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hloro-4-nitrobenzo-2-oxa-1,3-
diazole (NBD-Cl) for spectrochemical
determination of L-ornithine: a multivariate
optimization-assisted approach

Hend Aly, Ahmed S. El-Shafie and Marwa El-Azazy *

A simple and highly sensitive univariate calibration strategy based on ultraviolet-visible (UV-Vis) absorption

spectroscopy and assisted by multivariate screening and optimization was utilized for the determination of

L-ornithine (L-ORN) as such and in the alimentary supplements. L-ORN, an OTC marketed amino acid, is

widely used for bodybuilding and might be abused by athletes. A nucleophilic substitution reaction using

7-chloro-4-nitrobenzo-2-oxa-1,3-diazole (NBD-Cl) was the basis of the current investigation. Plackett–

Burman design (PBD) and a response surface optimizer as screening and fine-tuning strategies,

respectively, were instigated. Four numerical variables, reaction time (RT), temperature (Temp), pH and

reagent volume (RV), and one categorical variable, the diluting solvent (DS), were considered.

Absorbance of the yellow-colored adduct at 469 nm was the response studied. Pareto analysis, along

with analysis of variance (ANOVA) were used to ascertain the significant variables (screening phase) and

their domains (optimization phase). Response transformation and stepwise analysis were employed when

necessary. Probability, cube and individual value plots were used to get an insight into the statistical

impact of the variables tested. Multiple responses' optimization was performed using Derringer's

function. Calibration curves were linear in the range of 5–50 mg mL�1. Job's technique of continuous

variation showed that the stoichiometric ratio is 2 : 1 (NBD-Cl : L-ORN). The proposed technique was

successfully applied to the dietary supplements of L-ORN, inferring no interference from adjuvants and

excipients. Analytical performance of this technique was validated conforming to the ICH standards.
1. Introduction

Dietary supplements are a broad term that includes a wide
range of products that are administered based on a prescription
or over-the-counter (OTC), due to their health impacts. World-
wide sales of dietary supplements are going through a hasty
growth. This dramatic progression together with the overall
absence of an obligation to pass operative directions and
regulations makes this market more liable to deceitful proce-
dures, possible adulteration, and a greater incidence of safety
and quality concerns. Alimentary supplements, especially those
stemming from natural origins, are the most commonly used.
On the one hand, because they are natural, this is a magic word
that attracts customers who think that there will be no side-
effects. On the other hand, since they are natural, they are
available at low prices.1,2 The availability of sound, reliable, and
sensitive techniques for the determination of these compounds
per se and in the marketed formulations then becomes crucial.
Moreover, understanding the nature (chemical and physical) of
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these compounds before developing an analytical technique is
an important step.

L-Ornithine (L-ORN), chemically known as (+)-(S)-2,5-dia-
minovaleric acid, is shown in Scheme 1. As a non-essential
amino acid, it is not necessary for L-ORN to be included in
humans' diets as it is already synthesized in their bodies. L-ORN
is a non-proteinogenic amino acid, which is not coded naturally
in the DNA, and is produced as an intermediate component of
the urea cycle.3–5 L-ORN is one of the OTC dietary supplements
that is commonly used by athletes where it is thought to have
a role in increasing the mass of the muscles, as well as an ability
to enhance the performance through increasing strength, the
production of Human Growth Hormone (HGH) and improving
fat metabolism. Moreover, L-ORN has a main role in burning up
Scheme 1 L-Ornithine monohydrochloride (L-ORN).

This journal is © The Royal Society of Chemistry 2019
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Table 1 Screened numerical and categorical variables for PBD for the
nucleophilic substitution reaction

Variables Low (−1) Center point (0) High (+1)

Numerical variables
pH, A 7 9 11
Temperature (°C), B 55 67.5 80
Reaction time (min), C 5 30 35
Reagent volume (mL), D 0.2 1.1 2

Categorical variables
Diluting solvent, E Distilled water (DW) Methanol (MeOH)

Table 2 Experimental setup and the obtained responses using PBDa

Run no

Variables Response

A B C D E Y1* Y1** Y1***

01 9 67.5 20 1.1 Water 0.0021 0.0521 0.0037
02 11 80 5 2.0 Methanol 0.1040 0.1451 0.1691
03 7 55 35 2.0 Methanol 0.2440 0.3476 0.2880
04 7 55 5 2.0 Methanol 0.0554 0.1378 0.0814
05 7 80 35 0.2 Methanol 0.1966 0.1916 0.1036
06 7 80 35 2.0 Water 0.7346 0.5332 0.9830
07 7 80 5 0.2 Water 0.0391 0.0776 0.0264
08 7 55 5 0.2 Water 0.0058 0.0086 0.0070
09 9 67.5 20 1.1 Methanol 0.0040 0.0043 0.0041
10 11 80 5 2.0 Water 0.1871 0.2408 0.1526
11 11 55 35 0.2 Water 0.0058 0.1148 0.0136
12 9 67.5 20 1.1 Water 0.0045 0.0521 0.0037
13 11 55 35 2.0 Water 0.0890 0.3607 0.1428
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excess fat in the body and is used for enhancing the workability
of the immune system.3–7

Several techniques were reported in the literature for the
determination of L-ORN. These techniques are mainly chro-
matography based.8–10 The limitations of these techniques
could be summarized as univariate-based, expensive, time
consuming and the requirement for well-trained staff. Spec-
trophotometric and spectrouorometric analyses were also
used to determine L-ORN following the formation of a colored
derivative since L-ORN does not have a chromophore.11 The re-
ported study was multivariate analysis (MVA) based and
employed the Hantzsch condensation reaction. The reported
approach, however, could determine L-ORN in a limited
concentration range.

In this study, the determination of L-ORN in its both forms
(per se and supplements) will be performed through nucleo-
philic substitution reaction using 7-chloro-4-nitrobenzo-2-oxa-
1,3-diazole (NBD-Cl), Scheme 2. NBD-Cl is a commonly used
reagent for the quantitative determination of thiols and
amines.12–15

As mentioned, the literature shows that the majority of
techniques reported to determine L-ORN were univariate
analysis-based (UVA) implying that each variable was treated as
a separate entity, an issue that does not provide any idea about
the interaction between the factors. Moreover, each variable
investigation would require a large number of experiments to be
performed. On the contrary, multivariate analysis (MVA) which
is used in this study has the ability to overcome these limita-
tions. Furthermore, the results of MVA would provide an idea
about the relationship between all the factors that might affect
the reaction with a high degree of inevitability.16

Plackett–Burman design (PBD) is the screening design that is
used in this study. This design is a type of fractional factorial
design. The main advantage of using the PBD is that it can
investigate a large number of factors with the least number of
experiments, as it ignores completely the interactions between
the factors. Moreover, PBD is commonly used in the pharma-
ceutical industry because of its economical and effectual
procedures.17–19 Four numerical variables that are thought to
have an impact on the reaction, pH, the temperature of the
reaction (Temp), volume of the reagent (RV) and the reaction
time (RT), plus one categorical factor, the diluting solvent (DS),
will be considered.11

The current study aims to develop a simple, sensitive and
accurate analytical method based on UV-Vis absorption spectros-
copy and 7-chloro-4-nitrobenzo-2-oxa-1,3-diazole (NBD-Cl) for
determining L-ORN in its pure form and in dietary supplements
Scheme 2 7-Chloro-4-nitrobenzo-2-oxa-1,3-diazole.

This journal is © The Royal Society of Chemistry 2019
with the lowest possible experimental efforts, implementing PBD
as a multivariate optimization approach. To the best of our
knowledge, the method we are proposing herein has not been
reported before. The proposed univariate calibration strategy
assisted by multivariate screening and optimization can be
implemented as a quality control approach for the routine analysis
of L-ORN especially in developing countries where sophisticated
techniques like chromatography might not be available.

2. Experimental
2.1 Instruments and soware

A UV-Vis spectrophotometer (Agilent diode-array, USA) with
10 mmmatched quartz cells was used to measure the absorbance
of the samples. Laboratory water bath (MLV, Salvis AG Emmen-
bruck, Germany) was used to heat the prepared samples to the
14 11 55 5 0.2 Methanol 0.0068 0.0191 0.0043
15 9 67.5 20 1.1 Methanol 0.0063 0.0436 0.0041
16 11 80 35 0.2 Methanol 0.0360 0.1090 0.0569

a (pH, (A)), (temperature, Temp (B), �C), (reaction time, RT, (C) min),
(reagent volume, RV, (D) mL), (solvent type, DS, (E) methanol or
distilled water), absorbance (Abs at 469 nm). *Experimental values for
Y1. **Predicted values before response transformation: Y1** ¼ �0.176
� 0.0207pH + 0.00360Temp + 0.00699RT + 0.1366volume of NBD-Cl �
0.0479DS � 0.1670Ct Pt. ***Predicted values aer response
transformation: ln(Y1***) ¼ �7.26 � 0.1499pH + 0.0532Temp +
0.0421RT + 1.307volume of NBD-Cl + 0.051 DS � 2.801Ct Pt.

RSC Adv., 2019, 9, 22106–22115 | 22107
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Scheme 3 Reaction of NBD-Cl with primary amines.

Fig. 1 Absorption spectrum for the reaction of L-ORN with NBD-Cl
under optimal conditions. The optimal conditions are Temp ¼ 80 �C,
pH ¼ 7, RT ¼ 35 min, and RV ¼ 2 mL.

Fig. 3 Pareto chart of standardized effects for Y1 following the
response transformation.
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temperature needed for the reaction. A pHmeter (Jenway, UK) was
used to adjust the buffers that were prepared, and an analytical
balance was used to measure the mass that was needed.
Fig. 2 Absorption spectrum for sample 13 (Table 2) showing the
formation of a second peak at 500 nm after the decomposition of the
peak at 469 nm.

22108 | RSC Adv., 2019, 9, 22106–22115
Minitab®18 soware was purchased fromMinitab Inc., State
College, Pennsylvania, USA. The soware was used to make the
list of experiments according to the selected design.
2.2 Materials

L-Ornithine monohydrochloride (L-ORN), NBD-Cl, methanol,
sodium hydroxide, sodium tetraborate-10-hydrate (Na2B4O7-
$10H2O) and hydrochloric acid were all purchased from Sigma-
Table 3 Analysis of variance (ANOVA) for transformed responsea

Source DF Adj SS Adj MS F-value P-value

Model 6 51.3504 8.5584 18.80 0.000
Linear 5 27.8093 5.5619 12.22 0.001
pH 1 1.0780 1.0780 2.37 0.158
Temp 1 5.3026 5.3026 11.65 0.008
RT 1 4.7855 4.7855 10.51 0.010
RV 1 16.6014 16.6014 36.46 0.000
DS 1 0.0417 0.0417 0.09 0.769
Curvature 1 23.5411 23.5411 51.70 0.000
Error 9 4.0979 0.4553
Lack-of-t 7 3.7043 0.5292 2.69 0.298
Pure error 2 0.3936 0.1968
Total 15 55.4483

a DF is degrees of freedom; SS is sum of squares; and MS is mean of
squares.

This journal is © The Royal Society of Chemistry 2019
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Fig. 4 Probability plot for the absorbance of the NBD-derivative
measured at 469 nm following response transformation. Data points
were grouped according to the employed diluting solvent, DS. The
external lines on the graph are confidence intervals for the individual
percentiles. Lognormal data distribution fitting was implemented.

Fig. 5 Individual value plot with added interval bars at 95.0 CI.

Table 4 Descriptive statistics for the 2-sample t-testa

Response variable
Solvent
type N Mean SD SE mean

Transformed response Water 8 0.177 0.272 0.096
Methanol 8 0.0816 0.0927 0.033

a Null hypothesis: H0: m1 � m2 ¼ 0. Alternative hypothesis: H1: m1 � m2 s
0. T-value ¼ 0.94, DF: 8; P-value ¼ 0.374.
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Aldrich, Germany and used without further purication. Now
Foods® dietary supplement capsules (500 mg ORN per capsule)
were purchased from a local hypermarket, Doha, Qatar.
Fig. 6 Histogram plot.

This journal is © The Royal Society of Chemistry 2019
2.3 Reagents and standards

Stock solutions of L-ORN and NBD-Cl (1 mg mL�1) in distilled
water (DW) and inmethanol, respectively, were freshly prepared
on site. Serial dilutions were prepared in the same solvents.
Several solutions of borate buffer with a pH range of 7–11 were
prepared by using a mixture of (Na2B4O7$10H2O) and 0.1 M
NaOH or 0.1 M HCl. To prepare 50 mM of (Na2B4O7$10H2O),
4.767 g was dissolved in 250 mL DW.20
2.4 General procedure

2.4.1 Procedure for the bulk powder: screening phase of
the experimental design. The variables to be investigated and
their levels are shown in Table 1. A set of 16 runs was performed
in two blocks, one replicate with 4 added central points.
Aliquots of the drug stock solution were transferred to a series
of 16 test tubes, followed by 1 mL of the buffer solution and the
specied volume of the reagent according to the experimental
setup shown in Table 2. Solutions were heated to the tempera-
ture needed during a specic reaction time. Solutions were
cooled down, transferred to 10 mL volumetric asks and the
volume was completed to the mark with an appropriate diluting
solvent as shown in Table 2. Finally, the absorbance of the
yellow solutions was measured at 469 nm against a blank for
each sample which is similarly prepared by omitting L-ORN.

2.4.2 Procedure of dietary supplements. Ten capsules were
emptied and nely powdered in a mortar. A quantity of the
powder equivalent to 100 mg of L-ORN was then dissolved in
100 mL DW. The obtained solution was then ltered, and the
ltrate was transferred into a 100 mL volumetric ask and the
volume was made up to the mark using the same solvent. The
procedure was completed following the outlined steps under
the general procedure and by implementing the optimal
conditions as will be shown later.

2.4.3 Procedure of the calibration curve for the drug and
dietary supplement. To construct the calibration curve of L-
ORN, different volumes with nal concentrations of 5–50 mg
mL�1 were used. Optimum conditions were followed. The same
procedure was applied for the formulation solution.

2.4.4 Procedure for the standard addition method. Seven
samples were prepared by adding 300 mL of the formulation to
each test tube (labelled from F0–F6). Then, the solution of the
drug was added in 8 different volumes starting from F1 100 mL
till F6 600 mL. The buffer and the reagent were added according
to the optimum conditions. The absorbance of the samples was
measured against a blank following the general procedures and
by applying optimal conditions.
RSC Adv., 2019, 9, 22106–22115 | 22109
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Fig. 7 Cube plot for the fitted means of Y1 of the L-ORN–NBD-Cl reaction product.

RSC Advances Paper

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

6 
Ju

ly
 2

01
9.

 D
ow

nl
oa

de
d 

on
 2

/8
/2

02
6 

9:
29

:4
3 

A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
2.4.5 Procedure for Job's technique. Equimolar concen-
trations (0.0075 M) of L-ORN and NBD-Cl were prepared in order
to investigate the molar ratio. The total volume was set as 5 mL.
Samples were similarly prepared under the optimal conditions.
Methanol was added to each volumetric ask to complete the
volume to 10 mL. Finally, the absorbance was measured for
each sample against its own blank.21
3. Results and discussion
3.1 Nucleophilic substitution reaction (SN2)

In general, the detection of amines and amino acids needs
a derivatization step. The main goal of that step is to increase
the detection limit at these conditions. NBD-Cl, a commonly
used derivatizing agent, has an absorption maximum at
342 nm.12–14

NBD-Cl generally reacts with primary and secondary amines
to produce an NBD-product. The general mechanism for this
reaction is shown in Scheme 3. The proposed mechanism
shows that the chlorine atom in position 7 of the aromatic ring
Fig. 8 Main effects plot using PBD and following response transformati

22110 | RSC Adv., 2019, 9, 22106–22115
is attacked by the amine group which acts as a nucleophile. This
reaction could be performed in basic reaction media.12–15

NBD-Cl derivatives are the products of nucleophilic aromatic
substitution which occurs when a nucleophile displaces a good
leaving group.22 L-ORN has two amine groups, which act as
nucleophiles while the NBD-Cl has a chlorine atom, which is
a good leaving group. Therefore, under the optimum condi-
tions, the nucleophilic substitution reaction takes place and the
response is recorded as Y1.

Absorption spectra of both L-ORN, NBD-Cl, and their reac-
tion product were measured against reagent blanks. L-ORN does
not possess a chromophore moiety and therefore absorbs in the
UV region, an issue that might cause an interference from the
co-formulated excipients and adjuvants in case it is determined
directly without derivatization.

As shown in Fig. 1, the formed yellow coloured product has
a maximum absorbance at 469 nm (red shi). It has been
noticed that for some samples when the pH value is high, two
peaks were obtained. The rst peak might be attributed to
formation of the SN2 product at 469 nm. This peak and with the
on.

This journal is © The Royal Society of Chemistry 2019
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Fig. 9 Two-dimensional (2D) contour and three-dimensional (3D)
surface plots.

Table 5 Analytical parameters for the determination of L-ORN

Parameter Value Parameter Value

Wavelength, lmax (nm) 469 Slope (b) 0.0180
Linear range, (mg mL�1)a 5.00–50.00 Intercept (a) 0.1036
Sb 2.41 � 10�4 r2 0.9991
�tSb 1.67 � 10�4 LOD (mg mL�1)b 1.77
Sa 6.90 � 10�3 LOQ (mg mL�1)b 5.38
�tSa 4.78 � 10�3 Residual SS 4.70 � 10�4

Sy/x 9.69 � 10�3 Regression SS 0.5257

a Regression equation: Y ¼ bX + a, where Y is the absorbance, X is
concentration in M, a is the intercept, b is the slope, Sb ¼ SD of slope,
�tSb ¼ condence limit for slope, Sa ¼ SD of intercept � tSa ¼
condence limit for intercept Sy/x ¼ SD of the regression, SS is sum of
squares. b LOD ¼ limit of detection, LOQ ¼ limit of quantication,
and r2 ¼ coefficient of determination.
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excess of OH� in the solution would decompose and another
peak starts to form at 500 nm. The latter can be attributed to the
hydrolysis of NBD-Cl at high pH and the formation of NBD-
OH.23 The latter product might cause a high background
necessitating the acidication of the reaction mixture.
Fig. 10 Desirability plots.

This journal is © The Royal Society of Chemistry 2019
Furthermore, this product was not stable. This could be
attributed to the increase in the rate of the backward reaction as
the [OH�] increases, which in turn could be due to a possible
competition between OH� and the formed nucleophile, Fig. 2.

3.2 Assessments of reaction conditions

3.2.1 Assessment of the variables' impact. Predicted values
of the response before and aer the response transformation
are shown in Table 2. Approximately all the values of the pre-
dicted responses following the transformation employing the
Box–Cox transformation are close to the measured (experi-
mental) values. The optimal value of l (transformation factor,
determined from Box–Cox transformation plots, gures are not
shown) was 0 with a condence interval (CI) of 95.0%. The
regression equation is presented as:

ln(Y1) ¼ �7.26 � 0.1499pH + 0.0532Temp + 0.0421RT +

1.307volume of NBD-Cl + 0.051 DS � 2.801Ct Pt (1)
RSC Adv., 2019, 9, 22106–22115 | 22111
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Table 6 Determination of L-ORN in the authentic form and in formulations using the optimized procedure. The table shows the inter- and intra-
day assays for L-ORN in its pure form as well as in the formulation. Direct calibration and standard addition methods were performed

Taken (mg mL�1) Found (mg mL�1) % recoverya

Determination of L-ORN in bulk powder
5.00 4.97 99.33
10.00 9.97 99.67
15.00 14.66 97.76
20.00 20.18 100.9
30.00 30.08 100.3
40.00 40.91 100.3
50.00 49.32 98.63
Meana � SD 99.84 � 1.49
RSD 1.494

Determination of L-ORN in formulations (Now Foods® capsules): direct calibration method
10.00 9.97 99.67
15.00 14.68 97.87
20.00 20.08 100.4
30.00 30.61 102.0
40.00 40.63 101.6
50.00 49.55 99.10
Meana � SD 100.10 � 1.55
RSD 1.55

Taken (mg mL�1) Added (mg mL�1) % recoverya

Determination of L-ORN in formulations (Now Foods® capsules): standard addition method
15.00 — 99.96
15.00 5 99.60
15.00 10 100.1
15.00 15 101.1
15.00 20 101.4
15.00 30 102.61
15.00 35 101.76
Meana � SD 100.93 � 1.01
RSD 1.09

Concentration (mg mL�1) Mean% recoverya � SD Error (%)

Inter and intra-day precision for determination of L-ORN in bulk powder
(a) Inter-day
20.00 99.38 � 1.21 0.62
30.00 98.00 � 0.70 0.64
50.00 100.3 � 1.1 0.87
(b) Intra-day
20.00 99.70 � 0.75 0.30
30.00 99.53 � 1.04 0.47
50.00 99.04 � 1.06 0.96

Inter and intra-day precision for determination of Now Foods® capsules
(a) Inter-day
10.00 100.2 � 0.6 �0.23
40.00 98.28 � 1.62 1.72
50.00 99.53 � 1.50 0.47
(b) Intra-day
10.00 100.33 � 0.76 �0.33
40.00 98.97 � 1.00 0.45
50.00 99.55 � 1.09 1.03

a Mean� SD of 3 determinations. (a) The intra-day (n¼ 3) average of three concentrations of L-Ornithine repeated three times within the same day.
(b) The inter-day (n ¼ 3) average of three concentrations of L-ORN repeated three times in three different days.
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R2 ¼ 97.98%, R2-adj ¼ 96.63%, and R2-pred ¼ 92.71%.
The value of R2 was high, signifying the linearity of data. The

value of R2-predicted was close to that of R2, inferring that the
22112 | RSC Adv., 2019, 9, 22106–22115
model was not over-tted, and high, implying the capability of the
model to predict the absorbance values for new experiments. The
Pareto chart, Fig. 3, illustrates which factors had an impact on the
This journal is © The Royal Society of Chemistry 2019
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Table 7 Results obtained by the proposed methods for the determi-
nation of L-ORN using NBD-Cl in authentic form and in pharmaceu-
tical preparation compared to the reported method11

Parameter Proposed method Reported method11
Now Foods®
capsules

Meana 99.84 98.69 100.9
�SD 1.491 1.56 1.10
RSD 1.494 1.58 1.09
V 2.22 2.13 1.21
n 7 3 6
�SE 0.564 0.400 0.450
t-value 1.083 (2.262)a

F 1.04 (19.3)b

a Average of 3 determinations; a and b are the tabulated t-values and F-
ratios at p ¼ 0.05.

Paper RSC Advances

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

6 
Ju

ly
 2

01
9.

 D
ow

nl
oa

de
d 

on
 2

/8
/2

02
6 

9:
29

:4
3 

A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
measured absorbance values. Three factors were found to be
statistically signicant; Temp, RT, and RV, and the latter was the
most effective. All the results that were obtained from the Pareto
chart were further conrmed using the analysis of variance
(ANOVA), Table 3, where any factor that has a p value that exceeds
0.05 implies that the data do not t the null hypothesis.17,18,24–28

3.2.2 Data modeling. Following data transformation, the
distribution of data was investigated employing probability plots at
95.0% CI, Fig. 4. As shown, DS was used for grouping data. The
obtained p-values were higher than the signicance level (a¼ 0.05).
Moreover, the data obtained followed the tted line well. The
individual value plot, Fig. 5, was used to assess data coverage and
the existence of outliers. Fig. 5 shows that few outliers exist specially
when using water as DS, though the data mean and median were
a bit higher compared to methanol as DS.

Similarly, histograms (residual plots) were used to check the
normality of the data. The histogram in Fig. 6 shows a bimodal
distribution (data with 2 peaks, without categorization). A 2-
sample t-test was further used to evaluate the inuence of
different DS on the absorbance of the NBD-derivative. Results
showed that there is no signicant difference between both
solvents where P-value > signicance level (a). Descriptive
statistics are shown in Table 4. This nding further conrms
that the impact of DS as shown in Fig. 3 is not statistically
signicant. In the same itinerary, normal probability plots are
used to attest whether the data are linear or normally distrib-
uted, Fig. 4. Two parameters were used to check the linearity of
the data; p- and Anderson–Darling (AD) values. The obtained
data shows that goodness-of-t was achieved.29,30

3.2.3 Model analysis. Cube plots are an efficient way that is
used to investigate the inuence of the main effects on the
response.31 As seen in Fig. 7, four cubes display all the possible
blends of factorial settings, where each variable is set to two levels;
lower bound and upper bound. Cubes a and b (the le and right
upper panels, respectively) represent the response means when the
DS is methanol, and the volume of NBD-Cl is set to its lower bound
(le cube) or highest level (right cube). To assess the model
predictions of ttedmeans, all points of the design would be tested.
For example, the combination of the volume of NBD-Cl of 2mL, pH
This journal is © The Royal Society of Chemistry 2019
7, DS methanol, RT 35 min, and Temp 80 �C is associated with the
highest tted mean of Y1 (1.08867).

The main effects plot in Fig. 8 illustrates how the factors are
affecting the response. Each effect is represented by a line, and
the steeper the line, the greater the inuence of this variable. As
shown, almost all the factors' lines are not horizontal. The pH
has a negative effect on the response, compared to the positive
impact exerted by RT, Temp and RV.

3.2.4 Optimization phase plots. Contour plots (2D) and
surface plots (3D) were used to illustrate the relationship between
three variables. Two factors are plotted on the x-axis and y-axis and
the response is on the z-axis. As seen in Fig. 9, Abs. values of 0.1–0.2
are obtained using Temp between 55–72 �C and pH 7–8. The
combination between the three axes produces valleys and peaks
labelled as local minima and local maxima, respectively. As seen in
the lower panel in Fig. 9, the two factors that were studied are Temp
with pH. A local maximum is obtained when the Temp is 67.5 �C
and pH is between 8.5–10, while the local minimum is produced
when Temp is 80 �C and pH is 7.

The optimization plot is shown in Fig. 10 and illustrates the
optimum conditions. The purpose was to maximize the absor-
bancemeasured at 469 nm (Y1) andminimize the absorbance of
the NBD-OH adduct at 500 nm (Y2). Fig. 9 shows the d-value
(individual desirability function) for Y1 and Y2 and D-value
(composite desirability function). The vertical red lines repre-
sent the optimal conditions for each factor. The blue dashed
line represents the responses. The optimum conditions that
were determined from the combination of the two responses are
pH ¼ 7, Temp ¼ 80 �C, RT ¼ 35 min, NBD-Cl volume ¼ 2 mL
and methanol is DS.
3.3 Stoichiometry

The results of Job's technique of continuous variation shows
that the highest absorbance was achieved at a mole fraction of
0.35 (D) : 0.65 (NBD-Cl), implying amolar ratio of 1 (D) : 2 (NBD-
Cl). Therefore, it can be concluded that the two amine moieties
might have been involved in the reaction.
3.4 Validation

The analytical parameters are listed in Table 5. According to the
ICH guidelines, the proposed method was evaluated consid-
ering the following items and as will be revealed in the following
subsections.32

3.4.1 Linearity range. Calibration curves that were obtained
from the measurement of the response of the drug and the
formulation against the concentration show a linear relationship in
the range of 5–50 mg mL�1. The regression equation is:

Ypure drug ¼ 0.0180X + 0.1036R2 ¼ 0.9991

3.4.2 Accuracy and precision. The % relative standard
deviation, RSD% was found to be less than 5% with a con-
dence interval (CI) of 95.0%. The precision was evaluated three
times a day for each sample (intra-days) or during three
different days (inter-day). The results shown in Tables 6 and 7
RSC Adv., 2019, 9, 22106–22115 | 22113
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indicate a high precision with low values of standard deviation
(SD). Moreover, all the recovery values shown in Tables 6 and 7
are more than 95.00% with a low percentage of error, which
indicates that this method is accurate.

3.4.3 Specicity. The impact of common additives and
excipients on the specicity of the proposed approach was
evaluated via applying the proposed technique on the marketed
capsules either directly or aer the standard addition. The
results show that there was no interference from commonly
formulated adjuvants, as revealed by elevated recoveries and
low values of standard deviations, Table 6.

3.4.4 Limit of detection (LOD) and limit of quantication
(LOQ). LOD and LOQ were calculated using the following
equations:

LOD ¼ 3:3
SD

s
;LOQ ¼ 10

SD

s

where s is the slope of the calibration curve and SD the standard
deviation of the blank (5 measurements). Values of LOD and
LOQ are shown in Table 5. This method is showing high
sensitivity for the determination of L-ORN.

3.4.5 Robustness. Though the implemented factorial
design, PBD, is known as a robustness test, the current
approach robustness was studied by testing the impact of slight
variations in the procedure variables on the measured absor-
bance at 469 nm. Therefore, the consequence of insignicant
variations in the following factors, pH, volume of NBD-Cl,
Temp, RT and DS, was tested. Changes were done as follows:
pH� 0.2 units, Temp� 5 �C, RT� 10 min; volume of NBD-Cl �
0.5 mL, and DS (water and methanol). The impact of these
variations was irrelevant where RSD% did not surpass 1.20%.

3.4.6 Stability of the NBD–product. The formed product
was le at room temperature for periods up to 24 h. The reac-
tion product was found to be stable for the tested time periods
with a decrease in absorbance which did not exceed 2% of the
measured original absorbance value, indicating the high
stability of the reaction product.
4. Conclusions

L-ORN was analyzed in its pure form and in its dietary supple-
ments using a spectrochemical approach. A nucleophilic
substitution reaction was pathway taken to derivatize L-ORN
using NBD-Cl. A single response (absorbance at 469 nm) was
measured as a function of ve variables using a multivariate-
assisted strategy. PBD was used as an experimental design for
the screening phase. Pareto charts and ANOVA techniques were
used to determine the factors that have an impact on the
response. Factorial levels were adjusted to give the maximum
response. The molar ratio was determined to be (2 : 1)
(reagent : drug) using Job's technique. Finally, and using ICH
guidelines, the proposed method was validated.
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