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ABSTRACT

Different Tilia species are used extensively worldwide for many health complications. The present
work was designed to evaluate and characterize 7ilia flos available in the herbal market compared with
different organs (leaves and flos of three different 7ilia species native to western European countries
(e.g. Germany and Belgium). The Hyphenated HPLC-DAD-ESI-MS technique, quantitative estimation
of total flavonoid contents (TFC) and total polyphenolic contents (TPC) are used extensively in this
study including two methods of extractions. This study revealed that TFC and TPC in the flowers are
generally more than those in the leaves. Tilia tomentosa flos contain the highest percentage of
flavonoids among all samples based on infusion method of extraction while 7ilia flos available in the
Egyptian market showed the lowest percentages of both TFC and TPC among all flower samples.
LC/MS analysis revealed the presences of 30 compounds, ten of which were tentatively identified here
for the first time in 7ilia species based on ESI/MS and characteristic UV spectra. The present study are
simple, easy applicable and valuable in the practical authentication, quality assurance and prevention
of adulteration of the crude Tilia drug.

Keywords: Total flavonoid contents (TFC); Total phenolic contents (TPC); Flavonol glycosides;

Tilia leaves; Tilia flos; T. cordata; T. platyphyllos; T. tomentosa; HPLC—-DAD-ESI-MS.
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INTRODUCTION

Tilia flos (linden or lime flowers) consists of the
inflorescences of Tilia cordata Miller, Tilia
platyphyllos Scop. and Tilia x vulgaris Heyne
(Tiliaceae) are known herbal medicine used
worldwide

traditionally as sedative,

antispasmodic,  raised  arterial  pressure
associated with arteriosclerosis and nervous
tension (Barnes et al., 2007). It is listed by the
Council of Europe as a natural source of food
flavouring (category N2) (Barnes et al., 2007).
Tilia flos have a prominent importance in
phytotherapy. It is stated to possess expectorant,
diaphoretic and diuretic activities. It has been
used for the treatment of flu, cough, migraine,
nervous tension, indigestion, various types of
spasms, liver and gall bladder disorders (Toker
et al., 2001). Medicinal properties claimed for
the drug have been attributed to its flavonoid,
volatile oil and mucilage components (Toker et
al., 2001). Three Tilia species are predominant
in middle Europe they are T. cordata, T.
platyphyllos and T. tomentosa (Senghas and
Seybold et al., 2003). 7. cordata flowers are the
most preferred medicinal species. T.

flowers are also wused and

platyphyllos
somewhat interchangeably. The dried flowers
are mildly sweet and sticky with a pleasing
taste, due to the aromatic volatile oil found in
the flowers (Bradley, 1992). Infusions of Tilia
are widely used in traditional medicine in
Europe and Latin America for the treatment of

enterocolitis, gastroenteritis, liver disorders and

renal colic, (Aguirre-Hernandez et al., 2007,
Aguirre-Hernandez, 2010, Pérez-Ortega et
al., 2008) it was also reported to have
tranquilizing activity (Cardenas-Rodriguez et
al., 2014).

Many of Tilia constituents were reported to
have an interesting pharmacological actions, for
example, tiliroside has anti-diabetic effects
through inhibitory effects on carbohydrate
digestion and glucose uptake in the
gastrointestinal tract (Goto et al., 2012),
antihypertensive and vasorelaxant effects (Silva
et al, 2013) anti-hyperglycemic, anti-
hyperlipidemic and antioxidant effects (Qiao et
al., 2011, Goto et al., 2012). Proanthocyanidins,
which are a species of polyphenol known to
possess a variety of physiological activities,
including radical scavenging activity (Vennat et
al.,, 1994), antioxidative properties (Haslam et
al., 1996), antifungal effects (Eberhardt and
Young, 1994), anti-allergic activity (Kanda et
al., 1998) and antihypertensive activity (Cheng
et al., 1993), Proanthocyanidins have been used
as a treatment for capillary stabilization
(Brasseur et al.,, 1989), and also they are
reported to possess hair growth-promoting
activity (Takahashi et al., 2005). The flavonoid
constituents of Tilia flos exerted some
interesting biological activities such as selective
antiproliferative action on tumoral cells, acting
through the modulation of H,0, levels, (Brizi et

al., 2012) total extract of some Tilia species
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shows antiproliferative action against BW 5147
cells (Barreiro et al., 2000),
anexiolytic/sedative activity (Cotrim et al.,
1999) and

Rodriguez et al., 2014).

anticonvalsant  (Cardenas-
In European Pharmacopoeia (EP), tests given
for the analysis of official drug are mainly based
on the morphological characters. Moreover,
there is also a thin-layer chromatographic (TLC)
technique in the monograph, which based on the
detection of flavonoid components. Using a
mixture of EtOAc-HCO,H-C,H;OCH;-H,O
(50:10:30:10) as mobile phase and caffeic acid,
rutin and hyperoside as reference compounds,
and the spots are then visualized by
diphenylboric acid aminoethyl ester/MeOH
reagent. The plate is evaluated according to the
characteristic color of spots and relative
retention times compared with those of
reference compounds (Toker et al., 2001). But
the resolution of this technique seems,
practically, not sufficient specially for the
compounds with nearly identical Rpvalues
(Wagner et al., 1983). Some research articles
discussed the utilization of HPLC-DAD and

HPLC-DAD-ESI/MS for the analysis of

(T. platyphyllos
(Toker et al., 2001, Wagner et al., 1983,
Piettta et al., 1993, Karioti et al., 2014), Tilia

flavonoid contents of Tilia

rubra (Toker et al., 2001) and Tilia argentea

(Toker et al., 2001). Results of the previous
studies revealed that flavonoid composition of
each lime species possesses a specific
fingerprint HPLC chromatogram depending
upon the parts used.

The present work involves the
determination of TFC, TPC of both Flowers and
leaves of three European species, T. cordata, T.
platyphyllos and T. tomentosa, in comparison
with the Egyptian sample and qualitative
flavonoid

estimation of phenolic and

constituents using HPLC-DAD-ESI/MS.
evaluation of the data might be helpful in the
quality assurance as well as determination of
adulteration of the crude drug.

The foliage of 7. platyphyllos (Fig. 1)
consists of simple, alternately arranged leaves.
They are ovate to cordate, mid to dark green
above and below, with white downy hair on the
underside, particularly along the veins, tapering
into a mucronate tip. The leaves of 7. cordata
are alternately arranged, mostly hairless (unlike
the related 7. platyphyllos) except for small tufts
of brown hair in the leaf vein axils the leaves are
distinctively heart-shaped. The leaves of T.
tomentosa are alternately arranged, green and
mostly hairless above, densely white tomentose

with white hairs below (Maes, 1990, Invanov
et al., 2014, Rajendra, 2009).
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Figure 1: The morphology of 7. cordata (TC), T. tomentosa (TT) T. platyphyllos (TP). The leaf dorsal sides (above)
show a characteristic hair distribution for each species, while the pictures (below) shows the young twigs with
yellowish-white flowers that arranged in drooping, cymose clusters and whitish-green, leaf-like bracts with
alternately arranged foliages

The present study was designed to
evaluate the chemical profiles of non volatile
constituents of the flos, bracts and leaves of
Three European Tilia species namely 7. cordata
flos (TCF), T. (TTF)
T.platyphyllos (TPF) flos which are commonly

tomentosa  flos

used as herbal medicines and their leaves (TCL,
TTL and TPL), which are commonly not used in
comparison with the Egyptian sample (TFg, ) of
unknown origin. The investigation comprises
quantitative estimation of total flavonoid
contents (TFC) and total polyphenolic contents
(TPC) that were determined using two methods
of  extractions (infusion method and
ultrasonication in 50% methanol) of all samples,
in addition to qualitative estimation of the
chemical profile of ( TFg, , TTL, TPL, TCL and

TTF ) using hyphenated HPLC-DAD-ESI-MS

technique. Study of leaves of the selected Tilia
species was included in this work in order to
explain the percentage similarity between the
flos (the commonly used part) and leaves of the
same plant and to determine the differences
between the leaves and bracts which are often
sold among the official 7ilia flos.

MATERIAL AND METHODS

Plant materials

Leaves and inflorescences including a whitish
green bracts of 7. platyphyllos Scop., T. cordata
Miller and 7. ftomentosa Moench., family
Tiliaceae were collected from the botanical
garden of Diisseldorf University (Germany) in
addition to the Egyptian Tilia flos sample
(composed mainly of greenish yellow bracts
with few broken inflorescences) that was

purchased from a famous herbal market (Harraz
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Market) in middle Cairo, Egypt. All voucher
specimens are kept in herbarium of the
pharmacognosy dept., faculty of pharmacy,
(Boys) Al-Azhar University, Cairo, Egypt.
Chemicals
Rutin (quercetin-3-O-rutinoside), AlCl;,
NaNO,, Folin ciocalteu reagent (2M according
to acid contents), Gallic acid, Na,CO; (Sigma-
Aldrich, Switzerland). All other reagents and
solvents used in the study were of analytical
grade. Solvents for HPLC were HPLC grade.
Lab equipments and apparatus
Rotary evaporators: Biichi Rotavap RE 111;
Buchi Rotavap R -200 and Buchi V-700, Buchi
Labourtechnik AG. 9230 Flawi/ Switzerland
Analytical HPLC (LC /UV/ MS hyphenated
system): MS spectrometer : Finnigan LC Q-
DECA, HPLC system (Pump, Detector and
autosampler) : Agilent 1100 series . Column:
Knauer (125mm L, 2 mm ID), prepacked with
Eurosphere- 100 C-18 (5 pm) and with
integrated pre-column. Mobile
Acetonitrile or Methanol LiChrosolv  HPLC
(Merck), ortho-phosphoric acid 0.15 %, pH

Solvents:

2.0 (prepared from ortho-phosphoric acid 85%
p-a., Merck) Nanopure water Barnstead. LC
/ESI-MS was carried out using a Finnigan
QDECA-7000 mass spectrometry connected to
a UV detector. The sample is dissolved in
methanol and injected to HPLC/ESI-MS
hyphenated system. @~ HPLC was run on

Eurospher C-18 reversed phase column. The

mass spectra were generated on a dual

octopole ion trap mass spectrometer operated

in positive and negative ion modes and fitted

with an atmospheric pressure electrospray-

ionization  sample introduction device.
Fragmentation experiments were performed by
automatic MS technique.

Spectrophotometer for TPC and TFC: UV/Vis

spectrophotometer (6105, Jenway LTD,

England).

Sample preparations

1) Plant extraction and sample preparation for
quantitative estimation of total flavonoid
contents (TFC) and total polyphenolic
contents (TPC) using 50% MeOH (Method
A):  Powdered sample (1.0 g, each) was
extracted two times with 50% MeOH (100
ml) using ultrasonic bath at 38°C two hours
each. Combined extract was filtered and
centrifuged and the supernatant was adjusted
to 200 ml for TFC experiment. While the
extract was adjusted to 1000 ml for TPC
(sample was 1ml of the final dilution for all
experiments).

2) Plant extraction and sample preparation for
quantitative estimation of TFC and TPC
using boiling water (infusion method,
method B): 100 ml boiling water was added
to 1.0 g Powdered samples, after 5 minutes
each sample was filtered and the filtrate was
adjusted with deionized H,O to 200 ml for
TFC. While it was adjusted to 1000 ml for
TPC (sample was 1ml of the final dilution for

all experiments).
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3) Sample preparation for standard calibration
curve for TFC: 1ml of standard rutin
(5pg - 150pg/ml)  were

prepared in MeOH: H,O (1:1).

concentrations

4) Sample preparation for standard calibration
curve for TPC: samples of 1ml of standard
gallic acid concentrations (Spug - 75pg/ml)
were prepared in deionized H,O.

5) Plant Preparation for HPLC-ESI-MS analysis:
fine powdered samples of TFg,, TTL, TPL,
TCL, TTF (5.0 g, each) was extracted three
times with 70% MeOH (50 ml) overnight.
Combined extract was filtered and
centrifuged and evaporated in vacuo to
dryness. (Percentage of solid extracts were
13.5%, 16.0%, 15.2%, 13.7%, 15.5%
respectively). The crude extract of each
sample was re-dissolved in 10 ml of 70 %
methanol and defatted with n. Hexane 10 ml
two times, final methanol extracts were
adjusted to 10 ml each. 1 ml of defatted
extract of each sample was diluted to Sml
methanol (HPLC grade) where only 20 pl is
injected into an HPLC-ESI-MS by auto-
sampler.

Standard Calibration curves

Standard Calibration curve was established for

rutin (as standard flavonoid compound) by

preparation of serial dilutions ranging from 5 -

150 pg/ml. The results (absorbance values) were

plotted Versus corresponding rutin

concentrations where the calibration curve and

regression equation were obtained.

For TPC, standard Calibration curve was
established for gallic acid (as standard phenolic
compound) by preparation of serial dilutions
ranging from 5 - 75 pg/ml. The results
(absorbance values) were plotted versus
corresponding gallic acid concentrations where
the calibration curve and regression equation
were obtained.

Methods

Determination of Total Flavonoid Content by
AICI; Colorimetric Method

The aluminum chloride colorimetric method
was applied according to (Marinova et al.,
2005), with slight modifications. Briefly, An
aliquote (1 ml) of extracts or standard solution
of rutin (5- 150 pg/ml) was mixed with 2 ml of
distilled water and 0.3 ml of 5% NaNO,. Five
minutes later, 0.3 ml of 5% AICl; was added.
After another minute, 1 ml of 1 M NaOH was
added and the total volume was made up to 5 ml
with distilled water. The absorbance at 510 nm
was recorded using spectrophotometer (UV/Vis,
model 6105, Jenway LTD England). Total
flavonoid content was expressed as mg rutin
equivalents (RE) per gram dry plant sample
using an equation obtained from standard
calibration curve of rutin concentrations. The
determination of total flavonoid contents in the
samples was carried out in triplicate and the
results were averaged.

Determination of total polyphenolic content

by Folin—Ciocalteu reagent
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The level of total polyphenolic contents in each
sample was determined by using Folin—
Ciocalteu reagent and standard calibration curve
obtained by different concentrations of gallic
acid according to (Singelton et al., 1999).
Briefly; 1 mL of standard or sample solution
and 1ml deionized H,O were mixed, 1.0 ml of
Folin—Ciocalteu reagent (10 fold diluted) was
added and the contents mixed thoroughly, after
4 min, 1 ml of 10% Na,CO; was added, and
then the mixture was allowed to stand for 90
minutes at room temperature. The absorbance
was measured at 750 nm using a
spectrophotometer (UV/Vis, model 6105,
Jenway LTD England). The concentration of the
total phenolics was calculated as mg of gallic
acid equivalent (GAE) wusing an equation
obtained from gallic acid calibration curve. The
determination of total polyphenolic contents in
the samples was carried out in triplicate and the
results were averaged.

HPLC/ESI-MS analysis.

LC/ESI-MS was carried out using a Finnigan
LC QDECA mass spectrometer connected to a
UV detector. This hyphenated technique gives a
good information ( molecular ions, main
fragment ions, and characteristic UV absorption
maxima) about the individual compounds. The
samples were dissolved in methanol and
injected into HPLC/ESI-MS set-up. HPLC was
run on a Nucleosil C-18 reversed-phase column.
The results of LC/ESI-MS analysis were
displayed in Table 2.

RESULTS

Total flavonoid contents

The results of TFC Experiments for all Tilia
samples which obtained from two methods of
extraction were shown in (Table 1). TFC for
each sample was calculated as mg rutin
equivalent (mg RE) using the regression
equation Y= 384.19 X-0.4774 obtained from the
standard calibration curve, where Y is the
calculated flavonoid content for each sample, X
is the corresponding absorbance.

Total polyphenolic contents

The results of TPC Experiments for all Tilia
samples which obtained from two methods of
extraction were shown in (Table 1). TPC for
each sample was calculated as mg gallic acid
equivalent (mg GAE) using the equation Y=
43.292x - 2.3474 obtained from the standard
calibration curve, where Y is the calculated
polyphenolic content for each sample, X is the
corresponding absorbance.

Results of HPLC/ESI-MS analyses

The LC/ESI-MS chromatogram of each sample
(Suppl. 1), showing both positive and negative
ion fragments, explain a specific LC/MS profile
of each sample. It was very obvious that some
compounds are identical in all samples but
differs in the quantity (based on the area under
the peak), while some others are not identical.
The results of HPLC/ESI-MS analyses are
found in (Table 2).
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Table 1: Results of TFC and TPC determination of all samples using two methods of extraction

Tilia sample Method A Method B Method A Method B
TFC,mgRE /g TPC, mg GAE / g

TFgg 32.94486 25.56841 35.05689 35.31664
TTL 29.48715 23.95481 30.16489 28.77955
TPL 38.24668 32.71435 50.1225 44.711
TCL 35.48051 31.48494 47.48169 37.87087
TTF 48.54297 41.78123 70.08012 48.39082
TCF 44.16321 37.70882 52.02735 42.5464
TPF 57.22567 40.55182 67.69906 52.41698

Table 2 HPLC-DAD-ESI-MS/MS results of different samples of Tilia sp. A, Aglycone; coum, coumaroyl; gle, glucosyl; K,
kaempferol; min, minutes; M, molecular ion; Occ., Occurrence; Q, quercetin; Ref conf., reference confirmation; Rt, Retention
time; rha, rhamnosyl; TFg,, Egyptian sample; TTL, T. tomentosa leaves; TPL, T. platyphyllos leaves; TCL, T. cordata leaves;
TTF, T. tomentosa flos; TCF, T. cordata flos; TPL, T.platyphyllos flos

IJBPAS, June, 2017, 6(6)

No. Rt (min) Negative ion mode Positive ion mode Identification Occ Ref
conf.
1 7.13 577 (M—288—-H) , 695 291, 579 (M-288+H)", 697 Procyanidin-trimer I TTL, 18
(M-H-170)", 713 (M-170 +H)*, 715 TCL
(M—-H-152)", 739 (M+H-152)", 867 (M+H)"
(M—-H-126), 865 (M—H)~
2 7.34 445 (M—H) , 491 910(2M+H,0)", 464 2-phenylethyl-O-p- TTF 18
(M+HCOO)" (M+H,0)", 285 (M- gentobioside
gle+H)", 325 (M-
glycone+H)", 123 (A+H)"
3 743 353 (M—H) , 294, 355 (M+H)", 163(glc+H)", 3,4- TPL
191(M—glc-H), 145(M-(glc +OCH,0)+H)" | (methylenedioxy)cinnamoyl
179(glucose —H)" glucoside
4 8.26 289(M—288—-H) ", 425(M-H- 291,427(M+H-152)", Procyanidin-dimer I TTL,TT 18
152), 577 (M—H) 579(M+H)" F
5 8.90 289(M—288—H) ", 425(M-H- 291,427(M+H-152)", Procyanidin-dimer II TFegy, 18
152)7, 577 M-H)" 579(M+H)" TTL,
TPL,
TCL,
TTF
6 9.6 179, 205, 245, 289 (M-H)~ 123, 139, 145, 165, 291 Catechin TFgg, 18
(M+H)" TTL,
TCL,
TTF
7 9.82 593 (M—288-H) , 881 595 (M—288+H)", 883 Prodelphinidin trimer TTL 18
(M-H)~ (M+H)" (gallocatechin-catechin-
catechin isomer)
8 9.93 191 Dihydrosinapoyl glucoside TPL
(dihydrosinapoyl-H,O+H)"
, 209 (dihydrosinapoyl)*,
227(M—glc+H)",
327(M—(OCH3),+H)",
357(M—OCH;+H)",
389(M+H)"
9 10.54 463(M—H—glc) ", 319(aglycone +H)", Myricetin-3-O-glucoside7-O- | TTL
478(M—H-rha) ", 465(M+H—glc)", rhamnoside
625(M—-H)~ 480(M+H-rha)",
627(M+H)"
10 10.65 577 (M—288—-H) , 695 291, 579 (M—288+H)", 697 Procyanidin-trimer I1 TFgg, 18
(M-H-170)", 713 (M-170 +H)*, 715 TTL,
(M—-H-152)", 739 (M+H-152)", 867 (M+H)" TPL,
(M—H-126)", 865 (M-H)" TCL,
TTF
11 11.13 577 (M-288-H) , 695 291, 579 (M—288+H)", 697 Procyanidin-trimer I11 TCL 18
(M-H-170)", 713 (M-170 +H)*, 715
(M-H-152)", 739 (M+H-152)", 867 (M+H)"
(M—H-126)", 865 (M-H)~
1129
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12 11.7 301 (A-H), 447 303 (A+H)", 449 Q-3-0O-glucoside-7-0O- TFgg, 18
(M—gle—H)", 463 (M—rha)", (M—glet+H)", 465 rhamnoside TTL,
609 (M—-H)" (M+H-rha)", 611 (M+H)" TPL,
TCL,
TTF
13 11.95 317(M—-H—glc) , 319(aglycone +H)", Myricetin-3-O-glucoside TTL
479(M-H)" 481(M+H)"
14 12.09 577 (M—288—-H) ,695 291, 579 (M—288+H)", 697 Procyanidin-trimer IV TTF 18
(M-H-170)", 713 (M-170 +H)*, 715
(M-H-152)", 739 (M+H-152)", 867 (M+H)"
(M—H-126)", 865 (M-H)~
15 12.17 301 (A-H), 433 303 (A+H)", 449 Q-3-O-rhamnoside-7-O- TPL
(M-rha—H) ", 447 (M—pentosyl+H)", 435 pentoside
(M—pentosyl)’, 579 (M—H)” | (M+H-rha)", 581 (M+H)"
16 12.35 285 (A—H)", 431 (M—glc), 287 (A+H)", 433 K-3-O-glucoside-7-O- TFgg, 18
447 (M—-rha)", 593 (M-H)" | (M—glc+H)", 595 (M+H)" rhamnoside TTL,
TPL,
TTF
17 12.73 301 (A—H)", 447 (M-rha)", | 303 (A+H)", 449 (M—rha Q-3,7- O- di-rhamnoside TPL 18, 35
593 (M—H)" +H)", 595 (M+H)"
18 12.84 577 (M—288-H) , 695 291, 579 (M-288+H)", 697 Procyanidin-trimer V TCL, 18
(M-H-170)", 713 (M-170 +H)*, 715 TTF
(M-H-152)", 739 (M+H-152)", 867 (M+H)"
(M—-H-126), 865 (M—H)~
19 13.07 287 (A+H)", K-3-O-rhamnoside7-O- TPL
433(M—pentosyl+H)", 419 pentoside
(M+H-rha)*, 565 (M+H)"
20 13.44 301 (M—gle—H), 463 303 (A+H)", 465 (M+H)" Q-3-O-glucoside TFgg, 18,35
(M-H)~ (isoquercitrin) TTL,
TPL,
TCL,
TTF
21 13.91 285 (A-H), 431 287 (A+H)", 433 K-3,7-O-di-rhamnoside TFgg, 18,35
(M-rha-H)", 577 (M-H)" | (M—rha+H)", 579 (M+H)+ TTL,
TPL
22 14.39 301 (A-H), 433 (M-H 303 (A+H)", 435 (M+H)" Q-3-O-pentoside TFgg,
TPL,
TCL
23 14.65 285 (A—H) ", 447 (M—-H)~ 287 (A+H)", 449 (M+H)" K-3-O-glucoside TFrgy, 18,35
(astragalin) TTL,
TPL,
TTF
24 14.79 301 (A—H), 447 M-H)~ 303 (A+H)", 449 (M+H)" Q-3-O-rhamnoside TFgg, 18,35
(quercitrin) TTL,
TPL,
TTF
25 14. 97 301 (A-H), 477 (M—H)" 303 (A+H)", 479 (M+H)" Q-3-O-glucouronide TCL
26 15.48 285 (A-H), 417 (M-H)~ 287(A+H)", 419 (M+H)" K-3-O-pentoside TPL
27 16.55 285 (A-H), 431 (M-H)” 287 (A+H)", 433 (M+H)" K-3-O-rhamnoside TFgg, 18
TPL,
TTF
28 17.24 269 (A—CHs), 283(A—H)", 285 (A+H)", 447 4’-0O- methylapigenin- 7-O- TCL
591 (M—-H), 637 (M+ (M-rha+H)", 593(M+H)" rutinoside
HCOOH-H)"
29 17.36 285 (A-—H), 447 147 (p-Coum)*, 287 trans -tiliroside TFg,, 18,35
(M—gle-H)*, 593 (M-H)” | (A+H)", 595 (M+H)", 617 TTL,
(M+Na)* TPL,
TCL,
TTF
30 19.25 285 (A—H) ", 447 147 (p-Coum)*, 287 cis -tiliroside TFgg, 18,35
(M—gle-H)*, 593 (M-H)” | (A+H)", 595 (M+H)", 617 TTL,
(M+Na)* TPL,
TCL,
TTF
1130
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4. DISCUSSION

Tilia flos is an important herbal remedy which
is used extensively in folk and modern
medicine. Due to the great similarity in the
anatomical and chemical properties of many
Tilia species, many of these species are used for
the same purposes and may be interchanged.
The samples of the same species from different
geographical areas are often varied especially in
the type and / or the amount of active principles
which are responsible for their biological
activities. It is well known that, the active
constituents of Tilia drug are composed of
phenolic  compounds, mainly flavonoid
constituents, and the volatile constituents which
impart the agreeable aroma of the drug (Toker et
al., 2001, Wagner et al., 198, Piettta et al., 1993,
Karioti et al., 2014). The Egyptian country is
not native origin for Tilia plants and the
available Tilia drugs in Egypt are mostly
imported from abroad, namely from Asia,
Europe or America. According to method A of
extraction, TPF contain the highest percentage
of TFC (5.72 % w/w) and the second highest
percentage of TPC (6.77 % w/w), and TTF
sample contain the second highest percentage of
TFC (4.85 % w/w) and the highest percentage
of TPC (7.01 % w/w). In contrast, according to
method B of extraction which is the most
suitable method of administration for the
Egyptian people, TTF contain the highest
percentage of TFC (4.18 % w/w) and the second

highest percentage of TPC (4.84 % w/w), and

TPF sample contain the second highest
percentage of TFC (4.06 % w/w) and the
highest percentage of TPC (5.24 % w/w).
HPLC-DAD-ESI-MS analysis gave additional
information about the major flavonoids and
phenolic compounds in each sample which act
as finger print for each drug. RP-HPLC- ESI-
MS analysis is accepted and greatly applied
method for on-line analysis of the flavonoid
constituents (Toker et al., 2001, Karioti et al.,
2014, Abdel-Hameed et al., 2014, Keindnen and
Julkunen-Tiitto, 1998, Rodriguez—Rivera et al.,
2014). ESI-MS positive (ESI-MS") and/or
negative mode (ESI-MS ) shows
pseudomolecular ions of the compound, where
(ESI-MS") shows (M+H)", (M+Na)', and /or
(M+H,0)", while (ESI-MS") displays peaks
(M—H)  and/or (M+
HCOOH-H) . Furthermore daughter fragments

corresponding  to

of those precursor ions can be detected through
ESI-MS/MS" and ESI-MS/MS™ spectra. Retro
Diels-Alder (RDA) fragmentations (Fig. 2) gave
an  additional information  about the
substructures or substitutions on Ring A, B, and
C of the main skeleton (Tsimogiannis et al.,
2007). Application of this LC- MS technique in
the present work results in identification of
thirty compounds, ten compounds of which are
reported here for the first time from T7ilia
species.

The identification of the compounds was based

on retention times, ESI/MS analysis and UV

spectra where the compounds were classified
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into 4 chemical classes according to their UV

spectra into:

Group I: (phenyl propionic acid derivatives):
includes  different cinnamic acid
derivatives which show main absorption
maxima at the range of 300 - 326 nm
(Fig. 3 A).

Group 2: (catechin derivatives): includes
catechin, procyanidin dimers and trimers,
showing UV maxima at 280 nm (Fig. 3 B)

Group 3: (flavonol glycosides attached to
cinnamic acid derivatives): includes cis
tiliroside (kaempferol 3-O-B-D-(6-O-cis-
p-coumaroyl) glucopyranoside) and trans

3-O-B-D-(6-O-

glucopyranoside)

tiliroside  (kaempferol
trans-p-coumaroyl)
which show three absorption maxima
around 234, 268 and characteristic
maxima around 314 nm (Fig. 3 C).

Group 4: (flavonol glycosides): includes

different kaempferol, Myricetin and
quercetin glycosides which show three
absorption maxima around 224, 266 and

350 nm (Fig. 3 D).

The compounds were characterized based
on their mass spectra, using the precursor ion,
fragment 1ions, and comparison of the
fragmentation patterns with molecules described
in the literatures. The putative identification of
these compounds is discussed below and
summarized in (Table 2) where the compounds
are numbered according to their retention times

in the total ion chromatograms (suppl. 1).

According to on-line HPLC-DAD-ESI-
MS analyses thirty compounds were identified,
from which, twenty compounds were identified
by their comparison with those reported
previously by (Toker et al., 2001, Karioti et al.,
2014, Negri et al.,, 2013) from Tilia species
collected from Turki, Syria, Italy and Brazil.
The comparison was based on the relative
retention times, UV absorption maxima, +ve
and/or —ve ESI/MS and their characteristic
fragments (suppl. 2). The rest of these
compounds, ten compounds (3, 8, 9, 13, 15, 19,
22, 25, 26 and 28) are tentatively identified and
reported here for the first time from Tilia
species:

3'4'- methylenedioxy cinnamoyl
glucose, (Comp 3), showed a typical UV
spectrum (Fig. 3 A) of hydroxycinnamic acids
Amax at 326 nm (Karioti et al., 2014), ES/MS"
spectrum showed pseudomolecular ion peak at
m/z 355 (M+H)", and its characteristic fragment
jons at m/z 163 (gletH)", 145 (M-
(glc+OCH,0)+H)", while ESI/MS shows
pseudomolecular ion peak at m/z 353 (M—H) ,
294, 191 (M—glc—H), 179 (glucose —H) .
Dihydrosinapoyl glucose (Comp 8) showed
ESI/MS" pseudomolecular ion peak at m/z 389
(M+H)", 2 mass units more than the previously
detected sinapoyl glucose in 7. platyphylos flos
by Karioti ef al 2014 (Karioti et al., 2014) and
its characteristic ion fragments at m/z 163
(glc+H)", 191 (dihydrosinapoyl-H,O+H)", 209
(dihydrosinapoyl)’, 227 (M—glc+H)", 327
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(M—(OCH;),+H)", 357  (M—OCH;+H)".
Myricetin-3-O-glucoside-7-O-rhamnoside,

(Comp 9) shows a typical UV spectrum of
flavonol derivatives Agax at 256 and 356 nm.
(Pinheiro and Justino, 2002, Wollenweber,
1982) ESI/MS”
pseudomolecular ion peak at m/z 627 (M+H)",

spectrum  showed
and its characteristic fragment ions at m/z 319
(aglycone +H)", 465 (M+H-glc)", 480
(M+H-rha)’, while ESI/MS™ spectrum showed
pseudomolecular ion peak at m/z 625 (M—H)
and its characteristic fragment ions at m/z 463
(M—H-glc) , 478 (M—H-rha) , in addition to
characteristic RDA fragment “*B” at m/z 373,
03B~ at 343. Myricetin-3-O-glucoside, (Comp
13) shows a maximum absorption at 266 and
356  nm. ESI/MS’
pseudomolecular ion peak at m/z 481 (M+H)",

spectrum  showed
and its characteristic fragment ion at m/z
319(aglycone +H)", in addition to characteristic
RDA fragment “*B” at m/z 209, while ESI/MS™
spectrum showed pseudomolecular ion peak at
m/z 479 (M—H) and its characteristic fragment
ions at m/z 317 (M—H—glc) , 179 (glucose—H)
and RDA fragment '“A~ at 151. Quercetin-3-
O-rhamnoside-7-O-pentoside, (Comp  15)
shows Amax at 264 and 350 nm. ESI/MS’
spectrum showed pseudomolecular ion peak at
m/z 581 (M+H)", and fragment ions at m/z 303
(A+H)", 449 (M—pentosyl+H)" , 435
(M+H-rha)", in addition to characteristic RDA
fragment “°A" at m/z 269 including the

pentosyl moiety , and %4B* at m/z 340 including

the rhamnosyl moiety, while ESI/MS  spectrum
showed pseudomolecular ion peak at m/z 579
(M—H) and its characteristic fragment ions at
m/z 301 (A-H), 433 (M—Rha—H),6 447
(M—pentosyl) . Kaempferol-3-O-rhamnoside-7-
O-pentoside, (Comp 19) shows Anax at 266 and
348 nm. ESI/MS’
pseudomolecular ion peak at m/z 565 (M+H)",
and fragment ions at m/z 287 (A+H),
433(M—pentosyl+H)", 419  (M+H-rtha)".
Quercetin-3-O-pentoside, (Comp 22) shows
at 266 and 350 nm.

spectrum  showed

absorption maxima
ESI/MS" spectrum showed pseudomolecular ion
peak at m/z 435 (M+H)', and fragment ions at
m/z 303 (A+H)". ESI/MS  spectrum showed
pseudomolecular ion peak at m/z 433 (M—H) ,
and fragment ions at m/z 301 (A-H) , in
addition to characteristic RDA fragment “*B™ at
325 including a pentosyl moiety. Quercetin-3-
O-glucouronide (Comp 25) shows absorption
maxima at 256 and 350 nm. ESI/MS" spectrum
showed pseudomolecular ion peak at m/z 479
(M+H)", and fragment ion at m/z 303 (A+H)".
ESI/MS  spectrum showed pseudomolecular ion
peak at m/z 477 (M—H) , and fragment ions at
m/z 301 (A—H) by loss of 176 mass unit
corresponding to glucuronyl moiety (Prasain
and Barnes, 2007). ESI/MS" spectrum of
(Comp 26)
displayed pseudomolecular ion peak at m/z 419
(M+H)", and fragment ion at m/z 287 (A+H)".
While ESI/MS

Kaempferol-3-O-pentoside

spectrum showed

pseudomolecular ion peak at m/z 417 (M—H) ,
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and fragment ions at m/z 285 (A-H). UV
absorption maxima of 4’-O- methylapigenin- 7-
O-rutinoside, (Comp 28) were found at 230,
270, and 332 nm,
derivatives, (Wollenweber, 1982, Mabry et al.,
1970)  ESI/MS’
pseudomolecular ion peak at m/z 593 (M+H)",
and fragment ions at m/z 285 (A+H)', 447
(M—tha+H)", ESI/MS~
pseudomolecular ion peak at m/z 637 (M+
HCOOH-H) and fragment ions at m/z 591
(A—H) , 269 (A—CH3) and 283 (A—H) .
CONCLUSIONS

Considering the results of TFC and TPC and the

typical for Flavone

spectrum displayed

spectrum  showed

number of identified compounds, the
present study confirmed the lower quality
of the Egyptian sample compared with
other samples of Tilia flos (Fig. 4). The

leaf samples contain many compounds

o
T
O =

+

i
>
++

Figure 2:

similar to those in flower samples but
each sample (leaves or flowers) possesses
a unique chemical profile including the
of flavonoid

percentage  and

type
constituents. In spite of the aroma of
volatile constituents of the flowers, the
leaves may be used alone or mixed with
other aroma modifier as substitute for the
Tilia flowers but this idea should be firstly
estimated through a biological trials. The
methods applied in this work were simple
and time saving. The Results of the
present study may be helpful in the
practical authentication, quality assurance
and prevention of adulteration of the crude
Tilia drug specially for countries in which

Tilia is usually not cultivated like Egypt.

Possible RDA fragmentations of flavonoids, adopted from (Tsimogiannis ez al; 2007) where A and

B letters mean involvement of ring A or ring B respectively in the RDA fragment, the superscript numbers
denote the site of fragmentation, and the sign — or + denotes the negative or positive mode of ionization.
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Suppl. 1-5 Total ion chromatogram, +ve mode (up) and —ve mode (down) of TTF

Supplementary Data 2
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Procyanidin  trimer 1 MW. 866 g/mol
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Supplementary Data 2
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3,4-(methylenedioxy)cinnamoyl glucose 3 MW. 354 g/mol
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T: + C ESI 8492500 mmnoooo-woooq

Mohammed381 #346 RT: 9.60 AV: 1 NL: 5.10E5
F .cn-asoocwmmmooga&oommom

100 100, 19!
) 1230 |

80 | j y [ 1049

boé ! [ | |

= | '03 | |

i 20 11399 2014 2821 4122 o xi m-j [1so |

ol Ll “2 [ 1 e | [0 708 LS w12 | 1 "Ul l “ l'r“’r—w‘ 2130 2310 2490 2600 2902

100 200 300 400 50 600 700 80 90 1000 100 150 200 250 300
mz

4 —

Mohammed381 #2347 RT: 963 AV: 1 NL: 4 42E6
T: - c ESI $id=25 00 Full ms [ 100.00-1000.00)
289.7

100

Mohammed381 #368 RT: 1020 AV: 1 NL: 1
IF: -¢ 3id=25.00 CWFGMMHQGGWI“MW] o
1

1 [
o lg ! S
! | .0_3 205.1 1
I s i - |

6015 ‘ | 2461 1
ui 1653 213 PRET)
5720 6274 7205 ﬂl&‘ﬁgﬂ ‘ . _ywz 1653 |1es2 | [ ma |&

100 200 300 400 500 600
— -

OH
OH
HO ‘ 0 O
OH
OH
Catechin 6

700 800 900 IW) 150 200 250 300
by

MW. 290 g/mol
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Prodelphinidin trimer 7
(gallocatechin-catechin-catechin isomer) MW. 882 g/mol
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Mohammed380 #361 RT: 9.93 AV: 1 NL: 18267
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Dihydrosinapoyl glucoside compound 8 MW. 388 g/mol
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Myricetin-3-0-glucoside-7-O-rhamnoside compound 9 MW. 625 g/mol
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Quercetin-3-0-glucoside-7-0O-rhamnoside 12 MW. 610 g/mol
Mohammed379 #445 RT: 1226 AV: 1 NL: 861ES o o T Mohammed379 #445 RT: 12 - o
T: + CESI 325,00 Full ms [ 100.00-1000.00] T: + cESl 5:d#25.00 mm(?ooﬁlx‘ u’oo?““
100 100
80 8
&0 3193 3193
4810 80 s 4810
i: i
< 20
2001 2872 20
2001 2872
o 1l | 644.0 778 8671 9602 3 YOS T | 644.0 7778 8671 9602
wozoo:oomsooooomaoommo?mozoo:mwosooeoorooawmvwo
— | mz
Mohammed379 #435 RT: 1202 AV: 1 NL: 7.1666 " Monammed37s S T
* #432 RT: 11.95 AV: 1 NL: 12566
T: - c ESI 51d=25.00 mn-nooomoooooin‘ Fi- e.n-zsoooummmmoomooo«oom
100 : 100
® ]
60 60
; 40 i 40 17.2
c 20 4810 i
3166 207
5796 i 4791
ol 1614 2118 (31sn sa7s| 7556 eese 9594 0i 1511 101 2255 2425 2714 7084 (3181 359, sy 4612 |
a £RR 22 -
100 200 300 400 500 = 600 700 800 900 1000 | 150 200 2% 30 350 400 450
OH
OH
HO o
OH
[¢]
OH O
OH
fo) \
HO.
Y OH
OH

Myricetin-3-O-glucoside 13 MW. 480 g/mol
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guercetin-3- O-rhamnoside-7-0O-pentoside

15

MW. 580 g/mol

IJBPAS, June, 2017, 6(6)

1149



Mohamed Abdel-Ghaffar Ashour

Research Article

Mohammed379 #452-482 RT: 12.46-13.13 AV: 8 NL: 1.48E7
T: + ¢ ESI 5id=25.00 Full ms [ 100.00-1000.00]

|Mohammed379 #458 RT: 12.58 AV: 1 NL: 4.80E3
F: +¢sid=25.00 dw Full ms2 594.99@35.00 [ 150.00-605.00]

ico 595.0 100 5952
8 0 80
§ ]
g 60 soi
4491
2 40 | e 40 286.7 |
5 4331 596.0 i 3 559.1 }
& 2 3033 | & mi 4088 4414 | 5603
RS L S0 01 |70 709 670 ar0 o | =
T ! - - s ' e L
100 200 300 400 500 600 700 800 900 1000 150 200 250 300 350 400 45‘)0 500 550 600
mz
Mohammed379 #455-471 RT: 12.52-12.80 AV: 5 NL: 2.00E7 Mohammed379 #456 RT: 1253 AV: 1 NL: 3.65E6
T: - c ESI sid=25.00 Full ms [ 100.00-1000.00] F: -¢$id=25.00 d w Full ms2 593.71@35.00 [ 150.00-605.00)
593.7 4471
100 100
]
8 80 801
§ | ]
e ]
3 [ 1 12|
2@ | £ ] ||
5 594.7 ‘ | 2853
& 20 | e 20 | 4302
o 1633 2456 2095 4303 4477 4796 5957 6914 7557 8834  goo4 | 01 2833 3272 laaro o
OH 100 200 300 400 500 600 700 800 900 1000 150 200 250 300 350 400 450 500 550 600
= mis o
OH
Mohammed380 #465 RT: 12.75 AV: 1 NL: 221E7 T
T: + c ES| 8id25.00 Full ms [ 100,00-1000.00)
505.0
!
g 449.1
i
i 2114 312 522 5049 0 1409 8682 9925
100 20 300 400 S0 60 700 800 900 1000
miz
Mohemmed380 #467 RT: 1273 AV: 1 NL: 267E7 iMohammed380 #476 RT: 1294 AV: 1 NL: 5.18E6
T: - ES! 3idw25.00 Full ms [ 100.00-1000.00) IF: - ¢ 025,00 d w Full ms2 593 5535 00 [ 150.00-605.00]
5036 “r2
100+, | 1
80 |
60| |
2 40 | ‘ 3013
i i 8
207 ]
i 2455 295 7 o i 34 Q13| 493 5932
A OO e WAL e e DTyt ||l sl i e LS
100 200 300 400 S0 600 700 800 900 1000 150 200 250 300 350 400 450 S0 550 600
mz ™z

Quercetin-3,7-di-O-rhamnoside 17

MW. 594 g/mol
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Procyanidin  trimer 18 MW. 866 g/mol
Mohammed380 #473 RT: 1288 AV: 1 NL: 232E7 T TMohammed380 #482 RT: 1307 AV: 1 NL: 2.94E6
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Kaempferol-3- O-rhamnoside -7-O-pentoside

19 MW. 564 g/mol
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Mohammed378 #484 RT: 1351 AV:1 NL: 173E7
T: +cESI 5id=25.00 Full ms [ 100.00-1000.00)
03.3

[Mohammed378 #493 RT: 1374 AV: 1 NL: 287E4
|F: +¢51d=25.00 d w Full ms2 465.98@35.00 [ 115.00-480.00]
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Mohammed378 #486 RT: 1355 AV: 1 NL: 16867 S ~ |Mohammedd78 #503 RT: 14.00 AV: 1 NL: 7.40E5
T: - ¢ ESI sid=25.00 Full ms [ 100.00-1000.00] F: -¢8id=25.00 dw Full ms2 463.76@35.00 [ v1soo47soo1
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Quercetin-3-0O-glucoside 20

Mohammed380 #513 RT: 1382 AV: 1 NL: 2
T: + c ESI 5id=25.00 Full ms [ 100.00-1000.00}

MW. 464g/mol

Mohammed380 #510 RT: 13.75 AV: 1 NL: 1.78E6
F: +Csid=25.00 d w Full ms2 578.93@35.00 [ 145.00-590.00]
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011752 2214 2035 4045 | = 6754 7739 8393 8910 363,
100 200 300 400 500 600 700 800 900

OH

ol
I

Kaempferol-3,7-di O-rhamnoside

21

Mohammed380 #536 RT: 14.35 AV: 1 NL: 9.59E5
F: - cid=25.00 d w Full ms2 577.53@35.00 [ 145.00-580.00]

1000

MW. 578 g/mol
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Mohammed380 #541 RT: 14.47 AV: 1 NL: 15367 [Mohammed380 #538 RT: 1439 AV:1 NL: 7.73E5
T: +c ESI 5id=25.00 Fullml[10000~|00000] F: +C5id=25.00 d w Full ms2 434.96@35.00 [ 105 00-445.00]
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T: - CESI 5id=25.00 Full ms [ 100.00-1000.00] F: - c5id=25.00 d w Full ms2 433.67@35.00 [ 105.00-445.00]
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Quercetin-3-O-pentoside 22 MW. 434 g/mol
) - #570 RT: 1533 AV: 1 NL: 338E4. -
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kaempferol-3-O-glucoside
quercetin-3-O-rhmnoside

MW. 448 g/mol
MW. 448 g/mol
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Mohammed38' 3 3 . Mohammed381 #558 RT: 1499 AV: 1
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quercetin-3-O-glucouronide 25 MW. 478 g/mol
Mohammed380 #577 RT: 15.35 AV: 1 NL: 1.04E7
T: +c ESIsid=25.00 Full ms [ 100.00-1000.00]
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Mohammed380 #583 RT: 15.48 AV: 1 NL: 2.64E6
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Kaempferol-3-O-pentoside 26 MW. 418 g/mol
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Mohammed380 #6529 RT: 1664 AV: 1 NL: 427E6
T: + cESI $id=25.00 Full ms [ 100.00-1000.00)
2873
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Mohammed380
F: +¢ 31022500 dw Full ms2 434.04@35.00 [ 105 00-445.00]
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Kaempferol-3-O-rhamnoside 28 MW. 432 g/mol
Mohammed381 #649 RT: 17.31 AV: 1 NL: 5,64E7 |Mohammed381 #646 RT: 17.24 AV: 1 NL: 2.00E6
T: + c ESI sid=25.00 Full ms [ 100.00-1000.00] F: + ¢ 5id=25.00 d w Full ms2 593.10@35.00 [ 150.00-605.00]
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Mohammed381 #651 RT: 17.36 AV: 1 NL: 574E6 Mohammed381 #660 RT: 17.56 AV: 1 NL: 2.30E4
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4’-0- methylapigenin- 7-O-rutinoside

MW. 592 g/mol
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Mohammed378 #700 RT: 19.25 AV: 1 NL: 1.11E7
T: +cESI$id=25.00 Fullms [ 100.00-1000.00]

Mohammed378 #693 RT: 19.06 AV: 1 NL: 1.01E3
F +¢5id=25.00 d w Full ms2 595.02@35.00 [ 150.00610.00]
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Monammed378 #698 RT: 19.19 AV: 1 NL: 1.44E7 Mohammed378 #699 RT: 19.21 AV: 1 NL: 6.70E4
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cis -tiliroside 30

MW. 594 g/mol
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