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Abstract

This paper presents a simple and rapid approach to the quantification of various glycosides using high-performance thin-
layer chromatography (HPTLC). Different classes of glycosides, represented by genistin and ononin (both monosaccharidic
O-glycosides), rutin (a disaccharidic O-glycoside) and luteolin-6-C-glucoside (a monosaccharidic C-glycoside), were suc-
cessfully separated using a mixture of ethyl acetate—methanol—glacial acetic acid—formic acid (11:1:1:1, V/V) as the mobile
phase followed by derivatisation with natural product—polyethylene glycol (NP-PEG) reagent. The method was validated for
the quantification of these glycosides in accordance with the guidelines of the International Council for Harmonisation. The
general applicability of the validated approach is demonstrated with the analysis of a large number of glycosides including
two glycosides (i.e. rutin, naringin) in commercial products.

Keywords Glycosides - High-performance thin-layer chromatography (HPTLC) - Quantification - Validation - International
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1 Introduction

A glycoside is an organic compound, usually of plant origin,
comprising a sugar molecule linked to a non-sugar moiety
referred to as aglycone or genin [1]. The most common
bridging atom is oxygen, giving rise to O-glycosides, but
can also be a sulphur (S-glycoside), nitrogen (N-glycoside)
or carbon (C-glycoside) atom (Table 1) [2, 3]. The linkage
between the sugar and the aglycone is a hemiacetal linkage
formed by the reducing group of the sugar (usually aldehyde
or ketone) and, in the case of O-glycosides, an alcoholic
or phenolic hydroxyl group of the aglycon [1, 2]. In gen-
eral, a distinction can be made between a-glycosides and
B-glycosides, depending on the steric configuration of the
hemiacetal hydroxyl group. The majority of the naturally
occurring glycosides are pB-glycosides [3, 4].
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Generally, glycosides are more polar than their respec-
tive aglycones and, as a result, glycoside formation usually
increases water solubility. Sometimes, the glycosidic resi-
due is crucial for bioactivity, in other cases glycosylation
only impacts on pharmacokinetic parameters [3—5], such as
in vivo circulation, elimination and concentration in various
body fluids [5, 6].

In plants, glycosides also play numerous important roles,
such as converting toxic materials to non- or less toxic
metabolites, protecting plants from bacteria and diseases
through their antibacterial activity, regulation of growth,
assisting in pollination and acting as a source of energy
(i.e. sugar reservoir) [7, 8]. Many plants store chemicals in
the form of inactive glycosides. These can be activated by
enzymatic hydrolysis, which causes the sugar moiety to be
removed, making the bioactive aglycone available for use
[7-9]. There are also many glycosides in plants that are bio-
logically active; however, their pharmacological effects are
still largely determined by the structure of the respective
aglycone [8, 9].

Glycosides are found in many important compound
classes such as hormones, sweeteners, alkaloids, flavo-
noids and antibiotics [8—10]. Various medicines, condi-
ments and dyes derived from plants exist as glycosides,
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Table 1 Name, classification, concentration and applied volume of glycoside standards

Standard % purity Glycoside type Number of Sugar type Concentra-  Application
sugar units tion (ug/mL) volume (uL)
Genistin 98 O-glycoside 1 Glucose 20 3-15
Ononin 98 O-glycoside 1 Glucose 20 3-15
Rutin 98 O-glycoside 2 a-L-thamnopyranoside and p-p- 20 3-15
glucopyranose
Luteolin-6-C-glucoside 98 C-glycoside 1 p-p-glucopyranosyl 20 3-15
Daidzin 98 O-glycoside 1 Glucose 20 3-15
Naringin 98 O-glycoside 2 Neohesperidose 20 3-15
Calycosin-7-O-beta-glucoside 98 O-glycoside 1 p-p-Glucopyranoside 20 3-15
Narcissoside 98 O-glycoside 2 Rutinose 20 3-15
Isovitexin 98 C-glycoside 1 p-p-Glucopyranoside 50 3-15
Tiliroside 98 O-glycoside 1 p-p-Glucopyranoside 20 3-15
Kaempferitrin 98 O-glycoside 2 3,7-Dirhamnoside 20 3-15
Polytadin 95 O-glycoside 1 Glucose 50 3-15
Quercitrin 98 O-glycoside 1 Rhamnose 20 3-15
Isoquercetrin 98 O-glycoside 1 Glucose 20 3-15
Hyperoside 98 O-glycoside 1 Galactose 50 3-15
Phloridzin 98 O-glycoside 1 Glucose 20 3-15
Sissotrin 98 O-glycoside 1 B-p-Glucopyranoside 20 3-15
Hesperidin 98 O-glycoside 2 o-L-Rhamnopyranoside and f-p- 40 3-15
glucopyranose
Luteolin-7-O-glucuronide 98 O-glycoside 1 B-p-Glucuronosyl-(1 — 2)-p-p-glucuronide 20 3-15

for example, cardiac glycosides from Digitalis and Stro-
phanthus, and antibiotics (e.g. streptomycin). Saponinic
glycosides, on the other hand, can act as cleansing agents
by lowering the surface tension of water [10, 11].

Current methods for the identification and quantifica-
tion of glycosides are frequently based on high-perfor-
mance liquid chromatography (HPLC), often coupled with
another analytical technique [12-15], the most common
are HPLC in tandem with diode array detection (HPLC—
DAD) or evaporative light scattering detection (HPLC—
ELSD). Another common technique is ultra-performance
liquid chromatography coupled with mass spectrometry
(UPLC—MS/MS) [12-15].

High-performance thin-layer chromatography (HPTLC)
is a sophisticated and increasingly popular tool for the
analysis of complex natural products. It is a flexible and
cost-efficient separation technique ideally suited for the
analysis of constituents in botanicals and herbal drugs
[16—-19]. The advantages of full automation, scanning,
selective detection principles, minimum sample prepa-
ration and hyphenation options, for example, have ena-
bled HPTLC to be a powerful analytical tool to derive
qualitative and quantitative information of compounds in
complex mixtures presented by pharmaceuticals, natural
products, and clinical and food samples [19-23].
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The use of HPTLC has previously been reported for the
analysis of some glycosides. For example, Chelyn et al. ana-
lysed various flavone C-glycosides (i.e. shaftoside, isoori-
entin, isovitexin, orientin, vitexinin) in the leaves of Clina-
canthus nutans by both HPTLC and HPLC—UV/DAD [24].
Another study conducted by Senguttuvan et al. identified
pervoside and swertiamarin glycosides in Hypochaeris radi-
cata via HPTLC [25], whereas Jaitak et al. developed and
validated a HPTLC-based method for the quantification of
three steviol glycosides (i.e. steviolbioside, stevioside and
rebaudioside-A) in Stevia rebaudiana leaves [26]. The above
mentioned studies are, however, only applicable to specific
types of glycosides. There is still a need to develop a gener-
ally applicable HPTLC-based method that will be potentially
suitable for the analysis of different types of glycosides.

This study reports on the development of such a novel
HPTLC-based method to quantitatively analyse a wide
range of glycosidic compounds. The selection of a suit-
able mobile phase is one of the critical factors in HPTLC
analysis. The mobile phase development in this study
referenced prior thin-layer chromatography (TLC)-based
studies by Wagner et al. [27] and Jasprica et al. [28]
for the analysis of flavonoid glycosides. However, their
reported mobile phase, ethyl acetate—water—formic acid—
glacial acetic acid at a ratio of 100:26:11:11 (V/V), pro-
duced a fuzzy baseline under the operating conditions of
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the HPTLC, therefore necessitating further modifications.
The final method adopted in this study was validated for
accuracy, precision, linearity and sensitivity as per Inter-
national Council for Harmonisation (ICH) guidelines.

2 Experimental
2.1 Chemicals and reagents

All reagents and solvents used were of analytical grade.
Naringin was obtained from Alfa Aesar (Lancashire, UK),
all other glycosides used in this study were sourced from
ChemFaces (Wuhan, China). Methanol was purchased
from Scharlau (Barcelona, Spain) and ethyl acetate, glacial
acetic acid and formic acid from Ajax Finechem (Chel-
tenham, Australia). Silica gel 60 F,s, HPTLC glass plates
(20 10 cm) were purchased from Merck KGaA (Darm-
stadt, Germany). 2-Aminoethyl diphenylborinate was
sourced from Chem Supply Australia Pty Ltd. (Port Ade-
laide, SA, Australia) and polyethylene glycol (PEG-400)
was obtained from PharmAust Manufacturing (Welshpool,
Western Australia).

2.2 Commercial samples

Commercial rutin capsules (450 mg rutin per capsule) were
purchased from Now Foods (Bloomingdale, IL, USA). Nar-
ingin capsules (500 mg naringin per capsule) were sourced
from Swanson Health Products (Fargo, ND, USA).

2.3 Reagent and sample preparation

A methanolic solution of 0.5 mg/mL naringin was prepared
as a reference solution. Glycoside standards were prepared
at a concentration of 20, 40, or 50 pg/mL in methanol
(Table 1). Methanolic solutions of commercial rutin and nar-
ingin capsules were prepared at a concentration of 50 ug/mL.
The natural product (NP) reagent [also known as Naturstoff
reagent or Neu’s reagent, diphenylborinic acid 2-aminoethyl
ester (DPBA) and 2-aminoethyl diphenylborinate] was used
as the derivatising reagent as it is commonly applied for
the detection of flavonoids and glycosides [29-31]. Natural
product (NP)-derivatising reagent was prepared by dissolv-
ing 1 g of 2-aminoethyl diphenylborinate in methanol and
then the volume of the solution was made up to 100 mL
(1% m/V) [29]. Polyethylene glycol (PEG-400) reagent was
prepared by mixing 5 g of polyethylene glycol in ethanol
and then the volume of the solution was adjusted to 100 mL

(5% m/V) [29].

2.4 Instrumentation and HPTLC method
2.4.1 Sample application

Four microlitres of the reference solution and specific vol-
umes (Table 1) of the respective glycoside solutions were
applied as 8 mm bands, 10 mm from the lower edge of the
HPTLC plate at a rate of 150 nL s~' using a semi-automated
HPTLC application device (Linomat 5, CAMAG, Muttenz,
Switzerland).

2.4.2 Development

The chromatographic separation was performed on silica
gel 60 F,5, HPTLC plates (glass plates 20X 10 cm) in a
saturated (33% relative humidity) automated development
chamber (ADC2, CAMAG). The plates were pre-saturated
with the mobile phase for 5 min, automatically developed
to a distance of 70 mm at room temperature and dried for
5 min. The obtained chromatographic results were docu-
mented using a HPTLC imaging device (TLC Visualizer 2,
CAMAG) at 254 nm. After derivatisation with NP-PEG rea-
gent using a HPTLC derivatiser (3 mL NP reagent applied
with green nozzle and 2 mL PEG reagent applied with blue
nozzle), the images were visualised at R366 nm. The chro-
matographic images were digitally processed and analysed
using specialised HPTLC software (visionCATS, CAMAG),
which was also used to control the individual instrumenta-
tion modules.

Ethyl acetate, methanol, glacial acetic acid and formic
acid at a ratio of 11:1:1:1 (V/V) were found to constitute a
suitable mobile phase to separate the range of glycosides
used in this study.

2.5 Method validation

The analytical method using the optimised mobile phase was
validated for linearity, sensitivity, precision and accuracy
according to ICH guidelines [32].

2.5.1 Linearity

Linearity refers to the ability of an analytical procedure to
produce results in direct proportion to the concentration of
an analyte within the defined concentration range [16, 17].
In this study, linearity was assessed by analysing four glyco-
sidic test solutions (genistin, ononin, rutin and luteolin-6-C-
glucoside) of various volumes (3—15 pL) in a concentration
range of 60—300 ng/band. Three replicate measurements
were conducted in three separate experiments for each sam-
ple. The HPTLC fingerprints of genistin, ononin, rutin and
luteolin-6-C-glucoside are shown in Fig. 1. Peak heights were
determined by the use of visionCATS for genistin and ononin
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Fig.1 HPTLC image visualised at (a) 254 nm prior to derivatisation and (b) 366 nm after derivatisation with NP-PEG reagent: track 1: genistin;
track 2: ononin; track 3: rutin; track 4: luteolin-6-C-glucoside; track 5: mixture of genistin, ononin, rutin and luteolin-6-C-glucoside

prior to derivatisation and for rutin and luteolin-6-C-glycoside
after derivatisation with NP-PEG. Linear five-point calibra-
tion curves for each glycoside were obtained and the obtained
peak heights versus the corresponding concentrations of the
samples evaluated by linear regression analysis. The coeffi-
cient of determination (%), slope (m) and y-intercept (c) of the
calibration curves were determined to assess the linearity of
the developed method.

2.5.2 Sensitivity (limit of detection and limit
of quantification)

Method sensitivity was assessed via the limit of detection
(LOD) and limit of quantification (LOQ). LOD is defined as
the lowest concentration at which the method is able to detect
but not quantify a sample under the given experimental condi-
tions [16, 17]. LOQ is the lowest amount of analyte that can
be detected and quantified with suitable precision, accuracy
and repeatability. The LOD and LOQ were calculated using
the following equations:

LOD =33 6/S

@ Springer

LOQ = 10X o/S

where o is the SD of the y-intercept and S is the average
slope value of triplicate calibration curves.

2.5.3 Precision

Precision of a method is the degree of agreement among
individual test results when the method is applied repeat-
edly to multiple samples. It characterises the closeness of
results obtained from a series of measurements of a single
sample analysed under the same conditions but at different
times, on different instruments and/or by different opera-
tors. Precision can be considered at three levels, namely,
repeatability (same operating conditions over a short inter-
val of time), intermediate precision (within-laboratory var-
iations, analysing the sample on different days, by different
analysts and on different equipment) and reproducibility
(between laboratories) [16, 17]. In this study, the method
was validated for repeatability and intermediate inter-day
precision by analysing in triplicate three different concen-
trations of the four respective glycoside test samples (80,
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130 and 280 ng/band) and determining the percent relative
standard deviation (%RSD) of the obtained peak height.

2.5.4 Accuracy

The accuracy of an analytical method is the degree of agree-
ment of test results generated by the method with the true
value [16, 17]. The accuracy of the method was determined
through the percentage recovery of the four glycosidic test
solutions analysed in triplicate at three different concentra-
tion levels (80, 130 and 280 ng/band).

3 Results and discussion

Specific volumes (3—15 pL) of four glycoside solutions
(20 pg/mL), namely genistin, ononin, rutin and luteolin-6-C-
glucoside, were applied onto HPTLC plates followed by
development using the optimised mobile phase. The HPTLC
fingerprints of those glycosides are shown in Fig. 1. The spe-
cific glycosides are represented by bands of different colours
(prior and after derivatisation with NP-PEG reagent) at Ry
0.495 for genistin, Rg 0.460 for ononin, R 0.210 for rutin
and Ry 0.285 for luteolin-6-C-glucoside. The bands were
well separated from each other, confirming the suitability
of the method to analyse these glycosides with adequate
specificity.

3.1 Linearity

Linearity was assessed by linear regression analysis of a
five-point standard curve of the respective test glycosides
over the concentration range of 60—300 ng/spot. The coef-
ficients of determination (%) of three independent experi-
ments are presented in Table 2. All the correlation coef-
ficients had a value of >0.99, suggesting adequate linearity
of the HPTLC method in the defined concentration range.

3.2 Sensitivity (limit of detection
and quantification)

The slope values and y intercepts derived from the linear
regression analysis of the standard curves were used to
calculate the LOD and LOQ for the four test glycosides
(Table 2). The following LOD and LOQ values were
found: 7.92 and 24.0 ng, respectively, for genistin; 7.76
and 23.52 ng, respectively, for ononin; 10.50 and 31.82 ng,
respectively, for rutin; and 7.58 and 22.98 ng, respectively,
for luteolin-6-C-glucoside.

Table 2 Linear regression analysis of calibration curves for glycoside standard solutions in methanol

Parameters

Linearity range Run

(ng/spot)

Rp (mean =+ SD) Colour (on derivati-

Standard

LOD (ng)  LOQ (ng)

Slope (average) y-Intercept (SD)

Correlation

Regression equation

sation with NP)

coefficient (%)

24.0

0.00072 7.92

0.0003

0.9961
0.9917
0.9946
0.9926
0.9917
0.9930
0.9974
0.9996
0.9959
0.9914

0.0003x+0.029

Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

1
2
3

60-300

0.495+0.001 Turquoise

Genistin

0.0003x+0.029

0.0003x+0.028

23.52

0.00048 7.76

0.00021

0.0002x+0.047

1

2

60-300

0.460+0.002 Yellow—green

Ononin

0.0002x+0.046

0.0002x+0.047

31.82

0.00061 10.50

0.00019

0.0002x+0.003

1

2

60-300

Orange

0.210+0.002

Rutin

0.0002x+0.002

0.0002x+0.003

22.98

0.00051 7.58

0.00022

0.0002x+0.012

1

2
3

60-300

0.285+0.001 Orange

Luteolin-6-C-

0.9940
0.9940

0.0002x+0.011
0.0002x+0.012

Y
Y

glucoside
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Table 3 Precision study of

. i . Standard Theoretical con- Concentration found (ng/spot) Average (ng/spot)  SD %RSD
genistin, ononin, rutin and centration (ng/spot)
luteolin-6-C-glucoside: intra- Run 1 Run 2 Run 3
day precision
Genistin 80 77.42 81.65 80.59 79.89 220 276
130 127.23  130.18 131.74  129.72 229 177
280 28545 279.25 280.65 281.78 325 115
Ononin 80 79.33 77.98 82.11 79.81 211 2.64
130 134.11  131.22 12856  131.30 278 2.11
280 283.62 27621 278.63  279.49 378 135
Rutin 80 80.36 84.29 81.18 81.94 207 253
130 128.46 12798 13328 12991 293 226
280 27536  281.17  283.57 280.03 422 151
Luteolin-6-C- 80 81.25 83.14 80.64 81.68 1.30  1.60
glucoside 130 13444 13008 129.88  131.47 258  1.96
280 27823 28547 28345 282.38 374 132
Tab!efl Preci§i0n St_lldy of Standard Theoretical con- Concentration found (ng/spot) Average (ng/spot)  SD %RSD
genistin, ononin, rutin and centration (ng/spot)
luteolin-6-C-glucoside: inter- Run 1 Run 2 Run 3
day precision
Genistin 80 78.56 80.52 84.34 81.14 294 3.62
130 12831 13551 13243  132.08 361 274
280 282.15 27648 28548  281.04 411 146
Ononin 80 78.13 83.58 81.32 81.01 274 3.38
130 131.78 13332 127.16  130.75 321 245
280 28325 280.11 277.16  280.17 3.05 1.09
Rutin 80 79.39 83.18 80.18 80.92 200 247
130 127.64  129.88  132.27  129.93 232 1.78
280 276.86  278.71 28336  279.64 335 1.20
Luteolin-6-C- 80 80.52 84.42 81.45 82.13 204 248
glucoside 130 13047 13451 12978  131.59 2.56  1.94
280 27744 28177 28455  281.25 358  1.27

3.3 Precision

The method was validated for repeatability and interme-
diate inter-day precision by analysing each of the four
glycoside standards at three concentrations (80, 130 and
280 ng/spot) in 1 day and over 3 consecutive days. Preci-
sion was recorded as %RSD (Tables 3, 4). In both intra-day
and inter-day precision, the %RSD was found to be less
than 5% which is acceptable according to ICH guidelines,
indicating that the method can be considered precise with
high levels of confidence.

3.4 Accuracy
The accuracy of percentage mean recoveries was found

to have less than 5% variation across all analyses for all
four test glycosides (Table 5). The accuracy of percentage
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mean recoveries was found to range between 98.17% and
101.98% for genistin, 100.48% and 100.84% for ononin,
99.76% and 101.64% for rutin and between 99.73% and
100.30% for luteolin-6-C-glucoside (Table 3), varia-
tions that are all within the acceptable range of the ICH
guideline.

3.5 Application of the validated method
3.5.1 Analysis of a wide range of glycoside standards

After its successful validation using the four test glycosides,
the general applicability of the method for the quantifica-
tion of a wider range of glycosides, representing four dif-
ferent categories of glycosides (Table 1), was demonstrated
with the analysis of 15 additional glycoside standards. Their
respective colour, R, LOD and LOQ values are presented
in Table 6. Their LOD and LOQ values ranged from 5.55 to
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Table 5 Recovery of genistin, ononin, rutin and luteolin-6-C-glucoside

Theoretical Run 1 Run 2 Run 3
concentration
(ng) Recovery % recovery % meanrecov- Recovery % recovery % meanrecov- Recovery % recovery % mean recovery
ery ery
Genistin
80 76.16 95.2 78.37 97.96 83.77 104.71
130 128.16 98.59 98.17 132.08 101.60 99.59 131.06 100.82 101.98
280 282.11 100.71 277.78 99.21 281.18 100.42
Ononin
80 80.55 100.69 82.12 102.65 80.72 100.90
130 130.48 100.37 100.48 131.03 100.79 100.84 132.26 101.74 100.76
280 281.21 100.37 277.41 99.08 278.96 99.63
Rutin
80 80.02 100.03 82.07 102.59 81.12 101.40
130 129.14 99.34 99.76 130.18 100.14 101.16 134.28 103.29 101.64
280 279.75 99.91 282.11 100.75 280.64 100.23
Luteolin-6-C-glucoside
80 80.72 100.90 80.24 100.30 81.05 101.31
130 129.48 99.60 100.30 130.27 100.21 99.73 127.98 98.45 99.78
280 281.13 100.40 276.29 98.68 278.76 99.56
Table 6 Ry, LOD and LOQ of 15 glycoside standards (n =3, data represent mean + SD)
Standard Colour (on derivatisation ~ Rp (mean =+ SD) LOD (ng) (mean +SD) LOQ (ng) (mean=+SD)
with NP-PEG)
Naringin Turquoise 0.325+0.02 6.93+1.14 18.30+1.12
Daidzin Cyan blue 0.310+0.01 12.25+1.23 34.55+0.89
Calycosin-7-O-beta-glucoside Cyan blue 0.382+0.02 10.73+2.02 32.50+1.21
Narcissoside Yellow—green 0.215+0.01 5.82+1.55 18.47+2.31
Isovitexin Turquoise 0.363+0.02 8.58+1.36 26.12+1.25
Tiliroside Green 0.635+0.03 6.33+2.01 19.02+1.68
Kaempferitrin Turquoise 0.410+0.01 5.88+1.77 18.35+1.62
Polytadin Cyan blue 0.480+0.02 6.09+2.11 18.33+1.52
Quercitrin Orange 0.530+0.01 7.35+1.67 21.08+1.44
Isoquercetrin Orange 0.400+0.01 5.55+1.38 18.66+1.72
Hyperoside Orange 0.320+0.02 7.32+0.98 21.66+1.65
Phloridzin Cyan blue 0.537+0.01 6.98+1.12 23.77+2.04
Sissotrin Cyan blue 0.500+0.02 7.05+2.05 20.07+£2.05
Luteolin-7-O-glucuronide Orange 0.330+0.01 6.35+1.34 18.41+1.22
Hesperidin Cyan blue 0.315+0.02 5.89+1.39 19.04+£2.01

12.25 ng, and 18.30 to 34.55 ng, respectively. Sharp bands
for the 15 glycoside standards were produced using the vali-
dated method (Figs. 2, 3). To derive a colour descriptor, the
red, green and blue (RGB) values obtained for each band
were converted into hue values H (°) and their corresponding
colours (https://www.blog.jimdoty.com/?p=11507, accessed
on 20 March 2023) [33]. It was found that upon derivatisa-
tion with NP-PEG reagent, all glycosides displayed distinct
colours, ranging from cyan blue, orange and yellow—green

to turquoise (Table 6). These colour descriptors might aid in
compound identification. For example, hesperidin, naringin
and luteolin-7-O-glucuronide have similar Ry values (0.315,
0.325 and 0.330, respectively), which could hamper their
identification, but present distinctly different colours upon
derivatisation with NP reagent (cyan blue, turquoise and
orange, respectively). The developed and validated method
is demonstrated in this study to be capable of quantifying 15
glycosides without modifying the analytical technique which
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Fig.2 HPTLC image at 254 nm of track 1: naringin; track 2: daidzin;

track 3: calycosin-7-O-beta-glucoside; track 4: narcissoside; track 5:

isovitexin; track 6: tiliroside; track 7: kaempferitrin; track 8: polyta-
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Fig.3 HPTLC image at 366 nm after derivatisation with NP-PEG
of track 1: naringin; track 2: daidzin; track 3: calycosin-7-O-beta-
glucoside; track 4: narcissoside; track 5: isovitexin; track 6: tiliroside;

confirms the suitability of the approach to analyse a diverse
range of glycosides.

3.5.2 Analysis of commercial samples

To further demonstrate its usefulness and general applicabil-
ity, the method was applied to the analysis of rutin and nar-
ingin in commercial samples. The commercial capsules con-
taining rutin, which are marketed as a powerful combatant
of free radicals, for the promotion of vascular health and the

@ Springer

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

09

08

07

06

05

04

03

02

0.1

9 10 11 12 13 14 15

din; track 9: quercitrin; track 10: isoquercetrin; track 11: hyperoside;
track 12: phloridzin; track 13: sissotrin; track 14: luteolin-7-O-glucu-
ronide; track 15: hesperidin

o
©

=
=3

o

=)
>

o

=)
=

=)

=)
~

[=)
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isoquercetrin; track 11: hyperoside; track 12: phloridzin; track 13: sis-
sotrin; track 14: luteolin-7-O-glucuronide; track 15: hesperidin

maintenance of the structural integrity of blood vessels, were
produced from the flower buds of Sophora japonica. Nar-
ingin in the commercial sample was obtained from grape-
fruit peel (Citrus X paradisi) and is marketed as a glycosidic
flavonoid which works synergistically with vitamin C to
enhance cellular defence mechanisms. It was found that the
analysis of rutin and naringin was not impacted by the pres-
ence of any excipient present in the capsules (Figs. 4, 5). An
average (n=3) of 448.30 mg of rutin per capsule was found
in the commercial formulation stating to contain 450 mg per
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Fig.4 HPTLC fingerprint of rutin at 366 nm derivatised with NP—
PEG reagent. Tracks 1—>5: rutin standard (20 pg/mL, 3—15 uL); track
6: commercial rutin sample (50 ug/mL, 4 uL)
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Fig.5 HPTLC fingerprint of naringin. Tracks 1-5: naringin standard
(20 pg/mL, 8-16 pL); track 6: commercial naringin sample (50 pg/
mL, 5 L) at 366 nm derivatised with NP-PEG reagent
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capsule (a percentage stated content of 99.62%), whereas
commercial capsules with a stated content of 500 mg of
naringin were found to contain an average of 496.80 mg

(99.36%, n=3) (Table 7). Thus, it can be concluded that
the developed analysis method is capable of quantifying
the content of the two glycosides in commercial samples
(Figs. 6, 7).

Reviewing the literature, it appears that specific HPLC-
based methods are limited in their applicability to the analy-
sis of only certain types of glycosides [12, 33—40]. In HPLC
analysis, substantial modifications (e.g. mobile phase, col-
umn, run time, flow rate) might be required for analysing dif-
ferent glycosidic groups [33, 38—41]. The current HPTLC-
based method, on the other hand, is capable of analysing a
wide range of glycosides efficiently using the same mobile
phase, visualisation and derivatisation method. Many glyco-
sides vary in their Ry values which enables their individual
identification and quantification. This was illustrated in this
study with the analysis of genistin, ononin, rutin and luteo-
lin-6-C-glucoside as test glycosides (Fig. 1) which produced
distinctly different individual Ry values (tracks 1—4) even
when analysed by HPTLC as a mixture (track 5).

Moreover, the validated method was successfully applied
to the quantification of rutin and naringin in commercial
capsules, where a stated content of more than 99% was con-
firmed for both samples, further illustrating the applicability
of the method.

4 Conclusions

Glycosides play unique and vital roles in natural products.
The growing field of molecular glycobiology, for instance,
provides a clearer understanding of the relationship
between aglycone and glycoside activity, which might help
in developing more glycosidic drugs. These developments
emphasise the importance of an accurate identification and
quantification of a wide range of glycosides. There is scope
for the development of new approaches to the quantitative
analysis of glycosides as a complement or alternative to
the current most commonly employed methods, includ-
ing HPLC—DAD analysis. HPTLC analysis offers such an
approach as it is an easy, quick to perform and a powerful
tool to analyse up to 15 samples of complex natural prod-
ucts or pharmaceuticals with minimal reagent input in a
single run. In addition, HPTLC analysis generates multiple

Table 7 Determination of rutin and naringin in commercial samples (n=3, data represent mean + SD)

Commercial sample Stated content ~ Excipients Calculated content per Mean +SD % of
per capsule capsule (mg) stated
(mg) content
Runl Run2 Run3
Rutin 450 Gelatine, stearic acid (vegetable source) and silica 449.10 448.20 447.60 448.30+0.62 99.62
Naringin 500 Gelatine, microcrystalline cellulose (plant fibre),  497.34 496.29 496.78 496.80+0.53 99.36

magnesium stearate, silica

@ Springer
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Fig.6 HPTLC software generated calibration curve for the quantification of rutin in commercial sample obtained after derivatisation with NP-
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Fig.7 HPTLC software generated calibration curve for the quantification of naringin in commercial sample

data sets, such as images taken at different light conditions
(e.g. 254 and 366 nm, as well as at white light) before
and after derivatisation, R and RGB values of individual
bands, their peak heights and peak areas as well as their
respective ultraviolet (UV) and fluorescence spectra. This

@ Springer

richness of data can set HPTLC analysis apart from other
analytical techniques. This study has developed a simple
HPTLC-based method suitable for the quantification of a
wide range of glycosides, independent of their chemical
nature (e.g. O-, C-glycosides, mono- and di-saccharide
glycosides). The analytical approach was successfully
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validated for its specificity, linearity, sensitivity, preci-
sion and accuracy in accordance with ICH guidelines and
its applicability for the quality control of herbal materials
demonstrated with the quantification of glycosides in two
commercial products.
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