLyser II homogenizer (Quiagen, Germany) and
 Micro 200R centrifuge (Hettich Zentrifugen, Germany) were
 used for tissue extraction. An Accela 1250 liquid
 chromatography (LC) pump (Thermo Fisher Scientiﬁc, San
 Jose, CA, USA) coupled with a hybrid quadrupole/orbital
 trap Q-Exactive mass spectrometer (Thermo Fisher Scientiﬁc)
 and a HTS XT-CTC autosampler (CTC Analytics AG,
 Zwingen, Switzerland) were used to separate and detect
 target analytes. An analytical Hypersil Gold column (50 mm
 length, 2.1 mm i.d., 3μm particles; Thermo Fisher Scientiﬁc)
 preceded with the same phase pre-column (10 mm length, 2.1
 mm i.d., and 3μm particles) was used for chromatographic
 separation of the target analytes.


Fish exposure setup


Juvenile rainbow trout (Oncorhynchus mykiss; mean body
 length 23.1 ± 1.5 cm, mean body weight 163.8 ± 27.5 g) were
 obtained from a local commercial hatchery (Husinec, Czech
 Republic). Theﬁsh were kept in aquaria with 200 L of fresh
 water in a semi-static system. The aquaria were equipped
 with continuous aeration, and the temperature was held at
 15.4 ± 1.4°C with a photoperiod of 12:12 h (light:dark).


During the acclimation time and the experimental period,
 theﬁsh were fed a commercialﬁsh food (Bio Mar, Aarhus,
 Denmark) at a ratio of 1% body weight on a daily basis. The
 experimental bath (150 L) was refreshed daily with new
 diltiazem-fortiﬁed water. Theﬁsh were exposed to 30μg L–1
 diltiazem for 42 days. Kidney, liver, muscle and blood plasma
 samples were taken and stored at –20°C until further
 analysis. All samples were coded to ensure traceability
 among different tissue samples, analyzed parameters and
 corresponding individualﬁsh.


Extraction


Two extraction methods were used in this study: one speciﬁc
 for blood plasma and another for the other tissues (muscles,
 liver, and kidney). A general extraction method for 32
 antibiotics in ﬁsh muscles was published previously,[25]


and further investigations have modiﬁed this method to
 make it tissue-speciﬁc.[26]We essentially used this tissue-
 speciﬁc extraction method, but modiﬁed it for blood plasma
 because no homogenization step was needed for this matrix.


Generally, these two approaches represent the same solvent
 extraction technique. The method has been validated for all
 tissue types with satisfactory recovery.[27]


Approximately 0.5 g of tissue was weighed in an
 Eppendorf vial, and 20 ng of the internal standard
 (verapamil) and 1 mL of acetonitrile, acidiﬁed with 0.1%


formic acid, were added. The samples were homogenized
 (TissueLyser II, Qiagen, Hilden, Germany) and extracted
 using a stainless steel ball at 1800 oscillations/min for 10
 min. The extracts were then centrifuged at 9500gfor 10 min.


The supernatant was frozen overnight (–20°C) and then
 ﬁltered through a syringeﬁlter (regenerated cellulose, 0.45
 μm pore size). A 100-μL aliquot was used for LC/MS analysis.


A simpliﬁed method was used for the blood plasma
 samples. Verapamil (5 ng) was added to 200μL of plasma
 in an Eppendorf vial; the samples were then mixed with 200
 μL of acetonitrile acidiﬁed with 0.1% formic acid. The extracts
 were handled in the same way as the tissue samples.


LC/HRMS-HRPS analysis


A heated electrospray ionization interface (HESI-II) was used
 to ionize the target compounds. The spray voltage was set to
 3.5 kV. Nitrogen (purity>99.999%) was used as the sheath
 gas (40 arbitrary units), auxiliary gas (10 arbitrary units)
 and collision gas. The vaporizer was heated to 250°C and
 the capillary to 325°C. There were two acquisition methods:


full scan high-resolution mass spectrometry (HRMS) and
 high-resolution product scan (HRPS). The general properties
 of the full scan MS included a resolution of 70,000 FWHM,
 AGC target of 1e6, maximumﬁlling time of 100 ms and a scan
 range from 50 to 550m/z. A MS2experiment was performed
 using the mass inclusion list. Key parameters of the HRPS
 were optimized and used an isolation window at the
 quadrupole of 1m/z, orbital trap resolution of 17,500 FWHM,
 AGC target of 1e6 and a maximumﬁlling time of 30 ms.


RESULTS AND DISCUSSION
 Metabolite detection


Diltiazem was measured as a protonated molecule ([M+H]+)
 and determined as 415.1686m/zwith a retention time (RT)
 of 7.30 min. This corresponds to a chromatographic gradient
 as presented in Supplementary Table S1 (see Supporting
 Information). A list of all prospective metabolites of diltiazem
 was prepared for further investigation based on the literature
 and general principles of drug metabolism in different living
 tissues.[20,24,28] Generally, the products of different drug
 biotransformations and decomposition are assumed to be
 more hydrophilic, so they should elute before the parent
 compound. Targeted screening in full scan mode showed all
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(25)Table 1.Diltiazem and its possible selected metabolites
 Compound


(metabolite
 name used in


current study) Formula Structure Exact


mass (Da) Measured
 mass (Da)a


Masserror
 (mDa)


Masserror


(ppm) RT


(min)


diltiazem C22H26N2O4S 415.1686 415.1679 0.7 1.69 7.30


N-desmethyl


diltiazem (M1) C21H24N2O4S 401.1530 401.1523 0.7 1.74 7.19


O-desmethyl
 diltiazem


b b b b b -


O-desacetyl


diltiazem (M2) C20H24N2O3S 373.1580 373.1574 0.6 1.61 6.51


N-desmethyl,
 O-desacetyl
 diltiazem (M3)


C19H22N2O3S 359.1424 359.1418 0.6 1.67 6.46


O-desmethyl,
 O-desacetyl
 diltiazem


b b b b b -


N,O-didesmethyl,
 O-desacetyl
 diltiazem (M4a)


C18H20N2O3S 345.1267 345.1336 0.6 1.74 5.55


N,N-didesmethyl,
 O-desacetyl
 diltiazem (M4b)


b b b b b 6.27


N,O-didesmethyl


diltiazem (M5a) C20H22N2O4S 387.1373 387.1365 0.8 2.07 6.20


N,N-didesmethyl
 diltiazem (M5b)


b b b b b 7.05


(Continues)
 Identification of diltiazem metabolites in fish


Rapid Commun. Mass Spectrom.2016,30, 1153–1162 Copyright © 2016 John Wiley & Sons, Ltd. wileyonlinelibrary.com/journal/rcm


1155



(26)possible metabolites present in the blood plasma, muscle,
 kidney, and liver of theﬁsh. Due to the complexity of the
 matrices, the full scan data was not suitable for further
 analysis, especially for minor metabolites (Supplementary
 Fig. S1, see Supporting Information). Hence, peaks in
 extracted chromatograms (XICs) corresponding to the exact
 masses of those metabolites (calculated from their element
 composition) that matched the 5 ppm window from the exact
 mass were selected for the next analysis step (Table 1). The
 HRPS mode was then used to conﬁrm the selected structures.


Finally, eight groups of metabolic transformation products
 were detected (Table 1). These included desmethyl diltiazem
 (M1), desacetyl diltiazem (M2), desacetyl desmethyl
 diltiazem (M3), desacetyl didesmethyl diltiazems (M4),
 didesmethyl diltiazems (M5), hydroxy diltiazems (M6),
 desmethyl hydroxy diltiazems (M7) and desacetyl hydroxy
 diltiazems (M8). No phase II diltiazem metabolites were
 found in the current study.


Identification of metabolites and their isomers


MassFrontier software was used to predict all possible MS2
 products from proposed structures where HRPS with data
 processing conﬁrmed or disproved the suggestions based only


on accurate mass measurements. Diltiazem (Supplementary
 Fig. S2, see Supporting Information) and its metabolites have
 the same fragmentation patterns in the collision cell, and the
 major product ion at m/z 178.0320 was present in all
 compounds of interest. Product ions with lower relative
 abundance values were observed in almost all of the metabolites
 (Supplementary Fig. S2) along with minor fragments.


The fragment ions 137.0595, 150.0370, 178.0320, 223.0898,
 310.0892, 312.1049, 328.0994, and 370.1104m/zof diltiazem
 were identiﬁed by the accurate mass measurements
 with errors of–1.46, 1.33,–0.56,–0.9,–1.29,–1.28,–2.44, and
 –1.08 ppm, respectively (Supplementary Table S2, see
 Supporting Information). This enabled us to exclude possible
 interference and made identiﬁcation easier.


The data suggest that the metabolites can be divided into
 three groups: (1) metabolites M1, M2, and M3 appeared as a
 single peak despite the possible existence of structural
 isomers (N- orO-desmethyl) for M1 and M3 (Table 1); (2) only
 two isomeric forms were found for M4 and M5 because of
 different mechanisms during the second desmethylation; (3)
 M6, M7, and M8 might have a higher number of isomers then
 previous metabolites due to the hydroxylation process
 that can occur at up to eight sites on the diltiazem molecule
 (Table 1).


Table 1.(Continued)
 Compound
 (metabolite
 name used in


current study) Formula Structure Exact


mass (Da) Measured
 mass (Da)a


Masserror
 (mDa)


Masserror


(ppm) RT


(min)
 hydroxy diltiazem


(M6a,b,c,d) C22H26N2O5S 431.1635 431.1336 0.1 0.23 5.62


5.89
 6.527.46


N-desmethyl,
 hydroxy diltiazem
 (M7a,b,c)


C21H24N2O5S 417.1479 417.1477 0.2 0.48 5.57


5.76
 6.38


O-desmethyl,
 hydroxy diltiazem


b b b b b -


O-desacetyl,
 hydroxy diltiazem
 (M8a,b,c)


C20H24N2O4S 389.1530 389.1525 0.5 1.28 4.17


4.715.78


aDiltiazem and its transformation products were measured as [M + H]+ions.


bIsomeric form (all the parameters are written in the previous line).
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(27)M1 and M2 have been the most frequently identiﬁed and
 measured in a wide range of matrices.[20,29] Metabolites
 present as single isomers (M1, M2, and M3) eluted at 7.19,
 6.51, and 6.46 min, respectively. All metabolites in this group
 have fragmentation pathways similar to diltiazem (Fig. 1).


M1 and M3 were identiﬁed as desmethylation products of
 the methyl group located at theNatom based on spectra
 and with using software and theoretical knowledge based
 on precise fragment mass shifts. The speciﬁc fragment
 structures are proposed in Fig. 1. The fragment of 209.0739
 m/z(–1.91 ppm) corresponds to loss of C12H13O3 and it
 represents the N-monomethyl moiety of diltiazem while
 product ions of 219.0647 and 326.0840m/z(–2.28 and–1.53
 ppm) correspond to the loss of C9H12N2OS and C4H10NO,
 respectively. Both proposed structures indicate the presence
 of anO-methyl moiety of the diltiazem metabolite molecule.


Comparison of loss composition and the diltiazem structure
 provided us with molecular structures of the fragments,
 which ensured N-desmethylation. M3 had values
 of 209.0747, 284.0736, and 341.1297m/zwith errors of–1.91,
 –1.41, and–6.16, respectively (Supplementary Table S2, see
 Supporting Information). M2 was much easier to identify
 because the measured spectra matched the acetyl diltiazem
 spectra available on them/zCloud database.[30]


M4 and M5 (didesmethyl desacetyl diltiazem and
 didesmethyl diltiazem) were present in two isomeric forms.


The second desmethylation may take place at two different
 sites of the molecule,NorO, based on the structure of
 diltiazem.N,O-Didesmethyl andN,N-didesmethyl diltiazem
 were identiﬁed based on possible reaction mechanisms and
 fragmentation patterns. The MS2 spectra and speciﬁc
 fragments used for identiﬁcation of both metabolites are
 given in Figs. 2 and 3. A few particular fragments, which
 were identiﬁed in the same way as for M1, helped to
 conﬁrm the identity of metabolites: 209.0747 (1.91 ppm)
 and 314.0838 (–2.23 ppm) m/z for M4a; 195.0589 (1.03
 ppm) m/z for M4b. As shown above, the fragment of
 209.0747m/zrepresents theN-desmethyl moiety, whereas
 314.0838m/zcorresponds to theO-desmethyl moiety of
 the molecule. An accurate mass of 195.0590m/z for the
 M4b fragment represents doubleN-desmethylation at the
 same moiety, as illustrated in Fig. 2. Similar speciﬁc product
 ions were found in the spectra of M5a and M5b. The
 presence of a speciﬁc product ion of 209.0739 (–1.9 ppm)
 in the spectrum of M5a corresponds to theN-desmethyl
 moiety while 296.0735 (–1.69 ppm) and 356.0942 (–2.53
 ppm)m/zindicate the presence of only a hydroxyl group
 instead of a methoxy group. The metabolite M5a can be


Figure 1.HRPS spectra of M1–M3: mass range 100–177 was amplified 5 times
 and 179–410 was amplified 4 or 5 times to improve readability.
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(28)with high probability identiﬁed as N,O-didesmethyl
 diltiazem. Consequently, the presence of 195.0587 (0 ppm)
 and 327.1153–2.75 ppm)m/zin the product ion spectrum of
 M5b indicates the presence of a doubly desmethylated amino
 group in the N,N-didesmethyl diltiazem molecule. All
 fragment masses with corresponding errors are summarized
 in Supplementary Table S2 (see Supporting Information).


The behavior of isomers M4 and M5 in LC was
 identical where theN,O-isomer (M4a and M5a) eluted before
 theN,N-isomer (M4b and M5b).


The importance of correct identiﬁcation of the
 corresponding isomers can be demonstrated by the extreme
 differences observed among tissue samples from different
 individuals. The kidney and liver data were particularly
 indicative. For example, M4a,b and M5a,b were present in
 both tissues, but the amount of M5a was lower than M5b in
 both tissues and this difference was greater in the kidney
 samples. The amount of M4a in the kidney samples was
 much lower than M4b, but the opposite was observed in the
 liver samples.


Identiﬁcation of the third isomer group was the most
 complex. To the best of our knowledge, the hydroxyl
 metabolites M6–M8 have not been previously detected in
 any biological sample. Speciﬁc fragments corresponding to
 hydroxylation at different diltiazem moieties are formed


during the MS2 experiment of M6 (Table 1). When the
 hydroxyl group is situated at the methoxyphenyl ring
 (hereafter described as the ﬁrst ring), the same speciﬁc
 fragment for M6 and diltiazem is present in the HRPS spectra
 (i.e., 178.0320m/z). The presence of the hydroxyl group in the
 core diltiazem structure (hereafter referred to as the
 second ring) generated new speciﬁc fragments at 194.0272
 (1.03 ppm), 177.0546 (0 ppm), 328.0996 (–2.33 ppm),
 166.0321 (0 ppm), 219.0653 (0.46 ppm), and 344.0968 (4.94
 ppm)m/z. The masses are shown according to the order of
 their relative abundance in the mass spectrum and their
 respective errors are given in brackets (Supplementary Table
 S2, see Supporting Information).


The hydroxyl diltiazem isomers of M6 were found mainly
 in the liver samples. Isomers that eluted earlier with RTs of
 5.62 min (M6a) and 5.89 min (M6b) correspond to
 hydroxylation at the second ring. The remaining isomers with
 RTs of 6.52 min (M6c) and 7.46 min (M6d) are related to
 hydroxylation at the ﬁrst ring. M6a and M6b were not
 detected in kidney samples, possibly as a result of fast phase
 II metabolic biotransformation with subsequent excretion via
 bile. Another potential isomer (M6e) that eluted at 8.07 min
 was only found in the liver samples but it was identiﬁed by
 HRPS as interference because of a completely different
 fragmentation pattern.


Figure 2.HRPS spectra of M4 in fish liver: (a)N,O-didesmethylO-desacetyl diltiazem
 and (b)N,N-didesmethylO-desacetyl diltiazem). Mass ranges 100–177 and 179–410
 were amplified 5 times to improve readability (a).


1158




    
  




      
      
        
      


            
    
        Odkazy

        
            	
                        
                    



            
                View            
        

    


      
        
          

                    Stáhnout nyní ( PDF - 105 Stránka - 6.13 MB )
            

      


      
      
        
  Související dokumenty

  
    
      
          
        
            Introduction to Equations The topic of the 4
        
      

        For instance, there are equations in one variable (let us call it x) where your aim is to find its solutions, i.e., all possible x (mostly real numbers or integers 1 ) such that if

    
      
          
        
            View of ATTITUDES TO THE APPLICATION IN PRACTICE OF THE SPORTS-ENTERTAINMENT COMPETENCE OF THE EDUCATOR
        
      

        The opinion of  current pedagogues  and  competent  persons (experts in the field of physical education, sports animation and pedagogical area) have been studied, as well as the 

    
      
          
        
            The Effects of Acute Hypoxia on Tissue Oxygenation and Circulating Alarmins in Healthy Adults
        
      

        In this study we aimed to investigate, for the first  time, the effects of effect of acute hypoxia on sRAGE its  relationship to tissue oxygenation and other pro- and anti-

    
      
          
        
            DECISION NO. 2/2020The conditions for courses and activities at thefaculty in relation to the emergency and thespread of the coronavirus
        
      

        c)   In order to maintain the operation of the faculty, the employees of the study department will be allowed to enter the premises every Monday and Thursday and to stay only for

    
      
          
        
            Mineralogická analýza historických maleb Mineralogical Analysis of Historical Paintings
        
      

        A structural study of mineralogical samples of blue vivianite (Fe 3 (PO 4 ) 2 ·8H 2 O) and its naturally  occurring  degradation  products  led  to  the  application  of  the  results

    
      
          
        
            Emigration from the Perspective of the School-to-Work Transition in Bulgaria
        
      

        This article explores the labour emigration of young people in Bul- garia both from the perspective of their intentions to make the transition from  education to the labour market

    
      
          
        
            Lokální aspekt volební podpory kandidátů do Senátu Parlamentu ČR
        
      

        Poměr hlasů v domácí obci vůči hlasům v celém obvodě Poměr hlasů v okolních obcích vůči hlasům v celém obvodě Poměr hlasů v ostatních obcích vůči hlasům v

    
      
          
        
            Vztah poslanců českého parlamentu k voličům jako problém vertikální odpovědnosti
        
      

        Podle klasické teorie reprezentace poslanec v parlamentní demokracii reprezentuje všech- ny občany, tj. i ty, kteří volili jiné kandidáty, či nevolili vůbec.Tento princip je

      



      

    

    
            
                        
             Nahrajte své studijní materiály ke stažení všech dokumentů.

            
              

                        
  

                
            
            
        
        Nahrát
                

            Váš dokument bude obohacen, sdílen na 9PDF CZ, aby vám pomohl při studiu.

          

                    
      
  Související dokumenty

  
          
        
    
        
    
    
        
            DEGRADATION OF
        
        
            
                
                    
                    8
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Development of Share Price in Direct Relation to the Entry of the New Investor in the Management of Business Corporation Vývoj ceny akcie v p
        
        
            
                
                    
                    25
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Changes in the area of extended collective management in relation to memory and educationalinstitutions in the light of the Czech Amended copyright act
        
        
            
                
                    
                    1
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Hlavní práce66776_balm00.pdf, 843.6 kB
                
                
                  
                    Stáhnout
        
        
            
                
                    
                    101
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Veřejná příloha21896_balm00.pdf, 192 kB
                
                
                  
                    Stáhnout
        
        
            
                
                    
                    3
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Veřejná příloha21903_balm00.pdf, 2.6 MB
                
                
                  
                    Stáhnout
        
        
            
                
                    
                    15
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Oponentura70241_xcmak01.pdf, 53.2 kB
                
                
                  
                    Stáhnout
        
        
            
                
                    
                    1
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

          
        
    
        
    
    
        
            Hodnocení vedoucího66776_xprip09.pdf, 55.4 kB
                
                
                  
                    Stáhnout
        
        
            
                
                    
                    2
                

                
                    
                    0
                

                
                    
                    0
                

            

        

    


      

      


              
          
            
          

        

          

  




  
  
  
    
      
        Společnost

        	
             O nás
          
	
            Sitemap

          


      

      
        Kontakt  &  Pomoc

        	
             Kontaktujte Nás
          
	
             Feedback
          


      

      
        Legal

        	
             Podmínky Použití 
          
	
             Zásady Ochrany Osobních Údajů
          


      

      
        Social

        	
            
              
                
              
              Linkedin
            

          
	
            
              
                
              
              Facebook
            

          
	
            
              
                
              
              Twitter
            

          
	
            
              
                
              
              Pinterest
            

          


      

      
        Získejte naše bezplatné aplikace

        	
              
                
              
            


      

    

    
      
        
          Školy
          
            
          
          Témy
                  

        
          
                        Jazyk:
            
              Čeština
              
                
              
            
          

          Copyright 9pdf.info © 2024

        

      

    

  




    



  
        
        
        
          


        
    
  
  
  




     
     

    
        
            
                

            

            
                                 
            

        

    




    
        
            
                
                    
                        
                            
  

                            

                        
                            
  

                            

                        
                            
  

                            

                        
                            
  

                            

                        
                            
  

                            

                    

                    
                        

                        

                        

                        
                            
                                
                                
                                    
                                

                            

                        
                    

                    
                        
                            
                                
  

                                
                        

                        
                            
                                
  

                                
                        

                    

                

                                    
                        
                    

                            

        

    


