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ABSTRACT

In the present study, FT- IR (FourierTransform Infrared spectroscopy) analysis of galled flower was conducted to
qualitatively identify gallic acid while comparative HPTLC (High-Performance ThinLayer Chromatography) studies of normal
and galled flower extracts confirmed the gallic acid quantitatively. The quantitative estimation of gallic acid was carried out on
silica gel 60 F,,,HPTLC plates (stationary phase). The plates were developed in a solvent system as prepared with Toluene,
Acetone and Glacial acetic acid at a ratio of 3:1:2, in a CAMAG glass twin trough chamber of 20X10 cm, at a temperature of 25
+ 20C. Detection was carried out densitometrically at =220 nm. The FTIR analysis was done with a spectrophotometer
system, which was used to identify and analyze the characteristic peaks and their respective functional groups. HPTLC
analysis revealed that gallic acid content increased almost two folds in gall tissues as compared to normal tissues. C.
religiosa flower galls can be utilized medicinally due to enhanced gallic acid.This is the first report of the occurrence of gallic

acid in flower galls of C.religiosa.
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Abbreviations:
FT : FourierTransform
GA : Gallic Acid
ROS : Reactive oxygen species
FTIR :FourierTransform Infrared spectroscopy
HPTLC: High-Performance Thin Layer Chromatography
HPLC : High-Performance Liquid Chromatography
ATR  :Attenuated Total Reflection

Introduction

Crataeva religiosa Forst. (Family- Capparidaceae)
is found distributed in tropical regions and is one of the
herbal drugs, used in urolithiasis. The biotic stress
induced by the gall-forming insect Diptera: Cecidomyiidae
on the anatomy and physiology of the flowers of C.
religiosa leads to distinct functionalities of tissues,
culminating into a new organogenetic array. Anatomical
studies of flower galls showed isodiametric
parenchymatous cells with continuous hyperplasia and
hypertrophy.

Crataeva religiosa Forst. (Family: Capparidaceae)

also known as Baruna or Varuna is a common tree found
throughout India, Sri Lanka, Myanmar, Japan, Australia,
and several south pacific islands ™. The Barun trees are
economically, commercially and medicinally important
because of their timber, fruit and seeds. This plant is well
known for its various pharmacological properties like
hepatoprotectant, lithotriptic, antirheumatic,
antihelminthic, rubefacient, antioxidant, antioxaluric,
antiperiodic, antimycotic, contraceptive, antipyretic, anti-
inflammatory, laxative, antilithiatic, and vesicant
properties'®. The bark of the Crataeva religiosa is useful
in removing kidney stones and in curing urinary disorders.
The crude drug contains an active triterpenoid i.e., lupeol,
which is mainly involved in the pharmacological activities
of this plant?> The flowers and fruits are unpleasantly
distressed by the insect, Aschistonyx crataevae Mani,
(Order-Diptera). The mature flower galls of C. religiosa
are yellowish-white,irregular parenchymatous swellings
of the complete flower.The floral parts got completely
hypertrophied and fused. The normal differentiation of
tissue is lacking in the portion of the gall, extensive
undifferentiated parenchyma was found. The cells of the
gall showed continuous hyperplasia and hypertrophy.
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The growth and development of gall are controlled
by the insect and therefore represent an extended
phenotype of the gall formation®. The continuous feeding
activity by the insect prompts the plant to respond, which
alters the biochemistry of a zoocecidia (Gall). The
subsequent feeding and oviposition by the insect elicit a
cascade of events including the formation of Reactive
oxygen species (ROS). The accumulation of phenols and
auxins at gall sites is mediated by controlled levels of
ROS.This accumulation contributes to gall formation via
biochemical alterations and new cell developmental
pathways'3. Plants produce a high diversity of secondary
metabolites used for defense and survival, in response to
various biotic and abiotic stresses. The central
components of host defense prompt the synthesis of
secondary metabolites at the site of the attack that
sometimes can be harmful or toxic to insects. The higher
amount of polyphenols such as tannins, gallic acid
(gallotannins), condensed tannins, etc. in leaf galls of
Quercus leucotrichophora and Lannea coromandelica
may be correlated to a triggered defense mechanism in
gall tissues®'8. Earlier we have estimated a higher
amount of phenols biochemically in flower galls of
Crataeva religiosa as compared to normal counterparts?°.
The involvement of phenolic compounds in the abnormal
growth of plants has been reviewed by several
workers®11.13-

Production and accumulation of free radicals upon
oxidative stress is the leading cause of several
degenerative diseases such as cardiovascular
diseases,atherosclerosis,aging,cancer,inflammatory
diseases, etc."”. All polyphenols (naturally occurring
antioxidants) are known for antiviral, antiulcer, antifungal,
antibacterial, anticancer,and anticholesterol activities.
Among various polyphenols, gallic acid is a naturally
occurring low molecular weight triphenolic compound,
which has emerged as a strong antioxidant'.

Gallic acid (GA) (IUPAC name- 3, 4, 5-
trihydroxybenzoic acid) is a polyphenol. The chemical
structure of gallic acid represents one benzene ring and
two functional groups in the same molecule that are
hydroxyl groups and a carboxylic acid group. Gallic acid
exists in plant material in the form of esters, free acids,
hydrolyzable tannins and catechin derivatives and is one
of the most biologically-active phenolic compounds of
plant origin”. The antioxidant activity of gallic acid and its
derivatives has been reported®. Quantitative estimation
of gallic acid in Quercus infectoria Oliv. galls using HPTLC
was done.* A recent review stated that gallic acid is
enormously used in dye making, pharmaceutical,leather
making,chemical,and food industries®. Gallic acid is
characterized as antioxidative, antimicrobial,
anticarcinogenic, hypotensive, serum lipid reducing, anti

atherogenic, anticariogenic and heavy metal chelating
agent?!.

Significant importance of phenolic compounds in
the defense system of plants needs to be evaluated further
in various plant-insect interactions. The present
investigation deals with the quantitative and qualitative
estimation of Gallic acid from flower gall of C. religiosa
and their normal counterpart by using FTIR and HPTLC
techniques.

Materials and Methods
2.1 Collection of plant samples

Plants of Crataeva religiosa were surveyed in the
flowering season i.e., March-April in Jaipur and adjoining
areas. The mature healthy flowers and old flower galls of
Crataeva religiosa were observed and collected from the
Central Park of Jaipur. Plant was authenticated (RUBL-
13249) by Herbarium, Department of Botany, University
of Rajasthan, Jaipur for further studies.

2.2 FTIR Analysis

The Fourier Transform(FT) results in spectrum that
is used to identify or quantify specific compounds. This
technique is based on interferometry which records
information about a material/ compound placed in the IR
beam. In the present investigation, normal flower and
flower galls were analyzed and different functional groups
were identified with the help of wavelength observed in
the FTIR interferogram.

0.1 g of the dried crude powder was taken and
evaluated directly by Attenuated Total Reflection (ATR)
mode, in which an IR beam was directed onto an optically
dense crystal. The powdered sample of both extracts
was loaded in an FTIR spectroscope, and the functional
groups were analyzed using Fourier-transform infrared with
a scan range in the region 4000-400 cm™".

2.3 HPTLC Analysis
2.3.1 Preparation of Plant extracts

Collected plant material (normal and galled flowers)
was dried at room temperature under shade, powdered
and soxhlet extracted with water for 24 hrs. The extracts
were then filtered using Whatman filter paper and dried in
a rotary vacuum evaporator.

2.3.2 Reagents and Other Materials

Gallic acid (Sigma Aldrich), toluene, acetone,
glacial acetic acid, and methanol (all Reagents of
analytical grade, E-Merck) and silica gel 60 F,.,
precoated TLC aluminium plates (E-Merck).

2.3.3 Instrumentation Conditions for HPTLC
A Camag HPTLC (“Linomat5_192428") comprising

of Camag TLC Scanner-3, Linomate V automatic sample
applicator, Camag Win CAT software, Camag Twin trough
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TABLE-1: FTIR spectral peak absorption values and functional groups obtained for flower gall extracts.

Plant Sample Absorption Ranges FunctionalGroups Type of Vibration
(cm-1) Name
Flower Gall 3287.42 Phenols and Alcohols Alkanes O-H stretch
29354 Carboxylic acids Alkenes H-C-H stretch C=0
1738.03 Nitro group Ethers and Esters stretch
1628.66 Ethers and Esters C-C=C stretch N=O
1368.72 bend
1222.62 C-Oand C=0
1017.16 stretch
C-Oand C=0
stretch

chamber, Hamilton Syringe, and stationary phase
precoated silica gel (60 F ,.,) were used.

2.3.4 HPTLC Quantification of the Extracts

Standard solution of gallic acid was applied in
aliquots of 3iL, 6iL, 9iL, 12iL, 15iL. Bandwidth was set at
8 mm,distance between bands was10mm. Aliquots were
applied in triplicates on a precoated silica gel plates E
Merck 60 F ., (20 x10cm, 0.2 mm thickness) (stationary
phase). Solvent system comprising Toluene, Acetone,
and Glacial acetic acid in the ratio of 3:1:2 (v/v/v) was
used to run HPTLC for 15 mins at the temperature of
25+20C,

Developed plates were air-dried and scanned at
220nm using CAMAG TLCscanner-3andWINCATS IV
controlling software.The peak areas were recorded and
calibration curves were obtained by plotting peak area vs
concentration.10iL of each of the powdered samples in
solutions were applied in duplicate on the same TLC plate
using CAMAG Linomat V semiautomatic spotter. The
peak areas in developed plates were recorded and the
amount of gallic acid was calculated from the respective
calibration curves.

2.3.5 Calibration Curve of the Standard:

Calibration curves for the concentration of gallic
acid were found to be linear over the concentration range.
Standard working solutions were used in duplicate to
determine and confirm linearity. The peak area and
concentration were subjected for analysis to calculate
the calibration equation Y = 0.9342 + 0.0482 X and

regression coefficient (r2) was r =0.98658.The Rf value of
standard gallic acid was recorded to be 0.65. Bands of
gallic acid in samples were confirmed by overlaying
respective UV absorption spectra with that of standards.
The average content of the Gallic acid in samples of normal
and galled tissues was expressed in microgram(ig).

Results and Discussion

IR spectrum of wave number (cm-1) vs %T gives
sufficient information about the structure of compounds
or the number of functional groups present in the sample.
Observations of FTIR analysis of flower galls are given in
interferograms and the pertaining results are given in Table
1. The flower gall extract exhibited absorption band at
3287.42 cm-'(O-H stretch), 2935.40cm-", 1738.03,
1628.66 cm-1(C=0 stretch),1368.72 cm-" (Phenol (or)
tertiary alcohol, OH bend),1222.62 cm-1(C-O stretch),
and1017.16cm-" (C-C stretch)and revealed the presence
of Phenols,Alcohols, Alkanes, Carboxylic acids, Alkenes,
Nitro group, Ethers and Esters. Hence the presence of
carboxylic acid and —OH groups are indicating the
presence of Gallic acid in flower gall extract. Involvement
of phenolic compounds in the abnormal growth of plants
has been reviewed by several workers® "3 Similar five
peaks which are characteristics of Gallic acid include
3409.38 cm-1(polymeric OH stretch), 1639.45 cm-1(C=0
stretch), 1389.62 cm-1(Phenol (or) tertiary alcohol, OH
bend), 1276.15 cm-1(C-O stretch), and 1016.36 cm-1(C-
C stretch) were recorded to identify gallic acid in
Pseudarthria viscida root extract'®.
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TABLE-2: Chromatographic data for HPTLC of Gallic acid in normal flower and galled flower extracts.

S.No. Sample Rf Maximum Height | Area Content (ig)
1. Standard Gallic acid 0.65 122.37 29931 2.5001ig
2. Normal Flower 0.63 76.12 1692.6 1.560ig
3. GalledFlower 0.65 384.92 11621.9 2.7501ig

HPTLC provides a chromatographic fingerprint of
phytochemicals and is used to confirm the presence and
purity of raw materials of medicinal plants.The active
principles (chromatic data) with their respective Rf value,
area, maximum height and content in microgram (ig)
obtained for normal flower and flower galls are shown in
Table 2. The standard gallic acid and both samples were
statistically resolved with Rf values 0.65, 0.63, and 0.65
respectively. The nearly equal Rf values prove the
significant presence of Gallic acid.

HPTLC fingerprinting after chromatography of gallic
acid in standard and different samples are there . The
gallic acid bands in the sample chromatogram were
confirmed by the chromatogram obtained from the
reference standard solution. HPTLC densitograms for
standard gallic acid and both the samples are there. The
results showed that the method used in this study revealed
good fingerprinting and good resolution of gallic acid from
C. religiosa normal flower and galled flower tissues
samples. The HPTLC analysis of normal and galled flower
extracts showed that the gallic acid amount in galled
tissues has increased almost twofold due to insect
attacks. Similar findings were reported earlier for Madhuca
longifolia in which galled leaf had a maximum amount of
gallic acid (344.4 ng) while normal leaf had less amount
of gallic acid (180 ng)'°. Gallic acid content was found at

1.560ig/mg in normal flowers and 2.750ig/mg in galled
flowers. Elevated levels of gallic acid were observed in
cotton plant as a response to herbivory by Spodoptera
litura®.

Conclusions

FTIR and HPTLC analysis confirmed the qualitative
presence of Gallic acid in gall extract. Chemical structure
of flower gall was detected by IR spectrum that confirmed
the presence of Gallic acid. The various functional groups
observed in the flower gall extract indicate the presence
of phenolic compounds, carbohydrates, amino acids,
glycogen, starch, amides, cellulose, and lipids. The good
antioxidant and anti-inflammatory activity of flower gall
extract could also be correlated with the presence of
different functional groups, especially phenols and
alcohols. The quantitative estimation showed that biotic
stress exerted by insects led to the production of more
gallic acid in galls than in the normal flower tissues. This
can be concluded from the result that production of
polyphenolic compound (gallic acid) is increased due to
defense mechanism of host plant as a response to insect
attack and hence C.religiosa flower galls can be a good
source of gallic acid.The gallic acid can be enhanced
with the help of biotechnological advances or in vitro
techniques. Gallic acid is firstly reported and isolated
from C. religiosa flower galls.
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