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Abstract

Three methods are presented for the simultaneous determination of cyproheptadine hydrochloride (CP), thiamine hydrochloride
(B1), riboflavin-5-phosphate sodium dihydrate (B2), nicotinamide (B3), pyridoxine hydrochloride (B6), and sorbic acid (SO).
The chromatographic method depends on a high performance liquid chromatographic (HPLC) separation on areversed-phase, RP
18 column. Elution was carried out with 0.1% methanolic hexane sulphonic acid sodium salt (solvent A) and 0.01 M phosphate
buffer containing 0.1% hexane sulphonic acid sodium salt, adjusted to an apparent pH of 2.7 (solvent B). Gradient HPLC was
used with the solvent ratio changed from 20:80 to 70:30 (over 9 min), then to 80:20 (over 11 min) for solvent A:B, respectively.
Quantitation was achieved with UV detection at 220 and 288 nm based on peak area. The other two chemometric methods
applied were principal component regression (PCR) and partial least squares (PLS). These approaches were successfully appliec
to quantify each drug in the mixture using the information included in the UV absorption spectra of appropriate solutions in the
range 250—290 nm with the intervals. = 0.4 nm at 100 wavelengths. The chemometric methods do not require any separation
step. The three methods were successfully applied to a pharmaceutical formulation and the results were compared with each other.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction dispensed with some water-soluble vitamins such as
thiamine hydrochloride (B1), riboflavin-5-phosphate
Cyproheptadine hydrochloride (CP) is a sedating sodium dihydrate (B2), nicotinamide (B3), and pyri-
antihistamine with antimuscarinic, serotonin-antago- doxine hydrochloride (B6). They are formulated in

nist, and calcium-channel blocking acti¢t]. It is the form of syrup containing sorbic acid (SO) as
antibacterial and antifungal. The studied drugs show
"+ Corresponding author. Fax:20-64-561-877. a severe overlap between their absorption spectra.
E-mail address: ghhadad@hotmail.com (A. EI-Gindy). There is, in addition, a strong UV absorption due to
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SO [2]. Hence, their simultaneous determination is suitable for routine determination of the six compo-
hard when conventional, derivative, and derivative nents of the mixture.

ratio spectrophotometric techniques are used. The

method used to resolve a complex mixture of such

drugs is mainly high performance liquid chromatogra- 2. Experimental

phy (HPLC). No analytical method has been reported

for the simultaneous determination of CP, B1, B2, 2.1. Instrumentation

B3, B6, and SO in a multicomponent mixture. The

application of multivariate calibration such as par- A double-beam Shimadzu (Kyoto, Japan) UV-Vis
tial least squares to the absorbance signals producedspectrophotometer, model UV-1601 PC equipped with
by drugs during their simultaneous determination in 1cm quartz cells and connected to an IBM compatible
pharmaceutical preparations is an effective means computer and HP600 inkjet printer was used. The bun-
for quality control of their manufacturg8]. Control dled software was UVPC personal spectroscopy soft-
analyses on pharmaceutical preparations using mul-ware version 3.7 (Shimadzu). The spectral bandwidth
tivariate calibration method has been proved to be a was 2nm and the wavelength scanning speed was
valid alternative to HPLOJ4]. Partial least squares 2800 nmmirrl. PLS and PCR analyses were carried
(PLS) is a multivariate calibration method based on out by using PLS-Toolbox software version 2.1-PC
factor analysis. PLS-1 performs the optimization of [15] for use with MATLAB 5.

the number of factors for only one component at a  The HPLC (Shimadzu) instrument was equipped
time [5]. The basic concept of PLS regression was Wwith a model series LC-10 ADVP pump, SCL-10 AVP
originally developed by Wold6]. A detailed de- system controller, DGU-12 A degasser, Rheodyne
scription of the mathematical principles of the PLS 7725i injector with a 2@ul loop and an SPD-10 AVP
algorithms have been reported by Martens and NaesUV-Vis detector. Separation and quantitation were
[7]. made on a 250 mnx 4.6 mm (i.d.) Waters XTerrg!

The principle component regression (PCR) is sim- RP 18 column (fum particle size). The detector was
ply a principle component analysis followed by a re- setati = 220 nm for 14 min, then changed to 288 nm
gression stefB]. PLS and PCR were found to be spe- till the end of run. Data acquisition was performed on
cially suited to multicomponent analysis, particularly class-VP software.
for mixtures with highly overlapped spectf@]. The
utility of PCR and PLS methods in analysis of mul-
tivitamins drug mixtures has been published for the
determination of B6 with different drugs such as B1,
B2, B3, in composite vitamin B tablefd0], B1 in
vitamin tablets[11], metoclopramidg12], diazepam

2.2. Materials and reagents

Pharmaceutical grade CP (Dipharma, ltaly), B1,
B2, B3, B6 (all vitamins were supplied by F.
Hoffmann-La Roche Ltd., Switzerland) and SO

[13], meclozine[12], vitamin B12 with dexametha-
sone sodium phosphalg4], and B1 with acetylsali-
cylic acid and caffeing9].

The aim of this paper is to investigate the ability
of PLS and PCR methods for quantifying six com-
ponents mixture of CP, B1, B2, B3, B6 as relatively
weakly absorbing components with overlapping UV

(Merck, Germany) were used and certified by the
supplier to contain 99.9, 99.8, 99.7, 99.9, 99.8, and
99.9%, respectively. The methanol used was HPLC
grade (BDH, Poole, UK). Potassium dihydrogen
phosphate, hexane sulphonic acid sodium salt, hy-
drochloric, and phosphoric acids were analytical
grade.

spectra, formulated at a lower concentration and SO  Phosphate buffer (0.01 M) was prepared by dissolv-

as major strongly absorbing component, without prior

ing 1.36g of KBhPO, in 1L of distilled water, ad-

separation, and to apply the optimized models in phar- justed to pH 2.7 using 1 M phosphoric acid.

maceutical preparation. In addition, an HPLC method

Periavit syrup (Pharaonia Pharmaceuticals, New

was developed for the assay of the components of theBorg El-Arab City, Alexandria, A.R.E.) was used.
studied mixture. The proposed methods are simple, Each 5ml syrup contains 2mg CP, 5mg SO, and
accurate, reduced the duration of the analysis, and arel.2 mg of each of B1, B2, B3, and B6.
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2.3. HPLC conditions 2.4.2. For HPLC method
Triplicate 20ul injections were made for each con-

The elution was carried out with 0.1% methano- centration and chromatographed under the specified
lic hexane sulphonic acid sodium salt (solvent A) chromatographic conditions described previously. The
and 0.01 M phosphate buffer containing 0.1% hexane peak area values were plotted against corresponding
sulphonic acid sodium salt, adjusted to an apparent concentrations. Linear relationships were obtained.
pH of 2.7 (solvent B). Gradient HPLC with the ra-
tio changing from 20:80 to 70:30 (over 9 min), then 2.5, Sample preparation
to 80:20 (over 11 min) for solvent A:B, respectively
with gradient curve 6 (which is a concentration deliv- A volume of the syrup equivalent to 0.4 mg of CP,
ery parameter) was performed. This is an exponential 1 mg of SO, and 0.24 mg of each of B1, B2, B3, and
concentration curve. The concentration curve that is B6 was diluted to 100 ml with 0.1 M hydrochloric acid
implemented is derived according to the following (for spectrophotometric methods) or solvent A of the

equation: mobile phase (for HPLC method). The general proce-
dures for PCR, PLS-1, and HPLC methods described
e®/D _q under calibration were followed and the concentration

CH)=Ca+(Cs— CA)W of each compound was calculated.

whereC(t) is the concentration at timeandT is the

total time. 3. Results and discussion
The flow rate was 1 mImint. All determinations

were performed at ambient temperature. The injection 3.1. PCR and PLS-1 methods

volume was 2@ul.
Fig. 1 shows the UV absorption spectra of CP, B1,

B2, B3, B6, and SO at their nominal concentrations
in syrup. As can be seen, CP and each of the vita-
mins contribute very little to overall absorption of the
sample; also, the absorption band of SO is extensively
overlapped with CP and the vitamin spectra. The si-
multaneous determination of CP, B1, B2, B3, B6, and
SO in syrup by conventional, derivative, and deriva-
tive ratio spectrophotometric methods is thus hindered
by strong spectral overlap throughout the wavelength
range. PLS or PCR calibration method were neces-
2.4.1. For PLS and PCR methods sary for such determination due to the presence of this

A training set of 45 synthetic mixtures with different  spectral interference.
concentrations of each compound were prepared in  The quality of multicomponent analysis is depen-
0.1 M hydrochloric acid in range of 2.4-5.8 ml~1 dent on the wavelength range and spectral mode used
for CP, 1.4-3.4.gml~1 for each of B1, B2, B3, B6, [16]. In this work, spectral resolution was assayed with
and 6-14.g mi~1 for SO. The UV absorption spectra  absorbance spectra for PLS-1 and PCR methods, mea-
were recorded over the range 250-290 nm. The datasured at 0.4 nm intervals over the range 250—-290 nm.
points of the spectra were collected at every 0.4 nm. Wavelengths less than 250 nm were rejected due to the
The computation was made in PLS-Toolbox software differences between the synthetic mixture and phar-
version 2.1. maceutical syrup spectra.

PCR and PLS-1 models were applied to the UV~ Wavelengths more than 290 nm were not used be-
absorption spectra of these mixtures using six principal cause B1 and B3 do not absorb in this region, so
component for PCR and six latent variables for PLS-1 any absorbance values obtained at these wavelengths
for determination of each compound. would have introduced a significant amount of noise

2.4. Sandard solutions and calibration

Standard solutions of each of CP, B1, B2, B3, B6,
and SO were prepared in 0.1 M hydrochloric acid (for
spectrophotometric methods) or solvent A of the mo-
bile phase (for HPLC) within the concentration range
of 2.4-5.6ugml~* for CP, 1.4-3.40gmI~! for each
of B1, B2, B3, B6, and 6-1gg mI~1 for SO.



706 A. El-Gindy et al. / Journal of Pharmaceutical and Biomedical Analysis 35 (2004) 703-713
1.800 ——— : 0.09
LA 0.08}
;o0 0.07}
1.500+ | \ - -, 006¢
| : \ 3} |
_ | | 5)_, 0.05
; \ I 003}
5] ; :
g 1.000} ! \ ol
2 .000 ! ] B 0.01 +
= I \
% H \ 0 . o
2 ! ! 0 5 10 15
< h \ Factor number
I ! \
] ‘ Fig. 2. RMSECV plot of a calibration set prediction using
| \ cross-validation of PLS-1 model for CP.
0.500f ] \ J
The method developed by Haaland and Thofi&$
was also used for selecting the optimum number of
factors. A number of factors of 6 was found to be
optimum for each component by the PLS-1 and PCR
methods as ifrigs. 2 and 3The selected model is that

250.0
Wavelength (nm)

Fig. 1. UV absorption spectra ofigy ml~* of CP (—), 2.4u.gml~1
of B1 (...), 2.4pgmi~! of B2 (- - ), 2.4ugml~! of B3 (—),
2.4ugmi~! of B6 (— — -), and 1@gmi~! of SO (- - - -) in
0.1 M hydrochloric acid.

in the calibration matrix, thereby decreasing the pre-
cision.

To select the number of factors in the PLS-1 and
PCR algorithms, a cross-validation method leaving
out one sample at a tim@7] was employed using a
training (calibration) set of 45 calibration spectra. The
predicted concentrations of the components in each
sample were compared with the actual concentrations

in these training samples and the root mean square er-

ror of cross-validation (RMSECV) was calculated for
each method. The RMSECV was used as a diagnostic
test for examining the errors in the predicted concen-
trations. It plays the same role as standard deviation
in indicating the spread of the concentration errors
[18].

Appropriate selection of the number of factors to
be used to construct the model is a key to achieving
correct quantitation in PLS-1 and PCR calibrations.

with the smallest number of factors such that RM-
SECV for that model is not significantly greater than
RMSECYV from the model with additional factors.
The evaluation of the predictive abilities of the mod-
els was performed by plotting the actual known con-
centrations against the predicted concentratj@6s.
The results are obtained fable 1 Satisfactory cor-
relation coefficient ) values were obtained for each
compound in the training set by PLS-1 and PCR op-
timized models indicating good predictive abilities of
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Fig. 3. RMSECV plot of a calibration set prediction using
cross-validation of PCR model for CP, B1, B2, B3, B6, and SO.
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Table 1
RMSECYV and statistical parameter values for simultaneous determination of CP, B1, B2, B3, B6, and SO using PLS-1 and PCR methods
Item Method  Compound
CcP B1 B2 B3 B6 SO
RMSECV PLS-1 3.10x 1074 9.14x 104 1.39x 10°* 1.87 x 1074 3.12x 104 1.09 x 104
PCR 3.20x 1074 9.22x 104 1.40x 104 1.92x 104 3.15x 104 1.13x 104
Intercept PLS-1 1.5% 1075 553x 10° 6.99x 10°° —460x 1071 3.47x 10°® 2.67 x 107
PCR —320x 108 1.05x 10* -1.10x 105 —6.60x 10® —1.10x 10 7.18x 10°®
Slope PLS-1 0.99996 0.99997 0.99999 1.00000 0.99998 0.99997
PCR 1.00000 0.99996 1.00000 1.00000 1.00000 0.99999
Correlation PLS-1 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999
coefficient ¢) PCR 0.9999 0.9999 0.9999 0.9999 0.9999 0.9999
S.E. of intercept  PLS-1 1.86 104 6.90x 104 951x 10°° 1.30x 104 1.99 x 104 6.72x 1075
PCR 2.20x 104 7.40x 104 1.00x 10°* 1.50 x 104 2.40 x 104 7.10 x 107
S.E. of slope PLS-1  4.4& 104 2.80x 10° 4.00x 10°* 5.50 x 1074 8.20 x 104 6.60 x 1075
PCR 5.20x 104 290x 10% 4.10x 10°* 6.00 x 104 1.00 x 1073 7.07 x 107

the models. The RMSECV obtained by optimizing Quantitation based on peak area was achieved with UV
the calibration matrix of the absorption spectra for the detection at 220 nm for 14 min, changing to 288 nm to
PLS-1 and PCR methods are shownTable 1lindi- decrease base line noise during the change in the com-
cating good accuracy and precision. position of the mobile phase, and to give suitable re-
Another diagnostic test was carried out by plotting sponse of the separated compounds. The specificity of
the concentration residuals against the predicted con-the HPLC method is illustrated iRig. 6 where com-
centrations. The residuals appear randomly distributed plete separation of the six compounds was noticed.
around zero, indicating adequate models as shown in The average retention titestandard deviation for B1,
Figs. 4 and 5 B3, B6, B2, SO, and CP were found to b& 2 0.02,
The quantitative prediction abilities of PLS and 6.4+0.03, 102+ 0.05, 121+0.04, 163+ 0.06, and
PCR for spectral analyses are compared. It is difficult 18.5 4 0.09 min, respectively, for 10 replicates.
to generalize about the superiority of one method
over another, because the relative performance of the3 3. Analysis of pharmaceutical syrup
methods is often dependent on particular data set

being analyzed. The major difference between these The proposed PLS-1, PCR, and HPLC methods
two methods is that PLS seems to predict better than yere applied to the simultaneous determination of CP,
PCR in the cases when there are random linear baseg1 B2, B3, B6, and SO in commercial syrup. Seven

lines or independently varying major spectral compo- replicates determination were made. Satisfactory re-
nents which overlap with the spectral features of the gy|ts were obtained for each compound in good agree-

analyte[21]. ment with label claimsTable 3. No published method
has been reported for simultaneous determination of
3.2. HPLC method the components of this mixture. The results of the pro-

posed PLS-1 and PCR methods were also compared
The developed HPLC method was applied to the si- with those of the proposed HPLC method. Statistical
multaneous determination of CP, B1, B2, B3, B6, and comparison between the results was performed with
SO. The mobile phase composition and pH were stud- regards to accuracy and precision using Studeé+iest
ied and optimized. A satisfactory separation was ob- andF-ratio at 95% confidence leveTéble 3. There
tained with gradient elution as described3action 2 was no significant difference between the results.
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Fig. 5. Concentration residuals vs. predicted concentration of CP, B1, B2, B3, B6, and SO using PCR.

3.4. Validation of the methods evaluated by analyzing a series of different concen-

trations of each compound. According to the Inter-

3.4.1. Linearity national Conference on Harmonizatifi?], at least
The linearity of the HPLC detector response for five concentrations must be used. In this study, eight

determination of CP, B1, B2, B3, B6, and SO was concentrations were chosen, ranging between 2.4 and



Table 2

Characteristic parameters of the calibration equations for the proposed HPLC method for simultaneous determination of CP, B1, B2, B3, B6, and SO

Parameters CP Bl B2 B3 B6 SO

Calibration range 2.4-5.6 1.4-34 1.4-3.4 1.4-34 1.4-3.4 6-14
(wgmi~1)

Detection limit 0.19 0.06 0.07 0.06 0.08 0.22
(rgmi~1)

Quantitation limit 0.63 0.20 0.23 0.20 0.27 0.73
(rgmi~1)

Regression equation 285.3 x 103 183.0 x 103 357.7 x 103 894.8 x 103 391.4 x 103 241.9 x 103
(V)& slope b)

Standard deviation of 3.6 x 103 2.4 x 103 5.0 x 103 11.4 x 103 6.4 x 103 2.6 x 103
the slope &)

Relative standard 1.26 131 1.39 1.27 1.63 1.07

deviation of the
slope (%)
Confidence limit
of the slopéJ
Intercept &)
Standard deviation of
the intercept $a)
Confidence limit
of the interceﬂi
Correlation coefficient
)
Standard error of
estimation

282.2 x 103-288.5 x 103

-3.1 x 103

15.1 x 103

(—30.8 x 103)-11.6 x 103

0.9999

9.65 x 103

180.9 x 103-185.2 x 103

2.1 x 103
6.1 x 103

(7.4 x 103)-3.1 x 103
0.9999

2.11 x 103

353.3 x 103-362.0 x 103 884.9 x 103-904.7 x 103

-0.3 x 103
285 x 103

0.3 x 103

12.4 x 103
(~10.4 x 103)-11.1 x 103 (-25.0 x 103)-24.3 x 103
0.9998 0.9999

4.30 x 103 9.83 x 103

385.8 x 103-379.0 x 103

14.3 x 103
16.0 x 103

0.4 x 103-28.2 x 103
0.9998

554 x 103

239.6 x 103-244.2 x 103

~-9.6 x 103
245 x 103

(—30.8 x 103)-11.6 x 103
0.9999

9.65 x 103

2y =a+bC, where C is the concentration of compound ing m=1 and Y is the peak area.

b 959 confidence limit.

0TL
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Fig. 6. HPLC chromatogram of 24 injection of syrup sample
containing 4ugmi~1 of CP, 2.4ugml~! of each of B1, B2, B3,
B6, and 1Qugmli~! of SO.

5.6pugmi~ for CP, 1.4 and 3.4gmi~! for B1, B2,

B3, B6, and 6 and 1g¢g mI~1 for SO. Each concentra-
tion was repeated three times; this approach provided
information on the variation in peak area between sam-
ples of same concentration. The linearity of the cali-
bration graphs was validated by the high value of the
correlation coefficient and the intercept value, which
was not statistically # < 0.05) different from zero.
Characteristic parameters for regression equations of
the HPLC method obtained by least squares treatment
of the results are given ifable 2

3.4.2. Precision

For evaluation of the precision estimates, repeatabil-
ity and intermediate precision were performed at three
concentration levels for each compound. The data for
each concentration level were evaluated by one-way
ANOVA. An 8 days X 2 replicates design was per-
formed. Statistical comparison of the results was per-
formed using thé>-value of theF-test. Three univari-
ate analyses of variance for each concentration level
were made. Since tHevalue of theF-test was always
greater than 0.05, there was no statistically significant
difference between the mean results obtained from one
level of day to another at the 95% confidence level.

3.4.3. Range

The calibration range was established through con-
sideration of the practical range necessary, according
to each compound concentration present in pharma-
ceutical product, to give accurate, precise, and linear

711

results. The calibration range of the proposed HPLC
method is given inrable 2

3.4.4. Detection and quantitation limits

According to ICH recommendatiori22], the ap-
proach based on the S.D. of the response and the slope
was used for determining the detection and quantita-
tion limits. The theoretical values were assessed prac-
tically and are given iffable 2

Table 3
Determination of CP, B1, B2, B3, B6, and SO in synthetic mixtures
and commercial syrup using the proposed methods

Mean found+ S.D2

PLS-1 PCR HPLC
Synthetic mixtures
For CP  100.0+# 0.57  100.0+ 0.67  100.2+ 0.81
For B1 99.9+ 0.50  100.0+ 0.53  100.4+ 0.64
For B2 99.9+ 0.35  100.0+ 0.36  100.1+ 0.43
For B3 100.0+ 0.47  100.0+ 0.38 99.94+ 0.51
For B6 100.0+ 0.42  100.0+ 0.44 99.9+ 0.69
For SO  100.0+# 0.35  100.0+ 0.41  100.0+ 0.49
Commercial syrup
For CP 99.7+ 0.49 99.84+ 0.40  100.0+ 0.77
t 0.87 0.61 (2.18)
F 2.47 3.70 (4.28)
For B1 100.1+ 0.51  100.1+ 0.54  100.3+ 0.62
t 0.66 0.64 (2.18)
F 1.48 1.32 (4.28)
For B2 99.7+ 0.57 99.8+ 0.50  100.0+ 0.74
t 0.85 0.59 (2189
F 1.69 2.19 (4.2
For B3 99.9+ 0.31  100.0+ 0.26  100.2+ 0.49
t 1.36 0.95 (218
F 2.49 3.55 4.28)
For B6 100.0+ 0.69  100.1+ 0.59 99.84 0.82
t 0.49 0.78 (2.18)
F 1.41 1.93 4.28)
For SO 99.9+ 0.42  100.0+ 0.52  100.2+ 0.74
0.93 0.59 (2.18)
F 3.10 2.03 (4.28)
Recovery
For CP  100.0+# 0.41  100.0+ 0.43  100.1+ 0.55
For B1 100.1+ 0.43  100.0+ 0.47 99.94+ 0.50
For B2 100.1+ 0.54  100.0+ 0.41  100.2+ 0.72
For B3 99.9+ 0.49  100.0+ 0.52  100.2+ 0.44
For B6 100.0+ 0.57  100.2+ 0.61 99.8+ 0.77
For SO  100.0+# 0.61  100.0+ 0.58  100.1+ 0.69

a8 Mean and S.D., percentage recovery from the label claim
amount.

b Theoretical values fot and F.

¢ For standard addition of 50% of the nominal content.
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3.4.5. Sdectivity applied successfully to a commercial pharmaceutical
Methods selectivity was achieved by preparing dif- syrup. The assay results obtained using these chemo-
ferent synthetic mixtures (or validation set) of the metric methods were compared with the proposed
studied compounds at various concentrations. The HPLC method and good coincidence was observed.
synthetic mixtures were analyzed according to the pre- Although the HPLC method is more specific than the
vious procedures described under the proposed meth-chemometric spectrophotometric methods it needs
ods. Satisfactory results were obtaingdlfle 3, indi- expensive equipment and materials such as columns
cating the high selectivity of the proposed methods for and HPLC grade solvents. Chemometric methods are
simultaneous determination of the studied compounds. less expensive by comparison and they do not require
sophisticated instrumentation and any prior separa-
tion step. This can be considered an advantage for
these chemometric techniques over HPLC. But they
need software for resolution and determination of the

3.4.6. Accuracy

This study was performed by addition of known
amounts of the studied compounds to a known con-
centration of the commercial pharmaceutical syrup components of the mixture. The chemometric meth-
(standard addition method). The resulting mixtures ods proposed are very powerful techniques for the
were analyzed and results obtained were comparedsimultaneous analysis of multicomponent mixtures in
with the expected results. The excellent recoveries which the spectra of the active compounds overlap
of standard addition methoddble 3 suggested the  with each other and also, by the fact that zero-order
good accuracy of the proposed methods. spectra is enough for the analysis, there is no need for

The influence of the commonly used syrup excip- the spectrophotometer to have any other modes such
ients (glycerin, saccharin sodium, sucrose, ethanol, as derivation and ratio spectra. The proposed three
and mandarin oil) was investigated before the de- methods, PLS-1, PCR, and HPLC, were found to be
termination of the studied compounds in syrup. No suitable for the routine analysis of the component of

interference could be observed with the proposed
methods.

3.4.7. Robustness

Variation of pH of the solvent B of the mobile
phase byt-0.1 did not have significant effects on chro-
matographic resolution in the HPLC method. Variation
of strength of hydrochloric acid by-0.02 M did not
have significant effect on the UV-based chemometric
methods.

3.4.8. Sability
The studied compound solutions in solvent A of the
mobile phase or 0.1 M hydrochloric acid exhibited no

chromatographic or absorbance changes for 24 h when

pharmaceutical syrup containing CP, B1, B2, B3, B6,
and SO.
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