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ABSTRACT

A procedure based on microwave assisted extraction for the determination of 6
pharmaceuticals in samples of Lavandula dentata, Salicornia ramosissima and Juncus
sp. by liquid chromatography-quadrupole time of flight mass spectrometry (LC-
QTOF/MS) was optimized and validated. Best results were obtained using microwave
assisted extraction of 1.0 g of homogeneous lyophilized samples and 5 mL of a mixture
ACN:H20 (1:1 v/v) as extracting solvent. Analytical recoveries ranged from 60 to 107 %
with relative standard deviation (RSD) lower than 15 %. Limits of quantitation (LOQ)
for the 6 pharmaceuticals flumequine (FLM), carbamazepine (CBZ), ciprofloxacin
(CPR), enrofloxacin (ENR), diclofenac (DCL), and ibuprofen (IBU) were in the range
20.8-125 ng g. The method was satisfactory applied for an uptake study in Lavandula
dentata samples finding quantifying concentrations of FLM and CBZ in roots, leaf and

stem.
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1. Introduction

It is well known that the processes used in wastewater treatment plants (WWTPS) do not
eliminate many substances including those namely as emerging pollutants that include,
among others, pharmaceuticals products (Tauxe-Wuersch et al, 2005; Hijosa-Valesco et
al., 2011; Al-Qaim et al., 2013; Al-Qaim et al., 2015). The use of treated wastewater to
irrigate many arid and semi-arid areas has become a usual practice years ago.
Additionally, since 1991 the European Union Regulations established that all its member
states must treat urban wastewaters prior to their discharge into riverbanks, lakes and seas
(EC council directive, 1991).

Surface and groundwater can contain variable amounts of active emerging pollutants even
at points far from urban and industrial effluents. Thus pharmaceuticals have been found
in all kind of waters and sediments around the world (Tiedekena et al. 2017), even in
those from protected areas such as Natural Parks (Cesério et al. 2016, Hrabovsky et al.
2004, Carmona et al. 2014).

In the last decades of the 20" century, environmental interest has focused on some kinds
of substances that until then had not been considered contaminants: the emerging
pollutants. It is also well known that several emerging pollutants can be easily
incorporated to the biota from the aquatic media. Thus, for example, some antibiotics
have been found in sea fish samples from the southern of Spain (Fernandez-Torres et al.
2011), green algal species have been proposed for depuration of pharmaceutical
pollutants in urban wastewater (Gentili et al. 2016) and diverse pharmaceuticals
(antibiotics, non-steroidal anti-inflammatory drugs, lipid regulators, steroid estrogens, f3-
adrenoceptor blocker, antiepilectic drug, antifungal and antidepressant) have been found

in 14 aquatic species from a Chinese lake (Zhengxin et al. 2017).

The plants can incorporate, through the roots essentially, compounds dissolved in the
water that irrigates them. The incorporation of heavy metals to all kind of plants and the
analytical strategies for their analysis have been widely studied for many years
(Arasimowicz et al. 2013, Martinez-Alcala et al. 2017). On the contrary, less attention
has been paid to how pharmaceuticals incorporate to plants. However, these processes
have been studied in detail in the case of vegetables intended for human consumption
(Riemenschneider et al. 2017a, Riemenschneider et al. 2017 b). Thus, Boxall et al. (2006)
and Marsoni et al. (2014), among others, showed that pharmaceuticals were accumulated
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by plants when soil was irrigated at environmentally-realistic concentrations. Some
authors have measured variable amounts of antibiotics (Bao et al. 2010, Hu et al. 2010,
Yao et al. 2010) or antiepileptic drugs (Shernker et al. 2011) in vegetables and several
pharmaceuticals of diverse nature have been measured in root vegetables (Malchi et al.
2014). Other studies have shown that organic compounds from the soil and water can be
accumulated in different parts of the plants at different concentrations and rates (Al Nasir
et al. 2008, Redshaw et al. 2008, Shernker et al. 2011).

Additionally to uptake studies, the possible toxicity of certain pharmaceuticals for the
plants has been also demonstrated. Thus, the toxicity of ENR in four agricultural crops
was evaluated and it was found that water levels in the range 50-5000 pg L™ produced
toxic effects. Likewise, it was demonstrated that the plants metabolized enrofloxacin to
ciprofloxacin, like in animals (Migliore et al. 2003). Kong et al. (2003) evaluated the
uptake and phytotoxicity of oxytetracycline to alfalfa.

The analysis of organic compounds in vegetables and plants frequently include long and
tedious extraction procedures followed by a clean-up step in order to eliminate interfering
substances co-extracted with the interesting analytes. In general, the usual extraction
procedures are ultrasounds assisted solid-liquid extraction or accelerated solvent
extraction on dried or lyophilized samples. On the other hand, solid phase extraction
(SPE) using different stationary phases is the most usual clean-up procedure. (Vaclaik et
al. 2014, Emhofer et al. 2017).

In this work, our main objectives were (i) to develop and validate an analytical method
based on high performance liquid chromatography coupled to quadrupole time of flight
(UHPLC-Q-TOF) mass spectrometry detection to determine FLM, ENR, CPR, CBZ,
DCL and IBU (see table 1 for physicochemical characteristics) in vegetal samples.
Previous studies have reported the presence of these compounds, among others, in
environmental samples (mainly water and sediments) due to a possible inefficient
removal in wastewater treatment plants or even by direct discharge of untreated
wastewaters (Gros et al. 2010, Camacho-Muiioz et al. 2010, Camacho-Muioz et al. 2012,
Verlicchi et al. 2012). Great interest show their presence in protected areas like Dofiana
National Park among others (Camacho-Muiioz et al. 2013, Carmona et al. 2014, Rivera-
Jaimes et al. 2018) where their presence might suppose a potential risk for the

surrounding ecosystem. The vegetal species selected for this study were Lavandula
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dentata, Salicornia ramosissima and Juncus sp. These plants were selected for several
reasons, they are much extended in the Mediterranean area ecosystems where several
protected areas are located, they grow in different habitats which is important to evaluate
the global risk on wild species, and lavandula was easily accessible to overcome an uptake
study in the laboratory. Juncus sp. is an aquatic specie that usually grow in river banks
and wetlands margings, Salicornia is a plant that grows in coastal salt marshes and inland
salty habitats and Lavandula is a non-aquatic specie very extended through Mediterranean
ecosystems. (ii) After validation, the optimized procedure was applied to overcome a
study to evaluate the uptake of the selected drugs in plants irrigated with a mixture of
them at three different levels of concentration for a period of one month. The analysis of
the drugs was realized in leaves, stems and roots of the plant at different times in order to
evaluate different behaviours in the ability of the plant to uptake the analytes through the
time. Usually, these studies are carried out in short or long periods of irrigation, in this
paper we have performed the uptake study of the selected drugs at several irrigation times
in order to evaluate a possible change in the plant uptake behaviour throughout the time.

Table 1. Physicochemical properties of selected pharmaceutical chemicals.

Compound Structure Therapeutic class log P? pKa? logKow

e _—

Ciprofloxacin '°rIrI“;T~ il Antibiotic 0.65 6.43 0.28°

o
Carbamazepine {jr-"krj Antiepileptic agent 2.67 139 2.45°
Diclofenac - Non steroidal antinflamatory 4.02  4.15 451°¢
i

Enrofloxacin . I"?”’”T‘ Antibiotic 1.88 6.43 0.70°

Flumequine ilj’;l,ﬁ Antibiotic 241 570  2.60°
-:—l:l." =, H, . .

Ibuprofen g W O Non steroidal antinflamatory 3.72  4.41 3.97¢

2 Predicted values from database of Royal Society of Chemistry: http://www.chemspider.com.
®Dal Pozzo et al. 1989.
° Avdeef et al. 1997

The procedure substitutes the traditional solid phase extraction clean up by a dilution of
the extract from a microwave assisted extraction to minimize the matrix effect obtaining

good results in terms of recovery for the selected analytes. The simple procedure of
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extraction allow the sample processing in a very short time as well as not loosing of
information of the processed sample which would be compatible with the searching of
metabolites of the selected compounds in future works.

2. Experimental

2.1 Chemicals and reagents

Solutions and dilutions were prepared using ultrapure water from a Milli-Q Plus
(Millipore, Billerica, MA, USA) water purification system. Formic acid 98-100%
Suprapur was supplied by Merck Darmstadt (Germany), acetonitrile and water LC-MS
Ultra Chromasolv® were from Sigma-Aldrich (Madrid, Spain), sodium hydroxide in 2-
propanol:water and Leucine Enkephalin were purchased from Waters (Barcelona, Spain).

2.2 Standards and stocks solutions

FLM, ENR, CPR, CBZ, DCL and IBU were purchased from Sigma—Aldrich (Madrid,
Spain). The purity of all the standards was higher than 98% in all cases.

Methanolic stock solutions 100 pg mL™ were prepared for all the pharmaceuticals except
CPR that was prepared by diluting 2.5 mg in 5 mL ultrapure water to a final volume of
25 mL with methanol. Aqueous working solutions of the studied compounds were

prepared daily by adequate dilutions from 100 pg mL™ stock solutions.
2.3 Sample collection and preparation.

Blank samples of Lavandula dentata, Salicornia ramosissima and Juncus sp for
optimization purposes were collected from Dofiana’s Natural Park area. Samples for
method development and validation were cleaned of remnants of soil with tap water first,
subsequently with deionized water and finally dried with a paper towel. After that, the
samples were lyophilized before being analysed by a freeze dry system (FreZone 2.5,
Labconco, Mo, USA). Then they were homogenized using a grinder and kept at —80 -C

until analysis.

To optimize the method, lyophilized samples were spiked with 5 mL aqueous solution,
containing the analytes at the adequate concentration, added drop by drop using stir bar
magnetic agitation to assure that the compounds spread throughout the sample and were

in sufficient contact with the matrix. The spiked samples were left in contact for all night

5
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at 4°C and then freeze for 2 hours at -80°C. The freeze samples were lyophilized again to

eliminate the solvent and then submitted to the extraction procedure.

Samples for the uptake study were purchased in a local plant nursery and kept in our
laboratory, under adequate light and water conditions for two weeks until the assay.
Before extraction, plant leaves, stern and roots were washed with tap water to remove soil
residues, then rinse with deionized water and dried with a paper towel. Then, each part
of the plant was freeze at -80 °C for 24 h and lyophilized. Dried samples were ground to

powder and stored at -80°C until extraction.
2.4 Sample extraction

5 mL of a mixture ACN:H.O (1:1 v/v) were added to 1.0 g of homogeneous lyophilized
samples. Microwave energy was applied at 50 watts for 5 minutes to achieve the
extraction. After that, the samples were centrifuged during 15 min at 6000 rpm and 1 mL
of supernatant was taken and diluted 1:5 (v/v) with a mixture ACN:H20 (1:1 v/v). Finally,
the extracts were microfiltered through 0.22 um PTFE filters (VWR, Spain) before
injection into the UPLC system.

2.5 Liquid chromatography- mass spectrometry analysis

The analysis of the selected pharmaceuticals was performance in an Acquity ultra-
performance liquid chromatography (UPLC) system (Waters, Milford, MA, USA)
coupled to a Xevo G2S QTOF mass spectrometer (Waters, Micromass, Manchester, UK)
with an orthogonal Z-spray lockspray and dual electrospray interface (ESI). Detection
was achieved operating in positive and negative ionization modes. The LC separation was
performed using a Zorbax Eclipse XDB-C18 analytical column (100 mm x 3.0 mm i.d.,
3.5 um particle size) preceded by a guard column Zorbax Eclipse XDB C-8 (12.5 mm x
2.1 mmi.d., 5 um particle size) (Agilent Technologies Spain, Madrid, Spain). The column
temperature was maintained at 25°C. The mobile phase used for MS and MS/MS
experiments consisted of aqueous formic acid solution 0.05% (solvent A) and acetonitrile
(solvent B). Two different gradient elution programs at a flow rate of 0.5 mL min™ were
used for both positive and negative ionization modes. The elution in positive ionization
mode starts at 90% A and 10% B increasing % B from 10% to 90 % in 8.0 min, returning
then to initial conditions in one minute. Three minutes were waited between injections

which allowed re-equilibration of the column to initial conditions. Negative ionization
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elution programme starts at 70% A increasing the B percentage until 200% in 7.0 min
returning to initial conditions in one minute more. An equilibration time of 2 min was

needed before next injection. The injection volume was 5 pL in both cases.
2.6 Mass detection conditions

The nebulisation gas (nitrogen, supplied by a high purity nitrogen generator Nitrogen
Zefiro 35 LC-MS, Cinel-gas, Italy) was set at 600 L/h and the cone gas (hitrogen) was set
to 30 L h, desolvation temperature was set to 400°C and source temperature to 100°C
for positive polarity and 120°C for negative polarity. MS and MS/MS experiments were
operated in both (negative and positive) ionization modes. The resolution of TOF mass
spectrometer was approximately 30.000 at full width half maximum at m/z 556 and
22.000 at m/z 554. The capillary voltage was set to 1.5 kV for positive ionization and -
2.00 kV for negative, and sample cone voltage at 40 V. For MS spectra data being
collected in continuum between m/z 50 and 1000 in a scan time of 1.0 seconds. For
MS/MS experiments the following conditions were used: cone voltage 40, collision
energy (see table 2), collision gas was argon (99.995%, Praxair). The precursor ion was
selected using the quadrupole analyser, fragmented in the collision cell and subsequently
product ion spectra was recorded in the TOF analyser from m/z 50 to 800. All the obtained
spectra were lock mass corrected. An independent reference spray (lockSpray) to ensure
accuracy and reproducibility was used for all analyses. Leucine Enkephalin (200 pg pL™*
in ACN/H20 1:1 v/v at 0.1% HCOOH) was used as lock mass (m/z [M+H]* 556.268 and
m/z [M-H] 554.2615) at a flow rate of 10 uL min. The lockSpray frequency was set at
30 s, meaning that every 30 s the flow from the lockSpray needle was introduced into the
mass spectrometer for 0.3 s, thus giving the software the possibility to perform on going
correction of the exact mass of the analyte. The lockSpray capillary was set at 2.54 KV.
Data were averaged over 3 spectra mint. Xevo G2S Q-TOF mass spectrometer was
calibrated in mass range of m/z 50-1200 with a mixture of NaOH 0,1M and formic acid
of 10% in ACN:H»0 (80:20 v/v) daily. Data were acquired and processed by MassLynx
v4.1 software.

2.7 Method Validation

The proposed method was validated checking the quality parameters of the analytical
method. We have mainly considered the items related to the estimation of the well-known

performance characteristics parameters. The following criteria were considered: linearity,

7
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sensitivity (limit of detection and quantitation), matrix effect, precision and recovery

(trueness).

Linearity was evaluated by matrix-matched calibration curves by spiking blank extracts
at ten concentration levels in the range 0.5 to 500 ng mL™.

Instrumental detection and quantitation limits (ILOD, ILOQ) and method detection and
quantitation limits (LOD, LOQ) were calculated as the minimum concentration of analyte
giving peaks whose signal to noise ratios are 3 and 10, respectively, for each vegetal

matrix in spiked samples (n=3).

To evaluate the precision of the method, the repeatability (in one single day) and
intermediate precision (in different days) were studied. Precision study was performed
using the prediction of actual concentrations from the validation standards selected for

the analytical assay and calculating a RSD.

Matrix effect was evaluated by comparing the slopes of the matrix-matched calibration
for each part (leaf, stem and root) of the plant for the three selected plants, and a
calibration prepared in solvent (external calibration). A matrix effect percentage (ME%)
was calculated by ME (%) = [(Sm/Se)-1]x100 where Sm is the slope of the matrix-
matched calibration and Se the slope of the external calibration in solvent, considering
that 0% indicates no matrix effect, and values above indicates enhancement effect and

values below indicates ion suppression.

The trueness was evaluated by means of recovery assays on spiked samples (see section
2.3 for details). The recoveries were calculated as percentage of extracted compound at
low and high level of concentration for each kind of matrix and compound. Spiked
samples at 25 (125 for IBU) and 500 ng-g* final concentration (in triplicate) were

submitted to the extraction procedure.
2.8 Uptake study design

Lavandula dentata plants were purchased in a local plant nursery in order to ensure the
homogeneity of the sample as much as possible and then they were subjected to an uptake
study of a mixture of the six drugs for 30 days. Before beginning the experiment, the

plants were left to achieve acclimatization to the new light and temperature conditions for
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two weeks and those that were not healthy or seemed to be affected by the change of

environment were discarded.

Eight plants of 30-40 cm length were used for the experiment at three concentration
levels: 10 ng-mL™* (low level of exposition); 700 ng-mL™* (medium level of exposition)
and 10 pg-mL* mL (high level of exposition). Two plants per level were irrigated with
20 mL of solution, containing all the analytes in the concentration described, every 2 or
3 days for one month by pouring the solution directly onto the soil. The low volume of
water used assured that all of the solution containing the analytes remained in the soil
until the next water addition. Additionally, two plants were selected as blanks (controls)
and they were irrigated with tap water following the same irrigation pattern as uptake
study plants.

Cuts of leaves and stems were made every 7 days in order to evaluate the accumulation

of the compounds through time. Once the assay was finished, roots were also collected.

3. Results and discussion

3.1  UPLC-QTOF/MS method development

Initially, mass spectra for each target compound individually was analyzed by direct
infusion of 0.25 pug- mL ! aqueous standard solutions into the mass detector, looking for
the optimum conditions for all compounds that produce less fragmentation. Several
ionization conditions were studied including the use of formic acid, ammonium formiate,
acetonitrile and methanol as modifiers to evaluate the enhancement or suppression effects
on the ionization produced by their presence. Both negative and positive ionization modes
were evaluated finding that DLC was also detected in both modes. Additionally, adducts
formation ([M+H]*; [M+Na’] and [M+NH4"]) was also evaluated finding that for all
compounds under the optimum conditions the [M+H]" and [M-H]" were the most
abundant ions. Desolvation and interface temperatures were high to produce efficient
ionization due to the high percentage of water in the mobile phase. Table 2 shows the

retention times as well as the elemental compositions for all the analysed compounds.

Full MS acquisition mode was used for quantification purposes using the extracted ion
chromatograms of [M+H]* and [M-H]. MS/MS experiments for confirmation purposes

were realized for each compound evaluating several collision energies in the range 6-20



275  eV. Table 2 shows the optimum collision energies for each compound as well as the

276  elemental composition of all the fragment ions obtained in MS/MS experiment.
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Table 2. Retention times, full MS and MS/MS fragments ions elemental composition and collision energy for each analyte.

Compound EIemethf':\I Mr PreFursor extracted m/z RT Collision m/z Frag. Fragment ions
Composition ion (precursor) (min)  Energy (eV) lons

CPR C17H18FN303 331.1332 [M+H]* 332.1407 2.7 15 288.1501 C16H19FN30O
314.1303 C17H17FN302

245.1084 C14H14FN20

268.1430 C11H17FN6O

ENR C19H22FN304  359.1645 [M+H]* 360.1723 2.9 15 316.1728 C18H23FN30
342.1618 C19H21FN302

245.1090 C14H14FN20

CBz C15H12N20 236.0950 [M+H]* 237.1024 5.0 20 194.0964 C14H12N
FLM C14H12FNO3 261.0801 [M+H]* 262.0875 54 20 244.0776 C14H12FNO2
202.0305 C11H5FNO2

220.0410 C11H7FNO3

DCL+ C14H13CI2NO2  295.0167 [M+H]* 296.0240 7.2 20 214.0418 C10H6N402
250.0191 C13H12CI2N

278.0135  C14H12CI2NO

IBU C13H1802 206.1306 [M-H]- 205.1230 5.3 6 161.1336 C11H18
DCL- C14H13C12NO2 295.0167 [M-H]- 294.0081 5.1 20 214.0418 C10H6N402
215.0504 C14H13CINO

250.0191 C13H12CI2N

278.0142 C14H12CI2NO

11



3.2 Extraction procedure optimization

The microwave and ultrasound assisted extraction was assayed based on previous experience developed
by our group (Fernandez-Torres et al.) with complex matrixes for pharmaceutical analysis. Several
conditions were tested using ultrasound assisted extraction and microwave assisted extraction. Recoveries
in the range 20-100 % were obtained using ultrasound extraction with water as extracting agent for 5 min.
Higher times of extraction produces degradations and undesirable matrix effects through the
determination. On the other hand, best results were obtained when microwave assisted extraction was
applied. Several powers (25-100 W), extracting solvents (methanol, water, acetonitrile, mixtures
MeOH:H.0 and ACN:H.O both at several ratios), times of extraction (1-20 min) as well as the final
reconstituting volume (0.5-5 mL) were properly evaluated. Best extraction recoveries for all matrices were
obtained when a mixture ACN:H-0 (1:1 v/v) was employed at 50 watts of microwave power for 5 minutes.
The optimum amount of sample was also evaluated under these conditions, 0.5g, 1.0 g and 2.5 g of
lyophilized samples were spiked with all the analytes, finding no great differences in terms of recovery
(higher than 40% for all matrices) when this was under 1.0 grams. However, low recoveries, around 40
or 50%, were obtained for IBU and CPR which might be due to a matrix effect over ionization process.
In order to improve the low recoveries obtained for such analytes, two different final treatments for the
extract were studied avoiding the use of clean up procedures such as solid phase extraction which lengthen
the processing time and also may produce loss of information in terms of metabolites and degradation
products for further future studies. In order to improve the low recoveries obtained for these analytes, a
final dilution as well as an evaporation of the extract were evaluated (clean up procedures such as solid
phase extraction were avoided because they lengthen processing time and may lead to loss of information
in terms of metabolites and degradation compounds for further studies). Previous dilution of the extract
before injection was tested by means of several solvents and mixtures (methanol, water, acetonitrile and
mixtures of them at several ratios). Results obtained showed that a dilution 1:5 of the extract with a
mixture ACN:H20 (1:1 v/v) reduced the matrix effects considerably leading to improve the recoveries to
65-98%. An evaporation step followed by subsequent reconstitution of the extract was assayed using
methanol, water, formic acid, acetonitrile and several mixtures of them at different ratios to final volumes
of 1 mL and 2.5 mL. Lower recoveries were obtained than dilution 1:5 with a mixture ACN:H20 (1:1 v/v)
probably due to ionization suppression on the detection step because of an undesirable matrix effect.

Therefore, the evaporation and reconstitution steps were discard for the proposed procedure.

3.3 Method Validation

12



The method validation was realized according to the procedure described in section 2.7 for all the matrices
selected in this study. Linearity was evaluated by matrix-matched calibration curves obtained by spiking
blank extracts at ten concentration levels in the range 0.5 to 500 ng-mL™. In general, linearity achieved
was good for all the analytes measured with regression coefficients higher than 0.99 in all cases.
Instrumental detection and quantitation limits (ILOD, ILOQ) and method detection and quantitation limits
(LOD, LOQ) were calculated as the minimum concentration of analyte giving peaks whose signal to noise
ratios are 3 and 10, respectively, for each vegetal matrix. All were determined in spiked samples (n=3)

and table 3 shows the obtained results for each matrix and compound analysed.

13



Table 3. Instrumental and method limits of detection and quantitation.

FLM CBZ CPR ENR DCL+ IBU DCL-
ILOD (ng-mL?) 0.31 0.25 0.42 0.44 0.56 1.51 1.43
ILOQ (ng-mLY) 1.03 0.83 1.40 1.47 1.87 5.03 4.77
€ leafandStem 572 6.25 5.25 6.41 4.26 20.8 15.3
§ Root 5.54 6.16 4.21 5.92 2.16 183 13.2
2 Stem 4.85 5.48 5.31 7.92 8.47 30.2 221
LOD (ng-gl) = Root 4.64 4.83 4.95 6.54 6.32 10.9 14.8
s leaf 3.78 4.62 5.32 9.22 7.21 25.2 15.7
g Stem 7.75 6.25 10.5 11.0 14.0 37.7 35.7
3 Root 5.22 5.45 6.41 5.38 7.35 32.5 15.7
€ leafandStem 191 20.8 17.5 21.4 14.2 69.3 51.0
§ Root 18.5 20.5 14.0 19.7 7.22 61.0 44.1
2 Stem 16.2 183 17.7 26.4 28.2 100.7 73.7
0Q (nggl) 2 Root 15.5 16.1 16.5 21.8 21.1 36.3 49.3
g leaf 12.6 15.4 17.7 30.7 24.0 84.0 52.3
g Stem 25.8 20.7 35.0 36.7 46.7 125 119
3 Root 17.4 18.2 21.4 17.9 245 108 52.3

14



The relative standard deviations for 6 replicate determinations of 10 ng-mL™ of the six analytes studied
were between 2.5 and 4.3 % (intraday repeatability). The interday repeatability (n=3, 6 days) were
between 5.1 and 7.2 %.

As it has been previously published by other authors (Hu et al.2014), matrix effects on ESI is a very
frequent undesirable effect, thus, a matrix matched calibration is usually followed. In this work, the matrix
effect of all the studied compounds was evaluated following the procedure described in section 2.7 and
results are shown in figure 1. Values lower than 20% were considered as low matrix effects, values in the
range 20-40% were consider as medium matrix effect, values in the range 40-60 % were consider as high
matrix effect and values over 60% were consider as very high matrix effect. As it can be seen in figure 1,
higher matrix effects are shown for analytes ionized in negative mode for most matrices. ENR and CPR
are the compounds with a higher matrix effect on most parts of the plants; this fact is in agreement with
other published papers in vegetal matrices. Additionally, a very high matrix effect was observed by IBU
in Juncus sp. FLM was the compound that presented the lower matrix effect for all matrices being about
30 % for Salicornia ramosissima and below 10 % for the rest of matrices, so matrix-matched calibration

was used as for results obtained.

W Stem Juncus sp Root Juncus sp
B Leaf Lavandula dentata Stem Lavandula dentata
Root Lavandula dentata B Stem and leaf Salicornia ramosissima

80
60
40

20 .-r-II

- Frwrlﬂ'm}'lr'rﬂ

o

-60
-80

-100
FLM CBz CPR ENR DLC+ IBU DLC-

Figure 1. Matrix effect by ion suppression or enhancement for each compound and matrix analyzed.

The recoveries were calculated as percentage of extracted compound at a low and high level of

concentration for each kind of matrix and compound. Spiked samples (in triplicate) to obtain final
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concentrations of 50 and 500 ng-g* for positive ionization compounds and 150 and 500 ng-g* were
submitted to the extraction procedure described above. Table 4 depicts the results, and as it can be seen,
the overall recoveries ranges from 60 to 107 %. Higher recoveries were obtained for CBZ in all the
matrices evaluated which is in accordance with results obtained by other authors previously for vegetal
matrices (Marsoni et al. 2014, Riemenschneider C et al. 2017b). In general, recoveries for ENR and CPR
were 70% approximately. This results are quite similar to those reported by Hu et al. 2014 in vegetal
matrices. IBU showed 70% recovery for most matrices and DCL showed recoveries ranged between 80-
90 % as average. Recoveries reported by Montemurro et al. (2017) in lettuce for IBU and DCL (in the
order 90-120%) were higher compared to our data. FLM was the analyte that showed more dependence
with the matrix, thus results for stem are in all cases nearly 90-100% but low recoveries around 60% were
obtained with root of salicornia and lavandula. The results were corrected according to the obtained
recoveries percentages. Figure 2 shows a typical chromatogram of Juncus stem extract spiked at 50 (150
for IBU) ng-g* of each compound and figure 3 the corresponding full mass spectra obtained at the

retention time of each analyte.
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Table 4. Recoveries (average % £SD, n=3) for each matrix at low and high spiked concentration level.

FLM CBz CPR ENR DCL IBU

50ng-g! 500ng-g! 50ng-g! 500ngg! 50ng-g! 500ng-g'! 50ng.g? 500ng.g? 50ng-.g! 500ng-g! 150ng-g! 500ng-g*
§ Stem 100+ 15 105+ 10 101+76 90357 757128 69.2+56 625+15 71.2+36 956+34 998+24 752+19 69.8%7.6
.:E) Root 67.1+64 87.1+10 665+06 67.1+65 757+02 732+65 741+0.2 756+69 61.5+38 89.2+7.6 82.7+11 754146
‘é Stem 89.6+84 773+9.0 995+13 899+94 72105 653+79 721+01 75.0%5.0 101 +13 95.1+51 69394 741+7.7
;g Root 97.7+55 87.6+5.9 100+8.7 97734 71.2+36 816+t73 745+06 785+64 781+16 888+29 657+11 70.0%x6.6
kS Leaf 100+ 8.9 90.1+11 88.4+54 906+99 704122 77.0+84 71.2+52 713143 100+£6.8 89.7+96 81951 67923
S
g Stem 87.8+7.8 67812 77502 778+7.2 782+23 82349 783+84 779+23 689+34 963+69 705+15 70.7t4.8
>
3 Root 60.1+2.2 70.3+%5.2 107+89 80.1+6.2 725+03 668+26 669+08 741+93 721+11 928+12 79.4+56 73.2+09
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3.4 Uptake study in Lavandula dentata.

Lavandula dentata plants were submitted to the uptake study described in section 2.8.
The plants that were irrigated with 700 ng-mL™* and 10 pg-mL™? solutions, showed a sick
appearance “nearly dead” after 21 days exposition, whereas the rest of the plants remained
alive for all the assay. The plants were submitted to the procedure described in the above
sections and finally analyzed (a triplicate of analysis was performed at each cut) in the
UPLC-QTOF/MS instrument. The results are detailed in table 5. Only FLM and CBZ
were detected in the plants. This fact, previously reported by other authors, is due to
chemicals uptake depends on great extent on the hydrophobic nature (log P) and
ionization state of the molecules which highly depends on the pKa and the pH of the soil
(Marsoni et al 2014, Wu et al. 2013). Thus, in our study, drugs with different octanol-
water partition coefficients and pKa values were selected. FLM and CBZ were quantified
in all samples nearly at all concentration levels, finding, as expected, higher
concentrations in the plants at high irrigation concentration. As it can be seen, data show
a clear trend of accumulation in root samples for both drugs, reaching very high
concentrations in the case of high level exposure concentration for CBZ. However in leaf
samples, it can be seen how initially the plant accumulates the highest concentration of
drug and later these values gradually decrease until almost disappears, this results do not
agree with those previously reported by Tanoue et al. (2012) and Wu et al. (2014) who
found higher concentrations for CBZ in leaves than in roots. This could be due to the
damage suffered by the plant throughout the exposure, which would cause the leaf to stop
absorbing and what it is observed is the degradation of the drug until the plant ends up
dying. The same behavior was followed by FLM. Nevertheless, a different behavior was
observed in stem samples, FLU concentration remained stable until 21 days and then a
considerable decrease in concentration was observed probably due to the damage suffered
by the plant. A quite similar behavior was followed by CBZ at low concentration level of
irrigation but a surprising increase in concentration was observed at high concentration
levels of exposure which would disagree with the above suggested damage in the plant.
At medium exposure level, both plants showed the same anomalous behavior, thus a high
accumulation was suffered by both plants at 21 days and then decrease, however
concentrations at 7 and 14 days were very low compared with the rest of results obtained
by the other samples which would suggest a problem that could alter the absorption of

CBZ by the plant at the beginning of the assay.
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CPR, ENR were not found in any sample, however they were expected to be found as
their absorption have been previously reported by Lillenberg et al. 2010 and they low
values for log P and log Kow. This could be due to the plant physiology itself or

compound degradation in the soil.

DCL and IBU were not identified in any samples probably due to their low pKa value the
were mainly present as anions which implies low absorption by the roots (Marsoni et
al.2014). This results agree with some published previous papers (Tanoue et al. 2012,
Montemurro et al. 2017), however Emhofer at al. (2017) found unaltered DCL in cress
roots cultivated under hydroponic conditions after seven days irrigation, this discrepancy
might be attributed to the low potential for uptake of these pharmaceuticals (see table 1,
log P and log Kow show high values) due to its low lipophicity or even due to the

experimental conditions (Marsoni et al. 2014).

From the data depicted in Table 5 some other conclusions can be drawn. As it can be seen
in the minigraphs included in the table, the accumulation trends in leaves for CBZ and
FLM do not depend on the irrigated concentration, showing quite the same behavior for
the three concentrations studied. Initially a strong adsorption occurs that subsequently
decreases with time as already mentioned above. However, this behavior is different in
stem samples that show different trends at the three concentrations studied. Thus, CBZ as
of FLM at low and medium concentration, show a slight or constant accumulation during
the first three weeks and a decrease is observed in the concentration in the last week.
However, at high concentrations, the accumulation of FLM occurs more rapidly in the
first or second week and subsequently a decrease is observed. In contrast, CBZ exhibits
a completely opposite behavior to that of FLM at this concentration level. To the best of
our knowledge, the founded concentration in stem dependence on the concentration level
of irrigation have not been previously reported.

Additionally, as can be seen, concentration average values obtained remain in the same
order between the two plants used for each assay which means that plants suffers the same

accumulation when the uptake study is performed under quite similar conditions.
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400  Table 5. Results obtained in Lavandula dentata after uptake assay.

Found compounds concentrations

Matrix level Cuts Flumequine® Flumequine®  Carbamazepine®*  Carbamazepine®
P1 P2 P1 P2
Average® SD Average® SD Average® SD  Average® SD
7 days 111 23 220 14 141 22 145 18
14 days 58 0.2 70 8 69 10 132 8
10 ngmL?! 21days <MLOQ 20 4 36 8 83 12
30 days <MLOQ <MLOQ 24 3 21 10
7 days 1554 68 1326 49 1148 68 1754 24
14 days 449 20 363 23 312 57 413 11
Leaf 700 ngmL? 21 days 187 6 420 28 223 22 676 18
30 days 206 19 346 22 163 53 353 2
I — N—— T~ — ., e,
7 days 1156 67 2076 43 2498 38 1390 17
14 days 631 68 468 82 1672 37 545 31
10 ugmL? 21days 242 34 361 35 245 13 368 61
30 days 150 20 62 13 150 27 207 4
7 days 172 14 209 37 109 25 84 39
14 days 151 3 184 15 101 5 156 25
10 ng mL® 21days 646 19 79 20 129 8 48 18
30 days 335 25 57 9 54 15 49 4
R —
7 days 502 21 559 4 102 6 167 16
14 days 666 5 565 14 101 9 103 14
Stem 700 ngmL? 21days 417 14 561 8 647 11 717 33
30 days 160 1 331 12 102 12 103 28
7 days 764 17 804 47 464 9 633 7
14 days 1020 45 686 16 3837 37 1862 57
10 ug mL? 21 days 875 14 490 35 3074 20 2318 37
30 days 494 27 308 14 15635 272 4630 113
10 ng mL™ 127 4 92 3 832 9 443 43
700 ng mL* 195 7 241 9 1354 32 722 72
Root 10 ug mL? 1904 16 1924 16 15035 110 14076 41

aconcentration expressed in ng g
baverage concentration (n=3)
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4. Conclusions

The developed analytical method allows the efficient extraction of the 6 selected
pharmaceuticals from different parts of the selected plants in five minutes by means of
microwave energy with no additional clean-up step. Regarding the extraction procedure,
several procedures, solvents and treatments were evaluated looking for the best results in
terms of recoveries and sensitivity, obtaining results for quantification limits in the order
of ng-g, with good accuracy and precision in the order of the recommended values for
pharmaceutical determinations when 5 mL of a mixture ACN:H20 (1:1 v/v) was used as

extracting solvent.

The method has been applied for the identification and quantification of the analytes in
samples of Lavandula dentata after irrigation the soil of the plant with a mixture of six
drugs. The uptake assay developed lasted 30 days. From this assay can be stated that FLM
and CBZ were the compounds more accumulated in leaf and stem of the plant, showing
similar trends at low concentration levels of exposure. Contrary to what it was initially
expected at high and medium level of exposure the plants showed a higher accumulation
at 21 days and then a high decrease at 30 days, behavior that could be related to the
damage of the plant. However additional studies should be done to assure this supposition.
As it was expected the concentrations of the compounds in root increased with the higher

concentration of the mixture used in the assay.

On the other hand, CPR, ENR, DCL and IBU were not identified in the samples as
unaltered form of the drug.
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Figure Captions

Figure 2. Total (TIC) and extracted ion chromatograms of a sample of Juncus stem
spiked with all the analytes at 50 ng-g™*. a) Diclofenac-; b) Enrofloxacin+; c)
Ciprofloxacin+; d) Flumequine+; e) Carbamazepine+; f) Diclofenac+; Q)
ibuprofen-; h) Total ion chromatogram for negative ionization; i) Total ion
chromatogram for positive ionization.

Figure 3. Mass spectra of a sample of Juncus stem spiked with all the analytes at 50

ng-g (150 for IBU). a) lbuprofen-b) Diclofenac-; c) Diclofenac+; d) Flumequine+;
e) Carbamazepine+; f) Enrofloxacin+; g) Ciprofloxacin+.
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