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Abstract
	 In this study, a chemometric tool, partial least square regression (PLS-1), was 
developed for quantitative determination of synthetic peptide samples, L-alanyl-L-tryptophan 
(AT) and glycyl-L-phenylalanine in the presence of dansyl-L-phenylalanine. Two sets of mixture 
solutions, calibration and test sets, were prepared and measured for their UV absorption. The 
absorbance data of calibration set and the Unscrambler® program were employed for PLS-1 
models set up. The obtained models were validated by determination the test set solutions 
which were not contributed in model construction. On the other hand, a high- performance 
liquid chromatography (HPLC) method was developed and validated. In comparison, the 
developed HPLC method was used to determine the same test set as PLS-1 models. By 
using t-test statistical evaluation, the results obtained from two methods, PLS-1 and HPLC, 
were found comparable and statistical comparison showed no significant difference at 95% 
confident interval, indicated replacement ability of PLS-1 to a separation method, HPLC for 
the determination of peptide samples.
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INTRODUCTION
	 Nowadays, peptides and peptido-
mimics played an important role in new 
drug discovery and drug development due to 
their several advantages, comparing to other 
small molecules, including higher affinity, 
specific to target side, low toxicity and better 
tissue penetration.1-7 Quantitative analysis 
is a key step in drug development. For peptide 
drugs, their structures sometimes lack of UV 
chromophore, therefore, quantitative deter-
minations of peptides are usually performed 
by LC/MS method.8-13 Although, LC/MS is 
a highly effective instrument, the operation 
cost is still a limitation. In the past few years, 
quantitative determinations of a mixture 
without chromatographic separation were 
mainly performed by chemometric tools 
such as multivariate calibrations. 

	 Chemometrics was introduced 
in 1972 by Wold. By definition, chemometrics 
is the chemical discipline that uses mathe-
matical and statistical methods, to design 
or select optimal measurement procedures 
and experiments. Additionally, they are used 
to provide maximum chemical information 
by analyzing chemical data. Nowadays, 
the important of chemometric method to 
chemistry field is increased due to the 
accessibility of modern analytical instruments, 
which can generate multivariate responses 
and overflow data for every analyzed sample. 
Moreover, traditional univariate statistics is 
not adequate to resolve multivariate data. 
Consequently, multivariate data analysis 
methods based on chemometrics are concen-
trated by analytical chemists to extract 
meaningful information from noise containing 
flood data. 14-16
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	 UV-VIS spectrophotometry is 
widely used analytical technique with high 
selectivity, good accuracy, robustness, quick 
response, simplicity to operate and cost 
effectiveness, not only for purchasing but 
also to maintaining the instrument. Therefore, 
data are easily accessible and convenient 
from spectrophotometric measurements. 
However, mixtures of active ingredients 
and excipients in UV region produce strongly 
overlapping spectral bands which are not 
solved by conventional spectrophotometric 
measurements. These drawbacks  prevent 
the usefulness of such method. Fortunately, 
the problem can be overcome with the aid 
of chemometrics.14-16

	 In chemometrics-assisted spectro-
photometric measurement, calibration set must 
be used for calibration, while, determination 
or prediction can be performed via test set. 
Calibration set is the objects used to create 
models by means of multivariate calibration 
method and test set is objects of unknown 
samples subjected to predict of its contents. 
There are at least three types of multivariate 
calibration methods, multiple linear regression 
or MLR, principle component regression 
or PCR and partial least square regression 

(PLS or PLSR). There are also two versions 
of PLSR, PLS-1 and PLS-2. However, 
PLS-1 is more satisfied than PLS-2 since 
the multivariate calibration model of each 
interest substance is performed separately 
from each others for PLS-1 algorithm. This 
leads to more accurately prediction model 
compares with PLS-2. 14-16    
	 In this study, chemometric-assisted 
spectrophotometric method, PLS-1, was 
developed for determination of peptide 
samples. The study was performed to prove 
whether assay method based on chemometrics 
can be applied to peptidomimic drug develop-
ment process. Commercial available small 
peptides containing structural UV chromophors 
were selected and used as modeled sample 
in the present study. To serve the aim of the 
study, a mixture of L-alanyl-L-tryptophan 
(AT) and glycyl-L-phenylalanine in the 
matrix of dansyl-L-phenylalanine was 
prepared. Dansyl-L-phenylalanine was also 
added in order to study effect of precursor 
impurity on the assay method. Chemical 
structures of studied peptides were illustrated 
in Figure 1. An HPLC method was also 
developed and validated in comparison with 
chemometric methods.    

Figure 1.	 Chemical structures of studied peptides.
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MATERIALS AND METHODS
Materials

	 Standard peptides, L-alanyl-L-
tryptophan (AT), glycyl-L-phenylalanine 
(GP) and dansyl-L-phenylalanine were 
purchased from Tokyo Chemical Industry 
Co.Ltd., Tokyo, Japan. Acetonitrile (HPLC 
grade) was purchased from Lab-Scan, 
Bangkok, Thailand. Trifluoroacetic acid 
(Analytical grade) was obtained from Sigma-
Aldrich, Missouri, USA. The peptides 
sample used in this study was the synthetic 
mixture of L-alanyl-L-tryptophan (AT) and 
glycyl-L-phenylalanine (GP) in the matrix 
of dansyl-L-phenylalanine.  

Apparatus and software

	 The absorbance spectra were recorded 
by a Shimadzu UV-Vis spectrophotometer 
(UV-160A, Shimadzu Corporation, Kyoto, 
Japan) using a 1 cm quartz cell. Chromato-
graphy was performed on a high-performance 
liquid chromatography system (Shimadzu 
Corporation, Kyoto, Japan) consisting of a 
degasser DGU-12A, liquid chromatograph 
LC-10 AD, communications bus module 
CBM-10A, a UV-Visible detector SPD-10A 
and a data processing system (class LC-10). 
The analytical column was a Symmetry C18, 
150 × 3.9 mm i.d., 5µm (Waters, Ireland). 
Manual injection was made by using a 
Rheodyne model 7725 injector with a 20-µL 
loop. Data analysis, PLS-1 calibrations 
were performed by the Unscrambler® program, 
purchased from CAMO Software (Oslo, 
Norway).

HPLC experiments

Chromatographic system

A mixture of 0.1% trifluoroacetic 
acid and acetonitrile (14:86, v/v) was used 
as a mobile phase for elution of AT and GP. 
The presences of two peptides were detected 
by UV detector at 210 nm. Flow rate of the 
mobile phase was at 1.2 mL/min.  

Development and validation of HPLC method

	 Standard mixture solution containing 

10.0 µg/mL of AT, GP and 1.5 µg/mL dansyl-
L-phenylalanine was employed for HPLC 
method development. Type and concentra-
tion of organic solvents in mobile phase 
and pH of mobile phase were evaluated 
to obtain a suitable separation condition. 
Performance characteristics selected for 
method validation were linearity, accuracy, 
repeatability and specificity.  

Linearity

Linearity was evaluated in the 
concentration range of 2.5-20.0 µg/mL for 
AT and GP. Standard mixtures of AT (2.5-
20.0 µg/mL) and GP (2.5-20.0 µg/mL) 
were prepared and dansyl-L-phenylalanine 
was added to the final concentration of 1.5 
µg/mL. Each standard mixture solution 
was injected into chromatographic system 
described above. Calibration curve of each 
peptide was separately plotted between 
concentrations (x-axis) versus corresponding 
peak areas (y-axis). The data were analyzed 
by least-squares linear regression method. 

Accuracy

Accuracy of the developed HPLC 
procedure was studied by standard addition 
method. The sample containing 5.0-15.0 
µg/mL of AT and GP was added to matrix 
of dansyl-L-phenylalanine (1.5 µg/mL). 
Three replicates were employed for each 
concentration. The accuracy of the method 
was expressed in terms of percent recovery 
between amount of standard found added 
and amount of standard added.

Repeatability

A mixture at the concentration of 
10.0 µg/mL of each peptide in the matrix of 
dansyl-L-phenylalanine (1.5 µg/mL) was 
utilized for repeatability study and six rep-
licates were employed. The repeatability of 
the method was expressed as the percent-
age of relative standard deviation (%RSD).

Specificity

	 To demonstration the specificity of 
the developed HPLC method, a mixture solu-
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tion of peptides at concentration of 10.0 µg/
mL in the presence of dansyl-L-phenylalanine 
(1.5 µg/mL) was determined and compared 
the result with a mixture solution of peptides 
at the concentration of 10 µg/mL without 
matrix and a matrix solution at the concen-
tration of 1.5 µg/mL. 

Chemometric experiments

Linear dynamic concentration ranges

	 To find the linear dynamic concentra-
tion range of each compound, one component 
calibration was performed. Linear dynamic 
ranges were studied in the concentration 
range of 3.0-15.0 µg/mL for AT and GP. 
Absorbance values were recorded at λmax of 
each compound (220 nm for AT and 210 
nm for GP) in 1-cm. quartz cell and used 
DI water as blank. Linear dynamic range 

for each compound was determined by 
least-square linear regression of concentra-
tion and the corresponding absorbance values.  

Preparing of calibration set and test set

Two sets of standard solutions, 
calibration set and test set were prepared. 
According to Table 1, 16 and 7 mixtures 
solutions were used in calibration set and 
test set, respectively. The concentrations 
of calibration set were selected by mean 
of central composite design (CCD) 17 and 
those of test set were randomly selected. 
In addition, matrix dansyl-L-phenylalanine 
was added to calibration and test solutions 
to concentration of 1.5 µg/mL. All concen-
trations in calibration set and test set were 
within the linear dynamic concentration 
ranges, which were previously investigated. 

Calibration set Test set

Mixture no. AT (µg/mL) GP (µg/mL) Mixture no. AT (µg/mL) GP (µg/mL)

1 3.00 9.00 1 5.00 10.00
2 15.00 9.00 2 6.00 8.00
3 9.00 3.00 3 10.00 5.00
4 9.00 15.00 4 7.00 7.00
5 4.76 4.76 5 10.00 12.00
6 13.24 4.76 6 12.00 7.00
7 13.24 13.24 7 6.00 9.00
8 4.76 13.24
9 9.00 9.00
10 9.00 9.00
11 9.00 9.00
12 9.00 9.00
13 9.00 0.00
14 9.00 0.00
15 0.00 9.00
16 0.00 9.00

Table 1.	Compositions of calibration set and test set
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PLS-1 models building and models inter-
pretation

	 The solution in calibration set 
and test set were measured for absorbance 
data in the wavelength interval of 200-400 
nm. The absorbance data of calibration set 
were then subjected to the Unscrambler® 
program for PLS-1 models building. The 
optimum models were selected upon pa-
rameters, including root mean square error 
of calibration (RMSEC), root mean square 
error of prediction (RMSEP), slope and 
correlation coefficient (r2) of measured and 
predicted concentrations in calibration set 
and test set. RMSEC and RMSEP were 
calculated by the following equations.

Where;	RMSEC	=	Root mean square error 
			   of calibration

	 yi, cal	 =	Measured concentration 
			   (i) in calibration set

	 yi, cal	 =	Predicted concentration 
			   (i) in calibration set

	 n	 =	Number of samples in 
			   calibration set

Where; RMSEP	 =	Root mean square error 
			   of prediction

	 yi, val	 =	Measured concentration 
			   (i) in validation set (test 
			   set)

	 yi, val	 =	Predicted concentration 
			   (i) in validation set (test 
			   set)

	 n	 =	Number of samples in 
			   validation set (test set)

For validation of the resulted mod-
els, the models were used to assay test set 
samples which were not contributed in 
models building.

Comparison of PLS-1 and HPLC method

	 The developed HPLC method and 
PLS-1 models were used to determine test 
set samples. The results obtained from the 
two methods were compared using t-test 
statistic.

RESULTS AND DISCUSSION 

Development of HPLC method

To compare the results obtained 
from PLS-1 models, a HPLC method for 
simultaneous determination of AT and GP 
was developed. The optimum condition for 
separation of AT and GP on C18 column 
was achieved from the mobile phase mixture 
of acetonitrile and 0.1% trichloroacetic 
acid (14:86, v/v). The flow rate of the mobile 
phase was 1.2 mL/min and the presences 
of two peptides were monitored by a UV 
detector at 210 nm. As illustrated in Figure 
2, the retention times of GP and AT from 
the optimum HPLC condition were 3.3 and 
5.7 min, respectively.    

Validation of the developed HPLC method

The developed HPLC method 
was validated for its linearity, accuracy, 
repeatability and specificity. Linearity of 
the method, investigated by least square 
regression method, was achieved in the 
concentration range of 2.5 -20.0 µg/mL for 
both peptides with the square of correlation 
coefficients (r2) greater than 0.999. Accuracy 
was assessed from standard addition method 
at three concentration levels, 5.0-15.0 µg/mL 
and three replicates for each concentration. 
Accuracy of the method, displayed as 
recovery percents of amount standard added 
and amount found, were between 100.1-
100.8 %. Repeatability of the method was 
performed at 100% concentration level and 
six replicates were employed. Repeatability, 
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expressed as %RSD of less than 2.0% 
indicated precision of the developed HPLC 
method. Summary of validation results for the 
developed HPLC method were illustrated 
in Table 2. Specificity of the method was also 
evaluated. By comparison the chromatograms 
of peptides in DI water, peptides sample 
in matrix of dansyl-L-phenylalanine and 
dansyl-L-phenylalanine solution, it was 

obvious that the two peptides were well 
separated from each other and was not 
interfered by the matrix (Figure 3). 

As shown in Figure 4, UV spectrum 
of AT and GP completely overlapped in the 
UV region, therefore univariate calibration 
could not be applied to assay this mixture. 
Multivariate calibration, PLS-1, was challenged 
for this task. 

Parameters (Unit) L-Alanyl-L-tryptophan Glycyl-L-phenylalanine

Linearity range (µg/mL) 2.5-20.0 2.5-20.0
r2 0.9999 0.9995
Slope 99254 46244
Intercept 3521 2606
Repeatability (%RSD, n = 6) 0.29 1.59
Recovery (%) 100.1-100.8 99.7-99.8

Table 2.	Validation results of HPLC method

min

Figure 2.	 Chromatogram of peptide samples under the optimum HPLC condition. Chroma-
	 tographic conditions: the column was a Symmetry C18 column (150 × 3.9 mm, i.d., 
	 5 µm); the flow rate was 1.2 mL/min; the mobile phase was trifluoroacetic acid and 
	 acetonitrile (14:86, v/v); the injection volume was 20 µL; UV detection was at 210 nm.
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Figure 3.	 Specificity results of the developed HPLC method. (A) Chromatogram of peptides in 
	 water, (B) chromatogram of peptides in dansyl-L-phenylalanine and (C) chromatogram 
	 of dansyl-L-phenylalanine. Chromatographic conditions: the column was a Symmetry 
	 C18 column (150 × 3.9 mm, i.d., 5 µm); the flow rate was 1.2 mL/min; the mobile 
	 phase was trifluoroacetic acid and acetonitrile (14:86, v/v); the injection volume was 
	 20 µL; UV detection was at 210 nm.

Figure 4.	 UV spectra of AT and GP.

Linear dynamic concentration ranges for 
chemometric

To set up PLS-1 models for deter-
mination of AT and GP, linear dynamic 
concentration range of each peptide was 

firstly evaluated. Linear dynamic concentra-
tion range was the concentration range 
that gave the linear relationship between 
the concentrations and their corresponding 
absorbance values. Linear dynamic concen-
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trations of the two peptides were investigated 
in the concentration ranges of 3.0-15.0 µg/mL. 
Linear response curves were plotted between 
the concentrations and their corresponding 
absorbance at the maximum wavelength (λmax). 

As shown in Figure 5, linear relationships 
were achieved in the investigated concen-
tration ranges of AT and GP. Therefore, 
these concentrations interval were further 
used in calibration step. 

PLS-1 models construction

The absorbance data of calibration 
set were subjected to the Unscrambler® 
program for PLS-1 models construction.  
Summary of PLS-1 models parameters 
were displayed in Table 3. Absorbance data 
in the wavelength regions of 260-300 nm 
and 200-270 nm were utilized for PLS-1 
models of AT and GP, respectively. The 
small values of RMSEC, the corresponding 
measure for the model fit, were obtained for 

the developed PLS-1 models. Slopes of the 
plots between true and predicted concen-
trations in calibration set were closed to 
1 indicating that predicted concentrations 
were not deviated from real concentrations. 
In addition, there was high correlation between 
true and predicted concentrations with the 
square of correlation coefficient (r2) greater 
than 0.999 for AT and GP. Prediction ability 
of the resulted models in the test set, which 
was not contributed in models construction, 

Figure 5.	 Linear dynamic concentration ranges of AT (A) and GP (B).
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showed the small values of root mean 
square error of prediction (RMSEP). The 
plots of true versus predicted concentrations 
in the test set were displayed in Figure 6.  
From Figure 6, slopes of two plots were 

closed to 1 and the square of correlation 
coefficients (r2) were higher than 0.999. 
These results clearly illustrated that new 
samples were well predicted by the resulted 
models.       

Figure 6.	 Plots of predicted and true concentrations of test set: (A) glycyl-L-phenylalanine (GP), 
	 (B) L-alanyl-L-tryptophan (AT).
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Parameters* L-Alanyl-L-tryptophan Glycyl-L-phenylalanine

Spectral range (nm) 260-300 200-270
Latent factors 1 2
Slope 0.9990 0.9994
r2 0.9995 0.9997
RMSEC 0.1205 0.0883
RMSEP 0.1508 0.1052

Table 3.	Summary of statistical parameters of the developed PLS-1 models

Table 4.	Percent recoveries of test set samples obtained from PLS-1 models and HPLC method

*	r2 is the square of correlation coefficient
	 RMSEP is root mean square error of prediction. 
	 RMSEC is root mean square error of calibration.

Determination of test set by PLS-1 models 
and comparison with HPLC method

The resulted PLS-1 models were 
used to determine the test set samples for 
model validation. The determination results, 
expressed in term of average recovery percent 
between amount added and amount found, 
were closed to one hundred percent indicating 
the accuracy of the resulted models (Table 4). 
The developed HPLC method was used 

to determine the same test set as PLS-1 
models. The results obtained from the two 
methods were compared by t-test statistic. 
As shown in Table 4, the determination 
results obtained from HPLC method and 
PLS-1 models were not significantly different 
at 95% confidence limit. This implied that the 
standard method as HPLC may be replaced 
by simpler and cheaper method such as 
PLS-1 as shown in this study.

L-Alanyl-L-tryptophan Glycyl-L-phenylalanine

Added Conc.
(µg/mL)

PLS-1 HPLC Added Conc.
(µg/mL)

PLS-1 HPLC

5.00 99.2 100.5 10.00 99.5 98.8
6.00 99.1 100.1 8.00 99.2 99.7
10.00 97.4 99.9 5.00 98.5 98.6
7.00 98.3 99.7 7.00 98.0 99.4
10.00 99.0 100.0 12.00 98.4 100.0
12.00 98.4 99.7 7.00 99.2 100.0
6.00 102.5 99.6 9.00 99.3 99.7

Average 99.1 99.9 Average 98.9 99.5
%RSD 1.63 0.31 %RSD 0.58 0.56
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CONCLUSION
	 Two quantitative determination 
methods, HPLC and PLS-1, were successfully 
developed for determination of peptide 
samples, L-alanyl-L-tryptophan (AT) and 
glycyl-L-phenylalanine (GP) in the matrix of 
dansyl-L-phenylalanine. The results obtained 
from PLS-1 method is comparable with those 
obtained from HPLC method, indicating to 
the replacement ability of chemometrics-
assisted spectrophotometric method, PLS-1, 
to the standard method, HPLC.     
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