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Yéhé, M.D., Ngantchouko, C.B.N., Brou,
A.G., Ablé, C.N.,, Kouadio, AM.D., Vagny,  In order to provide the population with safe, effective and good quality medi-

B.G.D,, De Paul Ovi, V., Amin, CN. and  cines, the pharmaceutical industries, before releasing batches of their prod-
Gbassi, G.K. (2023) Optimization of a Me-

ucts into the pharmaceutical circuit, put in place internal dosage methods to
thod for the Simultaneous Determination

of Phloroglucinol and Trimethylphloroglu- control the quality of these products. The present study consisted in optimiz-

cinol by High Performance Liquid Chro-  ing a method for the simultaneous determination of Phloroglucinol (PHG)
matography in Routine Use in a Pharma-  and Trimethylphloroglucinol (TPH) by high performance liquid chromato-
ceutical Industry in Abidjan. Open Journal
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graphy (HPLC) routinely used in a pharmaceutical industry located in a
township in Abidjan (Ivory Coast). The basic chromatographic conditions

were those routinely used for the determination of these two molecules: mo-
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volume and run time configured at the equipment level were respectively 1
Copyright © 2023 by author(s) and mL/min, 10 pL and 8 min. The method of preparation of the analytes (PHG
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termine a chromatogram which highlights three chromatographic peaks with
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tion of the peaks and baseline. The progressive optimization of different pa-
rameters such as the stationary phase (C18 YMC 150 mm * 4.6 mm - 3 um),
the proportion of the mobile phase: acetonitrile/water (80/20), the flow rate
impelled by the pump (0.8 mL/min) and the modification of the analyte
preparation mode (same amount of PHG and TPHG in a 50 mL volumetric
flask) resulted in a final chromatogram that highlighted two chromatographic
peaks at the respective RT of 2.391 min (PHG) and 3.735 min (TPHG) at a
run time of 6 min. The chromatographic conditions that led to the final
chromatogram can be used routinely by the pharmaceutical industry for the
determination of several PHG and TPHG drug matrices after prior validation
of the determination method.

Keywords

PHG, TPHG, Pharmaceutical Industry, Chromatographic Profile,
Chromatographic Peak

1. Introduction

A WHO study has shown that in developing countries, one tenth of the medi-
cines on the market are substandard or even falsified [1] [2]. In response to this
public health problem, many pharmaceutical industries and quality control la-
boratories have developed valid and reliable analytical methods to ensure that
their pharmaceutical products on the market meet the assigned requirements [3]
[4].

The combination of Phloroglucinol (PHG) and Trimethylphloroglucinol (TPHG)
developed by many manufacturers in several pharmaceutical specialities is no
exception to this plague [1] [2] [3] [5]. These molecules have an important place
in the management of pain caused by muscle spasms, particularly in gynaecolo-
gy [6] [7]. They are not only used in gynaecology, but also in the symptomatic
treatment of pain related to functional disorders of the digestive tract [8], the bi-
liary tract [9], in spasmodic manifestations and in acute pain of the urinary tract
(renal colic) [10] [11]. According to a study conducted by Lecarpentier C in
2013 [12], PHG and TPHG represent 38.60% of the molecules prescribed during
pregnancy and are also consumed in self-medication during pregnancy. These
numerous pharmacological activities mentioned above make these molecules
essential in the management of several pathologies in most developing countries
and more particularly in Ivory Coast [13].

Given the importance that these molecules have in the therapeutic arsenal of
the Ivorian population, it is important that the pharmaceutical industries based
on the Ivorian territory make available to the population, safe, effective, quality
and low-cost drugs by developing in-house reliable, reproducible analytical me-
thods with reduced turnaround time. It is with the aim of accelerating the pro-

duction of pharmaceutical products based on PHG and TPHG in all existing
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presentations (tablets, injectables and suppositories) on the Ivorian pharmaceuti-
cal market with the advantage of reducing production costs for the industry and
reducing stock-outs for patients that this study was initiated. To be achieved,
various analytical methods are used by these industries such as: High Perfor-
mance Liquid Chromatography (HPLC) [14], UV-visible Spectrophotometry
[15], Gas Chromatography (GC) [16], mass spectrometry and capillary electro-
phoresis [17]. Among these techniques, HPLC/UV is used by several pharma-
ceutical industries to develop methods for the determination of their drug ma-
trices as it has easy access and many qualitative and quantitative advantages over
the other techniques listed above [18].

The aim of this study was to improve the quality of PHG and TPHG-based
medicines released into the pharmaceutical circuit by a pharmaceutical industry
in Abidjan Ivory Coast.

2. Materials and Method
2.1. Materials

2.1.1. Sampling
The reference substances Phloroglucinol Dihydrate (PHG) and Trimethylphlo-
roglucinol (TPHG) were provided by the pharmaceutical industry for the study.

2.1.2. Reagents and Chemicals
Ultra pure water and HPLC grade Acetonitrile with batch number P1D666121E
from the manufacturer CARLO ERBA were used to perform the study.

2.1.3. Apparatus

To carry out this study, the following equipment was used:

% A WATERS HPLC line (USA) composed of a pump (1525 binary HPLC
pump), an automatic sampler (717 auto sampler), and a UV detector (2487)
(Figure 1);

B3

» A KERN (Germany) analytical balance for weighing;

+ C18 BDS Hypersil (250 mm * 4.6 mm) 5 um and C18 YMC (150 mm * 4.6
mm) 3 um columns from the respective manufacturers THERMO SCIENTIFIC
(USA) and YMC (Japan).

e

Figure 1. HPLC WATERS equipment used for the study.
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2.1.4. Performance Test of HPLC WATERS Equipment
The following equipment performance tests were conducted in June 2022 (Table

1).

2.2. Method

The method of the present study was based on the optimization of a method of
simultaneous determination of PHG and TPHG routinely applied by a pharma-
ceutical industry in Abidjan for the quantification of these in drug matrices like-
ly to contain them. This optimization consisted in finding the best chromato-
graphy profile (best baseline, two compounds symmetrical with respect to the
baseline and a short analysis time) by progressively modifying some parameters
of the chromatography conditions such as: the flow rate delivered by the pump,
the analysis time of the injections, the proportions of the mobile phase and the
mode of preparation of the mixture.

To be achieved, we first prepared our different working solutions according to
the protocol performed by the pharmaceutical industry and then the different

injections were performed while using the basic chromatography conditions that

Table 1. Performance test of the WATERS HPLC equipment used for the study.

Performance test of WATERS HPLC equipment

Pump Nominal flow rate
Test of the accuracy of the programmed flow 0.5 mL/min 2 mL/min 0.5 mL/min 2 mL/min
Average deviation Dm (%) 1.2 1.45 0.6 1.25
European Pharmacopoeia Standard 8.2: Dm < 5% Compliant Compliant Compliant Compliant
Pump Repeatability Test (n = 6) 0.5 mL/min 2 mL/min 0.5 mL/min 2 mL/min
RSD (%) 0.428 0.252
European Pharmacopoeia Standard 8.2: RSD < 0.5% Compliant Compliant
Injector Propylparaben (PPB) peak area
Injector repeatability (n = 6) 1660295.33
RSD (%) 0.72
RSD limit (%) 1
European Pharmacopoeia Standard 8.2: RSD < RSD limit Compliant
Linearity test of the injector volume (n = 5) volume = f (PPB peak area)
Coefficient of determination (R?) 0.9993
European Pharmacopoeia Standard 8.2: R? > 0.99 Compliant
Detector Peak area of caffeine
Linearity test of the detector (n = 5) Volume = f (Caffeine peak area)
Coefficient of determination (R?) 0.9994
European Pharmacopoeia Standard 8.2: R? > 0.99 Compliant
DOI: 10.4236/0jop.2023.122002 14 Open Journal of Optimization
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are those used by the pharmaceutical industry. It should be noted that all chro-
matograms determined during the study were obtained from the reference sub-

stances of the molecules listed in 2.1.1.

2.2.1. Preparation of the Elution Mobile Phase
The mobile elution phase consisted of the mixture of Acetonitrile/water in the
proportions 80/20.

The preparation was obtained by transferring 800 mL of Acetonitrile and 200
mL of ultra pure water into a 1000 mL graduated cylinder. The mixture obtained
was sonicated in an ultrasonic bath for 5 min before being transferred to a 1000

mL graduated jar (mobile phase tank).

2.2.2. Preparation of the Different Reference Solutions of PHG and TPHG

1) Preparation of the reference stock solution (RS) of PHG

Using an analytical balance and a watch glass, 38.6 mg of PHG was weighed.
The weighed material was transferred to a 50 mL volumetric flask and solubi-
lised with 20 mL of the previous mobile phase. The resulting solution was sub-
jected to the ultrasonic bath for 10 min and then adjusted to the mark with the
mobile phase to give a concentration of 0.772 mg/mL.

2) Preparation of the reference stock solution (RS) of TPHG

Using a balance, 30 mg of TPHG was weighed and then decanted into a 50 mL
volumetric flask. This was solubilised and then made up to the mark with the
previously prepared mobile phase. The concentration of the solution obtained
was 0.600 mg/mL.

3) Preparation of the diluted Reference Solution (RS) of PHG used to
perform the injection

From the previous PHG stock solution concentrated to 0.772 mg/mL, a di-
luted solution of 0.185 mg/mL was prepared. This was obtained by transferring 6
mL of the stock reference solution into a 25 mL volumetric flask. This was made
up to the mark with the mobile phase.

4) Preparation of the diluted Reference Solution (RS) of TPHG used to
perform the injection

A volume of 6 mL of the previously prepared stock solution of TPHG was
withdrawn using a 1000 uL propette and transferred to a 25 mL volumetric flask.
This was made up to the mark to give a solution concentration of 0.144 mg/mL.

5) Preparation of the mixture of the diluted PHG and TPHG solutions
used to perform the injection

In a 50 mL volumetric flask, 1 mL of each of the diluted PHG and TPHG solu-
tions were transferred and then made up to the mark with the mobile phase.

6) Method of preparation of the analytes according to the optimized me-
thod

In the same 50 mL volumetric flask, 38.6 mg of PHG and 30 mg of TPHG
were concomitantly introduced and the whole was solubilised and adjusted with

the mobile phase up to the mark.
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7) Expression of results

The chromatograms were obtained from the BREEZE software of the
WATERS equipment and the tables were produced by the MICROSOFT EXCEL
2016 software.

3. Results and Discussion

3.1. Chromatographic Profile and Conditions Routinely Used by
the Pharmaceutical Industry

In order to obtain a better chromatographic profile of the mixture of two mole-
cules, PHG and TPHG, previously developed by a pharmaceutical industry in
Abidjan, successive optimizations of the parameters of the chromatographic con-
ditions were performed. The parameters concerned were: the stationary phase
(column), the mobile phase (the proportions of the composition), the flow rate
delivered by pump and the method of preparation of the mixture of the two mo-
lecules (PHG and TPHG). To do this, we initially relied on the chromatographic
conditions used by the pharmaceutical industry (basic chromatographic profile).
This profile is derived from the conditions listed in Table 2. After HPLC injec-
tion, it shows three chromatographic peaks with good resolutions and a better
baseline. The respective RT for each peak was 0.773 min for the first unidentified
compound, 2.275 min for PHG and 7.269 min for TPHG (Figure 2). The pres-
ence of the first peak at RT = 0.773 min could be explained by a probable con-
tamination of the stationary phase (column) and/or the equipment rinsing cir-
cuit by these same molecules or other molecules injected on a large scale in this
pharmaceutical industry. The Chromatogram of the obtained mixture differs
from that developed by Hasan N and al in 2012 [19] in their work on simulta-
neous determination of PHG and TPHG in bulk pharmaceuticals and body
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Figure 2. Chromatographic profile of the PHG and TPHG mixture obtained from the chromatographic conditions developed by
the pharmaceutical industry.
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Table 2. Chromatographic conditions used by the pharmaceutical industry for their var-
ious analyses.

Parameters Data of the different parameters
Stationary phase C18 BDS Hypersil (250 mm * 4.6 mm) 5 um
Mobile phase (%/%) Acetonitrile/water (60/40)
Detection wavelength (nm) 265
Flow rate (mL/min) 1
Injection volume (uL) 10
Run time (min) 8

fluids. The chromatographic profile developed by the latter identified two chro-
matographic peaks with good resolutions at the respective RT of 3.212 min
(PHG) and 8.073 min (TPHG) and with a better baseline.

3.2. Change of the Stationary Phase

Changing the stationary phase from C18 BDS Hypersil to C18 YMC-TriArt (150
* 4.6 mm, 3 um) while maintaining the other parameters of the chromatographic
conditions resulted in the identification of a chromatographic peak correspond-
ing to TPHG (RT = 3.274 min) in the chromatographic profile of the mixture
with the presence of some background noise at the baseline (Figure 3). This sin-
gle retention could be explained by the fact that the C18 YMC column does not
contain a minimal residual silanol group (porosity = 120 A and granulometry =
3 um) [20], unlike the C18 BDS Hypersil column which does (porosity = 130 A
and granulometry = 5 pm) [21]. This specificity at the level of the columns could
then have an impact on the polarity of the injected molecules, in particular that
of PHG.

3.3. Modifying the Proportions of the Mobile Phase Composition

When the proportion of the mobile phase composition is modified (Acetonitrile
80%/Water 20%) for the successive run times of 8 min (Figure 4(a)) and 5 min
(Figure 4(b)), we observe after injection at the run time of 8 min, a chromato-
graphic profile identical to the previous one with still the only chromatographic
peak of the TPHG at RT = 3, 274 min with the same background noise at the
baseline level, contrary to that obtained at the 5 min analysis time, which shows
two less resolved chromatographic peaks in the mixture chromatogram, each
corresponding to PHG (RT = 0.979 min) and TPHG (RT = 1.504 min) with back-
ground noise at the baseline level. This difference in run times when the compo-
sition of the mobile phase is kept constant (80/20) in the first case could still be
explained by the unchanged polarity of the PHG and in the second case, when
the run time is reduced to 5 min, the presence of the chromatographic peak of
the PHG is observed at RT = 0.979 min with an instability of the baseline. This
presence of PHG at RT = 0.979 min could be explained by the fact that the
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Figure 3. Chromatographic profile of the mixture obtained after changing the stationary phase.
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Figure 4. Chromatographic profile of the mixture of analytes obtained after changing the proportions of the mobile phase compo-
sition at run times of 8 min (a) and 5 min (b).

increase in the proportion of Acetonitrile at the mobile phase level had an im-
pact on the polarity of PHG, hence the presence of the latter’s chromatograph-
ic peak in the chromatogram of the mixture. Our chromatographic profiles in
both cases, differ from those developed by Hassan N ef al in 2013 [22] and
Shaikh J S in 2018 [23] who worked on the simultaneous determination of two

antispasmodics (PHG and TPHG) in human plasma and the study of forced
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degradation of Amiloride and Furosemide in pharmaceuticals respectively. Each
of the authors obtained chromatographic profiles showing two chromatographic
peaks/chromatographic profile. The profile developed by [22] showed two chro-
matographic peaks PHG (RT = 3.215 min) and TPHG (RT = 6.344 min) for a
run time of 8 min using a C18 ODS gBondapak column type (4.6 x 250 mm; 10
um) and an elution solvent consisting of 50/50/0.3 Acetonitrile/buffer/Sulphuric
acid. The one developed by [23] also showed two chromatographic peaks Ami-
loride (RT = 1.92 min) and Furosemide (RT = 3.14 min) for a run time of 4 min.
The C18 Shim-pack type column (250 mm x 4.6 mm, 5 um) and an elution sol-
vent consisting of Acetonitrile/water in the proportions 65/35 was used to per-
form the injection. These differences could be in the proportions of the mobile

phase combinations and other parameters of the chromatographic conditions.

3.4. Modification of the Flow Delivered by the Pump

When the flow rate delivered by the pump is reduced to 0.8 mL/min (Table 3),
changes in the PHG and TPHG RT in the chromatographic profiles are observed
when the run times are set to 5 min (Figure 5(a)) and 10 min (Figure 5(b)) re-
spectively. This change in flow rate could be explained by a slow propulsion of
the mobile phase and analytes within the stationary phase which will affect the
detection of compounds. The flow rate used differs from that used by Raul S K et
al. in 2015 [24] who used a flow rate of 1 mL/min when conducting their study
on the simultaneous determination of Atorvastatin and Ezetimibe in phar-
maceuticals. It also differs from that used in 2021 by Peleshok K et al. [25] in
their work on the simultaneous determination of Valsartan and Atenolol by
HPLC/UV in fixed dose pharmaceuticals. The flow rate used by the latter was

also 1 mL/min.

Table 3. Parameters of the modified chromatographic conditions.

Changed parameters

Stationary Prop of mobilephase Flow rate Preparation
Chrom. cond .
phase (%/%) (mL/min) method used
C18 YMC C18 YMC C18 YMC C18 YMC
Stationary phase (150 mm * 4.6 mm) (150 mm * 4.6 mm) (150 mm * 4.6 mm) (150 mm * 4.6 mm)
3um 3 um 3 um 3 um
Prop of mobilephase Acetonitrile/Water Acetonitrile/Water Acetonitrile/Water Acetonitrile/Water
(%/%) (60/40) (80/20) (80/20) (80/20)
Flowrate (mL/min) 1 1 0.8 0.8
Wavelength (nm) 265 265 265 265
Injection volume (uL) 10 10 10 10
Run time (min) 8 8&5 5&10 10& 6
P ti
reparation pharmaceutical industry pharmaceutical industry pharmaceutical industry developed

method used

Corresponding Figure 3 Figure 4(a) & Figure 5(a) & Figure 6(a) &
illustration J Figure 4(b) Figure 5(b) Figure 6(b)
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Figure 5. Chromatographic profile of the mixture of analytes obtained after modification of the flow rate delivered by the pump at

analysis times of 5 min (a) and 10 min (b).

3.5. Changing the Way the Mixture Is Prepared

By modifying the method of preparation of the analytes (concomitant mixing of
PHG and TPHG in the same volumetric flask), a chromatographic profile was
determined that highlighted two well-separated compounds: PHG (RT = 2.391
min) and TPHG (RT = 3.735 min) at the respective run times of 10 min (Figure
6(2)) and 6 min (Figure 6(b)). The RT of these compounds are practically the
same at these respective run times. This change in preparation mode contributed
to the increase in analyte concentrations in the mixture, which in turn contri-
buted to the improvement of the baseline (the eluted analyte peaks helped to
overwhelm the background). The chromatographic profile obtained (Figure
6(b)) is similar to that determined by [24] although their chromatographic con-
ditions are different to that used in the present study. Their chromatogram
shows two chromatographic peaks corresponding to Atorvastatin (RT = 2.367
min) and Ezetimibe (RT = 3.436 min) for an elution time of 6 min. It differs
from the method developed by Mahmoud SA et al in 2021 [26]. This method
allowed the simultaneous determination of febuxostat and diclofenac in the
pharmaceutical form and human plasma by the green UHPLC technique. The
latter developed a chromatographic profile that highlighted febuxostat and
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Figure 6. Chromatographic profile obtained after modification of the analyte preparation mode at the respective analysis times of
10 min (a) and 6 min (b).

diclofenac at the respective RT of 2.460 min and 4.151 min at the 10 min analysis
time (profile of the mixture of febuxostat and diclofenac standards). The flow rate
(1 mL/min), wavelength (280 nm) and mobile phase (Water 85/Ethanol 15) used
by [26] is different from that developed in the present study.

4. Conclusions

The aim of this study was to improve a method for the simultaneous determina-
tion of PHG and TPHG used routinely by a pharmaceutical industry in Abidjan
by HPLC. From the chromatographic profile used by the industry, four parame-
ters were progressively optimized to achieve a result. These are the stationary
phase, the proportions of the mobile phase composition, the flow rate delivered
by the pump and the method of preparation of the mixture.

The chromatographic profile was obtained after optimisation showed two well
separated chromatographic peaks corresponding respectively to PHG (RT =
2.391 min) and TPHG (RT = 3.735 min) with a stable baseline in a short run
time (6 min) compared to the baseline profile that was routinely used by the
pharmaceutical industry.

This optimized analytical method could be validated and applied routinely by

the pharmaceutical industry for the simultaneous determination of these two
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molecules in existing pharmaceutical forms (suppositories, tablets and injectable
forms) with a reduced turnaround time. These actions will thus allow the indus-
try to optimize and reduce the cost of its production.

Nevertheless, this action could be applied to other pharmaceutical products in
the production chain and even be extended to the production chain of other

pharmaceutical industries in Abidjan.
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