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INTRODUCTION

Over the past few years, considerable advances in 
infusion practices in anaesthesia have resulted from 
improvements both in therapeutics, such as new drugs 
with short half-lives, and improvements in technology 
such as target-controlled infusion systems [1-8]. These 
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ABSTRACT

Simultaneous spectrophotometric determination using partial least square regression has been successfully applied to 
multicomponent analysis of complex mixtures. This work aims at improving a multivariate method on UV spectra to 
simultaneously determine three drugs commonly used in anaesthesia (isosorbide dinitrate, midazolam and noradrenaline) 
in order to obtain a dynamic dosage at the end of the extension set. Determinations were made over the concentration 
ranges of 5-60, 10-80 and 2.5-20 μg/mL for isosorbide dinitrate, midazolam and noradrenaline respectively, in binary 
mixtures and 6.67-30, 0.83-7.5 and 1.67-23.33 μg/mL for isosorbide dinitrate, midazolam and noradrenaline, respec-
tively, in ternary mixtures. The 220-300 nm spectral zone was the best model with the highest Q2cum index. This method 
shows limits of detection quite similar to specific high-performance liquid chromatography (HPLC) methods. The recovery 
study, performed on prediction sets containing eight different ternary mixtures of isosorbide dinitrate, midazolam and 
noradrenaline, showed recovery percentages in the 99.5-101% range.
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new concepts are based on clinical pharmacokinetic 
and pharmacodynamic data, the final goal being to 
infuse the total dose into the patient under appropriate 
conditions (right dose, right time). A successful proce-
dure depends on optimising devices like the infuser or 
extension set.

A sensitive, fast and simple dosage technique is required 
to compare drug flow rate at the end of the extension set 
where the angiocatheter enters the patient’s vein when 
drugs are infused altogether, but using different access 
points. This technique must allow for giving multiple drugs 
used in anaesthesia practice so as to analyse the impact 
of multi-infusion.

To perform such a study, three drugs which are widely 
used in anaesthesia and in intensive care units were 
selec ted: isosorbide dinitrate, midazolam and noradren-
aline.

Isosorbide dinitrate (4, 8-dinitrooxy-2, 6-dioxabicyclo[3.3.0]
octane) (see Figure 1a), works by relaxing blood vessels 
and increasing the supply of blood and oxygen to the heart 
while reducing its work load. This drug is usually used to 
treat the symptoms of angina (chest pain). In anaesthesia, 
isosorbide dinitrate is used for perioperative blood pres-
sure management.
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Different methods have been described for its deter mina t-
ion in serum and in pharmaceutical products. Isosorbide 
dinitrate can be quantified by HPLC [9-13], gas-liquid chro-
matography [14], polarography [15], capillary gas chroma-
tography with electron-capture detection [16] and infrared 
spectro metry [17].

Midazolam (8-chloro-6-(2-fluorophenyl)-1-methyl-4H-imi-
dazo(1,5-a)(1,4)benzodiazepine) (see Figure 1b), is a hyp-
notic benzodiazepine used for sedation in critical care and 
anaesthesia. Midazolam can be quantified in serum and 
in pharmaceutical products by gas chromatography [18], 
liquid chromatography [18], gas chromatography-mass 
spectrometry [18, 19], HPLC [20] and liquid chromatography/
electrospray mass spectrometry [21].

Noradrenaline (4-(2-amino-1-hydroxy-ethyl) benzene-1, 2-diol) 
(see Figure 1c), acts on both alpha-1 adrenergic receptors to 
cause vasoconstriction and beta-1 adrenergic receptors to 
increase heart rate, stroke volume and cardiac output.

The reference method remains HPLC because it can sim-
ultaneously determine catecholamines [22].

As far as is known there has been no previous report of simul-
taneous spectrophotometric determination of isosorbide din-
itrate, midazolam and noradrenaline in solution. Therefore a 
method based on UV spectrophotometry, using partial least 
square (PLS) regression was developed. PLS regression is 
a simple and powerful multivariate method based on factor 
analysis and is used for building regression models based on 
latent variable decomposition relating a block of independent 
variables, x (spectra), to a block of dependent ones, y (con-
centrations) [23]. When the regression is performed for each 
independent variable individually, the method is called PLS1. 
When all independent variables are predicted simultaneously 
(Y is a matrix, with the same number of columns as analytes), 
the method is called PLS2.

This method has been successfully applied to the multi-
component analysis of complex mixtures [24-27].

The aim of this work was to develop a multivariate method 
on UV spectra to determine the three drugs simultaneously 
so that dynamic dosage can be implemented at the point 
where the drugs enter the patient from the angiocatheter. 
In practice, this type of study needs thousands of samples 
and a sensitive and fast method to describe physical char-
acteristics accurately.

METHOD

Chemicals and reagents
IV drugs that were diluted from commercial products: 
isosorbide dinitrate (Risordan, sanofi-aventis, France), 
midazolam (midazolam, Dakota Pharm, France) and 
noradrenaline (noradrenaline, Merck, France) were used. 
The drugs were not subjected to further purification. For 
midazolam and noradrenaline, the commercial drugs con-
tain only water, sodium hydroxide or hydrochloric acid. 
For isosorbide dinitrate, the commercial drug contains 
glycine, acetic acid and mannitol. An isotonic saline 
solution (sodium chloride 0.9%, Maco Pharma, France) 
was used to prepare dilutions of samples according to the 
usual clinical protocol. Sodium chloride 0.9% also served 
as the blank during the calibration step.

Apparatus and software
A UV-visible spectrophotometer model (Lamba-25, 
PerkinElmer, France) combined with 10 mm quartz cells was 
used to make absorbance measurements. The UV spectra 
of mixtures were recorded over 200-400 nm wavelengths 
and absorbance was sampled at 0.5 nm intervals. Spec-
trum bandwidth was 1 nm, scan speed was 480 nm/min.

All information from the spectrophotometer was collected 
with UV WinLab software (PerkinElmer, France). PLS 
regression was performed using a PLS module of Xlstat 
software (Addinsoft, USA).

Stock and standard solutions
Stock solutions of isosorbide dinitrate (100 μg/mL), mida-
zolam (25 μg/mL) and noradrenaline (80 μg/mL) were 
prepared by dissolving the appropriate amount of these 
compounds from the commercial drugs in isotonic saline 
solution. Stock solutions were prepared daily from a new vial 
of drug and working solutions were prepared by adequate 
dilution of stock solutions in optimum conditions. Ten stand-
ard solutions of each drug were prepared to determine the 
optimal interval of absorbance with a good linearity between 
absorbance and concentration, according to Beer-Lambert 
Law and spectrophotometer specifications.

Sample preparation
The contents of each vial were accurately transferred to a 
100 mL flask and then the appropriate proportion of sodium 

Figure 1: Chemical structure of the drugs analysed

                                                 (b)                          (c) (a) 
(a) isosorbide dinitrate, (b) midazolam and (c) noradrenaline
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chloride 0.9% was added as diluent. Binary mixtures 
were prepared by diluting 950 μL of each drug with the 
appropriate sample. Ternary mixtures were prepared by 
diluting 500 μL of each drug with the appropriate sample.

Multi-infusion devices
The multi-access devices used in the application are 
made with polyethylene and polypropylene. They com-
prise three different access points: proximal and median 
access (corresponding to a dead volume of 8.01 mL to 
distal extremity) and distal access (corresponding to a 
dead volume of 6.39 mL to distal extremity).

PLS analysis
A simultaneous prediction model (PLS) of binary and 
ternary mixture solutions of isosorbide dinitrate, mida-
zolam and noradrenaline was set up in a mixture solution.

The optimum number of factors used in the PLS-2 
algorithm is an important parameter towards obtaining 
the best prediction performance. This means model-
ling the system with the optimum amount of information 
and avoiding overfitting or underfitting. (Overfitting and 
underfitting means that the defined model must neither 
overestimate nor underestimate values, and is made by 
fitting constants). Segmented cross-validation procedures 
were applied, which consisted of systematically removing 
a group of the test samples in turn and using only the 
remaining ones to construct the latent factors and regres-
sion. The predicted concentration was then compared 
with the real one for each of the calibration samples and 
the predicted error sum of squares (PRESS) was calcu-
lated. PRESS was computed in the same manner, and 
each time a new factor was added to the PLS model. The 
formula for PRESS is:

PRESS = ( - )
=1

2Cpj Cj
j

n

∑

where n is the total number of calibration samples; Cj, the 
reference concentration for ith sample and Cpj represents 
the estimated concentration of Cji (where i represents the 
observation).

The usual statistical parameter, indicating the quality of 
prediction for all the data, is the root mean square error 
(RMSE). RMSE values are an estimate of absolute predic-
tion error for each component in the calibration model. 
However, in this work a second parameter was used 
to evaluate the quality of prediction: Q2cum index. The 
Q2cum index measures the global contribution of the nth 
first components to the predictive quality of the model 
(and of the sub-models if there are several dependent 

variables). The maximum Q2cum index is equivalent to the 
most stable model.

A simple method used to determine the variable importance 
consists of calculating the VIP (variable importance for the 
projection) of Wold [28]. VIP summarises the contribution 
of each variable to the model. Descriptors with VIPj supe-
rior to 0.8 were considered as relevant to explain the non-
contribution of other variables.

Quality of calibration
With regard to traditional single wavelength (univariate) cali-
brations, figures of merit for multiwavelength calibration have 
been reported to quantify the quality of a given multivariate 
model. The method selected relies on net analyte signal cal-
culations (NAS) [29] that is defined as the part of the meas-
ured signal that is unique for the analyte under consideration. 
NAS allow the estimation of the figures of merit in multivariate 
calibration models, such as sensitivity (SEN), selectivity (SEL), 
analytical sensitivity (γ ) and limit of determination (LOD).

Sensitivity is defined as:

 
SEN = 1 = NASb

 
where b  is the norm of the regression vector in the 
response vector.

Selectivity is defined as:

 
SEL = NAS x

 
where x  is the spectrum containing the analyte of interest.

The analytical sensitivity γ may be defined as analogous 
with univariate calibration:

 
γ ε= SEN

 
where ε  is the norm of the instrumental error estimated 
from the standard deviation of the spectral residuals.

LOD may be expressed as [30]:

 
LOD = 3 SEN⋅ ε

 

RESULTS AND DISCUSSION

Optimising conditions
The chemical structures of isosorbide dinitrate, midazolam 
and noradrenaline are shown in Figure 1.

Figure 2 shows the UV absorption spectra of these drugs 
(isosorbide dinitrate (10 μg/mL), midazolam (7.5 μg/mL) 
and noradrenaline (20 μg/mL)), separately and in mixture, 
in NaCl 0.9% solution. As this figure shows, there was clear 
overlapping; spectral overlapping of the drugs prevents 
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resolution of the mixtures by direct spectrophotometric 
measurements. Thus, univariate analysis could not be 
applied to resolve them. The optimum conditions for a 
quantitative estimation of the compound under considera-
tion were established via a number of preliminary experi-
ments, as described below.

Choice of optimal spectral zone
In principle, the use of the entire spectral region is pos-
sible during multivariate calibration analysis. However, 
unwanted regions that do not contain information on the 
analytes of interest are included, and this introduces inter-
ference to the model. Spectral regions with high Q2cum 
indices should be selected to minimise errors because 
of unwanted regions in the model. Four different spectral 
zones were selected during the calibration process (full 
spectra from 200 to 320 nm and regions from 220 to 320 
nm, from 200 to 300 nm and from 220 to 300 nm). The 
220-300 nm spectral zone was the best model with the 
highest Q2cum index (see Table 1).

Influence of pH
The influence of pH values on the spectrum of each 
drug at a constant concentration [isosorbide dinitrate 
(10 μg/mL), midazolam (7.5 μg/mL) and noradrenaline 
(20 μg/mL) in sodium chloride 0.9% solution], was inves-
tigated separately. This study was made over a pH range 
of 2-10, adjusted with buffer solutions.

Although significant changes were observed in the mixture 
spectrum (see Figure 3), this analytical method was devel-
oped with the aim of assessing medical devices. In this 
context, the rest of the experiment was carried out with a 
pH of 4, which is the pH of the mixture obtained through 
clinical processes when directly used, without modifying 
pH of the mixture.

Selection of informative 
variables
In the 220-300 nm range 
wavelength, 119 VIP 
are superior to 0.8. The 
model was obtained by 
PLS regression, using 
only the absorbance 
values from these wave-
lengths. The results are 
better than with the full 

data in the 220-300 nm range (see Table 2). The data 
in the 220-300 nm range wavelength were considered 
optimal with a similar Q2cum index (0.998) but with a better 
r2 (correlation coefficient) and RMSE for each product.

In this study, it was possible to observe a large number of 
latent variables in the calibration models. Generally, a high 
number of latent variables degrade the prediction ability of 
the model; however, it was not the case in this study. One 
explanation of this apparent paradox is the complexity of 
the mixture, which had spectra for three drugs, without 
specific characteristics. For the three drugs, the absorp-
tion maxima are between 200 and 210 nm, and a plateau 
between 220 and 240 nm.

Multivariate methods
Resolution of ternary mixtures by applying PLS
PLS techniques are typical full-spectrum methods, more 
powerful than the ones based on measurement at only one 
wavelength, such as the direct spectrophotometric method, 
because the simultaneous inclusion of multiple spectral 
intensities can greatly improve the precision and applicability 
of the quantitative spectral analysis of mixtures. The first step 
in simultaneously determining isosorbide dinitrate, mida-
zolam and noradrenaline in mixture by multivariate meth-
ods involved constructing the calibration matrix. Multivariate 
calibration requires an experimental design of the standard 
composition of the calibration set that will provide the best 
predictions. The calibration sets contained 48 standard 
solutions for binary determinations in the first part, and seven 
standard solutions for ternary determinations in the second 
part, so that the concentration of each resulting drug solu-
tion was 6.67 and 33.33 μg/mL for isosorbide dinitrate, 0.83 
and 7.50 μg/mL for midazolam and 3.33 and 23.33 μg/mL 
for noradrenaline. The choices of the concentrations are 
defined according to clinical practice and to permit a linearity 
between absorbance and concentration.

Recovery study
This study was performed on prediction sets contain-
ing eight different ternary mixtures of isosorbide dinitrate, 

Figure 2:  UV absorption spectra of the three drugs 
separately and in combination

Table 1:  Q2cum obtained with 
the four wavelength 
ranges

Wavelength Factors Q2cum
200-320 14 0.9971

200-300 16 0.9971
220-320 11 0.9976
220-300 11 0.9989

Q2cum: quality of prediction index
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midazolam and noradrenaline. Predicted concentrations 
obtained by applying the PLS method to eight ternary 
mixtures to determine the concentrations of isosorbide 
dinitrate, midazolam and noradrenaline simultaneously are 
given in Table 3. The prediction error of a single compo-
nent in the mixture was calculated as root mean square 
error: the results are found in Table 4. The recovery per-
centage was also calculated for each component by apply-
ing PLS to ternary mixtures. The results obtained by using 
the constructed model for the simultaneous determination 
of drugs in ternary mixtures are also presented in Table 
4. It can be noted that there is good agreement between 
experimental and predicted values for the three analytes 
with a recovery percentage in the 99.5-101% range.

Known concentrations of all tested samples in prediction 
sets were compared with concentrations predicted in con-
structed models, equations 
and r2, and obtained when 
plots of predicted versus 
actual concentrations were 
placed; actual and pre-
dicted values for all compo-
nents were found to agree 
very well (r2 between actual 
and predicted concentra-
tions: isosorbide dinitrate: 
0.9998; midazolam: 0.9996; 
noradrenaline: 0.9999).

Quality of calibration
The quality of calibration 
corresponds to the choice 
of concentrations for a 

correct sensitivity for the experiment and the definition of 
a reliable model.

The estimation of the figures of merit in multivariate cali-
bration models is given in Table 5. No method allowing 
the simultaneous measurement of isosorbide dinitrate, 
midazolam and noradrenaline has been known to be pub-
lished yet. On the contrary, several specific HPLC meth-
ods with UV detection have been described for isosorbide 
dinitrate [31] and midazolam [32-34] measurement. With 
these specific methods, the limits of detection are similar 
or smaller than in this study, around 300 versus 209 ng/mL 
and 10 versus 32 ng/mL for isosorbide dinitrate and mida-
zolam respectively. Nevertheless, the limits of detection 
for these three drugs in this study are compatible with 
the outflow studies of infusion devices. For noradrena-
line, HPLC was associated with electrochemical [35, 36, 
37] or fluorescence detection [38]. Another great advan-
tage in this method beside simultaneous measurement, 
is the speed which allows continuous measurement. This 

Figure 3:  UV spectra of a mixture of the drugs (constant 
concentration) in pH range 2-10

pH 2

pH 4

pH 6

pH 10

Table 2:  R2 obtained with all data and data with VIP 
superior to 0.8

Spectral zone 
220-300 nm

Product R2 RMSE

All λ Isosorbide dinitrate 0.9998 0.2495

Midazolam 0.9996 0.5231

Noradrenaline 0.9999 0.0655

Only with VIP �0.8 Isosorbide dinitrate 0.9999 0.2170

Midazolam 0.9997 0.4566

Noradrenaline 0.9999 0.0631

VIP: variable importance for the projection; R2: correlation coefficient; 
RMSE: root mean square error; λ: wavelength (nm)

Table 3: Results of the recovery study

Expected Concentration Predicted Concentration

Mixture Isosorbide 
dinitrate 
(μg/mL)

Midazolam 
(μg/mL)

Noradrenaline 
(μg/mL)

Isosorbide 
dinitrate 
(μg/mL)

Midazolam 
(μg/mL)

Noradrenaline 
(μg/mL)

1 23.33 5.83 23.33 22.66 4.17 23.50

2 3.33 5.83 26.66 3.11 5.83 27.00

3 20 8.33 11.66 21.26 8.54 11.53

4 23.33 3.33 10 23.49 3.29 9.81

5 26.66 5.00 6.66 26.15 4.97 6.59

6 16.66 4.16 11.66 16.96 4.13 11.76

7 30 8.33 13.33 30.14 8.46 13.23

8 16.66 3.33 26.66 17.19 3.27 27.06
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method seems very well adapted to the outflow evaluation 
in infusion devices.

Application
The first application of this method was in assessing infu-
sion devices for anaesthesia practice. Thus, multi-infusion 
of the three drugs and an isotonic saline solution was 
simulated using a specific multi-access extension set. At 
the start (T0), isosorbide dinitrate (1 mg/mL) was infused at 
a rate of 15 mL/hour for 15 minutes, then at 10 mL/hour 
for 10 minutes and then at 7 mL/hour. At T0 + 95 minutes, 
midazolam (5 mg/mL) was started at an infusion rate of 
7 mL/hour. At T0 + 155 minutes, noradrenaline (2 mg/mL) 
was started at an infusion rate of 7 mL/hour. Isosorbide 
dinitrate was infused from the proximal access point, 
midazolam from the median one and noradrenaline from 
the distal access point (closest to the patient). Outgoing 
samples from the catheter were collected every 40 seconds 
for 10 minutes, then at one minute, three minutes and 

finally 10 minutes after the start of infusion of each product, 
to work out the interaction between flow rates and also to 
determine the physical characteristics. Samples were then 
analysed by applying PLS to UV spectra. The results are 
given in Figure 4, showing that a delay is necessary to find 
out the different products according to the access point 
used and the associated dead volume. It has been previ-
ously shown that the delay to reach the plateau concentra-
tion is directly related to the dead volume [39, 40].

CONCLUSION

According to the results of this study, the UV spectro-
photometric method using PLS regression can be con-
sidered as an effective and accurate way to determine 
the concentrations of isosorbide dinitrate, midazolam and 
noradrenaline simultaneously in mixtures.

Verification of calibration produced satisfactory results 
showing that the predicted values were close to the 
expected ones (mean recovery was 99.67% for isosorbide 
dinitrate, 100.73% for midazolam and 100.57% for 
noradrenaline).

This method will enable the assessment of medical devices 
used for target-controlled infusion in anaesthesia.

Table 5:  Values of sensitivity, selectivity, γ  and LOD for 
each component

Isosorbide dinitrate Midazolam Noradrenaline

Sensitivity 1.930 1.278 0.302

Selectivity 0.075 0.189 0.018

γ (μg/mL) 6.073 59.121 4.023

LOD 
(μg/mL)

0.494 0.051 0.746

γ  : analytical sensitivity (as defined in material and methods)

Figure 4:  Evolution of the three drug concentrations 
during multi-infusion
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Table 4:  Correlation statistics of predicted versus actual 
values for each drug

R2 PRESS Mean 
recovery (%)

RMSE

Isosorbide 
dinitrate

0.9998 2.7611 99.67 ± 1.23 0.2170

Midazolam 0.9996 2.8236 100.73 ± 4.60 0.4566

Noradrenaline 0.9999 0.3824 100.57 ± 1.54 0.0631
R2: correlation coefficient; PRESS: predicted error sum of squares; 
RMSE: root mean square error
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