Chromatographia (2022) 85:831-850
https://doi.org/10.1007/510337-022-04183-7

ORIGINAL q

Check for
updates

Identification, Validation and Standardization of Bioactive Molecules
Using UPLC/MS-QToF, UHPLC and HPTLC in Divya-Denguenil-Vati:
A Penta-Herbal Formulation for Dengue Fever

Acharya Balkrishna'? - Monali Joshi' - Meenu Tomer’ - Sudeep Verma' - Seema Gujral® - Vallabh Prakash Mulay -
Jyotish Srivastava' - Anurag Varshney'?3

Received: 22 December 2021 / Revised: 6 June 2022 / Accepted: 13 June 2022 / Published online: 20 July 2022
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2022

Abstract

For the last fifty years, Dengue has been one of the most common mosquito-borne arboviral infections which has spread over
the tropical and subtropical world. Divya-Denguenil-Vati (DNV) has been formulated by blending five specific herbs for
effective resolution of Dengue fever. In the present study, we aimed to identify, develop, validate, and standardize methods
for Divya-Denguenil-Vati (DNV), on UHPLC and HPTLC analytical platforms, with rapid, sensitive, accurate and rugged
attributes. At first, 97 phyto-constituents were identified by UPLC/MS-QToF in Divya-Denguenil-Vati. UHPLC method
was then developed and validated for simultaneous determination of gallic acid, 5-HMF, protocatechuic acid, magnoflorine,
methyl gallate, berberine, rutin, ellagic acid, f-ecdysone and rosmarinic acid in DNV. Four selected markers, gallic acid,
rosmarinic acid, magnoflorine and rutin were further developed and validated on HPTLC. Analytical processes were vali-
dated as per ICH Q2 (R1) guidelines; and were found linear (r*>0.99), sensitive, precise (%RSD <5%), and accurate, as
indicated by high recovery values (88-105%). The limit of detection and quantification were also established for these phyto-
metabolites, with their respective RSDs within 5% limits. Finally, these validated methods were employed to test twenty six
different commercial batches of DN'V. The quality, reproducibility and consistency of DNV have been well established using
these developed and reliable analytical tools. These analytical strategies successfully set a path forward for robust quality
evaluation and standardization of Divya-Denguenil-Vati, and other related herbal formulations.
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Introduction

Dengue is a mosquito-borne viral disease where the virus
is transmitted by female mosquitoes, mainly of the species
Aedes aegypti and, to a lesser extent, Aedes albopictus. It
has spread in over a hundred tropical and subtropical coun-
tries in the last few decades [1]. In 2020, Dengue affected
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countries such as Brazil, Bangladesh, India, Indonesia, Mal-
dives, Nepal, Singapore, Sri Lanka and many more, where
a large number of cases were reported [2]. Dengue virus
belongs to the Flaviviridae family which has four distinct
but very closely related serotypes namely DENV-1, DENV-
2, DENV-3 and DENV-4 [3]. Dengue infection could be
completely subclinical and could also manifest with severe
flu-like symptoms. Usual febrile symptoms of dengue, pro-
longed high fever, backaches, muscle and joint pains that
overlap with other concurrent mosquito-borne infections
such as chikungunya and malaria [4]. At times, patient could
enter into critical phase after 3—7 days of illness where Den-
gue Haemorrhagic Fever (DHF), characterized by plasma
leakage into the tissues, an acute drop in the platelet counts,
and internal bleeding that could be fatal, if not hospitalized
in time [5].

At present, there is no effective treatment for dengue
fever, analgesics along with anti-pyretics are the usual
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therapy to provide symptomatic relief from the Dengue
infection. As there are several potential herbal medicines
against viral fevers, countries like India use its vast herbal
bioresources for a sustainable solution to the menace of Den-
gue [6]. Divya-Denguenil-Vati (DNV) is one such formula-
tion, which is a unique blend of five herbs, namely Tinos-
pora cordiofolia (Heart-leaved moonseed, Giloy, Saptasirika
aromapatra), Aloe barbadensis (Aloe vera, Majjapatrakam
angarasumam), Carica papaya (Papaya, Kumbhakarkatika
krsnerth), Punica granatum (Pomegranate, Dadimakam
dantabijam) and Ocimum sanctum (holy basil, Tulsi,
Sumaiijarika rama). These herbs have been described for
their efficient therapeutic uses in the ancient medicinal texts.
One of our previous studies has validated and established
anti-dengue properties of poly-herbal medicine, Divya-Den-
guenil-Vati in the zebrafish model of disease [7].

Standardization and establishment of quality parameters
are a significant step to ensure the safety, purity, potency, and
efficacy of the medicine. Inherent variation and inconsist-
ency, in terms of bioactive molecules, present in raw materi-
als used to formulate herbal medicines pose a challenge for
their quality evaluation and standardization. Therefore, these
herbal medicines have lesser acceptability as compared to
their synthetic counterparts.

Few attempts have been made to develop methods for
simultaneous determination of phyto-metabolites in poly-
herbal medicines by RP-HPLC and HPTLC such as Coronil
[8], Divya Swasari Vati [9, 10], Ukgansan [11] and SJT-
DI-02 [12]. The herb extracts utilized in the production of
these formulations are not the same as those used in DNV.
For the measurement of bioactive compounds, there are
various official US and European pharmacopeial proce-
dures available, but they were developed for single herbs.
Therefore, there is a pressing need to establish a simple,
dependable, and repeatable approach for standardizing poly-
herbal dosage forms. The present study attempts to iden-
tify signature markers and develop, optimize and validate a
method for the first time in DNV. An integrated approach of
identification by UPLC/MS-QToF, development, validation
and standardization by UHPLC and HPTLC was adopted to
achieve a sensitive, precise, accurate and rugged analytical
method for DNV. In addition, several commercial batches
of DNV were used to gauge the method’s usefulness and
reproducibility by both the techniques.

Materials and Methods
Chemicals and Reagents
The HPLC and LCMS grade solvents acetonitrile and

methanol were obtained from J. T. Baker (USA) and Hon-
eywell (Germany). Analytical grade solvents, glacial acetic
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acid, and formic acid, toluene and ethyl acetate were pur-
chased from Rankem, India. Deionized water, purified by a
Milli-Q system (Millipore, USA), was used throughout the
study. Reference standards with defined purity in parenthe-
sis, for gallic acid (97.3%), magnoflorine (99.0%), berber-
ine (88.4%), ellagic acid (99.6%), rosmarinic acid (98.0%)
were procured from Sigma Aldrich (USA). 5-HMF (97.3%),
methyl gallate (99.5%) from Tokyo Chemical Industries
(Japan) and protocatechuic acid (99.5%), rutin (98.7%)
from Natural Remedies (India) and p-ecdysone (99.9%) were
purchased from PHY-proof (Germany), respectively. Divya-
Denguenil-Vati (DNV) batches were sourced from Divya
Pharmacy, Haridwar (India), and were stored in airtight bot-
tles. DNV (batch # 015) was used for UPLC/MS-QToF iden-
tification, as well as UHPLC and HPTLC validation studies.
Twenty-six commercial batches of DNV, # 014, # 015, # 029
to # 034, and # 036 to # 053 were analyzed to evaluate qual-
ity consistency across different DNV batches.

Sample Preparation

Ten DNV tablets from a given batch were powdered using
mortar and pestle to get a homogenized sample for analysis.
500 mg of powdered DNV was added to 10.0 mL, 50:50
methanol:water for UPLC/MS-QToF and in ratio of 80:20
for HPLC and HPTLC. The solution was then vortexed to
extract desired phyto-constituents into the solution. The
resulting solution was sonicated for 30 min, centrifuged for
5 min at 10,000 rpm and then filtered by 0.45 um nylon filter
before injecting.

UPLC/MS-QToF Method

Ultra-performance liquid chromatography coupled with
electrospray ionization quadrupole time-of-flight mass
spectrometry (UPLC/MS-QToF) has been used to iden-
tify phyto-constituents present in DNV. Experiments were
performed using a Xevo G2-XS QToF mass spectrometer
(Waters Corporations, USA) connected to the ACQUITY
UPLC I-Class System via electrospray ionization (ESI)
interface in the positive and negative mode of ionization. A
wide mass range (m/z 50—1200) was selected for the acqui-
sition of accurate mass precursor and fragment ion data.
The capillary voltage, cone voltage, source temperature and
desolvation temperature were maintained at 1.0 kV (posi-
tive mode) and 2 kV (negative mode), 40 V, 120 °C and
500 °C, respectively. High-purity nitrogen gas was used for
desolvation and cone, with gas flow rates 900 and 50 L hl.
Argon was used as collision gas. The low collision energy
(low CE) of 5 eV and high collision energy (High CE)
of 15-60 eV were applied in the collision cell. Analyses
were performed in full scan mode and the scan time was
set to 0.5 s. To ensure mass accuracy of the optimized MS
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conditions, leucine-enkephalin (Waters Corporations, USA)
(m/z 556.2766 in positive mode and m/z 554.2620 in nega-
tive mode) was used as a reference (lock mass) at a con-
centration of 200 pg mL~! and a flow rate of 10 uL min~".
The Lock—Spray scan time was set at 0.25 s with an interval
of 30 s. The instrument was calibrated by sodium formate
solution as the calibration standard to achieve mass accura-
cies of < 0.2 mDa in the range of 50-1200 m/z. Chroma-
tographic separations were achieved using an ACQUITY
UPLC HSS T3 (Waters Corporation, USA) (100 X 2.1 mm,
1.7 um) column. The column temperature was maintained at
40 °C throughout the analysis, whereas samples were kept
at 20 °C for analysis. The elutions were carried out at a flow
rate of 0.3 mL min~! using gradient elution of mobile phase
0.1% formic acid in water (mobile phase A) and 0.1% formic
acid in acetonitrile (mobile phase B). Methanol: isopropyl
alcohol:water in 50:25:25 ratios were used as wash solvent
for rinsing the injection needle. The elution gradient pro-
gram of mobile phase B was, 2% for 0-5 min, 2-10% for
5—10 min, 10-25% for 10-35 min, 25-60% for 35—45 min,
60-80% for 45-55 min, 80% for 55-60 min. 1 pL of the
sample solution was injected for scanning, and the chroma-
tograms were recorded for 60 min.

UHPLC Method

Ultra high-performance liquid chromatography (UHPLC)
was used to develop and validate a method for quantification
of the marker components in DN'V. Method development
and validation was performed by Prominence-XR UHPLC
system (Shimadzu, Japan) equipped with Quaternary pump
(NexeraXR LC-20AD XR), DAD detector (SPD-M20 A),
Auto-sampler (Nexera XR SIL-20 AC XR), Degassing unit
(DGU-20A 5R) and Column oven (CTO-10 AS VP). Shodex
C18-4E (5 pm, 4.6 x 250 mm) column was used for chro-
matographic separation. Chromatograms of DNV samples
were recorded at 270 nm for gallic acid, 5S-HMF, protocat-
echuic acid, magnoflorine, methyl gallate, and berberine, at
255 nm for rutin, ellagic acid, f-ecdysone and at 325 nm for
rosmarinic acid.

HPTLC Method

The HPTLC system (CAMAG, Switzerland) equipped with
an automatic TLC sampler (ATS,), TLC scanner 4, TLC
Visualizer was used for the analysis. HPTLC was performed
on a pre-coated silica gel 60 F,s, (cat # 1.05554.0007)
aluminium-backed TLC plate. For HPTLC fingerprint-
ing, 10 pL of each standard and sample, in duplicates were
applied as 8 mm band using the spray-on technique on TLC
plate. The plate was then developed using a twin trough
chamber (CAMAG, Switzerland) pre-saturated with the
mobile phase. The migration distance of the mobile phase

was up to 70 mm. The developed TLC plate was air dried,
and imaged at 254 nm by TLC visualizer (CAMAG, Swit-
zerland). TLC plates were scanned and chromatograms were
recorded at 265, 280, and 330 nm.

Standard Preparation for UHPLC and HPTLC

1000 ug mL~! stock solution of each marker compound
was prepared by dissolving accurately weighed reference
standards in methanol. 0.05 mL of 1000 ug mL~! from each
standard stock solution was taken and diluted to 1 mL with
methanol:water in ratio 80:20 to prepare 50.0 ug mL~! of
mix working standard solution.

Validation of UHPLC and HPTLC

Validation of the UHPLC and HPTLC methods was carried
out following the International Council on Harmonisation
(ICH) [13] and pharmacopeial guidelines [14].

System Suitability and Specificity

System performance was ascertained before starting analysis
on the instrument. Area % RSDs [Not More Than: NMT 2]
of six replicates (n = 6), tailing factor (NMT 2) and theo-
retical plates (Not Less Than: NLT 5000) were calculated
to prove that system suitability were well within acceptabil-
ity criteria. The specificity of an analytical method can be
defined as the ability to distinguish target and non-target
analytes in the presence of matrix components. Specific-
ity was observed by comparing chromatograms of sam-
ple, standard and diluent blank. The peak purity of each
compound was estimated using LabSolution software. The
3-point peak purity was evaluated by comparing the similar-
ity index, threshold value and the purity index. If the similar-
ity index (SI) is greater than threshold value (#) and purity
index (PI) is greater than and equal to zero, then the peaks
are considered to be pure.

Limit of Detection (LOD) and Limit of Quantitation (LOQ)

LOD and LOQ are important parameters of an analytical
method. LOD is the amount of analyte which can be detected
but not necessarily be quantified, LOQ is the lowest amount
of analyte which can be quantified accurately and repeatedly
with suitable precision. In UHPLC studies, LOD and LOQ
were computed by the signal-to-noise (S/N) ratio method.
The concentration with an S/N ratio of 3:1 is referred to as
LOD, and the concentration with an S/N ratio of 10:1 is
referred to as LOQ. The LOD and LOQ values were verified
by injecting six replicates (n = 6) of minimum detectable
and minimum quantifiable concentrations of analyte, respec-
tively. The limit for %RSDs of peak area was set at NMT
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33% for LOD and NMT 10% for LOQ, as recommended by
ICH guidelines [13].

Linearity and Range of Method

Linearity is plotted and the correlation coefficient (+?) is
calculated to check the relationship between concentration
and peak area of the analytes in DNV. The limit of the cor-
relation coefficient was set to be NLT 0.99 for both UHPLC
and HPTLC. The range of testing for the method was also
judged based on the linear curve obtained between analyte
concentrations and responses of the individual markers.

Precision, Accuracy and Robustness

Precision and accuracy of the optimized procedure were
determined by calculating RSDs of intraday, interday and
recovery studies. Interday and intraday precision were cal-
culated by injecting different replicates n = 6 for UHPLC,
and n = 15 and n = 30 for HPTLC. Recovery was calculated
by spiking reference standards at three different levels, 80%,
100% and 120% of the assay values to check the accuracy of
the developed and optimized method. The concentrations of
spiked samples were estimated by comparing test samples to
a standard curve prepared using known analyte concentra-
tions. Robustness was demonstrated by making deliberate
changes to the method, to check its reliability [13].

Data Analysis

Characterization of the marker analytes on UPLC/MS-QToF
was performed by using UNIFI software, version 1.9.4.053
(Waters Corporation, USA). UHPLC-PDA analysis was per-
formed on LabSolutions (Shimadzu, Japan). HPTLC stud-
ies were performed and analyzed using winCATS software
(CAMAG, Switzerland). Statistical analyses and displays
were generated using GraphPad Prism 8.0 (GraphPad Soft-
ware, USA) software suite.

Results

Characterization of Phytochemical Markers in DNV
by UPLC/MS-QToF

UPLC/MS-QToF has emerged as the most rapid and sen-
sitive technique for the characterization of phytochemicals
in poly-herbal formulations [8, 9]. In case of DNV, total
97 phyto-compounds were identified, as confirmed through
the in-house library and available literature (Table 1). High-
energy fragmentation patterns, m/z ratio, and mass error
were considered primary criteria for confirming the com-
pounds. Chromatograms recoded in the positive (Fig. 1a),
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and negative modes (Fig. 1b) were identified with peak
numbers, as per their time of elution or retention times (tg).
DNV predominantly contains, 21 polyphenols, 16 alkaloids,
14 flavonoids, 13 terpenoids, and 10 tannins. In addition,
five fatty acids, four organic acids, four esters, three amino
acids, three plant growth hormones, other steroids, antho-
cyanin, and furan were also found to be present in the DNV
formulation.

Development and Optimization of UHPLC Method

Optimization plays a vital role in the analytical method
development process. The separation and resolution of
chromatographic peaks can be achieved by optimizing sam-
ple preparation and column chemistry using the appropri-
ate polarity of solvents. Various combinations of solvents
such as methanol:water, 20:80, 50:50, and 80:20 were tried
for sample preparation and the optimal diluent which was
80:20, methanol:water was chosen for the final preparation.
By previous experience and literature search, we chose to
employ reverse phase chromatography to develop a method
for phyto-metabolites in DNV. Two different columns Sho-
dex C18-4E (5 um, 4.6 X 250 mm) and GIST-HP C18 (3 um,
4 mm X 150 mm) were tested, and Shodex C18 was selected
for better separation. Different combinations of mobile
phases were also employed to standardize the DNV by ten
different polar to mid polar molecules present in the herbs
contributed for its preparation. Before finalising the schema
of 0.1% acetic acid in water (solvent A) and 0.1% acetic acid
in acetonitrile and methanol (50:50) ratio (solvent B) at 2%
B for 0-3 min, 2—-8% B from 3 to 10 min, 8-10% B from 10
to 20 min, 10-28% B from 20 to 40 min, 28-38% B from
40 to 55 min, 38-55% B from 55 to 60 min, 55-90% B from
60 to 65 min, 90-2% B from 65 to 66 and 2% B from 66 to

70 min, with a flow rate of 1.0 mL min~".

Validation of Optimized UHPLC Method
for Quantitative Analysis of Marker Components
in DNV

Validation of ten marker components, gallic acid, 5-HMF,
protocatechuic acid, magnoflorine, methyl gallate, berberine,
rutin, ellagic acid, p-ecdysone and rosmarinic acid were con-
ducted on UHPLC, as per the ICH guidelines. The UHPLC
system was first assessed for its suitability by calculating
various parameters like relative standard deviations (RSDs)
of peak area, tailing factor and theoretical plates. RSDs
were found in the range of 0.22 to 1.92%, tailing factors
were found minimum for 5-HMF (1.18) and maximum for
ellagic acid (1.88) and theoretical plates were above 12,000
for all the marker compounds (Table 2). There was no inter-
ference of co-eluting peaks at the same retention time in
the chromatograms comparison of DNV sample, reference
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High energy fragments

RT (min)  Adducts

Mass error (mDa)

Observed
mlz

Neutral Mass (Da)

Formula

Peak No as in
Fig. 1[A] and [B]

Component name

S. no

Table 1 (continued)

@ Springer

44.72 +Na 699.3559, 537.3035, 391.2454, 261.2215,

-0.5

1.0

699.3557
721.3662

676.3670

C33H56O]4

(25)-3-{[6-O-(a-p-Galactopyranosyl)-p-b- 93

94

184.0728
642.3636, 415.1462, 397.1359, 313.2393,

277.2175, 235.0827

+HCOO

44.71

galactopyranosyl]oxy }-2-hydroxypropyl

(97,127.,157)-9,12,15-0

Plant growth hormones

95

393.1556, 305.1384, 273.1467, 209.0790,

+HCOO

24.44

0.0

393.1554

348.1573

C 1 9H2406

56

Gibberellin A1l

187.0975
345.1348, 327.1240, 283.1341, 239.1440,

225.0906, 137.0249

345.1349 30.38 -H

346.1416

C 19H2206

73

(+)-Gibberellic acid

345.1351, 327.1246, 283.1345, 239.1447,

-H

31.70

345.1352

346.1416

C 19H2206

76

Gibberelline

97

193.0511, 161.0960, 134.0375

standard and diluent blank, at 255, 270 and 325 nm (Fig. 2).
Range of testing and along with linearity was ascertained
for each reference standard at different concentrations. The
observed correlation coefficient (+?) was within the range
of 0.9992 to 0.9999. The range of testing for gallic acid,
protocatechuic acid, magnoflorine, methyl gallate, rutin and
B-ecdysone was 1.0-100, whereas, for 5-HMF, berberine
and rosmarinic acid, it was 0.5-100. For ellagic acid, range
was found to be 2-100. LOD and LOQ were determined to
define the sensitivity of the developed method. LOD and
LOQ with their respective RSDs of peak area for gallic
acid (0.5 ug g7'; 4.47% and 1.0 ug g7'; 2.78%), 5-HMF
(0.3 g g7'; 2.18% and 0.5 pg g~'; 1.38%), protocatechuic
acid (0.5 ug g7'; 5.19% and 1.0 pg g~'; 8.36%), magno-
florine (0.5 ug g='; 3.59% and 1.0 pg g~'; 4.16%), methyl
gallate (0.5 ug g'; 3.52% and 1.0 ug g~'; 1.81%), berberine
(0.3 ug g7 ';2.49% and 0.5 pg g~ '; 2.42%), rutin (0.5 pg g~ ';
2.34% and 1.0 ug g~'; 1.26%), ellagic acid (1.0 g g '; 6.4%
and 2.0 ug g~ 7.47%), p-ecdysone (0.5 ug g'; 2.11% and
1.0 ug g7 0.77%) and rosmarinic acid (0.3 pg g~'; 2.30%
and 0.5 ug g7'; 2.94%), respectively (Table 2). Precision
and accuracy of the method were evaluated by calculat-
ing RSDs of observed concentrations of analytes, during
intraday (0.24-1.62%), interday (0.86—1.67%) and recovery
(90.33-102.25%) studies. In intraday and interday study
concentration of methyl gallate and berberine were found to
be below the limit of quantification. To evaluate the robust-
ness of the developed method, some deliberate changes were
made in chromatographic conditions like column tempera-
ture and flow rate. %RSDs of area were then calculated for
the 18 replicates (Table 2). The flow rate was changed from
1.0 mL min~! to 0.5 and 1.5 mL min~!, and %RSDs were
found to be in the acceptable range of 6.88 to 16.00%. The
column temperature was set at 38 and 42 °C and %RSDs
were found to be at 3.17 to 18.84%. The intermediate preci-
sion of the method was also assessed by calculating %RSDs
of intraday and interday precision (n = 12), which were
found in the range of 2.19 to 8.48% (Table 2).

Optimization of HPTLC Methods

HPTLC method was optimized by selecting mobile phase
according to the polarity of molecules. Mobile phases in
different combinations were tested before finalizing the
schema of, toluene:ethyl acetate:formic acid (5:5:1 v/v/v)
for gallic acid and rosmarinic acid; and ethyl acetate:formic
acid:acetic acid:water (10:1.1:1.1:2.3 v/v/v/v) for magno-
florine and rutin.
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Fig. 1 Total ion chromatogram
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Validation of Optimized HPTLC Method
for Quantitative Analysis of Marker Components
in DNV

For standardization of HPTLC method for DNV, four sig-
nature markers, gallic acid, rosmarinic acid, magnoflorine
and rutin were identified on fingerprinting plate and then
validated (Fig. 3). Linear regression was plotted between
each phyto-constituents concentration and peak area. These
plots were found to be linear with co-relation coefficient
(%) in the range of 0.995 to 0.999. The regression equa-
tion and linearity range was found be, y = 14.20X + 244.3
and 20-400 (gallic acid), y = 14.29X + 18.47 and 50-130
(rosmarinic acid), y = 3.54X + 69.69 and 50-600 (magno-
florine), and y = 4.95X — 4.72 and 50-180 (rutin) (Table 3).
LOD and LOQ of marker components were calculated by the

residual plot method [15]. LOD and LOQ, respectively, were
observed for gallic acid (20.03, 60.69 ug g~'), rosmarinic
acid (0.71, 2.14 pg g~"), magnoflorine (16.22,49.15 ug g7}
and rutin (0.9, 2.72 ug g~'). RSDs of area calculated for
LOD and LOQ were ranged from 1.02 to 2.92% and 1.8
to 3.08%, respectively. Intraday and interday precision at
three concentrations, low (80%), medium (100%) and high
(120%) of assay were studied, %RSDs found were in the
range of 0.58 to 4.75%. Recoveries of four markers were
found between 88.97 and 105.4% (Fig. 4).

Quantitative Determination of Targeted Analytes
Using UHPLC and HPTLC in DNV

Post-validations of UHPLC and HPTLC analytical meth-
ods, 26 commercial batches were analyzed to check

@ Springer
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Fig.2 Overlay chromatograms of UHPLC analysis for Divya-
Denguenil-Vati (DNV) (Batch# DNVO015), with selected phyto-
analytes along with its retention time (in min). [A] Reference
standard mix (Blue line), [B] Diluent blank (Green line), [C] DNV
sample (Purple line). Chromatograms were recorded at 270 nm
for gallic acid (10.88 min), HMF (13.58 min), protocatechuic acid
(17.08 min), magnoflorine (20.28 min), methyl gallate (27.80 min),

reproducibility of the methods; and quality consistency of
DNV. However, UHPLC quantification of couple of selected
markers (methyl gallate and berberine) were observed to
be below the limit of quantification (BLQ) in few batches.
Therefore, DNV was standardized with eight markers (gal-
lic acid, 5S-HMF, protocatechuic acid, magnoflorine, rutin,
ellagic acid, p-ecdysone and rosmarinic acid) for suitabil-
ity of the measurement across the batches. The chromato-
graphic profile of all the tested batches were stacked over
one another to see batch to batch consistency in DNV. Con-
tent uniformity of DNV was assessed at three wavelengths
and also at retention times of eight marker compounds. To
avoid complexity, single wavelength (270 nm) chromato-
grams are displayed in Fig. 5. All the eight tested marker
compounds were found to be consistently present in all of
the tested batches of DNV, at their respective retention times
(Fig. 5). Violin plots of gallic acid, 5-HMF, protocatechuic
acid, magnoflorine, rutin, ellagic acid, p-ecdysone and ros-
marinic acid were plotted (Fig. 6). Violin plot of marker
components shows the distribution of data points, median,

berberine (38.63 min), at 255 nm for rutin (45.66 min), ellagic acid
(46.63 min), B-ecdysone (48.03 min) and at 325 nm for rosmarinic
acid (56.00 min). Comparison of [a], [b] and [c] demonstrates speci-
ficity of method as no interference was observed at the specific reten-
tion time of a given analyte (Structures of analytes were sourced from
www.chemspider.com (accessed on 18.11.2021))

first and third quartile. Output of UHPLC and HPTLC tech-
niques were statistically compared for four markers (gallic
acid, rosmarinic acid, magnoflorine and rutin) in twenty-six
DNV batches (Table ESM_1, Fig. 7). This analysis exhibited
a robust correlation between the analytical output measured
by UHPLC and HPTLC (p > 0.05) for several batches of
DNV (Fig. 7).

Discussion

Dengue, also called a backbone fever (dandaka jwara in
Ayurveda), is an endemic disease in tropical countries such
as India, Indonesia, Vietnam, Brazil, and Thailand. After
COVID-19 pandemic various countries are struggling with
the outbreak of dengue [16]. Un-availability of reliable treat-
ment against dengue is the major challenge that the world
is facing in managing this vector borne disease. Alternative
medicines of herbal origin may provide a solution to this
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GA

DNV

(a)

MG DNV

DNV RU

(c)

9|eds 4y

254 nm

Fig.3 Phytochemical fingerprints and three dimensional (3-D)
chromatograms of Divya-Denguenil-Vati (DNV) (batch# DNVO015)
acquired from High Performance Thin Layer Chromatographic
(HPTLC) analysis. a, ¢ Chemical fingerprint, b, d Wireframe spec-
tra of DNV scanned at 254 nm against reference standards of gallic
acid (GA), rosmarinic acid (RA) and magnoflorine (MG), rutin (RU),

situation, as shown in the cases of other infective diseases,
including COVID-19.

Divya-Denguenil-Vati, such herbal formulation, is a blend
of stems of T. cordiofolia, leaf pulp of A. barbadensis, leaves
and unripe fruit of C. papaya, seeds of P. granatum and
leaves of O. sanctum. These five herbs have also been exten-
sively used as antipyretic, anti-analgesic, and as a blood
purifier to reduce fever, joint pains, and to increase hemo-
globin and platelet counts [17-20]. Use of T. cordiofolia has
increased immensely during the COVID-19 pandemic, it has
been explored for its immunomodulatory, anti-inflammatory,
analgesic and anti-viral activities [8, 21]. The wide-spectrum
therapeutic activities of 7. cordiofolia are due to the pres-
ence of numerous key bioactive compounds. T. cordiofolia
was shown to be responsible for five phyto-constituents out
of ten in the current investigation, these are gallic acid, mag-
noflorine, rutin, p-ecdysone and rosmarinic acid [22-24].
Aloe barbadensis or Aloe vera, has been classically used for
skin disorders. Several research reports have also revealed
anti-bacterial, anti-inflammatory, and immunomodula-
tory properties [25, 26]. C. papaya has been reported for
its anti-viral activity against DENV-2 subtype of Dengue
virus [27]. Clinically, C. papaya extracts have been shown

@ Springer

)=

= 200 200
2
g 100 100
0 0
. o ‘oo
Re 0 035 10 40 Tu&d\s@aﬂ“‘“‘"‘)
254 nm

respectively. Bands of gallic acid and magnoflorine were observed
both on TLC plate and in scan mode. Whereas, feeble bands of ros-
marinic acid and rutin were confirmed by HPTLC profiling (Molecu-
lar structures are sourced from www.chemspider.com (accessed on
22.11.2021))

to elevate the platelet count of Dengue patients [28, 29].
DNV also induced similar effects in restoration of reduced
platelet counts, in an animal model of Dengue virus infec-
tion [7]. C. papaya is a rich source of bioactive molecule
rutin [30], Vitamins A, C and E [31] which helps the body to
gain nourishment, boost immunity and lead to fast recovery
[32]. Anti-viral activities of P. granatum are well known.
Punicalagin as well as other polyphenols (ellagitannins),
flavonoids and their derivatives, derived from P. granatum
have been demonstrated to have anti-DENV properties [33].
Ellagic acid is an ellagitannin that is generated when puni-
calagin is hydrolyzed and lactonized [36]. DNV contains
a substantial level of ellagic acid, which may contribute to
its anti-dengue activity. O. sanctum, has been considered a
holy plant and worshiped for ages. Leaves of basil are also
added in tea decoction for the prevention of cold, cough,
fever and are also believed to have hepato-protective, anti-
inflammatory and anti-viral activities [18]. Leaves extract of
tulsi or holy basil contains 88.6% flavonoids, exhibit anti-
viral activity against DENV-1 [34, 35]. O. sanctum contrib-
utes rosmarinic acid, one of the DNV marker components
[36]. Another marker compounds of DNV, 5-HMF is likely
to be converted from cellulose present in plants. 5S-HMF is
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Fig.4 Three dimensional (3-D) chromatogram and linearity study in
Divya-Denguenil-Vati (DNV) by High Performance Thin Layer Chro-
matography (HPTLC). a Gallic acid (GA) with regression equation:
y=14.20x+244.3, correlation coefficient (): 0.995 and linearity
range: 20.0-400.0 pg mL™! (green points) at 280 nm. b Rosmarinic
acid (RA) with regression equation: y=14.29x+ 18.47, correlation
coefficient (2): 0.999 and linearity range: 50.0-130.0 pg mL™! (pur-
ple points) at 330 nm. ¢ Magnoflorine (MG) with regression equa-

produced by the isomerization of glucose via the fructose
pathway post-complex reactions [37]. Taken together, alka-
loids, flavonoids, tannins and phenolic acids attributed from
five herbs in DNV, identified by UPLC/MS-QToF, devel-
oped, validated and standardized by UHPLC and HPTLC
are responsible for its anti-oxidative, anti-inflammatory,
anti-viral and immunomodulatory properties.

Official monographs like US Pharmacopeia are available
for standardization of holy basil, pomegranate and aloe but
these methods are developed on single herbs with one or two
signature markers [38]. There was no official method avail-
able for the standardization of poly-herbal formulation con-
taining herbs used in DNV. Therefore, it becomes necessary
to develop analytical method for the quantification of marker
components in DNV. The current study aims to identify,
develop, optimize, validate and standardize a method using
sophisticated, rapid and sensitive techniques like UPLC/
MS-QToF, UHPLC and HPTLC. DNV was first screened
by UPLC/MS-QToF and 97 phyto-constituents were iden-
tified (Table 1). The method was developed and validated

@ Springer

265 nm

R¥=0.998
=xsoo
3 200

00 60
Com:«\tmlon(wmij

g

M oflori
(c) (50 2600 pgimi)

N
e

Area (AU)
-
(54
=]

50 A\
of ¢ \ -
— — \ \ 0
015 —— A, _—_—
15RF 0200 50 200
Track dlstanco(mm)
T I ,
(d) 80 Rutin : s|zoo R=-03%  200nm
(50 - 180 pg/ml) ! 300 /
40 : : f w0
2 - : 0‘0 %0 140 1%
5 ~ Ly : Conosntration gug/m)
o
g 1
|
< 10 . o
’ 0
0.,
Rg 0.30 50 100

Track distance(mm)

tion: y=3.54x+69.69, correlation coefficient (+*): 0.998 and linearity
range: 50.0-600.0 pg mL~! (brown points) at 265 nm. d Rutin (RU)
with regression equation: y=4.65x—4.72, correlation coefficient
(): 0.998 and linearity range: 50.0-180.0 ug mL™! (blue points)
at 280 nm. Concentration of each marker in DNV is represented by
red point on linearity scale (Molecular structures are emulated from
www.chemspider.com (accessed on 22.11.2021))

for ten markers by UHPLC, four by HPTLC based on their
response obtained on respective instruments and availability
of reference standards. Results obtained during the valida-
tion confirms that the proposed method is specific, sensitive,
precise, accurate and rugged for its intended use. UHPLC
was checked for system suitability by assessing peak area
RSD (NMT 2%), tailing factor (NMT 2) and counting theo-
retical plates (NLT 5000) (Table 2). All parameters are found
to be in acceptability criteria. The method was found to be
specific, with no interference of co-eluting peaks from the
complex matrix. It was discovered that the peak purity index
was larger than or equal to zero. The single point threshold
values for all the marker compounds were found to be lower
than the peak purity index values, confirming the analytes
peak purity. LOD and LOQ of the individual phytochemi-
cal marker were calculated by S/N ratio method for UHPLC
and residual plot method for HPTLC and %RSDs of n = 6
replicates were found within the prescribed limit of less
than 5%, which suggests that developed methods are sensi-
tive enough to quantify bioactive markers present in DN'V.
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Fig.5 Overlay chromatograms
of Divya-Denguenil-Vati
(DNV) Batches# DNV051, 033,
034, 036, 037, 039, 038, 040, ]
041, 042, 043, 029, 014, 044,
032, 045, 031, 046, 047, 030, 300
048, 049, 050, 015, 052, 053.
Peak numbers are assigned to
phyto-constituents in order of 250+
their elution which is 1, Gallic "
acid, 2, 5-HMF, 3, Protocata- o oY e
chuic acid, 4, Magnoflorine, 5, 1

Rutin, 6, Ellagic acid, 7, Beta § 200 3
Ecdysone and 8, Rosmarinic E 3
acid. UHPLC fingerprints of 26 2

<
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DNV
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Fig.6 Violin plot of UHPLC study for 26 batch of Divya-Denguenil-
Vati (DNV) with Median, first and third quartile of Gallic acid (GA),
5-Hydroxy methyl furfural (5-HMF), Protocatechuic acid (PCA),
Magnoflorine (MG), Rutine (RU), Ellagic acid (EA), p-Ecdysone
(BE), Rosmarinic acid (RA). Plot corroborate that 5-HMF, PCA, MG,
RU, EA, BE and RA is distributed within 1000 pg g~!, whereas GA
was distributed up to 2000 pg g~!. 5-HMF and PCA show one kernel,
RU and RA shows two kernel whereas GA, MG, RU and BE shows
three kernel distribution

Linearity was plotted between concentration and response
of phyto-constituent using equation ¥ = MX + C for both the
analytical techniques. A linearity plot with correlation coef-
ficient (#?) of NLT 0.99 was found suitable, within the lin-
earity range for the quantification of standards and samples.
The calculated sum of squares was greater than the residuals,
indicating a good linear relationship. Precision and accu-
racy of the method were assessed by intraday, interday and

Time (min)

recovery study with criteria of %RSDs NMT 5% and from
80 to 120% respectively (Tables 2, 3). Developed analytical
methods were reproducible, repeatable, accurate and within
the set standards. The intermediate precision of the method
was also evaluated by making deliberate changes in flow
rate and column temperature for UHPLC analysis and RSDs
were observed within the 10% which is much less than the
set limit of NMT 20%. Therefore, we can conclude that the
method developed to quantify phyto-constituents is fit for
its intended use and can be used for other complex herbal
formulations like DNV.

At times, standardization of herbal medicine is difficult
largely due to unavoidable variations in raw materials and
extracts used to prepare poly-herbal medicines. In case of
DNV, after development and validation of the analytical
methods, 26 commercial batches of DNV were individually
analyzed for its quality evaluation. Chromatographic pattern
indicates that there is no variation and batch to batch profile
were superimposable with each other (Fig. 5). Quantity of all
the eight marker components were having similar responses
at 255, 270 and 325 nm. All the tested batches were found
to have consistent levels of specified compounds. Violin
plot of UHPLC data outcome confirms that concentration
distribution of marker compounds in DNV falls between
the first and third quartile, except a few like gallic acid and
rosmarinic acid (Fig. 6). This variation may be attributed
due to inherent changes in growing conditions such as sea-
sonal, climate, geographical distribution and stage of plant
part used as a raw material in DNV formulation. UHPLC
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Fig.7 Comparative UHPLC and HPTLC quantitation of four phyto-
constituents, A gallic acid, B magnoflorine, C rutin and D rosmarinic
acid in 26 batches of Divya-Denguenil-Vati (DNV). Line graph shows
uniformity of active markers using both the techniques. Box graph in
inset represents distribution of targeted analytes across the batches,

and HPTLC profiling in different batches ensured the con-
sistency of bioactive molecules which may be considered
as a good indicator for its quality evaluation. Comparative
3-D line plots of UHPLC and HPTLC reveal that both the
techniques are suitable and precise for the selected markers
and variation in quantified values is within the acceptance
criteria. Box plot in the inset shows no significant variation
in both the values, which again proves that analytical tech-
niques are sensitive, effective and comparable for the quan-
tification of marker components in DNV (Fig. 7). Present
approach, is first of its kind to identify, develop, validate and
standardize using multi-chromatographic analytical tools for
simultaneous determination of ten phytochemical markers in
DNV, which may be applied for formulations having similar
ingredients.

Conclusion

Quality control evaluation and consistency of active mol-
ecules are of utmost importance to develop the worldwide
acceptability of herbal medicines. In this light, UPLC/MS-
QToF was utilized to identify bioactive phyto-constituents
in Divya-Denguenil-Vati (DNV). A rapid, sensitive, precise,
accurate and rugged method was developed using UHPLC
and HPTLC for Divya-Denguenil-Vati. Quality consistency
was also evaluated for the standardization of herbal medicine
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standard bars exhibits the variation in concentrations of respective
analyte. p value was calculated to observe statistical significance. p
value>0.05 for all the phyto-constituents indicates that there is no
statistical significance (ns) found between UHPLC and HPTLC data

by analyzing 26 batches for gallic acid, 5S-HMF, protocat-
echuic acid, magnoflorine, rutin, ellagic acid, f-ecdysone
and rosmarinic acid by UHPLC; and gallic acid, rosmarinic
acid, magnoflorine and rutin by HPTLC. Method develop-
ment, validation, and standardization using combinative ana-
lytical strategies like UPLC/MS QTof, UHPLC and HPTLC
provide a scientific evidence for quality control evaluation
of poly-herbal formulations like DN'V.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10337-022-04183-7.
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