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Figure 12 Ion electrochromatogram of extracted flunitrazepam. The presence of a new 
peak at m/z=346 can be seen, this peak can be due to the adduct formation of 
[M+CH3OH2]

+. See fig 10 and text for conditions. 
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Extraction    Elution Solution 

Ratio methanol:water

Recovered Flunitrazepam

               µg 

Peak area at m/z=346

(Counts) 

1 10:90 0.02 - 

2 30:70 0.03 1.1292E4 

3 50:50 0.02 3.3407E4 

4 70:30 0.01 1.0530E5 

5 20% Acetic acid ND - 

 

Table 1. Effect of increasing percentage of methanol on extraction of binding drug. 
Experiments were performed by examining an elution solution containing a low content 
of methanol (methanol:water 10:90) while monitoring  recovered value of target 
compound, then the concentration of methanol was gradually increased from 30% to 70% 
determining its effect on recovery. This test was performed  by consecutive extractions, 
and with no preconcentration step i.e. drug was extracted with  methanol:water and 
injected directly into the MS instrument. 
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Chapter IV: Stability Improvement: 

Introduction: 

There are two cases of ligand leakage in immunosorbents: leakage into simple aqueous 

solution systems during the storage of immunosorbent, and leakage during 

inmunoadsorption treatment, where unknown enzymes and other substances may play a 

role in releasing the ligand.53  Immunosorbent stability depends on the concentration and 

conformation of the bonded antibodies, and the chemical stability of the support. 

Furthermore, deterioration can occur under external pressure, or as a result of swelling 

caused by the different solvents. Dissociation of the antibody-analyte complex is the step 

that can produce the most damage to the immunosorbent. The use of a very low pH for 

desorption improved the elution, but induced a more rapid loss of antibody activity. 

The chemical stability of the support is a critical issue when performing 

immunoextraction. The stability of silica in aqueous medium depends on pH and 

decreases drastically in alkaline medium. When a silica surface is functionalized with 

amino groups it is expected that the basic character of this function may affect the overall 

chemical stability  ( and reactivity) of the resulting functionalized silica.  Etienne and 

Walcarius 54 have studied the chemical reactivity and stability of aminopropyl-

functionalized silica (APS). They studied the influence of pH on the dissolution of APS 

materials in aqueous medium by monitoring the total soluble silicon-containing species 

that have leached in solution as a function of time and found that the initial pH of the 

suspension has a dramatic effect on the quantity of silicon species liberated in solution, 

even during the first few minutes. The extent of solubilization is very low at pH=1, much 

higher at pH=5.7, and maximal when the solution pH is not controlled, enabling the 
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material to express its total basicity.  In a second experiment they compared the behavior 

of silica based materials in the presence and absence of amino groups that were either 

dispersed in solution or immobilized at the silica surface. By comparing these two 

treatments, it appears that APS dissolution in aqueous medium is mainly due to the 

presence of amino groups. By these experiments, and several others realized by the 

authors,  they concluded that amino groups grafted on the surface of silica gel exist under 

two different forms “free” unprotonated amine (≡SiO− C3H6−NH2) and zwitterion-like 

species (≡SiO¯ , +H3NC3H6−Si≡). These latter forms are much more stable in aqueous 

solution (several hours) while the first ones contribute to a fast hydrolysis reaction of 

Si−O−Si bonds, leading to the leaching of aminopropylsilane.  

Smith and Chen 55found that all surfaces prepared from 3-aminopropyl silanes under all 

conditions studied exhibit hydrolysis, suggesting that the γ-aminopropylsiloxane structure 

is inherently more reactive than other aminoalkylsiloxanes due to their ability to form 

stable cyclic intermediates. They suggest that aminosilanes with shorter or longer alkyl 

linkers than propyl may be good candidates for aqueous applications.  

It can be postulated that the immunosorbent instability was the result of two issues. First, 

the antibody suffers denaturation at low pH. This problem can be avoided by the use of 

70% methanol: water as elution solution, and secondly, the remaining amino groups 

(amino groups that do not react with SMCC) caused an autocatalytic reaction which 

breaks the bonding between the silica support and the functionalized amino groups, 

releasing the attached antibody, and as a result a decreasing binding capacity. The next 

step was to improve the immunosorbent stability by capping the remaining amino groups  
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through reaction with acetic anhydride. It was postulated that with the absence of free 

amino groups a more stable immunosorbent might be obtained. 

Materials and Methods: 

Chemicals and instrumentation described in chapter II and III were also used in this 

chapter. Diazepam was purchased from Cerilliant (Round Rock, TX, USA) as a 1 mg/ml 

in methanol. 

Silica Preparation: 

In order to prepare a more stable immunosorbent, a new preparation process was 

examined in order to cap the remaining amino groups on the silica support: 24 The 

preparation process was similar to the one previously developed with one difference: the 

amino groups remaining on the SMCC activated silica were capped using acetic 

anhydride. To prepare the immunosorbent, 17 mg of amino silica was reacted for 21 h at 

room temperature with 400 µl of dimethyl formamide (DMF)  which contained 13µM of 

succinimidyl 4-(N-maleidomethyl)-cyclohexane -1-carboxilate (SMCC) and 4µM of 4-

dimethyl-aminopyridine (DMAP). Then the silica was transferred to a 2 µm filter and 

centrifuged at 1000g until the activated silica appeared dry. Capping was performed by 

taking the activated silica and adding it to 80 µL of a 1:1 mixture of acetic anhydride and 

pyridine containing 2 mg of DMAP. The mixture was stirred in the dark for 24 hours. 

The capped silica was washed three times with acetonitrile, three times with diethyl ether, 

and dried under vacuum. Prior to immobilization the capped silica was washed three 

times with 0.1 M phosphate buffer pH7.2. The antibody immobilization was done as 

previously reported with no modification.  
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Immunosorbent stability:  

The immunosorbent stability was tested by performing a binding assay at a series of time 

intervals on the newly prepared immunosorbent, using diazepam as the binding drug. 

Figure 13 shows the calibration curve for diazepam and   table 2 shows the results 

obtained.  As can be seen the immunosorbent performance reached a peak at time zero 

i.e. just after preparation and, showed a decrease in performance of about 11% when it 

was tested on the same day for a second binding assay. From the graph it can be seen that 

the immunosorbent performance remains almost stable after three weeks of storage and, 

shows a decrease in performance of about 63% after four weeks of preparation. 

Based on these results a new immunosorbent was prepared and its retention capacity was 

tested. One week after preparation was chosen as the time for initiating the stability test 

to determine the number of times the immunosorbent could be used without its 

performance being affected.  
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Figure 13. Calibration curve for diazepam in the range from 1.25 to 10 µg/ml. Standards 
were prepared in 10 mM ammonium acetate pH 6.5 from 1 mg/ml solution of diazepam 
in methanol. They were analyzed by CE-MS using 10 mM ammonium acetate pH6.5 as 
the CE buffer and applied by hydrodynamic injection at the capillary inlet at 10.0 mbar 
for 5 s. Separation was performed under a positive voltage of 30.0 kV. The temperature 
of the capillary cartridge was set at 25ºC.  The TOF-MS analysis was performed in 
positive ion mode. References masses (Purine at 121.0509 m/z and HP0921 at 922.0098 
m/z, resolution of 9500 ±500) were added to the sheath fluid liquid and continuously 
monitored to maintain the instrument’s calibration.51 Data analysis was performed using 
Applied Biosystems/MDS-Sciex Analyst QS software (Frankfurt, Germany). The 
corresponding equation and coefficient of correlation are: y=4.31E3 + 3.85E3 x, 
r2=0.9868. The error bars represents a range of ±1 standard deviation.  
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Week Binding test 1 

µg diazepam/g IS 

Binding test 2 

µg diazepam/g IS 

Binding test 3 

µg diazepam/g IS 

Binding test 4 

µg diazepam/g IS 

0 27 18 - - 

3 16 18 - - 

4 8 10 6 6 

 

Table 2. Stability of the immunosorbent. The values represents the amount of drug 
extracted with a solution methanol:water 70:30 in µg of diazepam/gram of 
immunosorbent. The test was designed to test how the capping step, improved the 
performance of the immunosorbent. To perform this test the immunosorbent (10 mg) was 
combined with 200 µl of 50µg/ml diazepam prepared in 0.1 M Phosphate pH 7.2, and 
incubated for one hour at room temperature. The solute on was transferred to a 2µm filter 
and centrifuged at 1000g for five minutes. The immunosorbent was washed three times 
with 0.1M phosphate buffer pH 7.2, three times with 10 mM ammonium acetate pH6.5 
and incubated for 30 min 70:30 methanol: water solution.  One again the solution was 
transferred to a 2µm filter and centrifuged at 1000g for five minutes. The immunosorbent 
was saved for additional testing and the solution was vacuum dried and reconstituted with 
30 µl of 10 mM ammonium acetate and analyzed by CE-MS using 10 mM ammonium 
acetate pH 6.5 as the CE buffer. 
 

 

 

 

 

 

 



57 

0

5

10

15

20

25

Trial 1 Trial 2 Trial 3 Trial 4

ug
 d

ia
ze

pa
m

/ g
 im

m
un

os
or

be
nt

 

Figure 14 Reproducibility testing for the capped diazepam immunosorbent. The values 
represents the amount of drug extracted with a solution methanol:water 70:30 in µg of 
diazepam/gram of immunosorbent. The test was designed based on the results obtained 
from the previous experiment, and one week was chosen to perform the test, four test 
were performed to evaluate the performance of the immunosorbent after consecutive use. 
The binding assay was performed as described previously. 
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Results and discussion: 

After two tests of the immunosorbent its binding capacity was found to decrease to the 

point that it was no longer detected. Some authors have reported that aminosilica can 

suffer auto degradation, due to the high basicity of the amino groups.54, 55 This 

degradation is more prevalent at pH greater than five. It is possible that this degradation 

can be minimized by capping these amino groups; this capping reaction can be performed 

by reacting the free amino groups with acetic anhydride.  

Tests for stability improvement using the new procedure were performed using a 

different antibody than the one used in the preliminary studies. For these studies, a 

diazepam specific antibody was used. This antibody was chosen because it was pre-

purified which saved preparation time.  In order to evaluate the antibody a binding 

capacity test was performed using the procedure mentioned earlier. Because the goal of 

the study was to analyze flunitrazepam, this binding assay was performed using 

flunitrazepam as the analyte. The result obtained for this binding test was 0.4 µg 

flunitrazepam/ mg antibody. Because this level was relatively low, a new test was 

performed, however in this case diazepam was chosen as the binding drug. The binding 

capacity for the new test was 1.7 ± 0.5 µg of diazepam/mg of antibody, four times larger 

than the value obtained using flunitrazepam as the binding drug. This higher value was 

consistent with the fact that the antibody was raised against diazepam, so it is more 

retentive towards diazepam than flunitrazepam. 

Once the antibody was evaluated, a new immunosorbent was prepared but in this case an 

additional step was included. The remaining amino groups that did no react with the 

SMCC were treated with acetic anhydride in the presence of dimethyl amino pyridine as 
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alkylation catalysts. After a twenty four-hour reaction the capped silica was washed 

several times and antibody was binding as previously described. As was mentioned, this 

additional step was performed to eliminate the remaining amino groups which 

presumably are responsible for the silica degradation and low binding capacity obtained 

following use. Note no additional characterization of the immunosorbent was performed 

at this point.  

To evaluate the immunosorbent stability  a series of binding test were scheduled for the 

same day of preparation and several weeks later, following storage of the immunosorbent 

in phosphate buffer pH 7.2 at 4ºC. Two binding tests were performed immediately after 

immunosorbent preparation and subsequently two binding tests at week three and four 

binding test at week four. The results can be seen on table 2. It can be observed that 

around 33% of the immunosorbent performance has been lost when the immunosorbents 

has been tested the same day of preparation, and the immunosorbent retains its binding its 

binding capacity after three weeks of storage (11% loss based on the second binding test). 

A 70% loss of binding capacity can be seen after four weeks of preparations, and this 

value remains almost constant for the remaining trials that were performed the same day. 

The fact that the immunosorbent’s binding capacity was retained after its second use was 

significant, since when the immunosorbent was prepared with no capping of the 

remaining amino groups, its binding capacity was completely lost once it has been used 

for the second time.  

The dramatic lost of performance observed after the first use can be due  to remaining 

uncapped amino groups which cause a fast initial degradation of silica as suggested by 

Etienne and Walcarius 54, and worsened by the use of phosphate buffer which cause a 
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more deleterious effect on silica than organic-based buffers 56,57. Also, it has been 

reported by Mahon 58 that silica dissolution is highly accelerated under biological ionic 

strength as oppose to pure water at room temperature. With these findings in mind it can 

be said that the loss in performance could also be due to the use of phosphate buffer as 

the washing and storage solution. Another cause of immunosorbent lost of performance 

could be the breaking of the bond between the SMCC and the amino group. This kind of 

leaching has been reported by Gomez de la Torre et al 59 in their work where they 

conjugate oligonucleotides to magnetic nanobeads.   

As can be seen on table 2 a very dramatic lost in performance occur at week four, where 

almost a 55% of binding capacity was lost (based on the binding test performed on week 

three). It can be speculated that degradation of silica caused by amino groups could be the 

result of hydrolysis of the acetamido bonds resulting in the presence of  amino groups on 

the support surface, as reported by Björklund and Hearn 60.  

 The fact that the immunosorbent retains its binding capacity after its first use at weeks 

three and four discards the possibility that the lost of performance was due to antibody 

denaturation caused by  70% methanol elution. These results also indicate that phosphate 

buffer at pH 7.2 is an appropriate storage solution. Based on these results a new 

immunosorbent was prepared and its retention capacity was tested. One week after 

preparation was chosen as the time for testing the IS for the number of times the IS could 

be used without its performance being affected. From figure 14 it can be seen that the IS 

can be used for at least four times after one week of preparation, over which time a  

decrease in performance of about 20% occurs. 
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Overall, from the data provided it can be conclude that the immunosorbent stability can 

be improved by the capping of the unreacted amino groups. There are some other 

variables which decrease the binding ability of the immunosorbent like the breaking of 

the bonds between the amino group and the SMCC molecule, the influence of ionic 

strength and the chemical composition of the buffer, which should be considered when 

developing a robust immunosorbent system. Although, the long term immunosorbent 

stability is not the best it can be said that the prepared immunosorbent shows a good 

performance when it is used as close as possible to the time of preparation. 
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Chapter V: Conclusions and Future Directions 

Conclusions  

A solid phase immunosorbent was prepared from the reaction between amino silica and 

antibodies raised against flunitrazepam. The immunosorbent specific for flunitrazepam 

gave a binding value of 39 ± 10 µg of flunitrazepam/ g of immunosorbent. The 

preparation of the immunosorbent proved to be reproducible and reliable by the fact that 

a second immunosorbent was prepared following the same procedure and its binding 

value was very similar. 

A purification scheme was developed for the purification of IgG antibody, which proved 

to be very efficient by the fact the no contaminants were present after purification. 

The quantification of the amino groups on silica and on the antibody demonstrated very 

good agreement to the values reported for some authors. 

The prepared immunosorbent has been tested as a solid phase extraction media for the 

analysis of flunitrazepam;  its performance has been satisfactory from the point of view 

of retention and functionality. 

The binding capacity was tested for an antibody specific for diazepam. Its value was 1.7 

± 0.5 µg of diazepam/ mg of antibody.  

The capping of the remaining amino groups on the support improved the stability of the 

immunosorbent. The capped immunosorbent retained its activity after several uses, 

whereas the immunosorbent with no capping that lost its activity just after the first use. 

Future Directions: 

The next step in performing analysis of benzodiazepines using antibodies immobilized on 

silica support is to test the immunosorbent using an in-line procedure. To do this the 
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capillary column must be packed with the immunosorbent. The analysis could be done 

using UV-VIS detection which reduces the need for additional washing steps, thereby 

improving the immunosorbent performance and reducing the analysis time.  

Additional drug classes could be analyzed by immobilization of different selective 

antibodies using the same preparation route and/or different supports like the mesoporous 

silica obtained by the sol-gel process. Using this type of process the packing procedure 

could be avoided because the sol-gel reaction can be performed inside the capillary.  

Additionally, by the proper choice of different precursors, a great variety of ligands may 

be utilized, given the opportunity to test different immobilization techniques. 

The use of aptamers has been gained popularity by the fact that they are more resistant to 

harassing conditions like pH, temperature and solvents than antibodies. Aptamers are 

single-stranded DNA or RNA ligands that can be selected for different targets starting 

from a huge library of molecules containing randomly created sequences.  To develop an 

aptamer specific for benzodiazepines, its immobilization and testing in the determination 

of benzodiazepines and their metabolites in different matrices will be a way of continuing 

the study of binding of molecular recognition ligands.  

It may be useful to study the influence of the phosphate buffer as well as the stability of 

the bond between the amino group on the silica and the SMCC molecule on the 

immunosorbent stability in order to develop an immunosorbent that could be used 

multiple times in biological buffers.  
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