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Abstract

In order to analyse magnolol (MG) in modern pharmaceutical forms, we developed and validated a new high performance
liquid chromatography (HPLC) method with UV detection. We optimized the working conditions for the chromatographic
system and recorded the chromatograms at the wavelength of 290 nm. The method was validated by the determination of the
following parameters: method repeatability and intermediate precision for the concentration of 0.5 mg/mL for which we
obtained RSD values of < 2.5 for peak area, retention time and concentration, method linearity in the concentration range
0.025 - 1.5 mg/mL; calibration curve equation for MG (y = 492.05x + 6.5518) (R* = 0.9985); detection limit of 0.00988
mg/mL and limit of quantification of 0.02993 mg / mL; method robustness for MG concentration of 0.5 to 1 mg/mL;
accuracy of method, for which the achieved recovery rate was in the range 98.42 - 103.83%. The method was tested by the
determination of MG loaded in nanoporous silica. Results showed a 96.57% degree of retrieval and confirm the hypothesis
that this method can be used for the quantitative determination of MG loaded in silicate matrices as modified release
formulations.

Rezumat

In vederea analizei magnololului (MG) din forme farmaceutice moderne a fost elaborata si validati o noui metodi de
determinare cantitativd a MG prin cromatografie de lichide de inaltd performatda (HPLC) cu detectie UV. Au fost optimizate
conditiile de lucru pentru sistemul cromatografic si au fost inregistrate cromatogramele la lungimea de unda de 290 nm.
Metoda a fost validatd prin determinarea urmatorilor parametri: repetabilitatea si precizia intermediara a metodei pentru
concentratia de 0,5 mg/mL, cand am obtinut valori ale RSD < 2,5 pentru aria peak-ului, timp de retentie si concentratie,
liniaritatea metodei in domeniul de concentratie 0,025 - 1,5 mg/mL; ecuatia dreptei de calibrare pentru MG (y = 492,05x +
6,5518) (R? = 0,9985); limita de detectie 0,00988 mg/mL si limita de cuantificare 0,02993 mg/mL; robustefea metodei
pentru concentatia de 0,5 si 1 mg/mL MG; acuratetea metodei pentru care s-a obtinut grad de recuperare cuprin in inervalul
98,42 - 103,83%. Metoda a fost testata prin determinarea MG incarcat in silice nanoporoasa. Rezultatul obtinut a evidentiat
un grad de regasire de 96,57% si confirma ipoteza privind utilizare a acestei metode pentru determinarea cantitativda a MG
incdrcat in matrici silicate ca forme farmaceutice cu cedare modificata.
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Introduction

MG has multiple pharmacological activities, among
which anti-inflammatory, antioxidant, antidiabetic, and
antidepressant effects [2-4]. Its oral administration
has the highest compliance in patients. MG has a low
oral bioavailability, of only 5%, which is determined,
on one hand, by its reduced absorption in the
gastro-intestinal tract, and, on the other hand, by
extended metabolism through the hepatic first-pass
effect [2]. In order to develop modified release oral
therapeutic systems, we chose to encapsulate MG
in nanoporous silicates which can host different
drug substances [5-7].

Magnolol (MG) is a polyphenolic compound
(Figure 1) extracted from the root and bark of
magnolia - Magnolia spp. (M. obovata and M.

officinalis) [1].

Figure 1.
Chemical structure of magnolol
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In the literature we have identified various methods
for the quantitative determination of MG, such as
capillary electrophoresis, spectrophotometry, HPLC
with UV detection, ion pairs, electrochemical or
mass spectroscopy. They have varying degrees of
sensitivity [8-12].

The objective of this paper was to develop and
validate a new HPLC method for the quantitative
determination of MG in nanoporous silicate matrices
as systems able to develop new modified release
formulations for the oral administration of MG.

Materials and Methods

Materials
Tetracthyl orthosilicate (TEOS, 98%), cetyltri-
methylammonium bromide (CTAB, 99%) and
NaOH were purchased from Merck. Ethanol (99%),
aqueous ammonia (25%), and hydrochloric acid
(32%) were purchased from Chemical Company
LDT (Romania).
Aparatus and reagents
Liquid Chromatograph Thermo Fisher Scientific,
UltiMate 3000, equipped with UV-VIS Diode Array
Detector; chromatography column Teknochroma
Tracer Excel 120 OSDB C18, 150 mm x 4.6 mm,
particle size 5 pum. Methanol (MeOH), chromatographic
purity (Merck, Germany); glacial acetic acid (Merck,
Germany); trifluoroacetic acid (TFA) (Merck,
Germany); acetonitrile (ACN), chromatographic
purity (Merck, Germany); magnolol - reference
substance, purity 99.80% (Sigma-Aldrich, Germany)
magnolol, purity 98% (Zhejlang Sanmen Hengkang
China Pharmaceutical Co. Ltd.); double distilled
water: Millipore, conductivity — 0.01 puS/cm.
Methods

Chromatographic
validation
Identification of peaks
The working conditions were: separation column
TRACER EXCEL 120 ODSB (Teknokroma Analitica
SA., Spain), 4.6 x 150 mm, 5 pm; column temperature -
30°C; injection of a sample volume of 20 uL;
mobile phase used - 0.1% TFA in H,O (solvent A)
and methanol (solvent B), in a ratio of 20:80 (v/v).
We carried out an isocratic elution for 12 minutes,
and the pump flow rate was 1 mL/min.
Chromatograms’ recording was made at the wave-
length of 290 nm. In order to identify the peak
corresponding to MG, we injected two solutions of
different concentrations - 0.5 mg/mL and 1 mg/mL,
respectively.
Determination of repeatability and intermediate
precision
For the study of the accuracy of the chromatographic
system we prepared a solution of MG (concentration -
0.5 mg/mL), and measured signal height, half-
width, asymmetry, number of theoretical plates and
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resolution compared to the signal of an unrestrained
compound. To assess repeatability, we performed
10 successive injections and calculated the standard
deviation and relative standard deviation of the peak
areas, the retention times and the concentration.
Determination of linearity

The linearity range studied was from 0.025 to 1.5
mg/mL MG. Each level of concentration was
injected in triplicate and we calculated the mean
value, which was later used in plotting the calibration
curve, and calculation of the standard deviation and
the relative standard deviation.

Determination of detection and quantification limits
To determine the quantification and detection limits,
calibration curves were drawn in the concentration
range 0.00625 — 0.1 mg/mL MG. Standard deviation
and calibration curve slope were also calculated.
The limits of detection and quantification were
calculated using the following formulas:

(M
2

where: ¢ — residual relative standard deviation;
b — slope calculated for the range under consideration.
Determination of the robustness of the method
To assess the robustness of the method, we injected two
solutions for each compound, in various concentrations
and conditions (0.5 mg/mL and 1 mg/mL, respectively).
These concentrations were successively injected
under injection rate variation (0.9 - 1.1 mg/mL) and
operating temperature variation (28 - 32°C).
Determination of the accuracy of the method
The accuracy of the analysis method was estimated
by determining the degree of recovery, by using
three solutions with three different concentrations:
0.1 mg/mL, 0.5 mg/mL and 1 mg/mL.
Silicate matrices were synthesized by modified
Stober method [13, 14], according to the following
working steps: (a) preparation of the mixture
TEOS:CTAB:ammonium hydroxide solution 25% =
1:1:2; (b) ultrasonication for 2 minutes; (c) washing
with water, filtration and drying (24 h, 60°C); (d)
calcination at 550°C for 4 hours.
Inclusion of drug molecules in silica matrices
MG immobilization in silica matrices was achieved by
its adsorption from a solution containing 1 mg/mL
MG, under vigorous magnetic stirring, for 4 h. The
resulted MG-loaded silica particles were recovered
by vacuum filtration. The percentage of MG
loading in the matrix (35.13%) was calculated by
gravimetric analysis using the previously published
method [15]. The quantitative determination of the
MG included in the silica matrix was attained by
dispersing 300 mg of silica loaded in 100 mL of
methanol and stirring at 600 rpm/10 min.
Subsequently, 2 mL of the solution was diluted to
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20 mL with the mobile phase. Determinations were
performed in triplicate and the results presented are
the mean of the values obtained.

Results and Discussion

The data obtained in the method optimization stage
confirm that by using the mobile phase of 0.1%
TFA in H,O:MeOH (A:B), in a ratio of 20:80%, at
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a temperature of 30°C and a flow rate of 1 mL/min,
the separation is effective for MG and meets the
specifications of international guidelines with
respect to peak asymmetry. Moreover, following
the injections of the mobile phase and solvent, the
absence of peaks interfering with the peaks of
interest was noted (Figure 2).
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Figure 2.

Chromatogram of the magnolol reference substance

The retention time was 5.39 min and the peak area
was 247.7372 mAU*min for a concentration of
0.5 mg/mL MG and 609.8394 mAU*min for 1 mg/mL
MG, respectively. System accuracy evaluation revealed
the following results: retention time = 5.397 min;
signal height = 799.04 mAU; signal half-width =
0.205 min; asymmetry = 1.11; number of theoretical

plates = 3822; purity index (PPI) = 2954 nm. A
chromatographic system is precise when RSD < 2.5
[16-18].

Accordingly, the obtained data concerning both
retention time and area confirm the compatibility
and accuracy of the system (Table I).

Table I
Determined chromatographic parameters related to repeatability
Magnolol
Sample | Retention time Area Quantity
(min.) (mAU*min.) (mg/mL)
1 5.383 251.5269 0.497866274
2 5.383 253.0609 0.500983843
3 5.383 254.0409 0.502975511
4 5.383 253.1663 0.501198049
5 5.387 253.6087 0.502097145
6 5.383 253.005 0.500870237
7 5.383 254.0251 0.502943400
8 5.383 254.0252 0.502943603
9 5.377 253.8179 0.502522305
10 5.380 254.1786 0.503255360
SD 0.00254951 0.804858649 0.001635725
RSD 0.047366647 0.317566692 0.325993934

The obtained results confirm the linearity of the
method in the range of the tested concentration
(0.025 - 1.5 mg/mL MG) (Table II). Each
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concentration level was assessed in triplicate. The
mean value was calculated and used subsequently
in drawing the calibration curve (Figure 3).
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Figure 3.
Calibration curve for the magnolol

In the concentration range 0.00625 - 0.1 mg/mL, the
method has a corresponding sensitivity and exhibits
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1,4 1,5

1,6

Table 11
Determined chromatographic parameters adequate to linearity
Conc. of MG 0.025 | 0.05 0.1 025 | 0375 0.5 0.75 1 1.5
(mg/mL)
A Series 1 | 10.9349 | 30.5444 | 62.5236 | 115.8474| 191.9478 | 257.3348 | 386.9400 | 508.3981 | 733.3924
(mAI;fla:lin) Series 2 | 10.8504 | 30.6641 | 62.2851 | 1159313 | 191.7209 | 257.0284 | 385.7402 | 508.6213 | 731.5526
| Series 3 | 10.7435 | 31.1444 | 62.3569 | 115.9938 | 195.0082 | 257.4804 | 386.2993 | 510.5923 | 731.4546
Average 10.84293 | 30.7843 |62.38853|115.9242| 192.8923 | 257.2812 | 386.3265 | 509.2039 | 732.1332
SD 0.095918(0.317547|0.122356| 0.07346 | 1.835932 | 0.230718 | 0.600362 | 1.207558 | 1.0916
RSD 0.884615(1.031522| 0.19612 | 0.063369 | 0.951791 | 0.089675 | 0.155403 | 0.237146 | 0.149098
"y = 492.05x+6.5518 .
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= 500 .
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a quantification limit of 0.002993 mg/mL and a
detection limit of 0.00988 mg/mL (Table III).

Table 111

Quantification and detection limit of the method

Conc. of MG Standard deviation LOD LOQ
(mg/mL) 0.00625 | 0.0125 | 0.025 | 0.05 0.1 © (ng/mL) | (mgmL)
Area 2.1237 | 5.4886 | 10.944 | 29.376 | 57.414 1.79431 0.00988 | 0.002993

(mAU*min.)

Data for determining method robustness and accuracy

reliable and manifests constant validity (Table IV

Table IV

Table V

show that the method of MG determination is and Table V).
Robustness evaluation of the separation method for MG
Parameters Result
Concentration MG Flow Temperature Retention Area Quantity
(mg/mL) (mL/min) (°C) time (min) (mAU*min) (mg/mL)
0.5 1.1 30 4.897 230.9259 0.4559
1 1.1 30 4.893 452.4205 0.9061
0.5 1 28 5.510 249.9597 0.4946
1 1 28 5.497 501.0643 1.0050
0.5 1 32 5.273 253.5710 0.5020
1 1 32 5.260 498.6737 1.0001
Accuracy evaluation of the analysis method for MG
MG Concentration Area Recovery SD RSD
(mg/mL) (mAU*min) (%)
0.1 57.64 103.831 1.046 1.0176
56.61 101.740
57.37 102.860
0.5 251.33 99.497 0.587 0.5948
248.99 98.543
248.70 98.425
1 500.26 1.003 0.273 0.2719
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The method developed and validated was used for
the quantitative determination of MG loaded in

silicate matrices. The results obtained showed a
recovery of 96.57% (Table VI).

Table VI
Quantitative determination of MG in silicate matrix
Sample Theoretical Statistic results | Peak area | Actual MG concentration | Recovery
concentration (mAU*min) (mg/mL)
(mg/mL)
58.162 0.1013 96.20 %
58.563 0.1020 96.86 %
MG-silica 0.1053 58.449 0.1018 96.67 %
particles Average 58.391 0.1017 96.57 %
SD 0.20663 3.6055 0.3397
RSD 0.08025 1.8690 1.1036
Conclusions Acknowledgements

In this study we developed and validated a new
HPLC method determination for magnolol with UV
detection. The working conditions optimized for the
chromatographic system involved the utilization of
the mobile phase consisting in a sol. 0.1% TFA in
H,O (solvent A) and methanol (solvent B), in a
ratio of 20:80 (v/v), working temperature - 30°C in
column TRACER EXCEL 120 ODSB (Teknokroma
Analytics SA., Spain), 4.6 x 150 mm, 5 pm,
injection of a sample volume of 20 uL and
chromatogram recording at a wavelength of 290 nm.
The method was validated by determining the
following parameters: method repeatability and
intermediate precision for a concentration of 0.5 mg/mL,
when we obtained RSD values < 2.5 for peak area,
retention time and concentration; method linearity
in the concentration range of 0.025 - 1.5 mg/mL,
equation of curve calibration y = 492.05x + 6.5518)
(R? = 0.9985); detection limit - 0.00988 mg/mL and
quantification limit - 0.02993 mg/mL, method
robustness was determined by injecting MG
solutions (concentrations 0.5 and 1 mg/mL) under
various flow and temperature conditions. The
obtained data reveal that the method for the
quantitative determination of MG is reliable. The
recovery degree was in the range of 98.42 to
103.83%. The method was applied for the
quantitative determination of MG loaded in silicate
matrices. Results showed a retrieval degree of
96.57% and confirm the initial hypothesis that this
method can be used for the quantitative determination
of MG loaded in silicate matrices as modified
release formulations. In conclusion, the new
method for the HPLC determination of MG is
simple, easy to apply, sensitive, linear, accurate,
precise, and can be successfully used in in vitro
dissolution tests for the quantitative evaluation of
MG in silica-based particulate systems.
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