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Application to Cyclodextrins
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Abstract. Classical analytical quantifications in biological matrices require time-consuming sample pre-
treatments and extractions. Nuclear magnetic resonance (NMR) analysis does not require heavy sample
treatments or extractions which therefore increases its accuracy in quantification. In this study, even if
quantitative (q)NMR could not be applied to 2D spectra, we demonstrated that cross-correlations and
diagonal peak intensities have a linear relationship with the analyzed pharmaceutical compound
concentration. This work presents the validation process of a 2D-correlation spectroscopy (COSY) NMR
quantification of 2-hydroxypropyl-β-cyclodextrin in plasma. Specificity, linearity, precision (repeatability
and intermediate precision), trueness, limits of quantification (LOQs), and accuracy were used as
validation criteria. 2D-NMR could therefore be used as a valuable and accurate analytical technique for
the quantification of pharmaceutical compounds, including hardly detectable compounds such as
cyclodextrins or poloxamers, in complex biological matrices based on a calibration curve approach.
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INTRODUCTION

Besides the traditional use of nuclear magnetic reso-
nance (NMR) spectroscopy as a structure elucidation tool,
the interest for its quantification ability is continuously
growing over years (1–3). Indeed, quantitative NMR
(qNMR) is now widely used in various domains such as
toxicology, metabolomics, pharmaceutics, or environmental
(4,5). In the pharmaceutical field, 1H and 13C NMR
spectroscopies are often used for the identification and the
quality evaluation of drugs such as busereline or gosereline or
for some specific tests such as the determination of molar
substitution of 2-hydroxypropyl-β-cyclodextrin (2,6). Despite
the huge possibilities of qNMR regarding drugs quantifica-
tion, the number of monographies in European pharmacope-
ia (EP) or US pharmacopeia (USP) is still limited. Under
controlled conditions, 1H-NMR spectroscopy is considered as
quantitative given that the intensity of a signal is directly
related to the amount of resonant nuclei (7). However, in the
case of complex solutions or mixtures (i.e., biological samples
or pharmaceutical preparations …), signal overlaps may
occur and lead to poorly feasible quantification. Indeed, the

perfect integrations of overlapped signals, required to obtain
accurate quantifications, could be complicated to asses, even
if approaches such as deconvolution steps could be used (8).
Two dimensional (2D) sequences such as homonuclear
correlation spectroscopy (1H-1H COSY) or 1H-13C
heteronuclear single-quantum correlation spectroscopy
(HSQC) therefore constitute useful techniques given that
the resolution can often be increased with the added
dimension (1) as peaks are spread around along an additional
orthogonal dimension (9). However, the direct quantitative
properties observed in 1H-NMR cannot be extrapolated to
2D-NMR and especially in 2D-COSY. Indeed, cross-peak
intensities are influenced by other factors than concentration
such as relaxation times, mixing times, evolution times,
uneven magnetization transfers, coupling constants (J)…
(10–12). Moreover, the influence of the biological matrix has
to be taken into account and the presence of a huge amount
of water requires the use of adapted pulse sequences
including a pre-saturation step in order to drastically reduce
the water signal which can greatly impact the quality of the
spectra. However, even if qNMR could not be applied to 2D-
COSY spectrum, it was expected that the cross-correlation
and diagonal peak intensities have a linear relationship with
the compound concentration. Indeed, several strategies have
been developed to estimate the peak volume by getting rid of
site-specific constant mainly influenced by relaxation times,
pulse sequences delay… Among these strategies, the use of
calibration curves or reference standards relies on more
classical analytical techniques leading to high trueness and
precision (9). We therefore decided to explore the use of 2D-
COSY NMR spectroscopy for the identification and quanti-
fication of pharmaceutical excipients or drugs in complex
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biological media such as plasma, serum, or urine. According
to the specificities of this spectroscopy and of the samples, a
validation process is needed for highly accurate quantifica-
tion. 2D-NMR presents several advantages including its
ability to specifically detect a substance of interest in
biological matrices without any sample pre-treatments (ex-
cept the addition of D2O and TMSP) or sample extractions
which decrease the potential errors due to experimenter
manipulations encounter with traditional sample treatments.
Moreover, NMR seems to be particularly adapted to the
analysis of hardly detectable pharmaceutical compounds such
as cyclodextrins and poloxamers for which limited quantifi-
cation techniques are available and generally required long
sample pre-treatments including extraction or proteins pre-
cipitation (13,14). Taking into account these advantages, we
decided to address this possible utilization of 2D-COSY
spectroscopy for the identification and quantification of
cyclodextrins in plasma medium. Pharmaceutical excipients
have been considered for a long time as inert substances used
to allow an efficient delivery of an active pharmaceutical
ingredient (API). However, recent findings showed that some
excipients are able to interact with other ingredients present
in a formulation or cause adverse effects in patients and are
therefore much more than a simple inert substance (15,16). It
appears that quantitative techniques are necessary to control
their concentrations in blood following various administra-
tion routes to avoid accumulation leading to undesirable
effects. Cyclodextrins (CDs) are cyclic oligosaccharides made
up of linked α-1,4-glucopyranose units which form a truncat-
ed cone-like structure comprising a hydrophobic cavity.
Natural and derivative CDs, such as 2-hydroxypropyl-β-
cyclodextrin (2-HP-β-CD), are able to interact with poorly
water-soluble drugs (BCS II and IV) in order to increase
their apparent water solubility and therefore their oral
bioavailability (17–19). Moreover, CDs can also be used as
active ingredients in the treatment of pathologies such as
Niemann-Pick disease (20) thanks to their abilities to interact
with cholesterol. Besides cyclodextrins, we wanted to high-
light the potential use of 2D-NMR in other pharmaceutical
compound quantification. Among them, poloxamers are non-
ionic poly(ethylene oxide)–poly(propylene oxide) copoly-
mers which are used in pharmaceutical preparations for their
ability to act as surfactant, as solubilizing agents, as dispers-
ing agents… Moreover, it has been shown that pluronic block
copolymers are capable of sensitizing multi-drug resistant
(MDR) cancer cells (21,22) which highlight their biological
activity. This work presents the possibilities of 2D-NMR
techniques in the pharmaceutical field as a quantitative tool
by describing the development and the full validation of a
2D-COSY quantification technique for 2-hydroxypropyl-β-
cyclodextrin in plasma.

MATERIALS AND METHODS

Chemicals and Solutions

2-HP-β-CD (molar substitution = 0.64) was kindly
donated by Roquette (Lestrem, France). Poloxamers 188
and 407 were kindly donated by BASF (Ludwigshaven,
Germany). Trimethylsilyl-3-propionic acid-d4 (TMSP) and
deuterium oxide (99.96% D) were purchased from Eurisotop

(Gif-sur-Yvette, France). Certified maleic acid was obtained
from Sigma-Aldrich (Karlsruhe, Germany). Ultrapure water
(18.2 MΩ/cm resistivity) was produced by a Milli-Q® system
(Millipore). Pooled blank human plasma was purchased from
the blood bank of the hospital (CHU, Liege).

NMR Measurements

All samples were recorded at 298 K on a Bruker Avance
spectrometer operating at 500.13 MHz for the proton signal
acquisition. The instrument was equipped with a 5-mm TCI
cryoprobe with a Z-gradient. Maleic acid was used as internal
standard for quantification (1D experiment). Due to the
nature of the samples, a presaturation sequence was used in
all the experiments in order to minimize the water signal. All
data were referenced to internal sodium 3-trimethylsilyl-
2,2,3,3-d4-propionate (TMSP) at 0.00 ppm chemical shift (all
spectra are calibrated with regard to TMSP). 1H-NMR
spectra were acquired using a Carr-Purcell-Meiboom-Gill
(CPMG) relaxation-editing sequence with presaturation.
Upon the presence of proteins in plasma, the use of a
sequence with a T2 filter (CPMG) greatly improves the
baseline. The CPMG experiment used a RD-90-(t-180-t)n-
sequence with a relaxation delay (RD) of 2 s, a spin echo
delay (t) of 400 s and the number of loops (n) equal to 80.
The water suppression pulse was placed during the relaxation
delay (RD). The number of transients was typically 32. The
acquisition time was set to 3.983 s and a quantity of four
dummy scans was chosen. The data were processed with the
Bruker Topspin 2.1 software with a standard parameter set.
The phase and baseline corrections were performed manually
over the entire spectral range. Gradient-enhanced magnitude
COSY experiment with a presaturation during relaxation
delay was used for 2D measurements. Spectra were collected
with 4096 points in t2 and 300 points in t1 over a sweep width
of 10 ppm, with six scans per t1 value. The resulting COSY
spectra were processed in Topspin 2.1 using standard
methods, with zero-degree shifted sine-squared apodization
in both dimensions and zero filling in t1 to yield a
transformed 2D dataset of 2048 by 2048 points. It is well
known that 2D peaks integration could drastically influence
the volume determination and therefore the quantification
process (23). In our experiments, peak volumes were
determined by integration. To specifically quantify the peak
of interest, we determined the integration region based on the
highest concentration used in the validation process (3.3 mM)
and we checked in 3D that this region covered the entire
peak volume. This integration region was therefore kept
constant for all other concentrations in order to reach an
accurate quantification process.

Validation of the Method (2-HP-β-CD)

The validation of the method was performed in three
series of experiments. The following criteria were tested:
selectivity, linearity, precision (repeatability and intermediate
precision), trueness, limits of quantification (LOQs), and
accuracy. Total error was used as decision criterion for the
validation process (24–26). The acceptance limits were set at
+/−15% (in accordance with FDA guidelines for bio-
analyses) and the minimum probability to obtain future
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results within these limits was set at β=90% (β-expectation
limits). Statistical analyses were performed using the
e-noval® software (Arlenda, Liege, Belgium).

Calibration Standards (2-HP-β-CD)

Stock solutions were individually prepared by dissolv-
ing 500 mg of 2-HP-β-CD in 100 ml of Milli-Q® water. A
Mettler Toledo (Schwerzenbach, Switzerland) AT261 was
used to weigh 2-HP-β-CD (precision: 10 μg). All weights
were corrected for the water content after its measurement
by Karl-Fischer titration (V30, Mettler Toledo). Calibration
standards at four concentration levels within the range of
0.1–3.3 mM (0.1, 0.33, 1.65, and 3.3 mM) were obtained by
dilution of the stock solution with Milli-Q® water. At
100 μl of these solutions, 100 μl of blank plasma, 50 μl of
D2O buffer, 50 μl of maleic acid (5 mM), and 5 μl of TMSP
were added for NMR analysis. Each concentration level
was analyzed three times for three series of experiments
(three independent days). Calibration curve on day 3 was
realized with different human plasma in order to take into
account the variable protein/peptide composition between
different plasmas.

Validation Standards (2-HP-β-CD)

Validation standards were prepared in the same way as
the calibration standards. Five concentrations (0.1, 0.165,
0.33, 1.65, and 3.33 mM) were analyzed three times for three
series of experiments (three independent days). Validation
standards are considered as true values by consensus.
Validation standards on day 3 were prepared with different
human plasma in order to take into account the variable
protein/peptide composition between different plasmas.

Application of the Technique

The generic method was applied to other pharmaceutical
excipients. Solutions comprising either poloxamer 188 or 407
were prepared by dissolving 150 mg in 5 ml of Milli-Q®
water. At 10 μl of these solutions, 1000 μl of blank plasma,
200 μl of D2O buffer, 50 μl of maleic acid (5 mM), and 5 μl of
TMSP were added for NMR analysis. The validated method
was applied to mice plasma quantification further to intra-
peritoneal (i.p.) injections. In vivo experiments were carried
out in accordance with the local ethic committee rules on
males BALB/c mice of 6 to 8 weeks old.

RESULTS

Method Development

The general aim of our research was the setting of a
quantification method for hardly detectable pharmaceutical
compounds in biological matrices without complicated ex-
traction or separation steps in order to reach a high accurate
quantification and that could be used in toxicological studies.
We therefore decided to evaluate the interest of 2D-COSY
spectroscopy for its ability to unambiguously identify sub-
stances of interest in biological matrices and for its absence of
long sample pre-treatments. We firstly focused on the

quantification of cyclodextrins and especially of 2-
hydroxypropyl-β-cyclodextrin (2-HP-β-CD). The first step in
this development was the 1H-NMR analysis of 2-HP-β-CD in
water to identify signals of interest. As previously shown (27),
we decided to focus on the wider signal at 1.1 ppm (Fig. 1b)
which corresponds to the methyl of the hydroxypropyl group
(Fig. 1a) in order to specifically detect 2-HP-β-CD. Other
signals (e.g. signal at 5 ppm) could also be used for the
quantification of unsubstituted cyclodextrins (27). Given that
overlapping signals corresponding to lipids and proteins of
the plasma could be present in the 1.1-ppm spectral zone, the
classical 1D NMR approach could not be applied for
quantification. Indeed, even if deconvolution (total-line-
shape) analysis could be used for the quantification of 2-HP-
β-CD at high concentrations (minimal signal overlap), lower
concentrations could not be accurately quantified given that
the overlapping is too important (Fig. 2). We therefore
decided to analyze the cross-peak interaction between the
doublet at 1.1 ppm and the central cavity of the cyclodextrin
represented by the proton H3 (4 ppm) by using the 2D-
COSY approach. Thanks to the added dimension, lipids or
proteins contained in the plasma do not influence the specific
determination of 2-HP-β-CD amount (Fig. 3). As previously
explained, qNMR could not be applied to 2D-COSY data.
Moreover, due to specificities of 2-HP-β-CD, such as
uncertainty in the molecular weight and in the substitution
degree and the relative broadness of the NMR signals, the
application of quantitative NMR (qNMR) could be difficult.
We therefore undertook a validation process to identify the
most appropriate linear regression model. It is important to
note that the molar substitution of 2-HP-β-CD influence
signal intensities and integrations. Calibration curves must
therefore be made with 2-HP-β-CD coming from the same
batch and with the same mean substitution degree as the
cyclodextrin to analyze.

Validation Method (2-HP-β-CD)

According to ICH Q2 (R1) guidelines (28), several
validation criteria were evaluated as described in BValidation
of the Method (2-HP-β-CD)^ section. An accuracy profile
based on tolerance intervals was used to evaluate the
reliability of the results (29). β-Expectation tolerance inter-
vals defined an interval space in which it is expected that each
future result will fall with a defined probability (β). This
tolerance interval is computed for each validation standards
concentration levels on the basis of their estimated interme-
diate precision, standard deviation, and bias. The accuracy
profile is defined by plotting the upper tolerance limit on one
hand and the lower tolerance limit on the other hand. While
this accuracy profile stays within the previously set acceptance
limits, the method is considered as validated. This approach
guarantees that each further measurement of unknown
samples will be included within the tolerance limits with at
least a probability of β, e.g., 90%.

Method Specificity

From Fig. 1b, we could see different signals from 1.1 to
5.2 ppm. All these signals could be used for quantification.
Given that the signal at 1.1 ppm is specific to cyclodextrins
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possessing a hydroxypropyl group, we selected this doublet.
The specificity compared to other compounds (lipids and
proteins) present in the plasma was assessed by adding
increasing concentration of 2-HP-β-CD into blank plasma.
The signal corresponding to the methyl of the hydroxypro-
pyl group at 1.1 ppm can therefore be unambiguously
identified in the plasma (Fig. 2). The 2D-COSY specificity
is also ensured given that no other correlation cross-peaks
have been detected in the zone of interest at 1.1/4 ppm
(Fig. 3). In accordance with FDA bioanalytical method
validation guidance, six individual blank plasma samples
were used to demonstrate the absence of interference in the
1.1/4 ppm area.

Response Function

The response function of an analytical method is, within the
range, the existing relationship between the signal intensity and
the concentration of the analyte in the sample. In order to
determine the most accurate calibration curve, different models
were applied. The calibration curves were built with four
concentration levels within the range 0.1–3.3 mM. Validation
standards were prepared in the same way at five concentration

levels. Each of them was analyzed in triplicate on three series of
experiment in order to evaluate inter- and intra-assay precision.
By using different regression models, validation standards
concentrations were back-calculated to determine a precision
and a trueness index. On this basis, the regression model which
provides the most appropriate response function in terms of
accuracy, dosing range index, precision, and trueness is a linear
regression after square root transformation. The calibration
curve obtained from this regression model is defined by the
following equation: sqrt(Y)=a+b sqrt(X) where Y is the
analytical response andX is the introduced concentration (mM).

Trueness

Trueness refers to the closeness of agreement between a
conventionally accepted value (reference value) and a mean
experimental one. It therefore gives information on system-
atic error. According to the appropriate model (linear
regression after square root transformation), validation
standard concentrations were back-calculated to determine
trueness expressed in terms of relative bias (%) at each
concentration level of the validation standards. As shown in
Table I, trueness never exceeded 6.25%.

Fig. 1. Chemical structure of 2-hydroxypropyl-β-cyclodextrin; R=hydroxypropyl (a) 1H-
NMR spectrum of water solution spiked with 2-hydroxypropyl-β-cyclodextrin (d.s 0.64)
(b). The signal at 1.1 ppm corresponding to the methyl of the hydroxypropyl group is
enlarged
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Precision

Precision is the closeness of agreement among measure-
ments from multiple sampling of a same homogeneous
sample. It therefore gives information on random errors and

it can be evaluated at two levels: repeatability and interme-
diate precision. Precision is described in terms of relative
standard deviation (RSD) values at each concentration level
of the validation standards. Results are computed in Table I.
Relative biases related to repeatability and intermediate

Fig. 2. 1H-NMR spectra of 2-hydroxypropyl-β-cyclodextrin in plasma at concentrations of 1.5 mM (upper right) and 0.15 mM (upper left). The
signal at 1.1 ppm corresponding to the methyl of the hydroxypropyl group is surrounded. Blank plasma spectrum focus on 1.1 ppm area (blue)
with the 1H-NMR spectrum of water solution spiked with 2-hydroxypropyl-β-cyclodextrin (red)

Fig. 3. 2D-COSY NMR spectra of 2-hydroxypropyl-β-cyclodextrin in plasma at a concentration of 0.112 mM (left). The correlation spot
between the methyl of the hydroxypropyl group (1.1 ppm) and the proton H3 of the cyclodextrin central cavity (4 ppm) is enlarged. Blank
plasma spectrum focus on 1.1/4 ppm area (right). A square highlight the absence of interference in this spectral zone
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precision never exceeded 4.78% which confirms the high
precision of the validated methods.

Accuracy and Linearity

Accuracy refers to the closeness of agreement between
the test result and the accepted reference value (conven-
tionally true value). The accuracy therefore takes into
account the total error, i.e., systematic and random errors,
related to the test result. Upper and lower bounds of β-
expectation tolerance intervals at the 10% level were
calculated at each concentration levels and did not exceed
the previously set acceptance limits (15%) between 0.112
and 3.33 mM as shown in Fig. 4. This method is therefore
considered as validated within this range. This means that
the levels for which the β-expectation tolerance intervals
obtained are outside the acceptance limits could not be
measured with sufficient accuracy and therefore could not
be included in the dosing range. The linearity of a method
refers to its ability within a definite range to obtain results
directly proportional to the concentration of the analyte in
the sample. Linearity was observed in the working range of
concentrations (Table I).

LOQs

Limits of quantifications were obtained by calculating the
smallest and the highest concentration beyond which the
accuracy limits (or β-expectation limits) previously described
go outside the acceptance limits (+/−15%). The dosing range
is therefore defined as the interval between the upper and
lower limits where the analytical 2D-COSY method achieves
adequate accuracy. As shown in Fig. 4, the method is
considered as valid within the range for which the dashed
curves (accuracy profile) are within the dotted acceptance
limits and the lower limit of quantification (LLOQ) is
therefore set at 0.112 mM. LLOQ could be lowered by using
a higher scan number but related to the intended use of this
quantification method, it is not necessary to reach smaller
concentrations given that the toxic 2-HP-β-CD dose is above
this LLOQ.

Applications

Next to this validation process, we analyzed plasma
spiked with poloxamers in order to highlight the potential
use of 2D-NMR in other pharmaceutical compound quanti-
fication. Some analytical methods have been reported for
poloxamer quantification in pharmaceutical preparations
(30–32), but despite their wide range of pharmaceutical
applications and especially their recognized biological effect
(21,22), limited analytical techniques have been developed
for their quantification in biological matrices. We therefore
decided to evaluate the applicability of 2D-COSY spectros-
copy as a quantitative technique for poloxamers 188 and 407
in plasma. We firstly focused on identifying a well-resolved
signal of interest that could be used for the quantification by
using 1H-NMR. As shown in Fig. 5, the wider signal at
1.2 ppm (displayed for poloxamer 188) corresponding to the
methyl group could be used to that purpose. However, as
for 2-HP-β-CD, lipids and proteins present in the plasma
impair its use (especially for low concentrations) in 1D-
qNMR (Fig. 6). We therefore decided to focus on the cross-
peak interaction between this methyl signal at 1.2 ppm and
the CH2O/CHO integrals between ~3.6 and 3.9 ppm
(Fig. 7). This intense correlation spot appears free of
interference and could be used for the specific quantification
of poloxamers in plasma by using the same approach
developed for the quantification of 2-HP-β-CD. Moreover,
in order to assess the applicability of our technique to
specifically detect 2-hydroxypropyl-β-cyclodextrin following
a non i.v. route of administration, we performed in vivo
study on mice. The aim of this study was to demonstrate the
possible recovery and quantification of 2-hydroxypropyl-β-
cyclodextrin in plasma following i.p. injections. Mice were
therefore injected with various 2-hydroxypropyl-β-
cyclodextrin concentrations (from 250 to 2000 mg/kg), and
20 min later, their plasmas were recovered for quantifica-
tions. For all tested concentrations, we were able to detect
and specifically quantify this cyclodextrin. All concentrations
were above the LLOQ (0.112 mM). This method could be
therefore be used to monitor plasma concentration following
various administration route in human or mice toxicological
studies. Besides the quantification in biological fluids, 2D-
NMR could also be used to quantify 2-hydroxypropyl-β-

Table I. Validation Criterion for 2D-COSY NMR Quantification of
2-HP-β-CD in Plasma by Using the Cross-Peak Interaction Between

the Signal at 1.1 ppm and the Signal at 4 ppm

Validation criteria

Response function
(calibration curve)

Linear regression
after square
root transformation

Trueness
Level Conc (10−3 M) Rel bias (%)
Level 1 3.265 −1.072
Level 2 1.753 6.243
Level 3 0.316 −4.344
Level 4 0.156 −5.742
Level 5 0.098 −0.913

Precision
Level Repeatability (RSD%) Intermediate

precision (RSD%)
Level 1 3.714 4.659
Level 2 2.464 2.962
Level 3 1.223 2.129
Level 4 2.66 2.663
Level 5 1.598 4.778

Accuracy
Level β-Expectation

tolerance limits (%)
Level 1 −12.28/10.14
Level 2 −1.214/13.7
Level 3 −10.41/1.725
Level 4 −11.59/0.107
Level 5 −15.80/13.98

Linearity
Slope 0.999
Intercept 0.0079
R2 0.996
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cyclodextrin in cell culture medium. Indeed, the presence of
lipids (coming from serum additives) impairs the use of 1D-
NMR. 2D-COSY NMR could therefore be used in various
in vitro experiments such as permeability studies through a
cell layer.

DISCUSSION

Even if lower error estimates have been reported with
previously described 1D 1H-NMR study (27), overlapping
observed in our samples considerably increases technical

Fig. 4. Left: accuracy profile obtained by considering linear regression after square root transformation. Relative errors of the back-calculated
concentrations, represented by green dots, are spread around the relative bias (red line) and comprised of somewhere between the beta-
expectation tolerance limits, represented by dashed lines (LLOQ 0.1116 mM). The dotted lines represent acceptance limits. Right: observed
estimated plot (linearity profile) obtained by considering linear regression after square root transformation. The plain line is the identity line:
Y=X. The dashed limits correspond to the accuracy profile, i.e., the β-expectation tolerance limits expressed in absolute values. The dotted lines
represent the acceptance limits. The method is considered as valid within the range for which the dashed curves are within the dotted
acceptance limits (LLOQ 0.112 mM)

Fig. 5. Chemical structure of poloxamer (ethylene oxide/propylene oxide block copoly-
mer) (a) 1H-NMR spectrum of water solution spiked with poloxamer 188 (b). The methyl
signal at 1.2 ppm is surrounded
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error and therefore impairs its use. In this study, we
highlighted the interest of 2D-COSY NMR spectroscopy for
the quantification of hardly detectable pharmaceutical mole-
cules in biological matrices, especially related to its ability to
accurately quantify a substance of interest without complicat-
ed sample pre-treatments. Cyclodextrins represent ideal
candidates for NMR analysis because uncertainty in the
molecular weight makes them hardly quantifiable by using
traditional techniques such as LC/MS. Moreover, needed
limits of quantification in toxicological studies are relatively
high given that these compounds have already been highlight-
ed for their low toxicity. Indeed, some toxicological studies
were undertaken to evaluate the toxicity of cyclodextrins in
both humans and animals. They revealed that natural

cyclodextrins such as β-cyclodextrin can induce toxicity
especially following i.v. and subcutaneous administrations.
Cyclodextrin derivatives (such as 2-HP-β-CD) appear less
toxic. For example, following a 1-week intravenous study at a
single dose of 1 g, no adverse effects were reported (33). For
that purpose, we decided to limit the needed plasma volume
to 100 μl. This enables the use of small rodents such as mouse
for which the total blood volume is only 70 to 80 ml/kg of
body weight. Moreover, in order to take into account the
variations in terms of lipid and protein concentrations in
plasma, we used two different plasmas during the validation
process. The total protein concentrations of both plasmas
were calculated based on the Bradford dye-binding method
and indicated a higher protein concentration (~two times

Fig. 6. 1H-NMR spectrum of plasma solution spiked with poloxamer 188. The signal at
1.2 ppm corresponding to the methyl group is surrounded

Fig. 7. 2D-COSYNMRspectra of poloxamer 188 in plasma at a concentration of 0.25mg/ml.
The correlation spot between the methyl group (1.2 ppm) and the CH2O/CHO
integrals between ~3.6 and 3.9 ppm is enlarged
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more) in the second plasma. Besides this full validation
process, we also analyzed the applicability of this method to
other hardly detectable pharmaceutical compounds. We there-
fore analyzed plasmas spiked with poloxamers 188 and 407
solutions by using the same approach. Similarly, 2D-NMR
quantification could also be applied to other pharmaceutical
API or excipients by using the same approach. However,
conventional 2D-NMR experiments are affected by long
acquisition time due to high number of t1 increments in order
to reach sufficient spectral width and resolution (34). Therefore,
the lack of sensitivity meets with reasonable acquisition time
limit its applicability. In recent years, several strategies have
been developed in order to decrease experiment durations
including the decrease of recovery delay between two successive
t1 increments. Furthermore, a new approach based on one scan
acquisition appears to be of particular interest as a powerful
analytical tool. This new approach, called ultra-fast NMR, is
continuously growing over years and could also be applied to
the specific detection and quantification of pharmaceutical
compounds in biological matrices by using the approach based
on calibration curves instead of direct quantification. These new
sequences could allow a sensitive and accurate quantification
without the need of complex sample pre-treatments and could
therefore be applied to numerous pharmaceutical developments
in a near future.

CONCLUSIONS

Identification and specific quantification of pharmaceutical
compounds in complex biological media is a key challenge in
drug development. Classical analytical methods require time-
consuming sample pre-treatments and extractions which could
induce bias due to multiple experimenter manipulations. NMR
analysis does not require sample treatments or extractions
which therefore increases its accuracy in quantification. Quan-
titative NMR approaches are traditionally based on 1D 1H-
NMR spectra which impair their applicability to spectra with
signal overlaps as it can be observed in pharmaceutical
formulations or in biological matrices. 2D-NMR sequences
address this overlap issue thanks to the added dimension.
However, due to some factors influencing cross-peak intensities,
the direct quantitative relation observed between signal inten-
sities and compound concentrations in 1D-NMR analysis could
not be extrapolated to 2D-COSY NMR. In this study, we
demonstrated that 2D-COSY spectroscopy could be used as a
valuable and accurate analytical technique for the quantification
of pharmaceutical compounds, including hardly detectable
compounds such as cyclodextrins or poloxamers, in complex
biological matrices by using a calibration curve approach.
Further to ultra-fast sequences development, 2D-NMR could
become in a near future a useful analytical technique with
numerous pharmaceutical applications regarding active ingredi-
ents and excipients quantifications.
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