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ABSTRACT

The leaf extract of Senna alexandrina Mill., a plant from the Fabaceae family, contains bioactive anthraquinones sennoside-B
and rhein, traditionally used in Indian medicine for various health issues. However, standardizing the quality of S. alexandrina
and its commercial products is challenging. To address this, we established two high-performance thin-layer chromatography
(HPTLC) methods for accurate analysis of these biomarkers in S. alexandrina leaf extract and its commercial formulations.
For sennoside-B, a mobile phase combination of solvent for example, butanol, water, and glacial acetic acid (6:3.5:0.5, v/v/v)
was used, with detection at 254 nm, producing spots at an Rf value 0of 0.37 £ 0.006. The method showed linearity between 100
to 2000 ng/spot (R? = 0.9983 £+ 0.0017), with a limit of detection (LoD) of 22.84 + 0.554 ng/band and a limit of quantitation
(LoQ) of 69.22 + 0.859 ng/band. For rhein, a mobile phase combination of solvent toluene, ethyl acetate, and glacial acetic
acid in the ratio (7:2.5:0.5, v/v/v) was utilized and was also detected at 254 nm. The obtained spots had Rf value of 0.67 +
0.004. The linearity was confirmed within the same range (R? = 0.9985 £ 0.0005), with an LoD of 15.49 + 0.645 ng/spot and
an LoQ 0f46.94 + 1.172 ng/spot. Herein, the methods have followed the guidelines of ICH (Q2) R1. These developed HPTLC
methods are selective, simple, sensitive, accurate, and economical, making them suitable for everyday assessment of these
bioactive markers in S. alexandrina and its commercial products. This study supports the quality control of S. alexandrina,
ensuring product consistency, efficacy, and safety.
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INTRODUCTION

Herbal medications have recently become an important feature
of many country’s basic health care systems.' Plants have a
wide range of chemicals with potential therapeutic applications
against human diseases, such as bacteria, fungi, and viruses.?
Plants are the primary focus of contemporary research on
natural molecules and products,as they are more easily
obtainable and can be chosen based on their ethno-medical
applications.? Recently, several plant formulations have picked
the interest of researchers in their search for phytochemicals for
treatments of human ailments.* Herbal remedies employed to
treat and cure a variety of diseases and physiological problems
are described in ancient system of medicine such as Ayurveda,
Unani 3, and Siddha.® Many ethnic groups employ numerous
plant species to heal a variety of diseases.’

Herbal drugs needs to be standardized for their worldwide
acceptance as it ensures the therapeutic efficacy and safety of
the drug. As there is a complexity in plant-based medicines,
the separation of phytochemicals through chromatographic
techniques are employed to develop a fingerprinting profile,
which identifies and detects impurities present in commercial
formulations.® The available detection techniques include high-
pressure liquid chromatography (HPLC), gas chromatography
(GC), thin layer chromatography (TLC), etc. Since HPLC
utilizes more solvents comparatively, hence is supposed to be
costlier.” GC may possibly be utilized for essential oils in herbal
preparations.'® The easily available TLC is more cramped to
the qualitative estimation of herbal medicines. Therefore TLC
has been renovated into more advanced instrumentation known
as high-performance thin layer chromatography (HPTLC)!!,
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Figure 1: Sennocide-B'*
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which can be used for botwh qualitative and quantitative
analysis.”!?

Anthraquinones are important members of the quinone
family that belong to the polyketide groups and are sometimes
known as anthracenediones or dioxoanthracenes. They are
aromatic in nature.'’> Sennoside-B and rhein are the two
important anthraquinones that possess a wide range of
pharmacological activities.

Sennoside-B (Figure 1) is a member of the class of
sennocides and an oxo dicarboxylic'* a type of naturally
occurring anthraquinone found in S. alexandrina and Rheum
Officinale Baill (Rhubarb). The principal purgative components
sennoside A and B (SA, SB), were initially separated and
identified from Senna leaves and were subsequently ascribed to
the anthraquinone family by Stoll.'® Senna plants was found to
possess many pharmacological properties such as antioxidant,
antimalarial, relaxant, and antimicrobial.'® It also act as an
immunity booster . The phytoconstituent SB from Senna
was found to prevent cell growth in human osteosarcoma '8. It
was observed that sennoside B was effective in the treatment
of epilepsy without having any undesirable effects.'* Sennoside
B was also found to be useful in treating proliferative diseases
in which PDGF (platelet-derived growth factor) signaling
plays a central role.’” Rhein (Figure 2) is chemically 4,
5-dihydroxyanthraquinone-2-carboxylic acid."* Rhein is
used as a neuro-protective, antimicrobial, antitumor and
hypoglycemic agent and it also increases uric acid excretion
and reduces inflammatory responses.?! It can cure ulcerative
colitis by proper regulation of gut microbes.?? It displays
extensive antifibrotic effects and alleviates lipid accumulation
and fibrosis development.?

The role of two commercial formulations A and B taken
for the quantitative estimations of biomarkers sennocide-B
and rhein are mainly used as a laxative, purgative, antioxidant,

antimalarial, relaxant and antimicrobial immunity booster,
hepatoprotective, nephroprotective, anti-inflammatory
and uncancerous. Earlier researchers have established the
importance of correlating S. alexandrina leaves and their
commercial formulations A and B using HPTLC analysis.*%’
This correlation is essential for ensuring the consistency and
quality of commercial formulations A and B derived from S.
alexandrina. Due to the lack of phytochemical evaluation of
S. alexandrina and its commercial formulations, the study is
aimed to quantify some major phytochemicals using modern
analytical techniques such as HPTLC densitometric analysis.
The HPTLC method will enable us to quantify sennocide-B
and rhein biomarkers in both the S. alexandrina leaves and
their commercial formulations, offering insights into their
composition and regulatory compliance. This research will
contribute to the field by providing a novel and reliable
analytical technique for the estimation of sennocide-B and
rhein biomarkers in S. alexandrina leaf extracts and its
two commercial formulations A and B. It will enhance the
ability to assess the quality and authenticity of commercial
formulations containing S. alexandrina leaves and ensure their
pharmacological effectiveness.

MATERIALS AND METHODS

Procurement of Plant material and marketed
preparations

S. alexandrina leaves were purchased from local market in
Lucknow, Uttar Pradesh, India. Authentication was carried
out by Prof. R.B. Ram, Dean, School of Agricultural Sciences
and Technology (SAST), Baba Sahab Bhim Rao Ambedkar
University, Lucknow, through letter no: 01/Dean /SAST/
BBAU/LKO, and a voucher specimen was deposited for
further reference, by correlating their morphological and
microscopical characters with those given in the literature.
The leaves were dried in shade, finely powdered, and stored
temperature (30+2°C). Two commercial formulations A and
B, from Lupin Limited, India and Vidisa SBS Biotech, India,
respectively, were purchased from the local market, which
contains dried powdered leaves of S. alexandrina.

Procurement of Chemicals and reagents

The thin layer chromatography plates pre-coated with silica gel
(thickness: 0.25 mm) 60 F,s, were purchased from Merck. The
reference standards of sennocide-B and rhein were obtained
from Sigma Aldrich and Selleck Chemicals, respectively.
During the chromatographic investigations, Merck (Germany)
provided all of the HPLC-grade chemicals. In 99.5% pure
methanol was utilized in the extraction procedure.

Sample Preparation

Accurately weighed 10g each of dried and powdered leaves of
S. alexandrina and powder of its two commercial formulations
A and B were refluxed at 50°C for 2 hours, using 100 mL
methanol as an extracting solvent. The obtained extract was
filtered, concentrated and stored in a dried and cool place for
further use.'®-2%-2¢
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HPTLC Analysis

HPTLC analysis of each prepared sample was done for their
chemical profiling and quantification of marker compounds.

Preparation of sample for HPTLC analysis

About 30 mg of each prepared sample of S. alexandrina leaf
and its two commercial formulations A and B were dissolved
in methanol, vortexed, and centrifuged for 10 minutes at 3000
rotations per minute. The resulting clear supernatant was then
stored for further use.

Preparation of standard solution

Img of standard sennocide-B and rhein was separately
dissolved in methanol, vortexed, and centrifuged for 10
minutes at 3000 rpm. The clear liquid that was obtained was
then stored as standards in separate vials, each containing a
standard concentration of 1-mg/mL.

Chromatographic conditions for method developments
for individual markers

From the stock solutions, 4 pL of S. alexandrina leaf extract
and two commercial formulations (A and B) were prepared.
For standards, sennoside-B and rhein, volumes of 0.2, 0.5, 1,
2, and 4 pL (concentrations of 100, 250, 500, 1000, and 2000
ng/spot) were applied. Using a Camag 100 pL sample syringe
(Hamilton) and Linomat V applicator (Camag), 4 mm wide
bands were created on Silica Gel 60 F254 HPTLC plates (10x10
cm; Merck), one for each standard. Consistent application
parameters, including a rate of 150 nL/s with nitrogen gas
flow, ensured reproducibility. Several solvent systems were
tested, resulting in the selection of butanol: water: glacial acetic
acid (But-OH:H,0:GAA) (6:3.5:0.5; v/v/v) for sennoside-B
and Toluene: ethyl acetate: glacial acetic acid (To:EA:GAA)
(7:2.5:0.5; v/v/v) for rhein. Development occurred in a twin
trough glass chamber (20 x 10 cm) pre-saturated with the
mobile phase vapors for 15 minutes, ensuring optimal
separation. The plates were developed to 80 mm and analyzed
under visible, short, and long-wavelength UV light. Scanning
at 254 nm with a speed of 100 mm/s and slit dimensions of 6
% 0.3 mm using a Camag HPTLC system (including a sample
applicator, twin trough development chamber, and TLC
Scanner III: software Wincats) allowed precise detection and
quantification 27. This thorough analysis ensured accurate
visualization and measurement of the marker compounds.
Chromatographic conditions for method developments for
particular markers have been shown in Table 1.

Validation of HPTLC Method

The validation of the developed analytical method was
performed as per the guidelines of ICH Q2(R1).%

RESULTS AND DISCUSSION

Development of analytical method

The application of high-performance thin-layer chromatography
is widespread in the standardization and quality monitoring
of herbal drugs due to its high efficiency, low cost, low
time consumption, automation, and selective wavelength

Table 1: Chromatographic conditions for method developments for

individual markers

Markers
Parameters
Sennocide-B Rhein
Solvent system But-OH:H,0:GAA Tol:EA:GAA
(6:3.5:0.5; v/v/v) (7:2.5:0.5)

Sample preparation

30 mg in 1-mL of

30 mg in 1-mL of

(Plant extract & MeOH followed by MeOH followed
Formulations) filtration through a 0.45 by filtration
pum filter through a 0.45
um filter
Application volume 4 4

of Plant extract &
Formulations (uL)

Standard preparation  1-mg of sennoside-B in  1-mg of rheinin

1-mL of methanol(1-mg/ 1-mL of
mL) methanol (1-mg/
mL)
HPTLC application 0.2-4 nl(0.2,0.5,1.0,  0.2-4 pL(0.2,
volume of standard 2.0and 4.0 uL) 0.5, 1.0, 2.0 and
sol on plate 4.0ulL)
HPTLC concentration 100, 250, 500, 1000 & 100, 250, 500,
of applied volume of 2000 1000 & 2000
standard sol on plate
(ng/spot)
Use of saturation pad ~ Used Used
Saturation time 25 25
(minutes)
Detection wavelength 254 254
(nm)
Distance between 4 4
spots (mm)
Drying time (minutes) 10 10
Drying temperature 45 45
O
Development time 15 15
(minutes)
Band width (um) 0.3 0.3
Slit dimension (mm) 6 6
Temperature RT (25 +2°C) RT (25 +2°C)

*Methanol: Me-OH, RT-Room Temparature

scanning.”” The chromatographic analysis is more result-
oriented and efficacious quality control analytical method for
herbal medicines.** Chromatographic techniques optimization
authenticates and quantifies chemical patterns distributed in
the herbal and their commercial formulations.>! For method
development and validation to analyze sennocide-B and rhein
in commercial formulations, we explored detection wavelength
and solvent systems. The finalized mobile system as But-
OH:H20:GAA (6:3.5:0.5; v/v/v) and Tol.LEA:GAA (7:2.5:0.5)
using densitometry at 254 nm gave good band separation
at (Rf) 0.37 for sennocide-B and and 0.67 for rhein. The
developed HPTLC plate for quantification of Sennocide-B
has been shown in (Figure 3) , Chromatogram of Standard
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marker sennocide-B at Ry 0.37 (Figure 4), Chromatogram of
S. alexandrina leaf extracts showing sennocide-B biomarker at
Rf0.37 (Figure 5), Chromatogram of commercial formulation
A extracts showing sennocide-B biomarker at Rf0.37 (Figure
6), Chromatogram of commercial formulation B extracts
showing sennocide-B biomarker at Rf 0.37 at (Figure 7), 3D
Chromatogram of standard sennocide-B at Rf 0.37 observed
in S. alexandrina leaf extracts and commercial formulations
A and B extracts (Figure 8). Calibration curve of sennocide-B
as standard at 254 nm has been shown in (Figure 9).

Similarly the developed HPTLC plate for quantification of
rhein at 254 nm has been shown in (Figure 10), Chromatograms
of Standard marker rhein at R;0.67 (Figure 11), Chromatogram
of S. alexandrina leaf extracts showing rhein biomarker at Rf
0.67 (Figure 12), Chromatogram of commercial formulation
A extracts showing rhein biomarker at Rf 0.67 (Figure 13),
Chromatogram of commercial formulation B extracts showing
rhein biomarker at Rf 0.67 at (Figure 14), 3D Chromatogram
of standard rhein at Rf 0.67 observed in S. alexandrina leaf
extracts and commercial formulations A and B extracts (Figure
15). The calibration curve of rhein as standard at 254 nm has
been shown in Figurel6.

HPTLC Chromatograms of developed plate for
quantification of sennocide-B in plant & formulation
extracts

Results are depicted in Figures 3-8.

Method validation in plant and formulation extracts for
Sennocide-B

Linearity

The regression equation and coefficient for sennoside-B were
determined by plotting the calibration curve peak area (AUC)
versus concentration (ng/band) ranging from 100 to 2000 ng
at 254 nm.?® The resulting equation was y = 2.8589x +29.075,
with a regression coefficient (R?) of 0.9983 + 0.0017. The
calibration parameters and calibration curve of sennocide-B
has been represented in Table 2 and Figure 9.

Specificity

Herein, the specificity of the method was executed and
the experimental explanations determined that the method
was highly specific for chromatographic estimation. The
absence of peak tailing supported this conclusion, consistent
retention factors, and stable peak areas, indicating that the
method accurately and reliably identified sennoside-B without
interference from other components in the samples.

Table 2: Calibration parameters for Sennocide-B

Concentration of Sennocide-B

5. No. sennocide-B [ng/mL] average area (n = 3)
1 100 280.14

2 250 862.34

3 500 1447.48

4 1000 2763.32

5 2000 5798.95

Table 3: Linearity parameters for sennocide-B

Parameters Biomarkers
Sennocide-B

Rf value 0.37 £0.006

Linearity range (ng/spot) 100-2000 ng/spot

Scanning wavelength 254 nm

Regression equation y =2.8589x +29.075

Regression coefficient 0.9983 +£0.0017

Slop = SD 2.8589+0.0105

LoD + SD (ng/spot) 22.84 +0.554

LoQ + SD (ng/spot) 69.22 £0.859

LoD and LoQ

The limit of detection (LoD) value was and determined to be
22.84 + 0.554 ng/spot and the limit of quantitation (LoQ) for
the validated marker compound sennoside-B at 254 nm was
obtained as 69.22 + 0.859 ng/spot. This determination was
made using the following equations.

LoD = (3.3 x (6)/ (S) ----------- (1), o- representing
the standard deviation of the response, and S- slope of the
calibration curve

LoQ=(10 x (o) / (S)----------- 2)

Linearity parameters with LoD and LoQ of analyzed analyte
is summarized in Table 3.

Precision

Herein, three concentrations of the marker compound (250,
500, and 1000 ng/ band) were analyzed in triplicate for intra-
day and inter-day analyses. The standard deviation (SD), mean
peak area, and percentage relative standard deviation (%RSD)
were determined for each concentration. These precision
metrics demonstrate the method’s reliability and repeatability
within a single day and across multiple days. Detailed precision
data are presented in Table 4.

Accuracy

Pre-analyzed samples of sennoside-B at a concentration of
500 ng were spiked with additional amounts of the standard
sennoside-B at 50, 100, and 150% levels. These spiked samples
were prepared in triplicate and re-analyzed. The accuracy
was computed as the percentage (%) of analyte retrieved. The
recovery study was conducted at 254 nm for sennoside-B,
and the results demonstrated excellent recovery percentages,
ranging from 97.85 t0 99.20%, in the spiked samples. This high
recovery rate confirms the accuracy of the developed method.
Detailed accuracy data for the analyzed marker compound are
summarized in Table 5.

Robustness

The robustness of the method was evaluated by varying
the mobile phase ratio and chamber saturation time. The
quantitative impact was assessed by measuring the %RSD,
as shown in Table 6. In this study, %RSD estimates remained
below 2%, indicating the method’s robustness and reliability,
with consistent performance despite minor changes in
experimental conditions.
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Rf=0.37
Sennocide-B

PE A B

STD

PE: Plant extract of leaves of senna alexandrina ;
A Commercial formulation A ; B: Commercial formulation B;
STD: Standard Sennocide-B

Figure 3: HPTLC plate of Senna alexandrina leaf extracts,
commercial formulations A and B & Standard sennocide-B at 254 nm

Rf=0.37

AUC

Rf

Figure 4: HPTLC Chromatograms of Standard marker sennocide-B at
R;0.37 at 254 nm

AUC

A

ok A

Rf

Figure 5: HPTLC chromatogram of S. alexandrina leaf extracts
showing sennocide-B biomarker at Rf 0.37 at 254 nm

Rf=0.37

Rf

Figure 6: HPTLC chromatogram of commercial formulation A extracts
showing sennocide-B biomarker at Rf 0.37 at 254 nm

AUC

Rf=0.37

Rf

Figure 7: HPTLC chromatogram of commercial formulation B extracts
showing sennocide-B biomarker at R 0.37 at 254 nm.

AUC

Figure 8: 3D chromatogram of standard sennocide-B at Rf 0.37
observed in S. alexandrina leaf extracts and commercial formulations
A and B extracts at 254 nm

Table. 4: Intraday and Interday precision of developed and validated method at 254 nm for sennocide-B

Standard

Intra—day Inter—day
Concentration Response (Area) Concentration  Response (Area)
Peak area (mean) +SD % RSD Peak area (mean) — +SD % RSD
Sennocide-B 250 862.34 13.36 1.54 250 871.62 14.72 1.68
500 1447.48 25.78 1.78 500 1433.59 26.71 1.86
1000 2763.32 46.23 1.67 1000 2778.95 41.92 1.50

*Concentration is expressed as ng/spot
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Figure 9: Calibration curves of sennocide-B as standard at 254 nm

Drug Content of Sennocide-B

The drug content of sennocide-B was quantified through the
calibration equation as obtained from validation analysis. The
drug content of the marker was expressed in pg/mg, w/w. The
content of the marker compound has been described in Table 7.

HPTLC Chromatograms of developed plate for
quantification of rhein in plant & formulation extracts

Results are depicted in Figures 10-15.

Method validation of rhein in plant and formulation
extracts

This comprehensive validation process ensured the reliability
and applicability of the method by evaluating several critical
parameters. The validated method was established by
taking into account various parameters, including linearity,

specificity, LOD, LOQ, precision, accuracy, and robustness 2.

Table 5: Accuracy validated method for sennocide-B (at 254 nm wavelength)

Percentage of standard spiked

Drug 10 the sample Amount added Amount recovered Precent recovery  Average recovery
50 750 738.56 98.47 98.90
750 742.43 98.99
750 744.32 99.24
100 1000 993.13 99.31 99.20
Sennocide-B 1000 995.73 99.57
1000 987.22 98.72
150 1250 1221.35 97.70 97.85
1250 1224.81 97.98
1250 1223.67 97.89
*Amount added and recovered expressed in concentration as (ng/spot)
Table 6: HPTLC developed method for robustness for sennocide-B
Change in mobile phase ratio; But-OH:H,0:GAA (6:3.5:0.5; v/v/v)
Drug Mobile phase solvent ratio Rf Conc (ng/spot) Area = SD (ng/Spot) % RSD
0.36 500 1421.68 +21.56 1.51
6:3:1;v/ v
0.37 1000 2733.53 +45.22 1.65
0.37 500 1447.48 +24.71 1.70
Sennocide-B 6:3.5:0.5; viv/v
0.37 1000 2763.32 +44.76 1.61
0.38 500 1462.77 +25.53 1.74
7:2.5:0.5; v/ v/v
0.37 1000 277743 +51.57 1.85
Change in the chamber saturation time
Time in minutes Rf Conc (ng/spot) Area = SD (ng/Spot) % RSD
0.38 500 1413.63 +£19.45 1.37
20
0.37 1000 2725.63 +43.77 1.60
0.37 500 1452.33 +22.47 1.54
Sennocide-B 25
0.37 1000 2755.93 +38.83 1.40
0.36 500 1467.54 +27.32 1.86
30
0.37 1000 2765.72 +41.22 1.49
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Rf=0.67
Rhein

PE A B

STD

PE: Plant extract of leaves of senna alexandrina ;
A : Commercial formulation A ;
B: Commercial formulation B; STD: Standard Rhein

Figure 10: HPTLC plate of S. alexandrina leaf extracts, commercial
formulations A and B & Standard rhein at 254 nm

Rf=0.67
e

AUC

Rf

Figure 11: HPTLC chromatograms of standard marker rhein at R; 0.67
at 254 nm

AUC .|

Figure 12: HPTLC chromatogram of S. alexandrina leaf extracts
showing rhein biomarker at R;0.67 at 254 nm.

Linearity

The regression equation and coefficient for rhein were
determined by plotting peak area versus concentration (ng/
band) ranging from 100 to 2000 ng at 254 nm. The resulting
regression equation was y = 1.2528x + 339.3, with a regression
coefficient (R?) of 0.9985 + 0.0005. These calibration
parameters, along with the calibration curve for rhein, are
presented in Table 8 and illustrated in Figure 16. This linearity
ensures precise and consistent results for the analysis of rhein
in various samples.

Specificity
For specificity, the spectra were examined at three different
points along the chromatographic band and the experimental

Figure 13: HPTLC chromatogram of commercial formulation A
extracts in which biomarker rhein was not detected at 254 nm

AUC = Rf=067

Rhein

l‘--_--—r A .

Rf

Figurel4: HPTLC chromatogram of commercial formulation B
extracts showing rhein biomarker at Rf 0.67 at 254 nm

AUC

Figurel5: 3D chromatogram of standard rhein at Rf 0.67 observed in S.
alexandrina leaf extracts , commercial formulations A and B at 254 nm

Table 7: Drug content of marker compounds in leaf of S. alexandrina
plant extract and its commercial formulations

Content of drug in the sample (ug/mg)

Samples Sennocide-B
254 nm

S. alexandrina plant extract ~ 8.168 £ 0.247

Commercial formulation A 16.698 + 0.894

Commercial formulation B 2.250 £ 0.016

observations reveal that the developed method was found to
be specific for chromatographic estimation. Since there was
no peak tailing, it altered the retention factor and peak area.
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Table 8: Calibration parameters for rhein

S. No. Concentration of rhein [ng/mL] Zzzeelrage Area (n=3)
1 100 463.50
2 250 606.24
3 500 988.24
4 1000 1641.30
5 2000 2820.50

Table 9: Linearity study for rhein
Parameters Biomarkers

Rhein

Rgvalue 0.67 £ 0.004
Linearity range (ng/spot) 100-2000 ng/spot
Scanning wavelength 254 nm
Regression equation y=1.2528x+339.3
Regression coefficient 0.9985 + 0.0005
Slop +S.D. 1.2528 £0.0012
LoD = S.D. 16.19 +0.645
LoQ = S.D. 51.88+1.172

Sensitivity (LoD and LoQ)

The limit of detection (LoD) was obtained as and 16.19 + 0.645
ng/spot and the limit of quantitation (LoQ) was determined
as 51.88 + 1.172 ng/spot, for marker compound rhein at 254
nm. This concludes that the method can reliably measure the

Rhein y = 1.2528x + 339.3
R? =0.9985
, 3000 %
c 2500 :
3 e
©a2000 [
B 1500 o
> 1000 e
©
g 500 @ ®
0
0 500 1000 1500 2000 2500

Concentration @ (ng/spot)

Figure 16: Calibration curve diagram at 254 nm (for rhein standard)

quantity of rhein present in a sample, ensuring precise and
accurate results. In this study, similar equations used as per
the above validated method.

Calibration data with LoD and LoQ of analyzed analyte is
summarized in Table 9.

Precision

To evaluate the precision of the method, a rigorous testing
protocol was conducted. Specifically, three concentration
levels of the analyte (250, 500 ng, and 1000 ng per band) were
prepared in triplicate, and their peak areas were measured.
The calculations of this precision analysis are summarized
in Table 10, which provides a comprehensive overview of the
method’s performance.

Accuracy

The accuracy of the established method was assessed
through a standard addition experiment. A pre-analyzed

Table 10: Precision study at 254 nm for rhein

Intra—day Inter—day
Standard Response (Area) Response (Area)
Concentration Concentration
Peak area (Mean) =+ S.D. %RSD Peak area (Mean) +8.D. %RSD
Rhein 250 606.24 11.53 1.90 250 618.74 12.13 1.96
500 988.24 17.58 1.77 500 979.63 18.72 1.91
1000 1641.30 27.32 1.66 1000 1657.59 2431 1.46

*Concentration expressed as (ng/spot), S.D. -Standard deviations, %RSD-Percent Relatiove Standard deviations

Table 11: Accuracy of developed and validated method at 254 nm for rhein

Drug Percentage of standard spiked to the sample ~— Amount added ~ Amount recovered % recovery Average recovery
50 750 744.42 99.25 99.01
750 740.31 98.70
750 743.11 99.08
100 1000 985.45 98.54 98.63
Rhein 1000 989.96 98.99
1000 983.67 98.36
150 1250 1219.14 97.53 97.77
1250 1221.63 97.73
1250 1225.94 98.07

*Amount added and recovered expressed in concentration (ng/spot)
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Table 12: Robustness study for rhein

Change in mobile phase ratio; Tol: EA: GAA (7:2.5:0.5; v/v/v)

Drug Mobile phase composition Rf Conc (ng/spot) Area = SD (ng/Spot) % RSD
Rhein 6:3.5:0.5; viv/v 0.66 500 983.43 £16.67 1.69
0.67 1000 1637.30 +26.11 1.59
7:2.5:0.5; v/ v/v 0.67 500 988.24 +17.58 1.77
0.67 1000 1641.30 +27.32 1.66
6:3: 1;v/ v 0.65 500 993.24 +16.89 1.70
0.67 1000 1645.30 +28.35 1.72
Change in the chamber saturation time
Time in minutes Rf Conc (ng/spot) Area = SD (ng/Spot) % RSD
Rhein 20 0.68 500 978.66 = 15.58 1.59
0.67 1000 1632.30 +28.64 1.75
25 0.67 500 990.12 +18.21 1.83
0.67 1000 1643.32 +26.37 1.60
30 0.66 500 985.77 £ 16.95 1.71
0.67 1000 1649.88 +31.21 1.89

Table 13: Drug content of marker compounds in S. alexandrina L. leaf
extract and its commercial formulations

sample containing 500 ng of rhein was spiked with additional

Content of drug in the sample
(ug/mg); wiw

Sample’s

Rhein

254 nm
S. alexandrina Plant extract 120.692 + 0.895
Commercial formulation A NA

Commercial formulation B

51.873+£0.217

standard rhein amounts at (50, 100, and 150%) of the initial
concentration. These mixtures were re-analyzed in triplicate
at 254 nm. The recovery percentages, ranging from 97.77 to
99.01%, demonstrate the method’s high accuracy, precision,
and reliability in detecting rhein. Detailed recovery data are
presented in Table 11, validating the method’s suitability for
quantitative analysis of rhein in various samples.

Robustness

In this study, method parameters were deliberately varied
within a realistic range to assess robustness, with results

Table 14: Comparative results of marker compounds sennocide-B and rhein in leaf of S. alexandrina L. extract and its commercial products A & B

Biomarkers
Parameters

Sennocide-B Rhein
Rf-Value 0.37 £ 0.006 0.67 +0.004
Scanning wavelength (nm) 254 254
Linearity 100-2000 100-2000

Regression equation

Regression coefficient (r%) = SD

y =2.8589x +29.075
0.9983 +0.0017

y=1.2528x +339.3
=0.9985 £ 0.0005

Slope + SD 2.8589+0.0105 1.2528 +0.0012
LoD +SD 22.84 +0.554 16.19 +£0.645
LoQ=+SD 69.22 +0.859 51.88+1.172
Precision (%RSD range)

Intra day 1.54-1.78 1.66-1.90

Inter day 1.50-1.86 1.46-1.96
Accuracy (%drug recovered) 97.85-99.20 97.99-99.01
Content of drug in the sample (ng/mg); w/w

S. alexandrina plant extract 8.168 +0.247 120.692 + 0.895
Commercial formulation A 16.698 + 0.894 NA
Commercial formulation B 2.250+0.016 51.873 £0.217

*Linearity is expressed in concentration as (ng/spot)
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evaluated using percentage relative standard deviation
(%RSD). As shown in Table 12, the %RSD values remained
under 2%, indicating that the method tolerates minor variations
without compromising performance. This robustness ensures
the reliability and consistency of analytical results, confirming
the method’s suitability for routine analysis.

Drug content of rhein

The drug content of rhein was determined through the
calibration equation as obtained from validation analysis.
The drug content of the marker was expressed in pg/mg, w/w.
The content of the marker compound has been described in

Table 13.

CONCLUSION

Herein, Sennoside-B and rhein levels in S. alexandrina leaf
extract and its commercial formulations may now be measured
with a new, sensitive, repeatable, and dependable HPTLC
method. This technique ensures precision and dependability
by successfully separating these biomarkers from other plant
elements. The final mobile systems for sennoside-B and
rhein were optimized and validated as per guidelines. These
systems produced dense and compact spots with Rf values
of 0.67 for rhein and 0.37 for sennoside-B, indicating good
separation. The quantitation of these markers was performed
using the calibration equations mentioned in Tables 3 and 9.
The content of each marker in the leaf extract and commercial
formulations is described in Tables 7 and 13. The overlay of
the 3D chromatogram of the leaf extracts, formulations, and
individual markers of Sennocide-B and rhein is depicted in
Figures 8 and 15, highlighting the excellent resolution and
separation of the markers from other phytoconstituents.
Recovery studies revealed percentages of 97.85 to 99.20% for
Sennocide-B and 97.77 to 99.01% for rhein, demonstrating
that there was no interference from other phytoconstituents
present in the plant material. The HPTLC plates shown in
Figures 3 and 10 illustrate that all sample constituents were
clearly resolved without any tailing, further validating the
method’s effectiveness. Overall, this HPTLC method offers
a reliable and efficient tool for the quantitative determination
of Sennocide-B and rhein in S. alexandrina leaf extracts and
commercial formulations. Furthermore, a comparative study
of method development and validation of these two biomarkers
sennocide-B and rhein present in S. alexandrina and its
commercial formulations, has been summarized in Table 1.
Sennocide-B and rhein exhibited significant differences in the
leaf extract of S. alexandrina and its commercial formulations
A and B . In summary, the developed HPTLC methods for the
analysis of sennocide-B and rhein from the leaf extract of S.
alexandrina and its commercial formulations reported here is
very reliable, sensitive, and economic for rapid routine quality
control analysis and quantification of Sennocide-B and rhein
from leaf extract of S. alexandrina and its commercial products
may also be used for standardization purposes. The generated
scientific evidence will be of help for the regulatory purpose
of S. alexandrina and their commercially derived products.
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