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2 Experimental

2.1 Reagents and Materials

Ultrapure water (18.2 K2 cm) was used for the preparation of all agueous
solutions and it was obtained from the Milli-Q giextt A10 ultra-purifier system
(Milipore, USA). Captopril, histamine, L-thyroxinékanamycin, tobramycin,
gentamycin, amikacyn, streptomycin, neomycin, swodilborohydride (98%
purity), tellurium powder (200 mesh, 99% purity),admium chloride
pentahydrated (99% purity), mercaptopropinoic a2iercaptopropinonic acid,
thioglycolic acid, cysteamine hydrochloride, 5d8hio (bis -2-nitrobenzoic acid),
triethyl amine, histidine, tyrosine, phenylalanirfecyclodextrin, thyroxine, L-
cysteine hydrochloride monohydrate, zinc acetatgdiated were all purchased
from Sigma-Aldrich (USA).

Sodium acetate, acetic acid, sodium hydroxide, drdus disodium
phosphate, anhydrous sodium phosphate, citric &@itijoroacetic acid, ascorbic
acid, trisodium phosphate monohydrate, sodium cetag sulfanilic acid, sodium
nitrite and hydrochloric acid were obtained from rde (Germany).
Hydrochlorothiazide was kindly donated by the Unsidade de Brasilia
Pharmacology Department (Brazil) while lactose asiticon dioxide were
provided by the Technology Institute of Fundacdo wé&ldo Cruz

(Farmanguinhos, Rio de Janeiro).

Captopril and thyroxine pharmaceutical tablets wevechased in local
drugstoresCaptopril EMS- 25 mg of captopril per tableGaptopril Eurofarma-
25 mg of captopril per tablet aigbvotiroxina sdédica 200 g of thyroxine per
tablet. For histamine determination Fresh and edninina were purchased in

local supermarkets and stored under refrigerattof °€. Whatman quantitative
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ashless filter paper grade No 41 and Syringe $ilRURADISC 0.45.um were
purchased fromWhatman Ltd, UK. Nitrogen gas (99.98#éty) was from Lynde,
Brazil.

2.2 Instrumentation

Photoluminescence measurements were made on anfEdmker LS-55
luminescence spectrophotometer (Perkin-Elmer, UK wolutions placed in 1
cm optical pathlength quartz cuvettes. Photoluntieese spectra were acquired
using the FL Winlab ® software and measurement® werformed with 10 nm
excitation and emission spectral bandpasses arl ddmin scan rate. Emission

spectra were made using excitation at a wavelemgtording to the Table 2.

Table 2 — Excitation and emission wavelengths acating to each analyte

Analytes Excitation (nm) Emission (nm)
Captopril 350 512

Histamine 350 515/545/580
Aminoglycosides 350 518/ 550/580
Thyroxine 312 424

A thermostatic system with stirring (PTP-1 Photoinescence Peltier
system with a PCB1500 water Peltier system, Pdtkimer) was used to keep the
solutions in the cuvette at specific constant tewmmpees. Photoluminescence
lifetimes measurements were performed using an Hirba-Jobin Yvon TCSPC
system. The light source used for excitation w&6% nm NanoLED N-16 with
1.0 ns nominal pulse duration, 1 MHz repetitioreratJV-vis absorption spectra
were made on Perkin-Elmer Lambda 15 spectrophotmusing 15 nm spectral

bandpass.
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Dynamic light scattering (DLS) measurements @& ¢guantum dots were
recorded in a Zetasizer Nano ZS (Malvern, UK), apeg at 25°C using a He-Ne
laser (633 nm) with measurement range from 0.6 efd inm and the analyzed
range from 2 to 500 nm. Transmission electron osicopy (TEM) was made on
JEOL 2010 Transmission Electron Microscope undér A0 accelerating voltage
(JEOL, Japan). Thermo Sorvall Biofuge Stratos dewfe (Thermo Scientific,
Germany) was used. For pH measurements, the pH-ifM& Tecnopon, model
MPA-210, Brazil) was employed. Raman spectra wdrined using a Perkin

Elmer Raman Station 400 Ram@&pectrometer.

2.3 Preparation of molecular imprinted polymer for group-selective

recognition of aminoglycosides

Group selective molecularly imprinted polymer (Mii®y aminoglycosides
like kanamycin, tobramycin, gentamycin, amikacimegtomycin and neomycine
were prepared by sol-gel process using kanamyctheatemplate molecule. The
sol-gel MIP preparation procedure is simple and leygp mild reaction
conditions. In a typical synthesis, a 1 mL aquesatsrated solution of kanamycin
iIs mixed with 320.QuL of 3-aminopropyl trimethoxysilane (APTMS) and 265
uL of tetraethyl orthosilicate (TEOS) followed byetladdition of 200.@L of 5%
trifluoroacetic acid (as catalyst). The mixture wesated under magnetic stirring
at 40°C until the appearance of turbidity. The gel oledinwas cooled to room
temperature and to ensure dryness, these materagskept for 12 h in an oven
at 120°C. The polymer was broken and washed with 200.0ahdeionized
water to remove the template molecule. The extactf analyte (kanamycin
sulfate) was monitored by CdTe-TGA photoluminesgaobe (excitation at 350
nm). Finally, the polymer was dried at 120 and sieved to obtain regular size
distribution of particles. The MIP was then storadroom temperature. The
corresponding non-imprinting polymer (NIP) was @equ in the same manner

except for the addition of kanamycin sulfate.
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2.3.1 Evaluation of the molecular imprinted polymer for solid phase

extraction of aminoglycosides

In order to achieve high extraction efficiency, tbading, the washing and
the elution of samples should be carefully optirdiz€or the preparation of MIP
solid phase extraction (SPE) column, 100 mg of EMHMNIP was packed into a 1
mL syringe that was coupled with syringe polyethgdilter (0.45 pm porous
size). Before loading the samples, the column wawditioned with 5 mL of
methanol and 10 mL of deionized water. A 200 of aliquot of each of the
aminoglycoside solutions (1 x £onol L) was loaded separately in SPE column.
The conditions for washing and eluting were essdleld based on the results
obtained by measurements using the photoluminesoanbprobe sensing.
Approximately, 5 mL water/methanol (20/80% v/v)d@n was selected as the
washing solution and the retained analyte was elwieéh 0.5 mL of acidic water
(pH about 3.5).

2.4 Aqueous synthesis of quantum dots
2.4.1 Synthesis of CdTe modified with different ligands

The thyoglicolic acidmodified CdTe nanoparticles (TGA-CdTe) were
synthesized according to methods previously redartehe literature with minor
modifications [145]. Briefly, 3.5 mmol of Cdg2.5 HO and 0.40 mmol of TGA
were mixed in 50 mL of deionized followed by a pHjwstment to about 10.5
(using small volumes of 1 mol'LtNaOH solution). Then the solution was placed
in a three necked 100 ml round bottom flask andygdiwith nitrogen gas for 10
min. Then 2 mL of a freshly prepared NaHTe aqueous isolwtras injected into
the reaction system under stirring and under nemnogrotection. Quantum dots
with different sizes were prepared by varying tb#ux time under heating at
about 100 °C. The resultant dispersion was called stock disper of
nanoparticles. The 2-mercaptopropionic modified €dlanoparticles (2MPA-
CdTe) were synthesized using a similar proceduteemploying 0.30 mmol of

2MPA instead of TGA. In order to investigate thechmnism of interaction and
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role of TGA as the surface modifier, cysteamine ifiedl CdTe nanoparticles

were also synthesized according to literature hoce[146].

2.4.2 Synthesis of L-cysteine modified ZnS nanoparticte

The ZnS nanoparticles modified with cysteine wesmtlsesized as
reported in literature with slight modification [Z§ In typical synthesis, 0.0214 g
(1 x 10* mol) of zinc acetate dihyrdrated and 0.0172 g (10X mol) of L-
cysteine hydrochloride monohydrated were dissolved 00 mL of deionized
water. Then, the solution was stirred for 15 miwl dme pH of the system was
adjusted round to 9.0 by the addition of small wods of 0.1 mol I* of NaOH
solution. The resultant solution was poured to @#0three necked round bottom
flask (reactor). A solution containing 2 x “1@nol of NaS in 10 mL deionized
water was slowly injected through the syringe te tteactorunder nitrogen
protection. The Zn: S: cysteine molar ratio emptbyes 1:1:2. Then the mixture
was refluxed (about 10¢C) for specific period of time. Aliquots of the rt@n
mixture were taken out at different intervals ofigi, through the syringe, to check
the absorption and photoluminescence charactexisfihe transparent and
colorless colloidal dispersion of ZnS was treatath vethanol to precipitate the
nanoparticles, then, the solid mass was dissolmegdhosphate buffer solution
(0.01 molL* and pH 8.5).

2.4.3 Procedure of quantum yield determination

Quantum yields¢) were determined by preparing a quantum dot dssper
and a reference standard solution (rhodamine B).otdRiminescence
measurements were recorded by exciting both (Cdiferbodamine B) at 355
nm. The integrated photoluminescence intensity eedsulated by measuring the
entire area under the emission spectrum. In omerihimize the self-absorption,
the absorbance was kept below 0.12. The measurgmeceédure involves the
comparison ofp of the standard solution with the one of the disipas, therefore,

from the plot of absorbance in function of the greged photoluminescence of the
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standard and dispersions, th@alue could be calculated as indicated in Equation
2.1.

¢ = Pst [G:Zij [ ] (2.2)

where@ (@s7), Grad (Grady) andnx (hst) represent respectively the
quantum vyield, the slope of the integrated photah@scence intensity versus
absorbance, and the solvent refractive index of guantum dots dispersion and
standard solutions (rhodamine B). In this experitngre diluted modified CdTe
with 2MPA and TGA nanocrystals (approximately 2 &°1mol L") were
dispersed in deionized watefer = 1.33) and the diluted solution of rhodamine
B (1x 10% mol L") was dissolved in ethanohghano = 1.36). Under such
conditions, the standard has a QY of 89% [148].

2.5 Photoluminescence measurements and samples prepidoa for

determination of captopril, histamine, kanamycin ard thyroxine
2.5.1 Photoluminescence measurements for sensing histiaa

For the determination of histamine, 1@ volume of the TGA-CdTe
nanoparticles aqueous stock dispersion (estima&a 20° mol of nanoparticle
dispersed in 1 L of solution) was added into 3 mueous solution containing 0.2
mL of pH 8.5 phosphate buffer. This dispersion wiisated by successive
additions of 1QuL of stock solution of histamine (1 x £Gnol LY. The titration
was performed manually by using a micropipette @dnedaddition was made into
the cuvette in which the content was kept unders@m stirring. After the
addition of histamine the system was allowed ta@tréar 2 min. The stirring was
tuned off and the solution allowed to achieve elguim before performing the
photoluminescence measurements (excitation at 850 The wavelength chosen
for the photoluminescence detection depended upenawerage size of the

nanoparticles in the dispersion. For final analysianoparticles with average
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diameter of 2.1 nm were used, which resulted in t@bminescence

measurements at 515 nm. All results were corrdotedilution

2.5.2 Procedure for extraction of histamine from tuna fsh

Histamine was extracted from the flesh of eitheslfrtuna or canned tuna
according to a procedure reported in the literatuite minor modifications [149].
About 5.0 g of tuna flesh, taken from the skinldessal part of the fishwas
transferred to a 50 mL Teflon tube and mixed witbhtoroacetic acid (2.5% in
volume) aqueous solution. The sample was grindedhamogenized for 2 min
using a blender. Then, the mixture was centrifugfe?i3,000 rpm for 15 min at 15
°C. A specific volume of extract was neutralized ditiéred through a filter
paper. The extract was then passed through a watswlid phase cartridge
(Amberlite CG-50). The cartridge was then washecers® times with acetate
buffer (pH 4.6) before the histamine, retainedhi@ tolumn, is recovered with 0.5
mL of HCI solution (0.2 mol ). The pH of the eluted solution containing
histamine was adjusted to about 7 before the aaddf an aliquot of the sample
into the nanoparticle dispersion. A trichloroacetmd (2.5%) solution was used

as blank solutions and submitted to the same puweeanf solid phase extraction.

2.5.3 Colorimetric method for determination of hisamine

For colorimetric determination of histamine (refece method), p-
phenyldiazonium sulfonate was employed to enabé&motal derivatization. The
derivatization solution was prepared by mixing b of a 0.9% (w/v) sulfanilic
acid solution with a 4% hydrochloric acid aqueookison and 1.5 mL 5% (w/v)
sodium nitrite aqueous solution in a 50.00 mL vadtme flask and kept in ice
bath for 5 min. A further addition of 6 mL more % sodium nitrite solution was
added and after 5 min, the volume was adjusted avgtiled water. The reagent
was stored in ice bath and used after 15 min opagedion. In a clean tube
containing 5 mL of 1.1% sodium carbonate aqueoulstisn was mixed (in a
slowly fashion) with 2 mL of the prepared reageahilfed solution). Then,
different concentrations of the standard solutibmistamine and samples (after
extraction through procedure in 2.5.2) were addée. absorbance was measured
after 5 min at 496 nm [111]
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2.5.4 Photoluminescence measurements for determinatiorf kanamycin

The photoluminescent nanoprobe dispersions usedhf® sensing of
kanamycin and others aminoglycosides were predayedixing 15uL of TGA-
CdTe nanoparticles in 5 mL aqueous solution comtgi®.5 mL of phosphate
buffer solution (0.01 mol £, pH around 8). In order, to construct analytical
curves, different volumes of a stock solution (eits x 10° or 1 x 10* molL™?) of
kanamycin, neomycin, streptomycin, gentamycin, aamycand tobramycin were
added to nanoparticles dispersion inside the cewdthese additions (titration)
were made manually using micropipette with the eoninside the cuvette under
constant stirring. After the addition of aminoglgates, the system was allowed
to react for 30 s. The stirring was turned offeiuilibrate the solution, then,
photoluminescence measurements were made withaggoitat 350 nm. The
quantum dots dispersion prepared in the same mautewithout addition of
aminoglycosides served as control (blank) and theotgdluminescence
measurement of control guarantee a reliable vabre f photoluminescence

emission intensity.

2.5.5 SPE for milk and water samples

For the determination of kanamycin in whole anchgkiilk samples, 5,00
mL of the sample was diluted to 10,00 mL with dézed water and fortified with
kanamycin at two concentration levels (2.5 X Bhd 8 x 1d mol LY. Then,
5.00 mL of the sample was transferred to a tubecamtrifuged, at 4C, using
3100 x g for 30 min. The solid fat that was at tbp of the tube was removed
with a spatula. The liquid part was transferredatmther centrifuge tube and
mixed with 0.5 mL of an aqueous solution of a tiacbacetic acid (10 % m/v).
The mixture was vortex mixed for 30 s and agairtrifeiged (4 C and 3100 x g)
for 30 min. The supernatant was separated and midl mL of n-hexane.
After vigorous shaking, followed by centrifugatiothe organic portion was

discarded and different volumes of aqueous portiontaining analyte were
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loaded into the SPE cartridge loaded with the Mifeer loading with the sample,
the SPE cartridge was thoroughly washed with 5 frid. water/methanol (20/80%
v/v) solution to ensure the removal of interfersgostances. Finally the sample
was eluted with 0.5 mL acidic water (pH about 3.Bpr the sensing of
kanamycin, volumes of the eluate were added tatfamtum dots dispersion and
from the relative enhanced photoluminescence tmeerdration was measured.
For environmental samples (stream water), the &mdigrtified sample was
passed through a 0.45 um Teflon filter and thenjestdd to MIP solid phase

extraction.

2.5.6 Photoluminescence measurements for determinatiorf oaptopril

The stock solution of captopril (1.0 x 4amol LY was prepared by
dissolving 22 mg of the analyte standard in deiedizvater and adjusting final
volume to 10.00 mL in a volumetric flask. Standasdlutions of lower
concentration were prepared by further dilution tbé stock solution with
deionized water. 2MPA-CdTe quantum dots aqueoysetsfons were prepared
by mixing 100 pL of the synthetized quantum dotsi® mL volumetric flask
containing 0.5 mL of the pH 9 phosphate buffer sotu (0.01 mol [Y). Then,
volumes (varying from 10 to 100 pL) of sample optogril standards were added
before the volume of the mixture was adjusted wdthonized water. These
dispersions were transferred to quartz cuvettesorder to measure their
photoluminescence at 510 nm upon excitation atr880 Control measurements
were made using quantum dots dispersions prepardei same manner but

without the additions of captopril.

2.5.7 Determination of captopril in human serum and tabkts

For pharmaceutical analysis, a pool of 10 tabldétsaptopril medicine
were grinded inside an agate mortar and then, ignalof the resultant powder
was placed in water and vigorously shaken and gieced inside an ultrasonic
bath for 20 min. Insoluble excipients and conconigavere separated by passing
the solution through 0.45 um pore size PVDS syrifiitgr. For determination of


DBD
PUC-Rio - Certificação Digital Nº 0913861/CA


PUC-RIo - Certificacdo Digital N° 0913861/CA

65

captopril in human serum, a 1 mL aliquot of seramgle (from a healthy female
volunteer) was diluted with deionized water andtified with the captopril
aqueous standard. The mixture was vigorously shakehits final volume of
solution was adjusted to 5.00 mL using deionizetewd his solution was passed
through Gg cartridge (500 mg packed in a 5 mL syringe). Thetridige was
washed with water then all captopril was eluted|Immathanol and the collected

solution was analysed using the proposed approach.

2.5.8 The Ellman’s method for determination of captopril

The Ellman’s method was adapted and used as reéeraathod for the
determination of captopril. The stock solution (26¢ mol L) of 5, 5'-dithio (bis
-2-nitrobenzoic acid) (DTNB) was prepared in phadphbuffer solution (0.1 mol
LY, pH 7). For the calibration curve, 3 mL deionizeater, 20QuL of DTNB and
400 L of phosphate buffer solution were mixed in a dtezeDifferent amount of
captopril standard solution were added. The salutias allowed to stand for 5
min and then absorbance was measured at 412 nnbldinle was prepared with

same procedure but without addition of captopril

2.5.9 Photoluminescence measurements for determinatiorf thyroxine

The stock solution of L-thyroxine (1.0 x #amol L) was prepared by
dissolving specific amounts of the drug standardadium hydroxide solution (5
x 10* mol LY. Standard solutions of lower concentration wereppred by
further dilution of this stock solution. For detemation of L-thyroxine, cysteine-
ZnS nanoparticle dispersion, prepared in phospbatfer (0.01 molL}, pH, 8.5)
was transferred to a quartz cuvette. Photolumimesceneasurements were made
at 424 nm upon excitation at 312 nm. Volumes afiga or thyroxine standards
were added to the nanoparticles dispersion (natat room temperature and
under constant stirring. Measurements were maddnSafter the stirring was
stopped. In order to obtain reliable quantitatiesults, measurements were also

taken from cysteine-ZnS dispersion without the &oldiof thyroxine (control).
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2.5.10 Sample preparation for analysis of thyroxine in plarmaceutical

formulation and human saliva

For the determination of thyroxine in pharmaceutidarmulation,
pulverized commercial tablets were dissolved inenafhe sample was then
passed through CIBPE column to retain thyroxine. The cartridge washed
with deionized water (to remove water soluble tbleecipients) and the
thyroxine was eluted with 1 mL of methanol. The Inagtol was evaporated and
the remaining residue was dissolved in ZnS nanmpestbuffered solution. The
saliva sample (10 mL in graduated cylinder) wasectéd from a human female
euthyroid volunteer that did not receive any otmedical treatment nor ingested
food or beverages prior the sample collection. Ttlenteer rinsed his mouth for
5 min with deionized water. The saliva fortifiedthvknown amount of thyroxine
was mixed with 5 mL of ethanol then mixture wastgrrmixed for 30 s and
immediately centrifuged for 15 min at 3000 rpm. tekf centrifugation, the
supernant was passed through C18 SPE column aret@vasth deionized water.
After elution with 1 mL of methanol, the eluate weasporated and the residue re-
suspended with the nanoparticle dispersion (madehosphate buffer pH 8.5).
The same procedure was repeated for blank measoteme
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