Iragi J Pharm Sci, Vol.31(2) Isolation of catchin and epigallocatchin from Iraqgi R.coriaria

DOI: https://doi.org/10.31351/vol31iss2pp271-282

Isolation of Catchin and Epigallocatchin From Iraqi Rhus coriaria By

Preparative High-Performance Liquid Chromatography (PHPLC)
Nabaa M. Ibrahem ™1, Enas J. Kadhim®, Shihab Hattab Mutlag ™

* Department of Pharmacognosy and Medicinal Plants, College of Pharmacy, University of Baghdad, Baghdad, Iraq
™ Department of Pharmacology and Toxicology, College of Pharmacy, University of Baghdad, Baghdad, Iraq.

Abstract

Two compounds were isolated from the fruit part of Rhus coriaria that grew wildly or cultivated in the
north of Iraq. The compounds were separated by preparative high-Performance Liquid Chromatography and their
structures were established based on detailed spectroscopic techniques like FTIR and LC--MS/MS.
Keywords: Rhus coriaria, Preparative HPLC, LC-M/SMS, FTIR.
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Introduction

Medical plants have been used since often accompany these dishes®. The research efforts
ancient time for the treatment a variety of disorders, on sumac extracts to date show a promising potential
and in some countries, the use of medical plants is for providing renewable bio products with the
often associated with witchcraft and superstition, following reported bioactivities: antiinflammatory,
because people did not have the scientific insight to antifungal, Antifibrogenic, antimalarial,
describe and predict the healing action of plants . antimutagenic and antimicrobial .Sumac had been
Local environmental purse derived from plants have used as traditional source of medication in different
play an important role in the provision of dietary and dietary cultures all over the world, the use of the
medical care for humans in many parts of the World. plant in seasonings and flavoring agents has been the
A very important factor buckle down to people’s mainstay of indigenous remedies across the world
interest in wild plants as food are times of famine or ®),
food scarcity, but on the other hand, eating wild R. coriaria is used as a spice, and has been used in
products is becoming neat in our modern society @, cooking for millennia. About two thousand years

Sumac is the common name of the Rhus ago, the Greek physician Pedaniu Dioscoride (40-90
genus, which comprises 91 species names in  the A.D.) wrote in his voluminous "De Materia Medica"
Anacardiacea family, represented in lrag by one ("Of Medical Matters") about the benefit properties
species namely R. coriaria L. which sprout wildly of Sumac, principally as a diuretic and anti-flatulent
or cultivated in the north of Irag ©® .The name ®),

"Sumac"’ comes from "summaq" which means "dark Traditionally ,Sumac has been used in the
red" in Arabic and Syriac. R. coriaria has been used treatment of diarrhea ”, hemorrhoids ©, ulcer ©,
in spice blends and in traditional medicines for liver disease 19, animal bites, pain @Y, diuresis,
hundreds of years. The word "sumac" will be dysentery, hemorrhage, hematemesis, hemoptysis,
henceforth used to describe the spice product of ophthalmia, conjunctivitis, leucorrhea, and stomach
Rhus coriaria ®. tonic. 12, Medical practitioners have also used

Rhus coriaria has long been used as a sumac for cholesterol reduction @3, in the treatment
condiment spice, either alone or in combination with of sore throat, and as an abortifacient (). Other
other spices. Traditionally in Irag, it is used as a reports also show its use in wound healing and as an
spice especially along with famous rich dishes like antimicrobial 4.

Kabab and grilled meat as well as over salads that
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Different parts of the plant have been used in various
preparations in traditional system of medicine.
Powdered bark of sumac is effective for
whitening the teeth. Bark infusion is useful in early
treatment of viral eye infections. Bark is contused
in water and put on the forehead for the first-aid
treatment of epistaxis ™®.Sumac fruits Powder are
sprinkled on boiled egg and orally taken for the
treatment of diarrhea “®. A decoction of sumac
fruits is prepared and administered orally (150 cc)
for the treatment of liver disease, diarrhea and
urinary system disorders. Decoction is taken three
times per day until improvement occurs .
The plant is globally distributed in temperate climate
and tropical regions and can grow on marginal lands.
The most common species of sumac is Rhus
coriaria which is grown commercially on global
scale in Mediterranean and Middle East. This
species had been cultivated for several years to
produce a material of high quality for tanning. It is
growing wild in the region extending from the
Canary Island over the Mediterranean coastline to
Iran and Afghanistan. It is native to the
Mediterranean and the Southeastern Region of
Turkey 47,
In Iraq, sumac distributed mainly in North, North
East and North West, in areas of an altitude more
than 540m above sea level. R. coriaria sprout in
mountain environments especially in Rawandowz
city. Sulimania, which are the areas of most
prevalent territories 9,
More than two hundreds compounds have been
specified from the R. coriaria and most of them are
physiologically active. These chemical constituents
can be set to various classes of the tannins
(condensed and hydrolysable), conjugated phenolic
acids, phenolic acids ,anthocyanins, , organic acids
,coumarins, flavonoids, terpenoids, xanthones,
steroids, essential oils , and other groups of
compounds have been detected @9 . So in this study,
an investigation for the phytochemicals in the fruit
of this plant grown at Irag north regions had been
done using several hyphenated techniques include
preparative HPLC, high-performance liquid
chromatography coupled with diode array detector
(DAD), and Liquid chromatography and mass
spectroscopy is adopted. Preparative HPLC are used

Table 1.Preparative HPLC apparatus specification
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to separate a specified amount of pure compounds
and HPLC-DAD is used to confirm the purity of
collecting fractions. The molecular structure was
assigned by FTIR and MS provides useful
information about molecular masses and the
structure of the isolated constituents of the crude
methanolic plant extract.

Materials and Methods

Plant material collection.

Rhus coriaria fruit were collected from the
north of Erbil in Rawendos at April 2020, . After
collection of plant, it sent to be identified and
authenticated by specialist Prof.( Dr. Sukaena
Abass), Department of Biology /College of
Sciences/ University of Baghdad .The plant parts
were cleaned thoroughly, dried under shade, and
ground in a mechanical grinder to a fine powder.
Extraction method

A-The air-dried powder of the fruit is
weighted then defatted with N-hexane to get rid of
chlorophyll and waxy material and then extracted in
soxhlet with (1:10) aqueous methanol for 18hr then
the extract is combined and dried by a rotary
evaporator the dry residue is weighted and the yield
of extraction is calculated.

The dry fruit extract is suspended in water, then
treated with various reagents to screen the type of
phytochemicals present and then partitioned 2-3
times with solvent of various hydrophilicity such as
N-hexane, chloroform, ethyl acetate and N-butanol.
Each fraction is dried and weighted and treated with
screening tests to identify the phytochemicals
present 021,

The ethyl acetate fraction is dried and weighted to
identify the phytochemicals present and Isolation
different constituents using chromatographic
techniques, preparative HPTLC. Identification of
isolated compounds had been done by using
different chromatographic and spectroscopic
techniques like FTIR and LC/ MS/MS.

The preparative HPLC specification and
conditions

Table 1 represents the preparative HPLC
apparatus specification which consists of an
autosampler, a pump, and a photodiode array
detector coupled with an analytical workstation.

Component Model or version Company and origin
1 Binary high pressure gradient pump P6.1L Knuaer , Germany
2 Diode array detector DAD 2.1L Knuaer , Germany
3 Sample loop (20 pl) and injector D1357 Knuaer , Germany
4 Analyses and system control software | Claritychrom, V 7.4.2.107 Dataapex, Czech Republic
5 Fraction collector Foxy R1 Teledyne Isco, USA
6 Mass spectrometry (LC/MS/MS) SCIEX-ABI 3200 MS system | SCIEX Technologies,

Germany
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The condition of HPLC-DAD analysis.

The High-Performance Liquid Chromato-
graphy was done by using stationary phase on
Acclaim C 18 column (5 um particle size,250 x 4.6
mm), Dionex Ultimate 3000 liquid chromatograph.
The mobile phase consist of 1% aqueous acetic acid
solution (Solvent A) and acetonitrile( Solvent B)
using gradient elution.

The flow rate was kept to 0.7 ml/min, the column
was thermostatically controlled at 280°C and the
injection volume was adjusted at 20 pl. The gradient
elution was changed from 10 % to 40% B in a linear

Isolation of catchin and epigallocatchin from Iraqgi R.coriari

manner for duration of 28 min, from 40 to 60 % B
in 39 min, from 60 to 90 % B in 50 min. The mobile
phase composition back to initial condition (solvent
B: solvent A: 10: 90) in 55 min and pliable to run for
another 10 min, before the injection of another
sample. Total time for analysis per sample was 65
min. The separation chromatograms were detected
using a photo DAD array Ultraviolet detector at
three different wavelengths (272, 280 and 310 nm)
according to absorption maxima of analyzed
compounds @2,

able 2. The gradient elution time and flow rate of HPLC analysis

Time Mobile A concentration Mobile B concentration Flow rate ml/min
% %
0 90 10 0.7
5 90 10 0.7
28 60 40 0.7
39 40 60 0.7
50 10 90 0.7
55 90 10 0.7

Fraction collector factors

Peak recognition: slope 0.2 Au/min , level 10 mAU
Fraction size: 5 milliliters

The detection of isolated compounds (compound |
and 11) were performed by matching retention time
and absorbance spectrum of the standards
(epigallocatechin and catechin). The quantitative
analysis of the detected components were calculated
by serial concentrations of standard materials to
build calibration curve between concentration and
its equivalent peak area, the calculation was done
according to the straight line equation Y=aX +b,
slop=y/x (Yand B: b: y-intercept), where R?
regression factor.

Identification of compound by mass spectrometry
Apparatus and Instrumentation conditions of -mass
spectrometry (LC/MS) direct infusion scan were
applied as follow:

The- MS was performed using a SCIEX-ABI 3200
MS system (SCIEX Technologies, Germany).

The column jumper is used to connect Liquid
Chromatography directly to the mass detector.
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Using the auto sampling device, a sample volume of
20-pL was injected. Solvent A- Contained Millipore
water with 5.0mM ammonium format/0.1%formic
acid and Solvent B- consisted of HPLC-grade
acetonitrile with 0.1% formic acid. The LC/MS was
operated in the positive-ion mode with m/z scan
range 50-900. The spectra of different peaks were
studied in terms of LC-MS/MS chromatograms
collected for 2 isolated fractions. The molecular
masses of each product are calculated using a
continuum. For molecular mass estimation, only
molecular ion peaks were evaluated in each
chromatogram. LC-MS/MS — spectra may be a
valuable instrument to classify molecular mass
components. The composition of acompound can be
shown by the fragmentation patterns of different
units. Unknown compound fragmentation results
have been compared to the already available data in
the literature.

Acquisition Method: \LCMS-ESI-POS. dam and all
data had been shown in Table (3)
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Table 3. Time and flow rate of analyzed compounds
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Step Table:
Step Total Time(min) Flow Rate(ul/min) A (%) B (%)
0 0.00 1000 90 10
1 4 1000 90 10
15
2 20 1000 10 90
3 22 1000 10 90
4 25 1000 90 10
5 90

A=5.0mM ammonium format/0.1%formic acid , B= ACETONITRILE/0.1formic acid , Scan Type: Q1 MS (Q1)
Range 50- 900 M+1, Polarity: Positive — ESI, Scan Mode: Profile .

Instrument specifications and details : Software = Analyst 1.6.4 version , Pump Agilent 1200 G1312A , Column
Oven Agilent 1200 G1316A , AutoSampler Agilent 1200 G1367B , Mass Spectrometer APl 3200 AB-Sciex

Fourier transforms infrared (FT-IR) Spectroscopy

Infra-Red (IR) spectra of isolated
compounds were recorded in Shimadzu FTIR
spectrometer in the range of wave number 500 to
4000 cm-1 and operated in the transmittance mode.
The mold and press of a Pulver containing
approximately 1 mg of substance were then used for
preparing the thin disk under anhydrous conditions.
Results and Discussion

The results of the performed PHPLC
analysis of ethyl acetate extract from the plant Rhus
coriaria fruits, confirmed the sTable retention time
of compound | and Il in the extract which were
comparable to retention times of authenticated
reference standards at identical chromatographic
conditions as shown in Figure (1). In addition to that,
there is a matching between the UV spectra of the
detected isolated compounds with corresponding
standards UV spectra as shown in Figures (2 and 3)
which demonstrate a good fitness between the

-y

detected compounds and the standards. These results
revealed that sumac plant contain epigallocatechin
and catechin.

The phytochemical constituents in plant extract are
usually available in low quantity. For this reason a
sensitive instrument was used in this study for
detection and isolation. In this research, the PHPLC
is a flexible, sTable, and strongly enhanced column
chromatography method, a technique commonly
used for the separation of natural materials.
Preparatory high-pressure chromatography is an
excellent purification technique and has been
developed to ensure that important materials in the
chemical, medicinal, biotechnological, and
biochemical industries are insulated and identified
(23)

Gong and his colleagues have been isolated seven
catechin compounds from fresh tea leaves using

semi-preparative liquid chromatography technique ¢
24)

utd epigakiocstechin

"

"

Figure 1. Preparative HPLC Chromatogram For ethyl acetate fraction
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Id epaga

sample

Figure2. UV spectrum of ethyl acetate fraction matched with standard UV spectrum of epigallocatechin.

sample

sid catechin

Figure 3. UV spectrum of ethyl acetate fraction matched with standard UV spectrum of catechin.

Quantities of the studied compounds were epigallocatechin
evaluated by constructing a calibration curve using S0
plotted peak area versus mass concentration of each iocoo ¥ = 30.13x +333.89 -
standard using 5 different values of concentration. @ 25000 R*=0.9996
Then applying the straight line equation of the Soe =
standard curve as shown in Figures (4 and 5) . § =
The quantitative PHPLC analysis of the isolated 5000
compounds revealed that the catechin has higher 0 :'

0 A00) 600 NOO 1000 1200

concentration than epigallocatechin in fruit extract

. . concentration pg/ml
of Rhus coriaria plant as shown in Table (4).

Figure 4 . Standard curves of epigallocatchin
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Figure 5. Standard curves of catchin
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Table 4. Quantitative analysis of ethyl acetate
fraction

Ethyl acetate | Peak pg/ml mg/ml

fraction area(y) | X)

Epigallocatechin | 661.58 | 109.90 | 0.1099
Catechin | 3166.77 | 1198.66 | 0.19911

Catechin and epigallocatechin are belonged to
Flavanols group of flavonoids. They have two chiral
centers, one on C2 and other on C3. Structurally,
catechin has  trans  configuration and
epigallocatechin  has cis configuration with
additional hydroxy! group (Figure 6) (3,

Epigallocatechin

Figure 6 . Chemical Structure of catechin and epigallocatechin

Identification of isolated compound by the
spectroscopic techniques

Identification of an isolated compound is
usually achieved by a combination of several
important spectroscopic techniques, such as IR and
LC-MS/MS. The compound of interest can be
identified by comparing its characteristic features
with literature values. (no need to mention Figure).

IR — spectroscopy

The Fourier  transforms infrared
spectroscopy of compound I (Table 5, Figure 7) and
compound Il (Table 6 and Figure 8) showed the
appearance of characteristic peaks at 3197- 3375cm-
! due to Phenolic OH stretching. band (H-bonded).
The peaks 1610 cm™,1519 cm™ for compound I and
1604 cm?, 1558 cm? attributed to the alkene
stretching of aromatic ring . On the other hand,
bending vibration band of phenyl O-H group is
represent by 1350 cm™ peak for compound I and
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1365 cm™ peak for compound II. The appearance of
peak at (1276-1284 cm™) is related to the stretching
of cyclic C-O.

It has been observed that all chemical compounds
show marked selective absorption in the IR
spectrum of any molecule and are the fingerprints
for structural confirmation. IR Spectroscope
technology is a very important tool for identifying
several varieties of plant constituents in
phytochemical studies. It also helps in the systemic
elucidation of new compounds in plants ?9),
Accordingly, isolated compounds were subjected to
IR spectroscopy.

From interpretation of the IR spectra, We concluded
that the IR spectra of compound | & Il have been
contrasted with that of authentic samples
epigallocatechin and catechin respectively Figure 7
& 8).
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Figure 7. FTIR of Compound 1(epigallocatechin)

Table 5. FTIR Interpretation of Compounds |
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Figure 8. FTIR of Compound 11 (catechin)
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Table 6. FTIR Interpretation of Compounds I1.

Isolation of catchin and epigallocatchin from Iraqgi R.coriari

Group frequency wave number incm -1 Interpretation

3197- 3375 Phenolic OH str. band (H-bonded)
2916 A symmetric str. Band of CH,

2850 symmetric str. Band of CH,

1604, 1558 Ar. C=C str. Bands

1365 Bending vibration band of phenyl-O-H
1276 Cyclic C-O str. vibration band

1458 C-H bending 0f CH»

Identification of isolated compound by LCMS/MS
spectroscopy

Identification of peaks of catechin and
epigallocatechin isolated from Rhus coriaria were
carried out by comparing mass spectra of standard
data and literature @ .
The mass spectrum of epigallocatechin was
presented in( Figure 9,10). The peak of protonated
ion [M+H]+ occurred at m/z 307. While, the mass
spectrum of catechin was presented
in (Figure 11,12) which show the m/z signal at 291
that represent a typical fragment ion detected in the
mass spectrum of catechin (2829,
From the result,Compound I according to FTIR and
LC-MSMS identical to epigallocatechin and
Compound Il according to FTIR and LC-MSMS
identical to catechin.
LC-MS/MS is also a powerful analytical method
that combines the physical separating capacity of
fluid chromatography with the mass analysis
capacities of mass spectrometry, providing a
powerful instrument for analyzing complex mixes of
analytical chemistry techniques. Liquid
chromatography will separate photo components

based on the necessary time to appear at the end of
appropriately packaged columns for individual
components, while mass spectroscopy distinguishes
each component based on the fragment mass that is
produced when a beam of electrons bombarded the
compound. LC-MS is used with high sensitivity and
selectivity to analyze specific botanical extracts. It
provides extensive information on structural
elucidation of the substances generally and makes it
easier to detect and identify possible chemical
compounds in medicinal herbs, particularly when
pure standards are not available. Herbal medicinal
drugs are being standardized and characterized as
an area of scientific concern in the herbal drug
industry. HPLC is a good qualitative and
quantitative technique, usually used for the
evaluation of pharmaceutical Because of its unique
properties like high resolutions, high sensitivity
(ppm repeatability, small sample size, moderate
analysis condition, no need to vaporise the sample
as in the gas chromatography, easy to fractionate the
sample and purify , The use of HPLC are increased
day by day across the world@"
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Figure 9.LC-MSMS of Compound 11
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(2R,3R)-2-(3,4,5-trihydroxyphenyl)chromane-3,5,7-triol
Chemical Formula: CsH 4,0,
Exact Mass: 306.07
Molecular Weight: 306.27
m/z: 306.07 (100.0%), 307.08 (16.2%), 308.08 (1.4%), 308.08 (1.2%)
Elemental Analysis: C, 58.83; H, 4.61; O, 36.57

OH

OH

°© \\\\\\\
“

OH
)
“IoH
epigallocatechin

Chemical Formula: C¢gH505"
Exact Mass: 125.02

OH
Chemical Formula: CoHgO5>* OH
Exact Mass: 164.05
HO (o]
OH
"OH
Chemical Formula:
OH
epigallocatechin Exact Mass: 17.00

Chemical Formula: CsH ;04
Exact Mass: 289.07

OH
OH
HO (0} \\\\\\\
° OH
‘OH
OH Chemical Formula: HO®
epigallocatechin Exact Mass: 17.00

Chemical Formula: CgH505"
Exact Mass: 125.02

OH

Chemical Formula: C,H,0% oH

Exact Mass: 42.01

HO .0 .
. w- OH
- "OH
OH

Chemical Formula: GyHg@liGtatechin
Exact Mass: 122.04

HO’

Figure 10. Mass Fragment of Compound I Epigallocatechin

Epigallocatechin = 306.27 g/mol
M\Z= 306.07
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Figure 11. LC-MSMS of Compound 11
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OH
(25,3R)-2-(3.4-dihydroxyphenylchromane-3,5,7-triol HO,,
Chemical Formula: C,sH,,O4 n,,,
Exact Mass: 290.08
Molecular Weight: 290.27
m/z: 290.08 (100.0%%6), 291.08 (16.2%), 292.08 (1.2%20), 292.09 (1.2%)
Elemental Analysis: C, 62.07; H, 4.86; O, 33.07 HO
(¢) OH

Chemical Formula: CgHyO,"
Exact Mass: 181.05

HO

HO

Chemical Formula: C¢H50,"
Exact Mass: 109.03

HO
(2S.,3R)-2-(3.4-dihydroxyphenyl)-3.,4-dihydro-2H-chromene-3,5.7-triol

Chemical Formula: C;H40,2" Chemical Formula: CisH 0"
Exact Mass: 122.04 Exact Mass: 256.07

OH OH

Ho/”h.,. | ! Chemical Formula: HO* HOI”'/,,‘
Exact Mass: 17.00
HO, : OH.
0" OH .
. ,. Chemical Formula: HO
Chemical Formula: C;HgO,~ Exact Mass: 17.00 |
HO

Exact Mass: 122.04

OH'
Chemical Formula: CgHgO,>* Chemical Formula: HO
Exact Mass: 168.04 Exact Mass: 17.00
Chemical Formula: HO Chemical Formula: CyHg05%*
Exact Mass: 17.00 Exact Mass: 164.05

o H’
HO O OH

Chemical Formula: HO* Ot . -l o

Exact Mass: 17.00 ' l
OH. : —

Chemical Formula: HO )
Exact Mass; 17.00 | Exact Mass: 165.06 OH

y

Exact Mass: 78.05 mfz 139

Chemical Fonﬁfla: ﬁg}s %%gr?ucal Formula: C‘,Hf' d
Exact Mass: 17.00 Exact Mass: 75.02

Figure 12.Mass Fragment of Compound Il catechin
catechin =290.27 g/mol
M\Z=291.0
FRAGMENTS :
1- 180-181
2- 123
3- 256
4- 165.1
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Conclusion

From the above study two flavonoids are

isolated from Rhus coriaria fruits (catechin and

epigallocatechin) .phytochemical

research is a

scientific technique that is very important. This
process identifies the main components found in the
every plant element such as bark, leaves, stem, root
and fruits. Although nobody know how many
different plants in the world today are used, but we
aware that both herbal and western medicine are
very valuable medicinal plants.
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