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ABSTRACT

Background: Since ancient times, the traditional system of medicine has been practiced
and developed an array of defense strategies to manage various ailments. About 60-80
percentof people from different parts of the world rely on herbal medicine for their
health care. In the present study, a combined method using TLC mass spectrometry
bioautography (TLC-MS bioautography) combined with DPPH and a-amylase
activities was utilized to compare antioxidant and antidiabetic activities in an agqueous
extract of B. lycium. Materials and Methods: In this paper, an aqueous extract of B. /ycium
was prepared, developed TLC and performed TLC-MS bioautographic to identify the
antioxidant and antidiabetic bioactive metabolites. Results: TLC scans were performed at
254 and 366 nm, respectively and obtained results revealed there is a total of 11 and 10
metabolites present in B. /ycium. Further, TLC-MS Bioautographic studies isolate a total
of two lead compounds such as berberine and palmitine through a chemico-biological
detection system. Out of two, berberine showed antioxidant and antidiabetic activity
while palmitine only shows antidiabetic activity. Conclusion: TLC-MS bioautographic
screening could be an excellent technique to assess the antioxidant and antidiabetic
activity of herbal products and the results achieved will be very useful for promoting their

utilization and development of new therapeutic regimens.
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INTRODUCTION

Since ancient times medicinal plants are an
enormous source of bioactive compounds
with  health-promoting  activities. A
traditional medicinal system like Ayurveda,
Unani and Chinese is still promising and
has been practiced for over 150 decades.
They have established an assortment of
defense strategies to manage oxidative stress
and other disorders like diabetes. About
60-80 percent of people from different
parts of the world rely on herbal medicine
for their health care.! Several research and
meta-analysis articles have been published
upon n-number of medicinal plants that
possess specific action on various ailments
such antioxidant, antidiabetic, anti-
inflammatory, respiratory etc.’

Diabetes is a metabolic disorder which
is acknowledged by its most common
diabetes
hyperglycemia. It is mostly categorized into

characteristic  of such as
two main types i.e. type I diabetes mellitus
which is associated with the deficiency of
insulin production while in type I diabetes
mellitus insulin secretion and tissue
resistance occur mostly which caused the
least active function of insulin. Although it
cannotbedenied that most of the diseasesare
mainly accompanied by the diet pattern or
lifestyle of the human being. The disturbed
diet schedule or excess production even
the least consumption of calories leads to

obesity and a modern sedentary lifestyle.?
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The transience associated with diabetes is primarily due to
the amplified threat of several difficulties of this illness.
Diabetes is one of the most common complications
accompanied by mortality in the body system such
as nephropathy, hypertension and retinopathy other
cardiac-associated disorders. Taking all these into
consideration, researchers are being more prompted to
develop a new molecule with the least side effect and
economic with do not only potentiate the diabetic
therapy but also decrease the severe mortalities associated
with the diabetes mellitus.*

Oxidative stress is seen as another lethal complication
that is induced due to the high production of free
radicals. In oxidative stress, the intrinsic strength of
the body to scavenge the free radicals decrease or even
terminated up to a high level. Predominately reactive
oxygen species (ROS) are the main sources that are
responsible for the induction of oxidative stress. Several
pieces of research have an emphasis on free radicals and
claimed that oxidative stress is responsible for many
complications such as cancer, atherosclerosis,
inflammation, diabetes, and senescence. The major
defense against free radicals is found from natural
resources especially from medicinal plants as they are
highlyassociated with the natural compounds which play
a major role as antioxidants. Antioxidant compounds
are highly enriched with polyphenols which havethe
ability to scavenge the free radicals and strengthen the
immune system against oxidative stress.’ Natural
antioxidants have worldwide popularity which is
consumed as nutritional or medicinal supplements even
in some tribal areas as food supplements. Moreover,
considering the facts of natural antioxidants, many
pharmaceutical industries are highly associated with
the production of many health supplements for the
well beings of the body system against oxidative stress
or even associated disorders such as anticarcinogenic,
antidiabetic, and anti-Alzheimer activities. In the current
era of the medicinal system, natural antioxidants are
gaining worldwide popularity for natural antioxidants
to prevent oxidative stress-induced disease or even to
decrease senescence-related disorders.

Berberis lycium 1s one of the important medicinal
plants belonging to the family Berberidaceae. Himalayan
region is highly engaged with the popularity of this
plant and it is an evergreen shrub. It is used for the
treatment of many disorders and because of that, it is
gaining wider acceptance for its medicinal value
especially in the Indian system of medicine such as liver
disorders, skin diseases, abdominal disorders, cough,
ophthalmic and many more.® Moreover, the therapeutic
values for this plant are mainly associated such as
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hepatoprotective,  hypoglycemic,  hyperlipidaemic,
antipyretic and anticarcinogenic properties. The various
parts of B. Jcium such as roots, stem, leaves, and fruit
contain bioactive compounds like tannins, saponins,
alkaloids, anthocyanins, berberine, berbamine, chinabine,
baluchistanamine and sindamine.’

A number of chromatographic and spectroscopic
analytical approaches are highly associated with quality-
based standardization of herbal medicine or their
derived products, which include planner chromatography,
liquid chromatography, and gas chromatography. The
approaches for scientific validation of herbal medicine
or their derived products generate scientific evidence to
validate their quality, safety, and efficacy.®

TLC-MS bioautographic hyphenated approaches have
been frequently used for qualitative estimation of
antidiabetic and antioxidants compounds through
combination with o-amylase and DPPH free
radicalbioassay. DPPH assays to assess the antioxidant
capacity of natural compounds even plant matrix.
Moreover, in various reports, it has been declared
that oxidative stress is not only associated with
many complications such as oxidative stress-induced
inflammatory stress but also it is functioned to resist
the activity of insulin and decrease the glucose uptakes
by the muscle. Although, it has been declared that the
antioxidant regimen combined with other therapeutic
regimenspotentiates  the  excellent  therapeutic
approach to prevent the various complications
associated with oxidative stress.” The aamylase is
accountable for the breakdown of starch in the gut
and then glucose was released and finally reached
to blood circulation. While inhibitors of amylase
decrease the breakdown of starch in the gut and
consequently decrease its absorption.’® Hence, their
preventivefunction can decrease the relief of glucose
from saccharidesand ultimately lower the post-prandial
uptake of glucose in the patient associated with diabetes.
Berberislycinm was carefully chosen for the current
study. We aim to evaluate the antioxidant and anti-
diabetic bioactive metabolites in aqueous extracts of
B.  hcinmby using hyphenated techniques TLC-MS
bioautography.

MATERIALS AND METHODS

Collection and identification of plants

Fresh part of Berberis lycinm was obtained from the
local market Khari Bawli, New Delhi, and taxonomic
identification was confirmed from National Medicinal
Plant Board, New Delhi.
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Preparation of extract
Berberis lycium

100 g of the drug was transferred in a 1000 ml flask
containing 500 ml water and boiled at low temperature
for 5-6 hr with gentle shaking to avoid direct heat to
extracts. Further, the resultant extracts were filtered
to the impurities and collected the useful filtrate. The
semisolid extract was collected in a wide mouth bottle
and 1s called rasont. Moreover, the semisolid rasont was
kept in an air-tight container in a dark place for further
analysis.

Estimation of total phenolic content

The Folin-Ciocalteu reagent was utilized for the
assessment of the content of total phenolic in the
samples.!! Various concentrations of samples and
standard gallic acid were used for estimation of total
phenol content. Phenolic content is presented as mg of
standard equivalent/gm of samples.

Estimation of total flavonoid content

The content of total flavonoids was determined
througha colorimetric approach using aluminium
chloride. Quercetin was utilized to plot standard
calibration curves. Sample aliquot was prepared by
mixing of drug extract and aqueous AlCI, (20% w/v).
The spectrophotometric record was observed at 425 nm
against a blank.”? The total flavonoid content in the
aqueous extract of B. /ycium was calculated and data were
presented as mg of standard equivalent/ gm of samples.

HPTLC analysis

Pre-coated TLC plates were simply cut into 10x10 cm
(Merck, Germany) by pressing against a hard surface.
Then the prepared solution was centrifuged and
collects the supernatant and then applied on an activated
TLC plate using Camag Linomat-5 applicator. The
applied plate of B. Acium was developed in the solvent
containing n-butanol: acetic acid: water; 4: 1: 5 v/v/v
and further plates were transferred in the development
chamber. After 40 min the developed plate was removed
gently, air dried, and scanned at 254 and 366 nm,
respectively. Same TLC plates were used for TLC-MS
bioautographic analysis.

In vitro DPPH assay

The DPPH free radical activities of the B. Acium were
determined by the spectrophotometric method for the
presence of DPPH as a free radical. Briefly, the extract
was mixed with DPPH solution and keptin a dark place
at optimum temperature for 1/2 hr. Finally, the UV
was measured at 517 nm. The following equation has
been used to examine the percentage inhibition (PI)
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activity against control (contain only methanol instead
of samples).”® Ascorbic acid was utilized as a reference
compound for the comparison.

PI= (1-Asample/Acontrol) * 100 (1)

Detection of antioxidant compounds using TLC-
bioautography

The antioxidant bioactive compound in B. lyceum
extract was identified by utilizing bioautography.
After running the sample on TLC plates using Camag
Linomat-V applicator. Saturated the TLC plates in the
suitable solvent for the respective plant samples in a
twin glass HPTLC chamber. Then remove the TLC
plates from the solvent chamber and air-dried. After
air dried activated plates and sprayed with 5mM DPPH
solution. After few minutes, the yellowish or cream
color appeared against purple backgrounds, antioxidant
bioactive compounds.’

Detection of anti-diabetic compounds using TLC-
bioautography

Alpha-amylase

The alpha-amylase working solution was prepared in
the normal buffer. Further, prepared the starch and
iodine solution and kept them at 37°C for further
analysis. The dine solution of iodine was kept in a
dark place. The B. /cium sample was applied on TLC
silica G, F,, plates, placed in the development chamber
for action. After completion of activation, plates were
removed, air-dried. Thereafter enzyme solutions were
sprayed and kept in a desiccator for 1.5 h. After, 1.5 hr,
the plate was removed from the desiccator and treated
with the solution of starch, kept for 15 min for the
completion of enzyme-substrate reaction, finally the
plate was dried and sprayed within the solution of
iodine. The inhibitors of a-amylase were visible on the
plate.’”

Mass Spectrometry analysis of metabolites identified
onTLC

Areas corresponding to the DPPH, alpha-amylase
inhibition zones on a bioautogram were marked on
the duplicate chromatogram and scraped the encircled
zones with a specially designed scraper and dissolved
in methanol. Prepared sample solutions were filtered
using a 0.22um syringe. Both positive and negative
ionization mode was utilized to ensure the bioactive
compounds present on TLC plates. Chromatographic
separation of metabolites was done on the C,
columnusing methanol: water: formicacid (8:2:0.1%v/v)

as mobile phase, cone gas, and the temperature were set to
500 L/h, 50 L/h, and 100°C, respectively."* Mass
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spectrometric compounds were tentatively ensured
based on their m/z value from the mass data bank.

In silico analysis

Initial step in the in silico drug designing procedure is
the finding and choosing of there levant drug target
or receptor. To study the nature of the interaction,
binding modes and selectivity of amylase and glucosidase
receptors with quantified secondary metabolites of
aqueous extract of B. /yciun, and molecular docking was
performed with Autodock 4.2. The crystal structure of
the enzyme wasretrieved from the RCSB protein data
bank. The ligands namely berberine and palmitine for
B. lycinm, were downloaded as a 3D structure SDF file
from PubChem (http://pubchem.ncbi.nlm.nih.gov/)
and optimized using Ligands Input in the AD 4.2.
The target enzyme was prepared by the addition of all
polar hydrogen atoms with the AutoDock Tools and
merging its nonpolar hydrogen atoms along with the
removal of the water molecule and other heteroatoms to
the target enzyme, a necessary process for the computation.
Three-dimensional affinity grids (126 x 126 x 126A)
were considered for each atom.” The optimized ligand
molecules were docked with refined diabetes receptors
using autodock 4.2. The docking results were analyzed
using PyMOL molecular graphics visualization tool.
The autodock was used for preparing files in the form
of PDBQT from PDB files and then docking the
ligands to enzymes on the actual site using autodock
4.2. After completion of docking searches, the best
conformation was selected with the lesser binding
energy. The ligand-protein complex includes hydrogen
bonds were analyzed using PYMOL Molecular Graphics
Visualizer 1.7.4.5.

RESULTS

The main objective of the study was to identify active
metabolites present in aqueous extract of B. Jeum to
identify the bioactive compounds as antioxidant and
antidiabetic activities. Keeping in view, a developed
method of TLC-MS bioautography was performed. The
respective resultant extract was filtered and completely
evaporated to dryness. After successive dryness, the
percentage yield was recorded as 12.5% for B. fyciun.

Total Phenolic and Flavonoid Content

In this study, the number of total polyphenols for
B. heewm was estimated from the determined calibration
curve of the standard molecule as gallic acid (R*= 0.9969)
and quercetin (R?= 0.9921). The outcomes revealed that
the content of phenols and flavonoids was found to be
29.38 and 18.36 mg of gallic acid and quercetin

210

respectively in an aqueous extract of B. Aeum. The
standard curve of gallic acid and quercetin were
depicted in Figure 1.

HPTLC fingerprint analysis

Plants containa variety of bioactive phytoconstituents
which possess the biological activities against several
dysfunctions and are attributed for their principal
actions. In such cases, finger print profiling of the plant
extracts is very convenient and broadly used for its
qualitative and quantitative estimation. In this analysis,
different metabolites possess at different retardation
times which revealed individual constituents at single
retardation time. The HPTLC finger printing of B.
lyceum was established on a TLC plate and visualized
at 254 and 366. HPTLC finger printing showed a
maximum number of compounds viz. 11 and 10 at 254
and 366 nm, respectively (Table 1 and Figure 2).

Table 1: Data pertaining to HPTLC fingerprint of
aqueous extract of B. lycium at 254 and 366 nm.

Percentage Area
S. No Retention Time
At 254 At 366
1. 0.04 + -
2. 0.07 + +
3. 0.13 - A
4. 0.17 + +
5. 0.24 + +
6. 0.27 + +
7. 0.31 + -
8. 0.36 + A
9. 0.41 + +
10. 0.46 - +
11. 0.50 + =
12. 0.55 + +
13. 0.70 - +
14. 0.78 + -
15. Total (14) 1 10
06 Gallic acid 06 Quercetin
05 Standard curve 05 Standard curve
04 0.4
0.3 03
02 y=0.0049x +0.0597 02 y=0.0052x +0.0041
i R*=0.9969 - R2=0.9921
0 0
0 50 100 150 0 50 100 150

Figure 1: Standard calibration curve of gallic acid and
quercetin.
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Figure 2: TLC photography and chromatogram of aqueous
extract of B. lycium at 254 and 366 nm.
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Figure 3: DPPH scavenging activity of B. lycium with ascorbic
acid.

DPPH radical scavenging assay

The DPPH free radical scavenging potential of the
sample was determined successively and the outcomes
revealed that results are shown in Figure 3 as compared
with known antioxidant compounds ascorbic acid.
From the analysis of Figure 3, we can conclude that
the scavenging effects of B. Acum show excellent
scavenging activity as compared to ascorbic acid. The
antioxidant activity of B. Jeium was found in a dose-
dependent manner. When the dose increases the activity
increases accordingly.

HPTLC-Bioautography assay of DPPH and alpha-
amylase

Antidiabetic and antioxidant compounds accompanied
with B. Acium extract were alienated on TLC plate using
the established solvent system and estimated for their
identified metabolites retard at specific place of stationary
phase.

For screening of potential scavenging compounds from
B. lycinm extract, a direct bioautographic assay (TLC-
DPPH) was established.'® After separation metabolites
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Figure 4: MS bioautogram of B. lycium: spot 1: DPPH and
amylase.
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Figure 5: MS bioautogram of B. lycium: spot 2: amylase.

on the stationary phase of TLC plates, the compounds
which showed potential scavenging activity was
considered as antioxidant compounds. Bioactive bands
isolated from TLC plate after treatment with DPPH
and perform the mass spectrometry analysis. Results
from mass spectra revealed berberine (m/z= 336.36)
shows the antioxidant activity in the case of B. jyeum
(Figure 4). Mass spectrometry of the scraped bioautogram
of the TLC, revealed there are two bioactive compounds
from B. Jeenm showed a-amylase inhibitory compounds
like berberine (m/z= 336.36) and palmitine (m/z=342.40)
(Figure 5).

Docking interaction analysis

Simulated analysis of biomolecule collections
mightenable the search for innovative lead constituents
that 1s appropriate for additional new drug discovery
study. In this study 7z si/ico computational docking studies
were carried according to hyphenated bioautographic
results to find out the enhancing activity of the
bioactive compounds present in the extract of B. Acium

on AD 4.2 using PyMol visualizer. We got the binding
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Figure 6: Docked pose of A) berberine, B) palmitinewith
o~amylase using PyMOL molecular graphics system 1.7.4.2.

Table 2: The interaction energy analysis of four

ligands with that of a-amylase using PyMOL
molecular graphics system 1.7.4.2.

Proteins Ligands | Modes | Binding Interacting
Energy Residue
Berberine | Pose 1 | -7.3,-7.1 | SER 289, ALA
and 3 307
a-amylase
Palmitine | Pose 5 | -5.7,-5.7 | LYS 271, THR
and 6 407

interaction of ligands such as berberine, and palmitine
with the receptor alpha-amylase. Results come out from
docking studies revealed several amino acids of alpha-
amylase residue strongly bind to mentioned bioactive
metabolites. The inhibition of alpha-amylase was
considered based on choosing new small molecule
drugs. Berberine and palmitine bind with amylase by
interacting with several amino acids at different
positions such as berberine SER 289, ALA 307, for
palmitine LYS 271, THR 407, respectively Figure 6 and
(Table 2).

DISCUSSION

B. hcenm is augmented with enriched polyphenolic
compounds which are mostly accountable for the
antioxidant as well as antidiabetic activity of the extract.
The bioactive potential of the plant extract against
oxidative stress might be due to the occurrence of the
free hydroxyl group in flavonoids. The free hydroxyl
group is responsible to scavenge the free radicals which
potentiate excellent antioxidant activity. Phenols and
flavonoids (ArOH) are acknowledged to decrease the
rates of oxidative stress by relocating the H atom to
ROO* radicals.”” Through this action of phenols and
flavonoids inhibited the construction of ROS or by the
disturbing proliferation of the ROS and play essential
roles in ROS metabolism and escaping of abandoned
oxidation of important bioactive constituents in the
biological system. Conjectured relative between diabetes,
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ROS, and inflammation, the potential for phenolics
and flavonoids protected the body against free radicals.
Therefore, biologically and pharmacologically believe
that phenolic and flavonoids rich foods may reduce the
risk of diabetes.'®

The quality control studies of medicinal plants play
a significant role in the biological activity. Therefore,
HPTLC analysis was performed to identify the number
of secondary metabolites present in extracts. This is one
of the best techniques to set the quality of natural
products.

The outcomes suggested that the plant matrix comprises
phenols and flavonoids that are accomplished of
contributing hydrogen to a ROS to scavenge the
probable damage. Moreover, polyphenols inhibited the
generation of ROS, and significantly enhanced the
antioxidant defenses which are straight complicated
in the construction of ROS. Phenolic compounds
of natural origins fall into several categories. Among
these, flavonoids are the chief which has essential to
the body. Studies on flavonoids and their associated
compounds have revealed bioactivities such as anti-
inflammatory, antibacterial, antiviral, anticancer, and
anti-allergic activities, and many more."”

Herbal medicine seems to possess most metabolites,
extensively used as a folk therapeutic regimen for the
management of various disorders. We determined and
compared the docking scores of compounds presented
in the B. /jcinmwith diabetic receptors using an automated
docking model. Alpha-amylase receptors represent
the forefront of recent research and major advances
have been made in understanding the molecular function
of diabetes and its related disorders.”

Summarily, a strong therapeutic target is presumed
to be the generation of reactive oxygen species in the
body. Natural compounds contain several bioactive
metabolites which inhibited free radicle generation in
the body as well as enhance the defense mechanism of
the body.”! Amylase breaks the starch into saccharides
and then releases the glucose and engrossed into the
blood circulation. The inhibition of enzyme amylase
directly decreases the collapse of starch into the
gastrointestinal tract and succeeding glucose absorption.
These deals decrease post-prandial hyperglycemia levels.
Moreover, inhibitors of these enzymes such as amylase
are of therapeutic interest in type 2 diabetes by inhibiting
the breakdown and absorption of starch and
carbohydrates from the gastrointestinal tract. The scoring
function of molecular computational docking is a basic
fundamental component. Successful and easy application
examples showed that computational approaches have
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one of the powerful approaches to screen hits/leads from
a huge database and design novel small molecules.
However, the realistic binding between bioactive molcules
and receptors still relies on experimental technology.

CONCLUSION

Theaqueousextractof B. jeenzhad remarkableantioxidant
and antidiabetic activities. TLC-MS bioautographic
data revealed bioactive metabolites present in B. Jyeeum
possess excellent antidiabetic and antioxidant activities.
Opverall, the studies illustrate that B. /Jcenm extract has
huge potential to be developed into an antidiabetic
drug. Thus, it could be further explored for its possible
application in diabetes.
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PICTORIAL ABSTRACT SUMMARY
= In this study, extraction, and evaluation of aqueous
‘ || extracts of Berberis lycium for its antioxidant potential
o - by DPPH method. HPTLC phytochemical screening
,Hﬂlff"'“”'"’oﬂf'i revealed a number of metabolites present in the

extracts. Further, by using TLC-MS bioautography,
antioxidant and antidiabetic leads were also identified.
Therefore, it can be summarized that Berberis lycium
may prevent oxidative stress and diabetes.
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