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Abstract 

An automated gradient high-performance liquid chromatographic method using a column-switching technique 
was developed in order to determine and quantify midazolam (separated from the metabolite a-hydroximidazolam) 
in human plasma. After dilution with an internal standard (flurazepam) solution, containing 20% acetonitrile, 400 
/xl of the plasma samples were injected onto a precolumn (17 x 4.6 mm I.D., Cls Corasil 37-53/xm) and retained. 
Proteins and polar plasma components were washed out using a 0.1 M sodium hydroxide solution, followed by an 
equilibration with a phosphate buffer of pH 8.0. After column-switching midazolam and flurazepam were eluted 
and transferred to the analytical column (RP-select B) in the backflush mode, separated by gradient elution and 
detected at 230 nm by ultraviolet detection. Precision of replicate analyses on the same day was 1.5% for 
midazolam and 0.7% for flurazepam. Recovery of midazolam was in the range 80-89% and the detection limit was 
2 ng/ml plasma. 

I. Introduction 

Midazolam (Fig. 1) is a basic benzodiazepine 
with a relatively short half-life of 2-5 h. It can be 
used as induction agent for general anesthesia 
[1-3]. With a pKa of 6.15, the imidazole nitrogen 
is basic enough to form salts that will not 
dissociate when dissolved in water and at a pH 
lower than 6 the imine bond of the azepine ring 
is broken which results in a pH-dependent  
equilibrium between the ring-closed and the 
ring-open form [4,5]. In the method described 
we took advantage of the fact that the azepine 
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ring is fully closed above pH 7.4 and the mole- 
cule therefore becomes non-soluble in water but 
is stable in hydrolytic solutions because of the 
imidazole ring. 

Numerous methods for the detection of 
midazolam have been described such as 
radioreceptor-assay [6], gas chromatography [7- 
11], gas chromatography-mass  spectrometry 
[12-14] and high-performance liquid chromatog- 
raphy (HPLC)  [15-21] where the plasma sam- 
ples are prepared by liquid-liquid extraction. 
Recently solid-phase extraction has also been 
described [22] in combination with a H P L C - M S  
assay [23]. Our method differs from the standard 
procedures in that the plasma samples diluted 

reserved 
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with internal standard solution were directly 
injected onto a RP-18 precolumn (PC) where the 
automated solid-phase extraction took place. 
The main goal was a time reduction of the whole 
analysis. 

3.6 ml of 2 M sodium hydroxide solution and 2.5 
ml of the I.S. stock solution 200 ml acetonitrile 
was added and diluted with bidistilled water to a 
volume of 1000 ml, producing an I.S. solution 
with a concentration of 500 ng flurazepam per 
ml. 

2. Experimental 

2.1. Materials and reagents 

Acetonitrile (gradient grade), sodium hydrox- 
ide, potassium dihydrogen phosphate and ortho- 
phosphoric acid 85% (pro analysi) were pur- 
chased from Merck (Zfirich, Switzerland), water 
was distilled twice in an all-glass apparatus. 
Reference substances I-III  (Fig. 1) were pro- 
vided by Hoffmann-La Roche (Basle, Switzer- 
land) and sodium citrated human blood plasma 
for standard curves was obtained from the blood 
donation centre of the Swiss Red Cross (SRK, 
Berne, Switzerland). 

2.2. Solutions and standards 

A standard solution of 1 mg midazolam in 10 
ml acetonitrile (in a volumetric flask) was further 
diluted with acetonitrile to 100/zg/ml (standard 
solution 1), 10 #g/ml  (standard solution 2) and 1 
/zg/ml (standard solution 3). These standard 
solutions were added to the blank plasma sam- 
pies, giving calibration standard solutions in a 
concentration range of 10 to 2000 ng/ml plasma. 

A stock solution of the internal standard (I.S.) 
with 1 mg fturazepam in 5 ml acetonitrile was 
prepared in a volumetric flask. To a mixture of 

C I ~  N 

Midazolam 11) a-Hydro×ymidazolam 01) 

.CH2CH:, 
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Flurazepam (lit) 
Fig. 1. Chemical structures. 

2.3. Columns and mobile phases 

The precolumn (PC; 17 × 4.6 mm I.D.; Me- 
throhm, Herisau, Switzerland) was dry-packed 
with Bondapak ClS Corasil, 37-50 /zm (Milli- 
pore, Volketswil, Switzerland) and used with 5- 
p~m highgrade steel sieves (Metrohm) to avoid 
column blocking. The analytical column (AC) 
was a LiChroCART filled with LiChrospher 60 
RP-select B 5 /xm (250 × 4 mm I.D.; Merck). 
To protect the AC, a guard column (GC) LiCh- 
roCART (4 × 4 mm I.D.; Merck) RP-select B 
was used. 

Mobile phase M1 was a 0.1 M sodium hy- 
droxide solution. Mobile phase M2 consisted of a 
0.02 M phosphate buffer (2.7 g potassium 
dihydrogen phosphate in 1 1 bidistilled water) 
adjusted with 2 M sodium hydroxide solution to 
pH 8.0 with a pH-meter 691 (Metrohm). Mobile 
phase M3 consists of two components: A = 0.02 
M phosphate buffer pH 2.4 (2.7 g sodium 
hydroxide in 1 1 bidistilled water, adjusted with 
phosphoric acid 85%), B = acetonitrile. 

2.4. Chromatographic system 

Fig. 2 shows a diagram of the column-switch- 
ing system. For purging the PC we used pump P1 
(L-6000 pump; Merck) equipped with an elec- 
tronically triggered low pressure valve (Merck) 
for the change of the mobile phases M1 and M2 
at a flow-rate of 1 ml/min. 

The automatic sampler (AS; AS-2000, Merck) 
injected 400 /~l of diluted plasma onto the PC. 
The low pressure gradient pump P2 (L-6200 
Intelligent Pump; Merck) with a dynamic mixing 
chamber (MIX; Merck) delivered the gradient 
mobile phase M3 (different flow-rates, see Table 
1) in order to wash the retained substances from 
the PC onto the AC. Separated compounds were 
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Fig. 2. Diagram of the column-switching chromatographic system. The valves V1 and V2 are shown in position O (for fur ther  
details see text and Table 1). 

detected with a UV-Vis detector (Spectroflow 
783, Applied Biosystems, Foster City, CA, 
USA) at 230 nm. For data acquisition and 
control of the AS an integrator D-2500 
Chromato-Integrator (Merck) was used. The 
electronic valves V1 and V2 (H.S. Valve 7000 E, 
Prolab, Reinach/Switzerland) of the column- 
switching system, the tandem precolumn selector 
(TPS) with two 6-port valves (Prolab) for the 
changing of the PCs, pump P1, valve E and the 
gradient program were controlled by the gra- 
dient pump P2. Integrator, gradient pump P2 
and the AS were connected via a Private Area 
Network (PAN), the AS giving the starting 
signal for the analyses. 

2.5. Analytical procedure 

A 600-/zl volume of plasma and 600/zl of I.S. 
solution were mixed in a 1.5 ml Eppendorf vial 
and shaken. After centrifugation (3 rain at 1500 
g), the supernatant was transferred by pipette 
into an AS vial (crimp vials 8002H with Teflon 
septum 8003, Infochroma, Zug, Switzerland) and 

400/zl were injected. The samples were kept at 
room temperature in the AS before injection. 
The whole chromatographic system was purged 
after each analysis. The total sequence of auto- 
mated sample analysis required 28.1 min, includ- 
ing conditioning of GC/AC. The different steps 
of the assay are shown in Table 1. 

2.6. Calculation with calibration curve 

Six standard plasma samples were prepared 
within the concentration range of 10-2000 ng/ml 
midazolam and were measured at the beginning 
and end of each set of unknown plasma samples. 
The standard curve was calculated from the ratio 
of the midazolam peak area divided by the peak 
area of the I.S. Based on the two standard 
curves a linear least-squares regression curve was 
computed, which gave us the calibration curve 
for the interpolation of unknown concentrations 
in the human plasma samples from the measured 
peak area. All data calculations were carried out 
with MathCAD software (MathSoft, Cambridge, 
MA, USA) on a personal computer (MS-DOS). 
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Table 1 
Gradient- and valvecontrol 

R. Lauber et al. / J. Chromatogr. B 654 (1994) 69-75 

Time Gradient 
(min) M3 

%A %B 

Flow Electronically set 
M3 event at pump P2 
(mUmin) 

Comment 
(Abbreviations see text and Fig. 2) 

0.0 76 24 1.00 

4.0 

5.5 

9.0 

10.0 

10.5 

13.0 

21.0 

21.9 

22.0 

76 24 

66 34 

66 34 

50 50 

1.000 

1.500 

20 

30 

11 

62 

10 

11 42 

25.0 52 31 

26.0 10 

28.0 50 50 1.500 

28.1 76 24 1.000 21 

V1 = 1; V2 = 0; injection of diluted plasma sample onto 
PC with M1; conditioning of AC with M3 

V1 = 1; V2 = 1; polar component washed out of PC to 
waste 2 in backflush mode 

Valve E switches from M1 to M2 

Start of increasing the flow through GC/AC 

V1 = 0; V2 = 1; elution of retained substances in back- 
flush mode to GC/AC with P2; start of gradient 

Pump P1 off 

V1 = 1; V2 = 1; P2 switched directly onto AC 

End of gradient 

End of flush at same gradient 

V1 = 0; V2 = 1; start of purging the system with P2 and 
M3; TPS switches to next PC if planned 

P1 on; valve E switches from M2 to M1 

V1 = 1; V2 = 1; start of conditioning PC with M1 for the 
next injection; purging GC/AC goes on 

End of purging GC/AC 

V1 = 1; V2 = 0; ready for next injection 

3. Results and discussion 

3.1. Sample  preparation 

Ear ly  publ ica t ions  descr ibed the me thod  of 
co lumn-swi tch ing  for p lasma samples  wi thout  
d i lu t ion  or addi t ion  of an I.S. [24-26].  W h e n  
deve lop ing  the m e t h o d  we found  that  the PC had 
a t e n d e n c y  to get blocked.  A recent  publ ica t ion  
po in t ed  ou t  the possibili ty of d i lu t ion [27] which 
had  the effect that  30 p lasma samples  could be 
repea ted ly  re ta ined  onto  the PC wi thout  block- 
ing,  f u r the rmore  the reproducibi l i ty  of replicate 
p lasma samples  improved ,  as the pro te in  b ind ing  

of midazo lam is loosened  by the addi t ion  of 
acetonitr i le .  As a solut ion with a p H  >/7.4 causes 
a closure of the azepine  ring in midazo lam,  
sodium hydroxide so lu t ion  was added.  This  high 
p H  also results in the d e n a t u r a t i o n  of p lasma 
prote ins  which could be r insed away in a next  
chromatographic  step, thus no t  affecting the 

resul t ing chromatogram.  

3.2. Chromatography and column-switching 

The  mobi le  phase M1 (0.1 M sod ium hy- 
droxide) was requi red  in order  to dissolve the 
p lasma c o m p o n e n t s  no t  used in the analysis and  
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wash them out from the PC to waste. Before 
switching to the AC, however, the PC had to be 
purged and equilibrated with phosphate buffer 
M2, to prevent the AC from damage. Mobile 
phase M2 was adjusted to pH 8.0 where the ring 
system of midazolam still remains closed and 
thus apolar and where the hydroxide ion activity 
does not deteriorate the AC. Using a flow-rate 
of 1 ml/min the clean-up process of the samples 
required a total of 10 min, switching 4 rain after 
injection to backflush modus and changing the 
mobile phase after 5.5 min. 

Fig. 3 shows typical chromatograms of a plas- 
ma sample and a plasma blank. In order to 
separate the plasma peaks from midazolam a 
gradient was required improving the quality of 
the peak at the same time. Better results were 
obtained with the RP-select B column than with 
the normal RP-18 column. After approximately 
700 injections the AC was replaced. Deviation of 
retention time during a day's analysis (24 h) 
was: -- 0.3 min. After each set of patients plasma 
samples and standards (20-25 injections) the 

TPS switched automatically to the next PC. In 
the case of a too high pressure in the chromato- 
graphic system automated change of the PC was 
possible as well. 

In a 24-h period more than 40 patients plasma 
samples and standards could be analyzed quan- 
titatively with a preparation time of only one 
hour. 

3.3. L imi t  o f  quantification 

The limit of quantification for midazolam in 
plasma samples was 10 ng/ml. Fig. 3 shows a 
chromatogram of a spiked plasma sample at this 
concentration. The limit of detection at a signal- 
to-noise ratio of 3:1 was 2 ng/ml plasma. 

3.4. Linearity 

The correlation of peak-area ratios and con- 
centrations of I and III was linear in the range 
10-2000 ng/ml. The coefficients of determina- 
tion (r 2) were better than 0.999. 

I I I  

I . . . .  J . . . .  i . . . .  , . . . . . . .  

0.0 5,0 10.0 15.0 21~.0 2g.O min , d.o .... , ~.o .... 2d.o ' " ~i~ Id.o "" 'I~Lo ' ~d.o " 2K.o rnin 

Fig. 3. (a) Chromatogram from blank sample. (b) Chromatogram from plasma sample containing 800 ng/ml midazolam (I), 
spiked with 700 ng/ml a-hydroxymidazolam (II) and 400 ng/ml flurazepam (III). (c) Chromatogram from plasma sample at 
quantification limit of 10 ng/ml I. 



74 R. Lauber et al. / J. Chromatogr. B 654 (1994) 69-75 

3.5. Recovery 

The first few undiluted plasma injections re- 
suited in an inadequate recovery and produced 
blocked PCs, which confirms that the dilution of 
the plasma samples is essential. The fraction of 
protein-bound midazolam is > 90% [28] and is 
not influenced by age or by sex [29]. Table 2 
shows recovery values with the relative standard 
deviations (R.S.D.) of three samples of 
midazolam and one of flurazepam. The recovery 
from plasma was determined by replicate analy- 
ses (n = 5) of spiked plasma samples, followed 
by replicate injections (n =5) of a standard 
solution directly onto the AC (100% value). For 
the direct injections onto the AC the sixth 
position of the TBS was replaced by a capillary 
instead of a column. Valve V1 was switched to 
position 0 where the flow coming from the 
gradient pump P2 went directly onto the AS, 
then from valve V2 (position 1) through the TBS 
unit back to V2, further to V1 and finally to the 
AC. 

3.6. Reproducibility 

The precision of the inter-assay reproducibility 
(defined as R.S.D. of day-to-day analyses) was 
evaluated over the concentration range 105-1680 
ng/ml of plasma. All samples were freshly pre- 
pared, spiked with midazolam and measured 
with duplicate injections on 5 days during a 
period of 3 weeks. Table 3 shows the results. 
The intra-assay reproducibility was obtained by 
replicate analyses (n = 20) of one specimen of 
spiked plasma samples (300 ng/ml) on the same 

Table 2 
Recovery values of midazolam and flurazepam 

Concentration (ng/ml) Recovery (%) R.S.D. (%) 

Midazolam 
10 83.1 1.86 
60 87.5 0.46 

400 89.3 1.09 

Table 3 
Inter-assay reproducibility for midazolam 

Concentration (ng/ml) R.S.D. 

105 2.25 
420 1.47 
840 0.84 

1680 0.83 

injections; n = 5. 

day and gave the following precision (R.S.D.): 
midazolam 1.47%, flurazepam 0.73% and as 
ratio 1.27%. Furthermore we cross-checked our 
results of 10 samples in the range 10 to 1500 
ng/ml with a gas chromatographic method estab- 
lished in forensic medicine [30] and found devia- 
tions of less than + 14%. The intra-assay repro- 
ducibility of this forensic assay is less than + 15% 
(R.S.D.) at a plasma concentration of 200 pg/ 
ml. 

Reproducibility measurements showed that 
the reproducibility could be enhanced when 
three spiked plasma samples were injected be- 
fore starting a new batch as conditioning runs for 
the PC. This was then applied in all our analyses. 

3.7. Stability 

The plasma samples can be stored at a tem- 
perature o f -20°C for at least 6 months without 
changing the analytical results [31]. We had, 
however, an initial problem as the analyses of 
plasma samples stored more than 12 h in the AS 
at room temperature showed a lot of interfering 
peaks in the chromatogram. We can only guess 
that this was because plasma components, like 
proteins, had decomposed. The problem was 
solved by adjusting the dilution volume of the 
acetonitrile-sodium hydroxide solution. In the 
AS the samples were then stable during 24 h 
without cooling. 

4. Conclusion 

Flurazepam 
100 92.3 0.62 

Using the column-switching technique, a fully 
automated gradient HPLC method with direct 
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in j ec t ion  o f  d i lu t ed  p l a s m a  samples  was de-  
v e l o p e d  and  successful ly  app l i ed  to m o r e  than  
1200 p l a s m a  samples  f rom pa t ien ts .  T ime-con-  
suming  ex t r ac t i on  s teps  were  t h e r e f o r e  avo ided  
and  in a 24-h p e r i o d  m o r e  than  40 p l a s m a  
s a m p l e s  con ta in ing  m i d a z o l a m  could  be  ana lyzed  
quan t i t a t i ve ly  with a p r e p a r a t i o n  t ime  of  only  
one  hour .  
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