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The retention properties of six benzodiazepines (alprazolam,
bromazepam, diazepam, flunitrazepam, medazepam, and
nitrazepam) on four different solid phase extraction silica
adsorbents with various hydrophobicities (octadecylsilica,
octylsilica, phenylsilica, and cyanopropylsilica) were
investigated. The breakthrough curves showed a significant
retention of these compounds on octadecylsilica, octylsilica,
phenylsilica, excepting alprazolam that has a poor retention on
octadecylsilica. These results can be explained by the
hydrophobic character of studied benzodiazepines (octanol-
water partition constant, log K, being situated within the
interval 1.90-4.45). A poor retention on cyanopropylsilica was
observed for all studied compounds indicating that n-m and
polar intermolecular interactions have a less significant role in
their retention on this adsorbent. Generally, the breakthrough
curves followed the theoretical shape, with some exceptions
due to fluctuations in of the flow-rate of sample loading on the
adsorbent bed.
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INTRODUCTION

Solid-phase extraction (SPE) is a sample
preparation technique widely used for isolation,
concentration, clean-up of different samples in
various matrices, based on the same principles of
liquid chromatography. Currently there is available
an increasing number of adsorbents based on low-
specificity inorganic oxides (chemically bonded
silica) and compound or group-selective materials
(such as mixed mode adsorbents, molecularly

imprinted polymers, restricted access materials,
and immunoaffinity adsorbents), which allow the
development of extraction procedures for specific
applications.'

Nowadays, SPE is the most popular sample
preparation technique for both nonpolar and polar
analytes due to advantages, such as high
selectivity, use of less organic solvents, rare
emulsion, minimizes time, cleaner extracts,
reproducibility of data, and higher throughput by
automatization.” SPE can be viewed as a simple
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chromatographic process with distribution process
performed on a very short column with a low
number of theoretical plate, but involving
compounds with very different distribution
coefficients, in which the adsorbent plays the role
of the stationary phase and the mobile phase is the
solvent of the sample during the adsorption step or
a selected solvent during the desorption step.”

The choice of adsorbent which depends
strongly on the analytes of interest is the key point
in SPE because it can control parameters such as
selectivity, affinity and capacity. However, it also
depends on the kind of sample matrix and its
interactions with both the adsorbent and the
analyte.’

Also, the knowledge of retention mechanism
and the behavior of different adsorbent are
important in solid phase extraction. A specific
parameter used to characterize the retention
process in SPE is the breakthrough volume
established from the breakthrough curve; used to
determine the appropriate adsorbents for isolating
particular analytes.” The breakthrough volume
depends on kinetic parameters of adsorbent and on
the retention parameters.”

The aim of this study was to investigate the
retention behaviour of six 1,4-benzodiazepines
(namely, alprazolam, bromazepam, diazepam,
flunitrazepam, medazepam, and nitrazepam) on four
SPE adsorbents with different polarity and hy-
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drophobicity (octadecylsilica, octylsilica, phenyl-
silica, and cyanopropylsilica). These compounds are
prescribed drugs worldwide and have been
extensively studied from their detection point of
view, such as by mass-spectrometric techniques,’ or
from the chromatographic behaviour in reversed-
phase mechanism.® This study includes the
investigations for adsorption/desorption yields
measured on four mentioned adsorbents.

EXPERIMENTAL

Six benzodiazepines (alprazolam, bromazepam, diazepam,
flunitrazepam, medazepam, and nitrazepam)  were
investigated, which were kindly offered by LaborMed Pharma
S.A. Their structures are presented in Fig. 1. Water (resistivity
minimum 18.2 MQ and TOC maximum 30 ppb) was produced
with a TKA Lab HP 6UV/UF instrument in the laboratory.
Acetonitrile and methanol (HPLC grade) was purchased from
Sigma Aldrich.

The major molecular parameter indicating the affinity of a
compound towards hydrophobic surface, i.e. octanol-water
partition coefficients (log Koy),” for the six studied
benzodiazepines are shown in Table 1, together with their pK,
values. Bromazepam and flunitrazepam have similar log K,
values.

Stock standard solutions of 2 mM of benzodiazepines
were prepared in methanol. Working solutions of 20 uM were
prepared by further dilution in water. Stock standard solutions
of 400 ppm benzodiazepines in methanol were prepared that
were used to obtain working solutions of 20 ppm by dilution
in water.

O
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Fig. 1 — Chemical structures of studied benzodiazepines.
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Table 1
The values of log K., for benzodiazepines studied,'® and pKa“‘13
. . Molecular

Benzodiazepines CAS Number weight log K, pK,
Alprazolam 28981-97-7 308.77 3.87 24
Bromazepam 1812-30-2 316.16 1.93 2.9
Diazepam 439-14-5 284.74 2.70 33
Flunitrazepam 1622-62-4 313.29 1.91 1.8
Medazepam 2898-12-6 270.76 4.43 6.2
Nitrazepam 146-22-5 281.27 245 3.2

Table 2

Characteristics of silica based adsorbents used in this study

Adsorbent Surface Particle Average Carbon .
. . . . Retention Type of
Cartridge type mass area size pore size loading . . .
2 o mechanism interaction
mg m/g pm A %

SampliQ C18 200 541 45 60 25.7 Reversed phase Hydrophobic
SampliQ C8 200 571 45 60 15.6 Reversed phase Hydrophobic
SampliQ 200 562 45 60 12.6 Reversed phase | | 1drophobic

Phenyl and n-1
Finisterre Reversed phase n-m, dipole-
Cvano 200 n.a* 50 60 4 and normal dipole, and
y phase hydrophobic

* —not available

An off-line automated solid-phase extraction SPE HT400E
system was used. The SPE off-line procedure was described in
detail elsewhere.'® First the adsorbent was conditioned with 5
mL methanol and then accommodating with 5 mL water. The
volume of the individual solution of benzodiazepines added
was 2.5 mL. Fractions of 2.5 mL were collected until the loss
of analyte could be observed, indicating saturation of the
adsorbent bed. The adsorbent was never allowed to dry during
either the conditioning or sample loading steps. All SPE
experiments were performed at room temperature. The flow
rate was kept constant during the experiments at 1 mL/min.

Four types of adsorbents containing octadecyl (C18), octyl
(C8), phenyl and cyanopropyl silica have been used; with the
physico-chemical properties presented in Table 2. Chemically
bonded silicas, usually with C8 and C18 organic groups, are
by far the most commonly used SPE materials. Octadecylsilica
adsorbent is considered one of the most non-selective
adsorbents.

The absorption spectra of benzodiazepines were recorded
with a Jasco V-530 double beam spectrometer, in 1 cm quartz
cells, and used to choice of the maximum sensitivity of UV
detection of these benzodiazepines. The absorbance were
measured at Ay, = 220 nm for alprazolam, at Ay, = 226 nm
for bromazepam and diazepam, and at A, = 254 nm for
flunitrazepam, medazepam, and nitrazepam.

RESULTS AND DISCUSSION

Many SPE procedures for extraction of
benzodiazepines in various sample matrixes are
reported in the literature.''® These procedures
include uses of C2, C8, C18,""* mixed-mode
columns® and polar cyano adsorbents.”” Beside
usually used silica based adsorbents; polymeric

cartridges, hydrophilic modified reversed-phase
(Oasis HLB, a hydrophilic-lipophilic balanced
copolymer)® cartridge and adsorbents containing a
cationic-exchange group or anionic-exchange
functionalities were investigated for the solid-
phase extraction of some benzodiazepines in serum
and urine.”*” Recently, molecularly imprinted
solid-phase  extraction (MISPE),***"  on-line
enrichment and clean-up on a restricted access
extraction column,”®* and multiwalled carbon
nanotubes (MWCNTs) adsorbents™ for
benzodiazepines extraction were also used. Parallel
extraction of benzodiazepines was  also
accomplished on a 96-well disk solid phase
extraction technique.”’ Although benzodiazepines
have structural similarities, they have various
behaviors towards adsorbents used in SPE because
of differences in polarity.**

This paper is focused on the investigation of
breakthrough curve of six benzodiazepines on four
different types of SPE silica adsorbents (octadecyl,
octyl-, phenyl- and cyanopropylsilica). As presented
in Table 2, the four used adsorbents are involved in
the retention mechanisms including: hydrophobic,
n-n  and dipole-dipole. Among them, =n-n
interactions may have a great contribution to the
retention on both cyano and phenyl adsorbents.
Dipole-dipole interactions can be dominant for
cyano columns (due to increased dipole moment of
the cyano group).
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The breakthrough curve is obtained by
percolating the SPE cartridge containing a
specified adsorbent with a test solution containing
the analyte at concentration level denoted by C,.
The analyte concentration in eluate is measured by
means of spectrometric method. The equation
describing the breakthrough curve is a Boltzmann
function, written in the form:*

4 C,
Vo,
B

C G (1)

I exp( )

In this equation, Vy is the retention volume, A and
B are empirical parameters obtained from the best
fit of the experimental curve with Boltzmann
function.” According to this equation, in the point

V = Vg, the value of C becomes C=(C, +A)/2.

However, many times in practice the curve does
not obey to such a dependence, which might be
assigned to the complex process of the analyte
adsorption/desorption on the adsorbent.®**

In this work, the breakthrough curves were
studied for the six benzodiazepines. The
breakthrough volume (Vy), the maximum volume
samples that can be preconcentrated on a adsorbent
without producing losses of any particular
compound, is different for each analyte is the most
important factor in determining the suitability of a
adsorbent for SPE and it depends on the analyte
hydrophobicity and the mass of the adsorbent used.
The breakthrough volume V, is defined as the
volume of sample that has passed through a
adsorbent bed until 1% of the analyte
concentration is measured at the outlet.*” The
breakthrough curves obtained for alprazolam
obtained on the four adsorbents described in
Experimental are given in Fig. 2.

Alprazolam, a triazolo benzodiazepine, is
retained strongly on octyl and phenylsilica-based
cartridges, possible due to the favorable
hydrophobic interaction and n-n interactions; while
the retention on the CN cartridge was very poor,
and the retention on C18 adsorbents was low.
Although octylsilica has a lower carbon loading
compared with octadecylsilica, C8 has a greater
surface area that C18 which could explain the
stronger retention of alprazolam on octylsilica.*
Retention on octylsilica is one very favorable. The
carbon loading of cyanosilica cartridges is small
(see Table 1) and the retention of alprazolam on
this adsorbent is minimum. Therefore, alprazolam
can not be adsorbed on the surface of polar
adsorbent such as cyanopropylsilica.

Bromazepam is less hydrophobic than
alprazolam, according to octanol-water partition
coefficient from Table 1, having one deprotonation
site (an amide group) and two possible protonation
sites (imines and pyridine nitrogen). It may be
expected to observe a weaker adsorption of
bromazepam on C8 and CI18 silica based
adsorbents and a stronger adsorption on
cyanopropylsilica  adsorbent  compared  to
alprazolam. The breakthrough curves for
bromazepam obtained in the same conditions as for
alprazolam are shown in Fig. 3. A similar retention
behavior with alprazolam was observerd for
bromazepam on C8 versus C18 silica adsorbents,
with the remark that the breakthrough curve
obtained for bromazepam on C18 was more
irregular than in case of alprazolam. However, a
sigmoidal shaped breakthrough curve closer to
theoretical shape has been obtained for
bromazepam on phenyl cartridge. The strongest
retention (retention volume more than 100 mL) of
bromazepam was observed on octylsilica, due to
favorable hydrophobic interaction with the octyl
chain from the adsorbent surface. The phenyl
moiety allows strong interaction between
bromazepam and phenyl silica adsorbent due to the
n-n stacking interactions, which are however of
low intensity and consequently the breakthrough of
the cartridge takes place after a small volume of
sample (about 40 mL). The breakthrough curve
obtained on cyanosilica may be a proof that in this
case the polar interactions between bromazepam
and cyanopropyl moiety are practically negligible.

Diazepam, a benzodiazepine characterized by
the presence of a ketone group in position 2, a
methyl moiety at nitrogen in position 1, and a
chlorine atom at position 8, has a moderate
hydrophobicity. The breakthrough curves obtained
for diazepam on the four adsorbents are depicted in
Fig 4. The retention of diazepam on C¢Hs-, C8, and
C18 silica adsorbents were high, so that the
breakthrough did not take place even after 80 mL
of loaded diazepam solution.

Similar to alprazolam and bromazepam,
retention of diazepam on cyanosilica based
adsorbent was poor. Although diazepam has some
polar moieties its interaction with the polar
cyanopropyl moiety on the adsorbent surface
seems not possible or being in competition with
polar interactions between diazepam and molecule
of the sample solvent. Diazepam can interact with
the phenyl rings from the adsorbent surface by n-nt
stacking interactions.
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Fig. 2 — The breakthrough curves obtained for alprazolam on four silica adsorbents.
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Fig. 3 — The breakthrough curves obtained for bromazepam on four silica adsorbents.

1.0 4 AAAAAAAAAAAA
A
1 A
0.8
064 4
o E ®  Phenyl
) e (8
0.4 1 A CN
] v C18
0.2 1
4 [ ] L
00 00°000%0g00

0 10 20 30 40 50 60 70 80 90
Volume (mL)

100

110 120

Fig. 4 — The breakthrough curves obtained for diazepam on four silica adsorbents.

450 500




896

Elena Bacalum et al.

The elution curves for flunitrazepam on the four
adsorbents used in this study are presented in Fig
5. Similar to diazepam, flunitrazepam is a keto
derivatives characterized by the presence of a
ketone moiety in position 2. Flunitrazepam is also
characterized by the presence of the methyl moiety
attached to nitrogen in position 1 and a fluorine
atom is found at position 5. Flunitrazepam has the
lowest hydrophobicity from the benzodiazepines
studied (log K., = 1.91), but it is sufficient highly
to ensure the hydrophobic interactions with C8 and
C18 adsorbents. Similar to the previous discussed
benzodiazepines, flunitrazepam can interact
strongly with phenyl rings from the adsorbent
surface by means of n-m interactions, and poorly
retained on cyanopropyl adsorbent.

Medazepam is a deoxy derivative of diazepam
and has the highest hydrophobicity among the
studied benzodiazepines. The elution curves for

medazepam on the four adsorbents used in this
study are pointed out in Fig 6. Its retention
behavior is similar to the other studied compounds,
excepting a slight interaction of medazepam with
CN adsorbent that can be observed from
breakthrough curve for cartridge.

Nitrazepam is keto derivatives characterized by
the presence of a ketone in position 2. Nitrazepam
contains an additional nitro moiety at position §.
The presence of a nitro moiety at position 7 for
nitrazepam can create an acidic character at
nitrogen in position 1. The breakthrough curves
obtained for nitrazepam on the four adsorbents are
depicted in Fig 7. Again, the lowest retention was
obtained on cyanopropyl silica and high retentions
were obtained for phenyl, C8 and C18 silica based
adsorbents which can indicate a strong interactions
with these adsorbents.
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Fig. 5 — The breakthrough curves obtained for flunitrazepam on four silica adsorbent.

1.04 ®

[ ]
0.8

0.6 1

cie,
[}

0.4

0.2 1 L]

oo A
A
|2 a a4,

0.0 T T T T 1

Phenyl
CN

Cc8
C18

4 pon

u ‘ AAAAAAAAAAAAAAAAAAAAAAAAAL
vt e e iU TNV NN NN EEEYYYY

0 10 20 30 40 50
Volume (mL)

60

T T T T 1
70 80 90 100

Fig. 6 — The breakthrough curves obtained for medazepam on four silica adsorbents.



Retention behaviour of benzodiazepines

897

1.0 4 ®
...... 000000
0.8
0.6
o {e ®  Phenyl
o e CN
0.4 1 A C8
_ v C18
024
- pradnnnenniRRERR SRR R RS RARRRRARSSRN SR 2RR""
: —7tr r 1 - r 1T 1t 111 1T 1
0 10 20 30 40 50 60 70 80 90 100 110
V (mL)

Fig. 7 — The breakthrough curves obtained for nitrazepam on four silica adsorbents.

From the comparison of the four tested SPE
cartridges it was concluded that the highest
averaged analytical recovery (defined as the ratio
between the amount extracted and the amount
applied) was achieved with octylsilica sorbent in
agreement with breakthrough curves presented in
Figs. 2-7. Adsorption yield varied from 51%
obtained for nitrazepam on CN adsorbent and
100% for all studied benzodiazepines on octyl or
phenylsilica adsorbents. The desorption yields
using methanol as extraction solvent varied
between 78% for bromazepam on cyanosilica
adsorbent and 100% for almost all benzodiazepines
on octyl or phenylsilica adsorbents. Generally, the
parameters that influence both adsorption and

desorption of analytes in SPE are the
hydrophobicity of adsorbent and solvent, Hansen
solubility parameters of analyte and the
breakthrough volume values.**?’

CONCLUSIONS

The retention of six 1,4-benzodiazepines on four
silica based adsorbents indicates that the
benzodiazepines are strongly retained on three
(phenylsilica, octylsilica, octadecylsilica) of the four
adsorbent, with large retention volume achieved.
The retention of benzodiazepines on the adsorbents
is primary governed by hydrophobic interactions,
and m-m stacking in case of phenylsilica adsorbent.
The sigmoid-like shape expected for SPE
breakthrough curves was obtained only for some

cases. Generally, the breakthrough curves followed
the theoretical shape, with some exceptions due to
fluctuations in the flow-rate of sample loading on
the adsorbent bed that may influence the
adsorption/desorption  equilibrium  of  studied
compound on the surface of adsorbent. Such
deviations from the theoretical shape has been
reported by several studies in literature for other
compounds and adsorbents, which in several
experiments the points were situated very far from
the theoretical breakthrough curve.*
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