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ABSTRACT: The Ooctapéptido (LAN: 3-(2-Naphthalenyl)-D-alanyl-L-cysteinyl-L-tyrosyl-D-
tryptophyl-L-lysyl-L-valyl-L-cysteinyl-L-threoninamide (2 — 7) disulphide acetate, angiopeptin
acetate) cyclic covered gold nanoparticles (AuNPs) results in a complex (AuNPs-LAN) when
reacted following the aqueous synthesis using Turkevich method for preparing colloidal gold
nanoparticles followed by reaction of conjugation with the octapeptide LAN. The nanoconjugate
was characterized by transmission electron microscopy high-resolution, UV-vis spectrophotometry,
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and by Zeta-potential. The objective of this study was to develop a method of capillary zone
electrophoresis (CZE) to determine AuNPs and AuNPs-LAN in vitro. The reaction was | carried out
by reduction of HAuUCI, with trisodium citrate, based on the synthesis of Turkevich-Frens-Kimling
for colloidal Au at 90 °C where the plasmon resonance was detected at a wavelength of 526 nm,
previously reported from 1954, 1976 and 2006, wavelength UV-vis nanoconjugate was 531 nm in
which prolongation observed in migration times. We also describe part of the validation (linearity
and precision) by capillary electrophoresis, arguing that it is a suitable method to quantify the gold
nanoparticles and AuNPs-LAN complex. We conclude that the CZE has greater sensitivity to
determine AuNPs and AuNP-LAN, comparing to the method described by UV-Vis
spectrophotometry, resulting in a good method for analysis and characterization of the nanoparticles
and the conjugated compound. HRTEM necessary to use also is important to know the
identification and characterization of these compounds to quantify them in biological fluids for
biodistribution and pharmacokinetic studies.
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INTRODUCTION: Applications of Gold colloidal
nanoparticles (AuNPs) are of interest for their use
how: labeling, tracing and imaging; sensing and
detection and as active elements (heat mediation,
optical sensitizing or delivery vehicles) %2,
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General information about the application of gold
nanoparticles in biological systems can be found in
a number of articles °. For nanomedicine,
particularly, strategies in the self-assembly of
biocompatible materials into nanoscale or drug
loaded packages with improved therapeutic
efficacy is needed, because will permit doses
control in administration of nanodrugs ’. AuNPs
have been widely used in analytical procedures
because of their size dependent electrical
properties, high electrocatalytic activity, and
functional compatibility with biomolecules and
polymers and others chemist species .
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Due to their interesting properties, research on
colloidal system in nanocrystals form has moved in
the last years from fundamental research to first
applications in science materials and life sciences
how biomedicine ®*3. It is therefore necessary to
develop highly selective and sensitive optical
methods for the detection of metal ions. The
spectroscopic methods are based on the selective
plasmonic resonance energy transfer (PRET)
between metal-ligand conjugates and the single
gold nanoplasmonic probe. Studies were performed
by mentioning that PRET-based metal ion sensing
could have applications in cellular imaging,
biology systems and environmental monitoring
used one spectophotometry method > %2,

The electronic and vibrational spectra of AuNPs-
Lanreotide conjugate (AuNPs-LAN) were studied
before and supported by experimental evidence in
relation to gold nanoparticles and conjugated
AUNPs-LAN coated and stabilized in the presence
of PEG polymer through covalent bond, also
mentioned in this study the development of the
spectrophotometric method UV-vis used for
quantification of gold nanoparticles conjugated
AuUNPs and AuNPs-PEG-LAN **°,

At this time we are reporting the development of
the analytical method based on capillary
electrophoresis to quantify the conjugated AuNPs-
LAN and gold nanoparticles, considering the above
results concerning the characterization of these
compounds in the spectrophotometric method. Just
mention the advantages of quantifying these
nanostructures by capillary electrophoresis method
as a key to progress in biomedical applications of
this nanodrug considering the results previously
reported in other publications > *°.

Moreover the formation of conjugated gold
nanoparticles depends on the type of biomolecule
and the reaction conditions to produce stable
conjugates with small biomolecules (or synthetic
analogues) to generate hybrid materials that may be
used allowing the nanoparticles to interact
specifically with biological systems . The way in
which the conjugation of peptide to gold
nanoparticles are performed by covalently linking
the ligand which bind to the gold surface of the
core by using the tiols chemisorptions or disulfide
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groups *°. The peptide Lanreotide (LAN) is an
octapeptide [B-(2-naphthyl)-D-alanyl-L-cysteinyl-
L-tyrosyl-D-tryptophyl-lysyl-L-valyl-L-cysteinyl-
L-threoninamide, cyclic (2 — 7) disulfide]
synthesized as an inhibitor of growth hormone. The
LAN is constituted by eight amino acids which are
held together by an internal disulfide crosslink
(Cys-Cys). The somatostatin analogue peptide was
used for peptide-mediated therapy receiver
metastatic neuroendocrine tumors **%,

It has also been used in in vitro and in vivo studies
of diagnosis and therapy for the inhibition of
growth of the cell line of lung carcinoma (SCLC),
NCI-H69 *2 because the majority of human tumors
appear on to express one or more of the five known
somatostatin receptors, whose hSSSTR are five
known subtypes %%,

This has been considered as a valuable tool for the
visualization of human endocrine tumors and their
metastases in diagnostic studies. Likewise, the
conjugate may AUNPs-LAN can maintain the
unique electronic properties of absorption related
resonance plasmon resonance of the gold
nanoparticles related to physicochemical properties
and binding capacity to specific receptors LAN
octapeptide as somatostatin analogue specific or
selective molecular recognition of target cells by
vectorization is considered, this being an
alternative for detection of cancer 22°,

Furthermore, the selection of a suitable method to
quantify the gold nanoparticles and conjugated
AuUNPs-LAN is important because adequate
monitoring methodology would allow us to
adequately quantify the amounts of each compound
in specific biological systems.

Although different  spectroscopic  techniques
reported '* ™ to characterize other nanoparticles
(for example spectrophotometry), capillary
electrophoresis (CE) is a suitable analytical method
that enables us to perform the separation of
substances by considering the rate at which the ions
migrate measuring the amount of load compared to
the mass of the molecule and the size and allows us
to quantify small amounts of samples as in the case
of the nanoparticles, thus considering the
electrophoretic movement of biomolecules and
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nanostructured systems for the specific separation
of complex molecules. Whereas capillary
electrophoresis offers certain advantages such as
high separation efficiency, analysis time, low cost
and easy to implement we believe that this
technique is suitable to quantify and characterize
Ege gold nanoparticles and conjugated Au-LAN 2*

In addition there are reports since 2006 regarding
the application of this CE method for the separation
of nanosystems as it has proven to be a promising
technique for testing complex biological
compounds for clinical analysis and diagnostics %
2 “including the use of functionalized AuNPs .
The real application of AuNPs for CE separation
was reported in 2001 #. Currently the CE is a
powerful analytical tool to quantify AuNPs
bioconjugates *° as well as the separation and
characterization of complex biomolecules such as
the determination of the concentration of
deoxyribonucleic acid *! or the molecular analysis
certain substances among other applications, Qil
Mexican Institute, 2012 323°,

In this paper, we develop an analytical method to
characterize and quantify gold nanoparticles and
AUNPs-LAN compound based on the principles of
capillary electrophoresis (CE) and to confirm the
usefulness of this technique also report details the
methodology used to identify gold nanoparticles
and conjugated AuNPs-LAN by capillary
electrophoresis base on the spectrophotometric
technique as reported, HRTEM (transmission
electron microscopy and high resolution) and zeta
potencial ** *°.

MATERIALS AND METHODS:

Materials:

The tetrachloroauric ~ (I1I) acid trihydrate
(HAUCI4-3H20, 99.9%), the sodium citrate tribasic
(NazCeHs07-2H,0, 99%) and the LAN [B-(2-
naphthyl) — D — alanyl — L — cysteinyl - L-tyrosyl-
D-tryptophyl-L-lysyl-L - valyl - L - cysteinyl - L-
threoninamide, cyclic (2—7)-disulfide] (99%),
PEG (polyethilenglicol) were purchased from
Sigma—Aldrich and were used as received.
Polyvinyl alcohol and other chemicals for
preparing buffers were also from Aldrich. For the
aqueous solution preparation Milli-Q water was
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used.

Preparation of colloidal AUNPs:

AUNPs were synthesized by a variant of Turkevich
method ** according to a previously published
procedure Molina-Trinidad et al. ** **. Briefly, 95
mL 0.5mM HAuCI4-3H,O solution  stirred
vigorously was refluxed. To the boiling solution
5mL of 19mM sodium citrate tribasic
(Na3CsHs07-2H,0) was added. After
approximately 15 minutes of reaction, the resulting
solution was cooled to room temperature.

Preparation of AUNPs-LAN conjugates:
AUNPs-LAN conjugate was prepared according to
a previously published procedure Molina-Trinidad
et al. ** . Gold nanoparticles capped with LAN
were obtaining stirring an aqueous mixture (water
was added until complete 20 mL) of LAN (3.04
mL, 1 mM) and citrate-stabilized AuNPs (5 mL,
1.0 mM of gold atoms) for 20 min. The capped
AuNPs formed were separated by repeated
centrifugation at 35,000 rpm for 2 h.

CE procedure:

The new capillary was preconditioned by flushing
30 mM pH 6.5 citrate buffer in a polyvinyl alcohol
capillary neutral range between 6 and 9.
Subsequently, the capillary was washed with
deionized water at 20 psi of pressure for 30 minutes
and with citrate buffer for 15 minutes. Pressure of 5
psi for 15 minutes and voltage of 12 keV for 10-15
min were the conditions used for sample injections.
The run of AuNPs-LAN sample was carried out in
an Eppendorf tube to which were added 150 mL of
0.1 mM conjugate and 90 mL of citrate buffer to
promote the bond between the peptide and AuNPs
surface. The final volume was 250 pL. For the
study of linearity, calibration curves were prepared
by triplicate with standard solutions of AuNPs in
the 0.2-3.0 umol/mL interval of concentrations.

For the study of five solutions was prepared and
linearity over a range of concentrations from a
standard has gold nanoparticles from 0.5 to 3.5
micromolar, the study was performed in
quintuplicate.

For the studies of reproducibility calibration curves
for triplicate were carried out using two analysts
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during three consecutive days within the same
spectrophotometer of CE. For reproducibility and
repeteability study of solutions of the compounds
in a range from 0.5 to 3 micromolar to which the
response was measured by area, considering
different days (n=3) were prepared. Only five
electropherograms were considered for each study.

Measurements:

The UV-Vis absorption spectra of the solutions
were studied using a Thermo Scientific UV-Vis
spectrophotometer, with 10 mm path length quartz
cuvettes in the 190-900 nm wavelengths range.
Zeta potential data was obtained by a Zetasizer
DTS Nano (Malvern Instrument). The
measurements were recorded at 25.0 £ 0.1 °C. The
size, morphology and crystallographic
characterization of the nanoparticles were carried
out using a JEOL JEM 2200 FS electron
microscope transmission (TEM) operated at 200
keV of accelerating voltage. The sample for TEM
measurement was prepared by dipping the TEM
copper grid (400 meshes) in a dilute dispersion of
nanoparticles in  water.  Capillary  zone
electrophoresis equipment (Beckman Coulter) was
used to drive the electrophoresis. A neutral
capillary (ECAP Beckham) was used for
separation. A port-capillary cartridge with cuvettes
was used to collect UV-Vis absorption spectra of
the compound eluted out from the capillary
separation.

RESULTS AND DISCUSSION:

Lanreotide peptide is a somatostatin analog that is
recognized by specific receptors of the hormone.
The encouraging clinical applications of labeled
somatostatin analogues as therapeutic modality in
somatostatin receptor-positive lesions have been
reported. It has reduced the tumor growth by
metastasis instudies where radiopharmaceuticals
are used; a better quality of life by controling the
symptoms and a larger survival of patients 19-28, 40-
%8, Have been shown it is known that adenomas and
various tumors of neuroendocrine origin are over
expressed in somatostatin receptors. The lanreotide
was created to suppress the hyper secretion and
development of certain malignant tumors and for
treating diseases such as acromegaly, Cushing's
syndrome and other inflammatory disorders 3%,
The strategy of using LAN for AuNPs
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functionalization took into account the presence of
functional groups that have strong affinity for gold
like disulfide bridges and the N-terminal primary
amines or thiols groups . The functionalization of
the AuNPs by the LAN must be constrained by the

stereochemical arrangement of the peptide ring **
50

Nevertheless, the high mobility of this macrocycle
opens the possibility of disulfide bridge interaction
with AuNPs. This interaction may be additive to
that of the N-terminal primary amine (especially
that from lysine), since amino groups are also
known to have strong interaction with gold
surfaces, the above and was already reported and
explained in previous articles ** *°. It means that
LAN was the limiting reactive, as a way to ensure
the major possible conjugation. The AuNPs-LAN-
PEG conjugate obtained was stable for 8 months at
room temperature in aqueous solution % 4 15 16.37-
% In the Fig. 1 the UV-Vis spectrum of AuNPs-
LAN-PEG shows a Plasmon absorption band at
530 nm. At 0.8 LAN/AUNPSs ratio to 5 nm red shift
and a decrease of the Plasmon band absorbance
maximum of the AuNPs where a pink solution is
observed (probably a weak aggregation process is
produced, observing a plasmon resonante shift with
respect to gold nanoparticles of 526 nm and 530
nm to identify the conjugate AUNPs-LAN).

Different solutions golden shown in the first figure:
molecular solution obtained from a gold standard
(yellow colour), gold nanoparticles (red wine) and
gold-conjugated AuNPs-LAN-PEG (pale pink)
where it was found that the presence of PEG
stabilizes the complex AuNPs-LAN. Colloidal gold
is a suspension of particles in an aqueous liquid
(water). The formation of colloidal gold occurs by
using citrate to reduce gold (1) to gold solid. The
solution is red wine for particles smaller than 100
nm.

Thus colour refers to the size of the particles in the
medium base don those reported by Turkevich,
Frens, Kimling and Liz Marzan colloidal solution
of gold nanoparticles represents the particle size
base don their color as in this case in 5 nm
confirmed by the micrograph obtained from a
sample of nanoparticles by high-resolution
microscopy, previously reported 2 14 1% 37-39.50-55
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Absorbance

FIG.1: UV-VIS SPECTRUM OF GOLD STD (AuNPs, 5 nm),
AuNPs SOLUTION (0.76 mm, 526 nm) AND AuNPs-LAN-PEG
COMPLEX (0.31mM, 531nm). INDICATED HIGHER
MAGNIFICATION SHOWS SMALL NANOPARTICLES IN
THE ORDER OF 5 nm PROTECTED BY THE CITRATE
MATRIX. COALESCENCE PROCESS IS DELAY BECAUSE
OF THE PASSIVATE CITRATE ACTION.

Moreover, the wavelength band of maximum
absorption spectrum is stable for several weeks,
this is because the layer of peptide in the surface of
gold nanoparticles decrease maintains stable
nanoparticles aggregation; adding to the stability of
the conjugate to add the biodegradable polymer
polyethylene glycol (PEG) **. Studies confirmed by
measuring the zeta potential on the conjugate
stability study, results shown in Table 1. In Fig.2
the spectrum of AuNPs-LAN-PEG are shown in
the biological fluid (plasma), the absorbance
maximum peak is observed at a wavelength of 328
nm, which explains the behavior detection depends
gold conjugate as the physiological pH of blood pH
is about 7.4 and the detection was performed in
human blood plasma *# %%,

el

FIG. 2: UV-VIS SPECTRA FOR AuNPs SOLUTION (0.76 mM)
USING A VARIAN CARY 50 CONC. UV-VIS
SPECTROPHOTOMETER, WITH 10 mm PATH LENGTH
QUARTZ CUVETTES IN THE 190-900 nm WAVELENGTHS
RANGE. THE MAXIMUM PEAK IS OBSERVED AT A

WAVELENGTH OF 328 nm.It is noteworthy that the pH

International Journal of Pharmaceutical Sciences and Research

E-ISSN: 0975-8232; P-ISSN: 2320-5148

changes in any chemical or biological system
interfere with the detection of the biomolecule due
to the physicochemical properties of each
compound (pKa, partition coefficient and others
factors).

Furthermore, the zeta potential indicates the degree
of repulsion between adjacent and similar
nanoparticles.

Gold nanoparticles with large absolute values of
zeta potential have better stability and show no
aggregation with respect to the values obtained in
the presence of aggregation of particles *°. The zeta
potential value was obtained from the dispersion to
the octapeptide with the gold nanoparticles in a
ratio 0.8 of LAN / AuNPs, in the study was -18.4 +
0.7 mV (mean of three measurements). The
existence of a net negative charge on the
nanoparticles in aqueous solution is demonstrated.
Compared AuNPs colloid, this negative net charge
is less than the above mentioned (see Table 1).

This fact can be explained as a consequence of the
gradual replacement of citrate groups on the gold
surface by molecules of LAN. This means that
AuUNPs-LAN has a higher tendency to aggregate
and have a low stability. With this we argue about
that the size gold nanoparticles are smaller than the
forward-conjugated AuNPs-LAN, this is due to the
size of the molecule octapeptide. Based on the
above reports in the literature regarding the zeta
potential of gold nanoparticles substances it is
believed that maintaining a negative charge
enhancing its stability due to repulsive electrostatic
interactions % *.

In a previous study in the IR and Raman spectra of
this new conjugated gold nanoparticles capped
peptide Lanreotide '* the displacement of the
groups of the AuNPs citrate LAN surface was
confirmed. It seems that the formation of
bioconjugate occurs through covalent interactions
through internal amide groups and Cys-Cys
disulfide interactions known biomolecule binding
of thiol groups *%.

The size, morphology and structure of the

nanocrystals of the compound obtained AuNPs-
LAN were studied by transmission electron
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microscopy as previously reported ** **. In the Fig.
1 show the image taken by high-resolution
microscopy shows HRTEM nanoparticles AuNPs
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|12 the order of size of 5 nm, previously reported **

TABLE 1: ZETA POTENTIAL (mV) of AUNPSgg, AUNPSgnthesis, LAN and AUNPs-LAN-PEG.

Zeta potential (mV)

AUNPSStd AUNPSsynthesis
1 -0.56 -35.6
2 -0.42 -27.9
3 -0.46 -27.1
mean -0.5+0.2 -30.2+5
%CV 20 18

LAN AUNPs-LAN-PEG
-14.7 -18.9
-14.0 -17.9
-12.6 -18.4
-54+05 -18.4+0.7
9 4

The above mentionated analysis in order to justify
the use of capillary electrophoresis methods, which
method is more accurate and allows us to quantify
small amounts of analyte that could not be
quantified by UV-vis spectrophotometry, this is
because with biological samples such as blood or
plasma of animals suchs as rats whose blood
volumen is approximately 20mL is difficult to
make an analisis by spectroscopic methods,
specifically by UV-vis spectrophotometry. For this
reason  studies of  pharmacokinetics and
biodistribution in models is necessary to have a
validated method that allows us to accutrately
quantify the analytes under study.

In this study, the use of gold nanoparticle conjugate
and AuNPs-LAN to identify and quantify these
compounds by capillary electrophoresis s
described when the nanoparticles are stabilized
with citrate ions and were synthesized by the
method of Turckevich-Frens and Kimling *"*°. In
previous studies it was demonstrated that the
presence of citrate stabilized gold nanoparticles
following a reaction of oxide reduction. Fig. 3
shows electropherograms obtained gold
nanoparticles AuNPs, lanreotide octapeptide and
LAN-LAN AuNPs conjugate are shown (Fig. 3, 4
and 5) it can be seen that the presence of gold
nanoparticles modified the electroosmotic mobility
and mobility observed solutes.

These changes are manifested in the mobility
selectivity of gold nanoparticles and AuNPs-LAN-
PEG at low concentrations and the effect of the
presence of the PEG polymer can stabilize the
conjugate. Given the characteristics of the
electrophoretic method to characterize and identify
gold nanoparticles and LAN
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conjugate we can say that is specific and selective
for these compounds and is an appropriate method
to quantify the compounds under study, and that
improves the accuracy of the analysis and increases
gge efficiency of separation of these compounds °"

[
Minutes

FIG.3: ELECTROPHEROGRAM OF GOLD NANOPARTICLES
[AuNPs] OBSERVED AT 530 nm. IN THIS FIGURE ILLUSTRATES
THE MIGRATIONN TIME, AREA, WIDTH AND HEIGHT. OXIDE
REDUCTION REACTION PRESENTING AU REACTING WITH
TRISODIUM CITRATE SOLUTION IS ALSO INDICATED. WE
USED A FUSED SILICA CAPILLARY. THE INJECTION WAS
CONDUCTED AT 12 kV FOR 15 MIN, P 20 psi AT 25 °C.

17758 13618 012 5423

0.002

o.0004
4 5 8 12 16 16 15 20
Aintes

FIG. 4: ELECTROPHEROGRAM LANREOTIDE [LAN]
OBSERVED AT 530 nm. IN THIS FIGURE ILLUSTRATES
THE MIGRATIONN TIME, AREA, WIDTH AND HEIGHT.
THE CHEMICAL STRUCTURE OF THE OCTAPEPTIDE IS
PRESENTED. WE USED A FUSED SILICA CAPILLARY.
THE INJECTION WAS CONDUCTED AT 12 kV FOR 15
MIN, P 20 psi AT 25 °C.
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FIG.5: ELECTROPHEROGRAM AuNPs-LAN-PEG [Au-LAN]
CONJUGATE. IN THIS FIGURE ILLUSTRATES THE
MIGRATIONN TIME, AREA, WIDTH AND HEIGHT. WE
USED A FUSED SILICA CAPILLARY. THE INJECTION
WAS CONDUCTED AT 12 kV for 15 min, P 20 psi AT 25 °C.

In this paper, the aqueous colloidal dispersions of
gold were prepared by citrate method (synthesis
Turckevich-Frens and Kimling) reported in 1951
and 1973 well known that is based on reducing
AuCl, by citrate ions *"°. In one step the
preparation is done, the citrate ions were used to
stabilize the nano-dispersion in the presence of the
octapeptide lanreotide to form the conjugated
AUNPs-LAN, likewise the conjugate was stabilized
with PEG polymer **. Gold nanoparticles and
conjugate AuNPs-LAN separated, identified and
characterized by the method shown in capillary
electrophoresis based on the results obtained that
the separation is specific and precise as well as the
identification of compounds, whereby efficiency
analysis is aceptable >"*°.

Furthermore, to optimize the conditions of a
method is necessary to validate the technique or
method used to quantify any analyte, in this case to
quantify the gold nanoparticles and conjugated
AUNPs-LAN. For us it is necessary to know the
specifications and control in the analysis of
analytical samples in order to verify that the
quantification of our samples is reliable, for this
reason we evaluate the parameters of linearity and
precision (repeteability and reproducibility) shown
in Table 2 and 3 for the compounds under study in
order selecting response variables in biological
samples for further analysis in studies of
pharmacokinetics and biodistribution in an animal
model. We can say that studies have been reported
in reference the gold nanoparticles, not for the
conjugated AuNPs-LAN and as our interest is in
this compound is important to know the conditions
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of analysis to quantify this nanostructure in
biological fluids how delivery system *°.

TABLE 2: REGRESSION ANALYSIS OF
CALIBRATION CURVE (AuNPs-Citrate)

Linearity parameters Values

Absorbance maximum: 530
resonance Plasmon (nm)

Linearity range (umol/ml) 0.23-33
Correlation coefficient (R?) 1
Regression equation Y=10202 X - 3.73
Slope 10202
Intercept -3.73
Limit of detection (umol/ml) 0.08
Limit of quantitation 0.18

(umol/ml)

Based on the test results obtained following the
methodology described by the electrophoretic
method linearity test is reported, indicating that the
response factors are similar and a coefficient of
variation of the response factors are reported under
3.0%, indicating that based on the specifications to
evaluate the linearity test meets this parameter,
because the specification based on the coefficient
of variation for this test should be in a range below
5%. (See Fig. 6 where the calibration curve used
for the analisis show linearity). Table 2 shows the
results obtained when evaluating the linearity
parameter values where the relative standard
deviation (Sb) was less than 2% is shown,
demonstrating the linearity adjustment. We can say
that the proportionality tests showed that the bias
was small based on statistical criterion adjustment
when confidence limits are close to zero.

In statistical significance testing of variance to
assess the intercept (b) the "t" student, obtaining the
value of the test "t" estudent 0.045, lower than the
reported value test was used 2.13. Therefore these
data indicate that reliable calibration curve used to
quantify these compounds and that meets the
linearity parameter specified as important for the
validation of a method based on the indications
suggested by the FDA % and test USP 29 ©*.

The value obtained from the linear coefficient of
determination was 1 and the coefficient of variation
was less than 3.0%, as stated in the FDA and the
U.S. Pharmacopeia °* ®'. We also found that the
relative standard deviations are less than the value
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of 3.0%. By which meets FDA specifications.

We report the concentration of each analyte as
follows: for AuNPs-LAN compound concentration
of 92 uM, for AuNPs 98 uM and for octapeptide
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LAN 1.92 uM. With these results we found that
this method is useful for capillary electrophoresis
to quantify analytes in our in vitro, since the
Studies continue to quantify these analytes in vivo
for studies of pharmacokinetics and biodistribution.

TABLE 3: REPETEABILITY AND REPRODUCIBILITY (n=5) ANALYSIS OF AuNPs-CITRATE.

Analyte Time Area Repeteability (n=5) Reproducibility (n=5) N
(min) %CV %CV
tr Area tr Area

AuNPs 20 997827+1188 0.6731 0.7206 0.5092 0.1190 102
AuNPs- 20 940052+5653 0.5299 0.9138 0.2773 0.6014 2.9
LAN

LAN 20 19647+47 0.3047 0.8818 0.2708 (1) 0.2368 1) 97

105162+163 0.9161 0.2104 0.7203 (2)0.1545  (2) 2359

40000
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25000 4
E 20000 4
15000 4
10000 4

5000 1

y = 10202 - 37373
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FIG. 6: CALIBRATION CURVE OF AuNPs-CITRATE STD BY THE PROPOSED ANALITYC METHOD, WHERE

m =10202,b=-3.7373, R=1and R?=1

Finally, we think that this technique is suitable to
quantify the conjugated AuNPs and AuNPs-LAN
allowing us sampling of very small amounts
picoliter level, as the minimum amount quantifiable
to quantify gold nanoparticles was 18X10*
pmol/mL, and that would allow us to quantify
isolated cells and subcellular structures, plus it is a
technique to separate amino acids and
neurotransmitters " >°.

CONCLUSION: The spectrophotometric analityc
method use for identify the two compounds
(AuNPs and AuNPs-LAN) is useful and reliable
quantifying analytes microliters level or parts per
million, but the Capillary Electrophoresis is more
selective method useful for quantify the gold

International Journal of Pharmaceutical Sciences and Research

nanoparticles and nanodrug AuNPs-LAN. We were

development and validate a method to
characterizing, identify and quantify gold
nanoparticles and AuNPs-LAN in vitro by

Capillary Zone Electrophoresis (CZE). The results
of AuNPs size show that nanoparticles may be
produced and may be stable compounds with
lanreotide peptide and this nanoestructures may be
stable in biological fluids how in blood in the
presence of polyethylene glycol.

We also found that the capillary electrophoresis
technique allow us to quantify small amounts of
analyte in biological samples accurately. This is an
alternative for use in the diagnosis of diseases such
as cancer and perhaps treatment of this disease in
the near future. Also, this study will serve as
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support for

pharmacokinetic studies of these

compounds in vivo.

ACKNOWLEDGEMENTS: The authors are
thankful to PhD. Vicente Garibay-Febles and PhD.
Patricia Santiago Jacinto and Mexican QOil Institute
for providing the electron microscopy facilities in
this study. The authors gratefully acknowledge the
support of PhD. Alma Revilla Véazquez, PhD.
David Quintanar Guerrero and QFB Gerardo Leyva
Gomez by using the Capillary Electrophoresis and
Malvern (zise particle) equipments, respectively.
Especially the PhD. Eva Maria Molina Trinidad

thanks

the PhD. Edilso Reguera Ruiz the

opportunity provided in conducting Postdoctoral
Studies which emerged this publication and others
already published.

REFERENCES:

1.

10.

11.

International Journal of Pharmaceutical Sciences and Research

Sperling, R.A., Rivera Gil, P., Zhang, F., Zanella, M.,
Parak, W.J. “Biological applications of gold
nanoparticles”. Chem. Soc. Rev. 2008; 37(9): 1896-1908.
Sperling, R.A., Parak, W.J. “Surface modification,
functionalization and bioconjugation of colloidal inorganic
nanoparticles”. Phil. Trans. R. Soc. A, 2010; 368 (1915):
1333-1383.

Jennings, T., Strouse, G. “Past, present, and future of gold
nanoparticles”. Advances in experimental medicine and
biology: bio-applications of nanoparticles. New York:
Springer 2007; 34-47.

Boisselier, E., Astruc, D. “Gold nanoparticles in
nanomedicine:  preparations, imaging, diagnostics,
therapies and toxicity”. Chem. Soc. Rev. 2009; (38):
1759-1782.

Caballero, D. E. Doctoral Tesis. Nanoparticles as
analytical tolos and associated toxicity studies.
Universidad de Cordoba, Espafia, 2014; 1-147.

Sperling, R.A. “Surface, Modification and
Functionalization of Colloidal Nanoparticles”. PhD Thesis,
Philipps-Universitdt Marburg, Marburg/Lahn 2008; 7-31.
MacKay, J.A., Mingnan, C., Jonathan, R.McD., Wenge,
L., Simnick, J.A.A., Chilkoti. “Self-assembling chimeric
polypeptide—doxorubicin  conjugate nanoparticles that
abolish tumours after a single injection”. Nature Materials
2009; (8): 993-999.

Katz, E., Willner, 1. “Integrated nanoparticle-biomolecule
hybrid systems: Synthesis, properties, and applications”.
Angew. Chem. Int. Ed 2004; (43): 6042-6108
Parak-Wolfgang, J., Gerion-Daliele, P.T., Zanchet-
Daniela, M.C., Williams-Shara Boudreau-Rosanne, C.,
Le.Gros, C. “A Larabell and Paul Alivisatos”. Journal
Nanotechnology 2003; 14(7): 14R15.

Niemeyer, C.M. “Nanoparticles, proteins and nucleic
acids: Biotechnology meets materials science”. Angew.
Chem. Int. Ed 2001; 40: 4129-4158.

Chia-Chun, C., Yen-Ping, L., Chih-Wei, W., Hsiao-Chien,
T., Chia-Hsuan, W., Yi-Cheng, C., Chin-Pei, C., Li-
Chyong, C., Yi-Chun, W. “DNA-Gold Nanorod
Conjugates for Remote Control of Localized Gene
Expression by near Infrared Irradiation”. J. Am. Chem.

12. Choi et al.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

E-ISSN: 0975-8232; P-ISSN: 2320-5148

Soc, 2006; 128(1): 3709-3715.

“Electronic  Supplemental Information”.
Supplementary material for Molecular BioSystems. 2009;
1:1-3.

Singh, A. and Sahoo, S.K. Magnetic nanoparticles: a novel
platform for cancer theranostic. Drug Discovery Today
2013; 19(4): 474-481.

Molina-Trinidad, E.M., Ochoa-Arredondo, L., Mendoza-
Oaxaca, E., Huerta-Valencia, V., Escobar-Chavez, J.J.
“Development and  Validation of a  Method
Spectrophotometric for Quantify GNPs and GNPs-
Lanreotide In Vitro. Journal of Pharmaceutical Science and
Technology 2011; 3(6): 608-612.

Molina-Trinidad, E.M., Estévez-Herndndez, O., Renddn,
L., Garibay-Febles, V., Reguera, E. “Electronic and
vibrational spectra of novel Lanreotide peptide capped
gold nanoparticles”. Spectrochimica Acta Part A:
Molecular and Biomolecular Spectroscopy 2011; 82: 283-
289.

Neiman, B., Grushka, E., Lev, O. “Use of gold
nanoparticles to enhance capillary electrophoresis”. Anal.
Chem 2001; 73: 5220-5227.

Tseng, W.L., Huang, M.F., Huang, Y.F., Chang, H.T.
“Nanoparticle-filled capillary electrophoresis for the
separation of long DNA molecules in the presence of
hydrodynamic electrokinetic forces”. Electrophoresis
2005; 26: 3069-3075.

Ivanov, M.R., Bednar, H.R., Haes, A.J. “Investigations of
the mechanism of gold nanoparticle stability and surface
functionalization in capillary electrophoresis”. ACS Nano
2009; 3: 386-394.

Molina-Trinidad, E.M., Arteaga de Muphy, C., Ferro-
Flores, G., Murphy-Stack, E., Jung-Cook, H.
“Radiopharmacokinetic and dosimetric parameters of
188Re-lanreotide in athymic mice with induced human
cancer tumors”. Intern. J. Pharmaceutics 2006; 310: 125-
130.

Montani, M.C., Levine, E.A., Watson, J.C. et al.
“Intraoperative Gamma Detection Of '?*I-Lanreotide in
Women With Primary Breast Cancer”. Abstract. Regul.
Pept 1996; 64:131.

Cuntz, M.C., Levine, E.A., O"Dorisio, T.M., Watson, J.
C., Wray, D.A., Espenan, M.A., Gregory, D., McKnight,
C., Meier, J.R., Weber, L.J., Mera, R., O'Diorisio, S.,
Woltering, E.A. “Intraoperative Gamma Detection of %|-
Lanreotide in Women with Primary Breast Cancer”.
Annals of Surgical Oncology 1999; 6(4): 367-372.

Taylor, J.E., Bodgen, A.E., Moreau, J.P., Coy, D.H. “In
vitro and in vivo inhibition of human small cell lung
carcinoma (NCI-H69) growth by a somatostatin
analogue”. Biochem. Biophys. Res. Commun 1988; 153:
81-86.

Krenning, E.P., Kwekkeboom, D.J., Bakker, W.H.
“Somatostatin receptor scintigraphy with [111 In-DTPA-d-
Phe 1]- and [123 I-Tyr 3]-octreotide: the Rotterdam
experience with more than 1000 patients”. Eur. J. Nucl.
Med 1993; 20: 716-731.

Reubi, J.C., Schar, J.C., Wasser, B., Wenger, S. “Affinity
profiles for human somatostatin receptor subtypes SST1-
SST5 of somatostatin  radiotracers selected for
scintigraphic and radiotherapeutic use”. Eur. J. Nucl. Med
2000; 27: 273-282.

Diep Chieu, B., Kleivi, F. R., Ribeiro, K., Texeira, M. R.,
Lindgjaerde Ole, C., Lothe, R. A. “The order of genetic
events associated with colorectal cancer progression
inferred from meta-analysis of copy number changes”,
Genes Chromosomes Cancer 2006; 45(1): 31-41.

2336



Molina- Trinidad et al., IJPSR, 2015; Vol. 6(6): 2328-2338.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.
37.
38.
39.

40.

41.

International Journal of Pharmaceutical Sciences and Research

Xie, L., Jiang, R., Zhu, F., Liu, H., Ouyang, G. Application
of functionalized magnetic nanoparticles in sample
preparation. Anal. Bioanal. Chem 2013; 406(2): 377-399.
Fox, B. F., Kandpal, R. P. “DNA-Based Assay for EPHB6
Expression in Breast Carcinoma Cells as a Potential
Diagnostic Test for Detecting Tumor Cells in Circulation”.
Cancer Genomics and Proteomic 2010; 7(1): 9-16.

Gold, R., Schmied, M., Rothe, G., Zischler, H.,
Breitschopf, H., H., Wekerle, Lassmann, H. “Detection of
DNA fragmentation in apoptosis; application of in situ
nick translation to cell culture systems in tissue section”.
Journal of Histochemistry and Cytochemistry 1993; 41:
1023-1030.

Mastichiadis, C., Niotis, A.E., Petrou, P.S., Kakabakos,
S.E., Misiakos, K. “Capillary-based immunoassays,
immunosensors and DNA  sensors-steps  towards
integration and multi-analysis”. TrAC, Trends Anal. Chem
2008; 27: 771-784.

Wang, J.N., Ren, J. “A sensitive and rapid immunoassay
for quantification of CA125 in human sera by capillary
electrophoresis ~ with ~ enhanced  chemiluminescence
detection”. Electrophoresis 2005; 26: 2402-2408.
Garcia-Campafia, A. M., Lara, F. J., Gadmiz-Gracia, L.,
Huertas-Pérez, J. F. “Chemiluminiscence detection
coupled to capillary electrophoresis”. TrAC, Trends Anal.
Chem 2009; 28(1-2): 973-986.

Cheng, Q., Qu, F., Li, N.B., Luo, H.Q. Mixed hemicelles
solid-phase extraction of chlorophenols in environmental
water samples with 1-hexadecyl-3-methylimidazolium
bromide-coated Fe304 magnetic nanoparticles with high
performanceliquid chromatographic analysis. Anal. Chim.
Acta 2012; 715: 113-119.

Wang, J.H., Huang, W.H., Liu, Y.M., Cheng, J.K., Yang,
J. “Capillary electrophoresis immunoassay
chemiluminescence detection of zeptomoles of bone
morphogenic protein-2-in rat vascular smooth muscle
cells”. Anal. Chem 2004; 76: 5393-5398.

Liu, Y.M., Zheng, Y.L., Cao, J.T., Chen, Y.H., Li, F.R.
“Sensitive detection of tumor marker CA15-3 in human
serum by capillary electrophoresis immunoassay with
chemiluminescence detection”. J. Sep. Sci 2008; 31: 1151-
1155.

Huang, M.F., Huang, C.C., Chang, H.T. “Improved
separation of double-stranded DNA fragments by capillary
electrophoresis using poly(ethylene oxide) solution
containing colloids”. Electrophoresis 2003; 24: 2896—
2902.

Mexican Institute of Petroleum. “Advances in
Nanotechnology Research and Application”, Chapter 94.
Nanoparticles. 2012 edition, México City 2012; 6045.
Turkevich, J., Stevenson Peter, C., Hillier, J. “Nucleation
and Growth Process in the Synthesis of Colloidal Gold”.
Discussions of the Faraday Society 1951; 11: 55-75.

Frens, G. “Controlled Nucleation for the Regulation of the
Particle Size in Monodisperse Gold Suspensions”. Nature:
Phys. Sci. 1973; 241: 20-22.

Kimling, M., Maier, O.B., Kotaidis, V., Ballot, H., Plech,
A. “Turkevich method for gold nanoparticle synthesis
revisited”. J. Phys. Chem. 2006; B 110: 15700-15707.
Molina-Trinidad, E. M., Arteaga de Murphy, C., Jung-
Cook, H., Murphy Stack, E., Pedraza-Lopez, M., Morales-
Marquez, J.L., Vertiz Serrano, G. “Therapeutic 188Re-
lanreotide:  determination  of  radiopharmacokinetic
parameters in rats”. Journal of Pharmacy and
Pharmacology 2010; 62: 456-461.

Orlando, C., Raggi Bianchi, C.C.S., Distante, V., Simi, L.,
Vezzosi, S., Gelmini, V., Pinzani, P., Smith Buonamano,

42,

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54,

55.

E-ISSN: 0975-8232; P-ISSN: 2320-5148

A., Lazzeri, E., Pazzagli, M., Cataliotti, L., Maggi, M.,
Serio, M. “Measurement of somatostatin receptor subtype
2 mRNA in breast cancer and corresponding normal
tissue”. Endocr. Relat. Cancer 2004; 11: 323-332.

Watt, H.L., Kharmate, G.D., Kumar, U. “Somatostatin
receptors 1 and 5 heterodimerize with epidermal growth
factor receptor: agonist-dependent modulation of the
downstream MAPK signalling pathway in breast cancer
cells”. Cell Signalling 2009; 21: 428-439.

Psherer, A., Dorflinger, U., Kirfel, J., Gawlas, K.,
Ruschoff, J., Buettner, R., Schule, R. “The helix-loop-
helix transcription factor SEF-2 regulates the activity of a
novel initiator element in the promoter of the human
somatostatin receptor II gene”. EMBO J 1996; 15(23):
6680-6690.

Liu, C.Y., Wang, Y.M., Wang, C.L. et al. “Populations
alterations of L-arginasa- and inducible nitric oxide
synthasa-expressed CD11b+/CD14/CD15+/CD33
myeloid-derived suppressor cells and CD8+T lymphocytes
in patients with advanced-stage non small cell lung
cancer”. J. Cancer Res Clin Oncol 2010; 136: 35-45.
Zalulsky, M.R. “Targeted radiotherapy of brain tumours”.
Br J Cancer 2004; 90: 1469-1473.

Teixeira-Manuel, R., Pandis, N., Bardi, G. Bardi,
Andersen Johan, A., Heim, S. “Karyotypic Comparisons of
multiple  Tumorous and Macroscopically Normal
Surrounding Tissue Samples from Patients with Breast
Cancer 1”. J Cancer Research 1996; 56(4): 855-859.
Torrisani, J., Hanoun, N.,Laurell, H., Lopez, F., Maoret,
J.J., Souque, A., Susini, C., Cordelier, P., Buscail, L.
“Identification of an Upstream Promoter of the Human
Somatostatin Receptor, hSSTR2, Which Is Controlled by
Epigenetic Modifications”. Endocrinology 2008; 149(6):
3137-3147.

Van Eijek, C.H.J., Krenning, E.P., Bootsma, A., et al.
“Somatostatin-receptor scintigraphy in primary breast
cancer”. Lancet 1994; 343: 640-643.

Liz-Marzan, L. M. “Tailoring Surface Plasmons through
the Morphology and Anssembly of Metal Nanoparticles”.
Langmuir 2006; 22: 32-41.

Levy, R., Thanh, N.T.K,, Doty, R.C., Hussain, I., Nichols,
R.J., Schiffrin, D.J., Brust, M., Ferning, D.G. “Rational
and combinatorial design of pepetide capping ligands for
gold nanoparticles”. J. Am. Chem. Soc 2004; 126: 10076-
10084.

Tobio, M., Sanchez, A., Vila, A., Soriano, I., Evora, C.,
Vila-Jato, J.L, Alonso, M.J. “The role of PEG on the
stability in digestive fluids and in vivo fate of PEG-PLA
nanoparticles following oral administration”, Colloids and
Surfaces B: Biointerfaces 2000; 18(3-4): 315-323.
Sokolov, K., Follen, M., Aaron, J., Pavlova I., Malpica, A.,
Lotan, R., Richards-Kortum, R. “Real-Time Vital Optical
Imaging of Precancer Using Anti-Epidermal Growth
Factor Receptor Antibodies Conjugated to Gold
Nanoparticles”. Cancer Research 2003; 63: 1999-2004.
Xiao, M., Yoojin, A., Chang-Soo, Y., Seungju, M.Y.
“Nanoparticle-assisted visualization of binding interactions
between collagen mimetic peptide and collagen fibers”.
Angew. Chem. Int. Ed 2006; 118: 2325-2328.

Hirsjarvi Samuli. “Characterization of lon-Exchange
Fibers for Controlled Drug Delivery”. Division of
Pharmaceutical Technology Faculty of Pharmacy
University of Helsinki Finland. Academic Dissertation.
Helsinki 2008; 1-50.

Zeta Potential of Colloids in Water and Waste Water.
ASTM Standard D, American Society for Testing and
Materials, West Conshohocken, PA, USA. 1985; 4187-

2337


http://ca.linkedin.com/pub/geetanjali-kharmate/18/2a9/318

Molina- Trinidad et al., IJPSR, 2015; Vol. 6(6): 2328-2338.

56.

57.

58.

4182.

Barenholz, Y. Doxil- the first FDA- approved nano-drug:
lessons learned. Journal of Control Release. 2012; 166:
117-134.

Helle, A., Hirsjarri, S., Peltonen, L., Hirvonen, J.,
Wiedmer, S.K. “Determination of drug encapsulation in
poly(lactic acid) nanoparticles by capillary
electrophoresis”.  Journal ~of Chromatography A.
Quantitative 2008; 1178(1-2): 248-255.

Yee Chanel, K., Jordan, R., Ulman, A., White, H., King,
A., Rafailovich, M., Sokolov, J. “Novel One Phase
Synthesis of Thiol Funcionalized Gold, Palladium, and

59.

60.

61.

E-ISSN: 0975-8232; P-ISSN: 2320-5148

Iridium Nanoparticles Using Superhydride”. Langmuir
1999; 15: 3486-3491.

Pumera, M., Wang, J., Grushka, E., Polsky, R. “Gold
nanoparticle-enhanced capillary electrophoresis”. Anal.
Chem 2001; 73:5625-5628.

FDA. “USP Department of Health and Human Services”.
Guidance for Industry bioanalitical methods, validation for
human Studies 1998; 1(12):95-123.

Farmacopea de los Estados Unidos USP 29: USP-34-NF
29. “The United States Pharmacopeia”, USP; National
Formulary NF 2006; 1(26):102.

How to cite this article:
Molina-Trinidad EM, Estévez-Hernandez O, Salas-Casas A, Cruz-Castafieda A, Ariza-Ortega JA,. Pliego-Pastrana P: Validation and
Characterization of Nanoparticles AUNPS and AuNPS-LAN Conjugate for Capillary Electrophoresis. Int J Pharm Sci Res 2015; 6(6):
2328-38.doi: 10.13040/1JPSR.0975-8232.6(6).2328-38.

All © 2013 are reserved by International Journal of Pharmaceutical Sciences and Research. This Journal licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License.

This article can be downloaded to ANDROID OS based mobile. Scan QR Code using Code/Bar Scanner from your mobile. (Scanners are available on Google

Playstore)

International Journal of Pharmaceutical Sciences and Research

2338




