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HPLC-PDA-ESI-MS-MS Analysis of Acids Content of Lantana camara L.

Flower Extract and Its Anticoagulant Activity
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Abstract
Lantana camara L. (Family Verbenaceae) is an ornamental herb found in tropical and sub-tropical countries. It has been

widely used in traditional medicine for the treatment of various illnesses. L. camara contains a large number of phytochemical
compounds. Polyphenol metabolites of L. camara L. are the major bioactive constituents. Recently scientifically proven
therapeutic activities of L.camara include antibacterial, antioxidant, antipyretic, insecticidal, antimicrobial, wound healing,
and anti-urolithiatic activities. Limited information is available regarding the phytoconstituents and other health value of
Lantana flowers. The fragmentation behavior of phenolic acid derivatives and other acids was investigated using HPLC-PDA-
ESI-MS in negative mode where even minor components were detected due to the high sensitivity of mass spectrometer
detector. The given acids profile led to discovery of many unreported metabolites including hydrogen-bonded dimers of acids
and acids bound to sugars. The anti-coagulant activity measured by estimation of prothrombin time (PT) using normal citrated
human plasma and heparin as positive control revealed that Lantana flowers and roots extracts increased the clot time relative

to the control. This activity may be attributed to the high-phenolic content of the flowers as many studies have reported.

Keywords: Lantana camara, HPLC-PDA-MS/MS, phenolic acids, anticoagulant.

1. Introduction

Using of plants as remedies for many diseases has
formed the base of the modern medicine. According
to WHO (2008), approximately 80% of Africa and
Asia’s population use different botanicals for
treatment of various diseases including blood
disorders. They warranted a rich source of bioactive
metabolites belonging to various classes of natural
compounds.

Lantana camara L. is reputable source of polyphenol
constituents which attracted several investigators for
studying its phytochemical phytochemistry study and
revealing their its activities.  The flavonoids,
phenylethanoids profiling and iridoids of the flower
extract was investigated and evidenced several
unreported metabolites [1]. The flower extract also
proved to be beneficial for human health especially in
dissolution of oxalate kidney stones [1]. Meanwhile,
such study revealed the existence of no lantadenes
which possess hepatotoxic activity [2]. This may
promote Lantana flowers to be candidate as food

supplement for human consumption and provide
comprehensive data for quality evaluation. On
continuation searching of flower content of L.
camara, our study aimed to investigate the acid
content using LC/MS.

Phenolic acids are a group of non-flavonoid
polyphenols that play important role in growth,
development, and reproduction. They are widely
distributed in plant kingdom as secondary metabolites
[3]. All phenolic acid compounds have a carboxyl
group linked to a benzene ring. They may be either
benzoic acid derivatives or cinnamic acid derivatives
[4].

The value of phenolic compounds in human diet was
attributed to their antioxidant properties[5]. Many
recent researches revealed their biological and
therapeutic activities as antibacterial[6], anti-
inflammatory[7], antiviral [8] and anticancer
activities[9]. Additionally, many studies reported and
evaluated the hemostatic and anticoagulant activities
of phenolic acids by several bioassays[10][11].
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Phenolic acids could also participate as precursors in
developing new hemostatic and anticoagulant
drugs[12][13]. prothrombin time (PT) assay is one of
the most widely used assays for monitoring the
effects of conventional oral anticoagulants [14][15].
Search for safe and effective anticoagulants from
plants continues with promising finding. Polyphenols
have been shown to be the main constituents which
inhibit platelet aggregation and reactive oxygen
species (ROS) production. This study was undertaken
to identify other components in Lantana flowers and
report their anticoagulant activity.

2. Experimental

2.1 Plant materials:

The leaves, flowers and roots of L. camara were
collected in September 2016, from the Experimental
Station of Medicinal, Aromatic and Poisonous plants,
Department of Pharmacognosy, Faculty of Pharmacy,
Cairo  University. The plant material was
authenticated by Professor Abd-Halim Megaly,
Professor of plant taxonomy agriculture museum. A
voucher specimen was placed in the Herbarium of
Pharmacognosy Department, College of Pharmacy,
Cairo University, Egypt. (30-10-2016).

2.2 The plant extracts preparation:

The different parts of Lantana camara were air dried
under normal environmental conditions and then
subjected to size reduction to get coarse powder. The
dried powders (700 g of leaves, 300 g of flowers, and
211 g of roots) were separately extracted with ethanol
70% by cold maceration till complete exhaustion.
The ethanol extract of each organ was evaporated
under reduced pressure at a temperature not
exceeding 40 °C to vyield the corresponding
extractives, viz., leaves ethanol extract (LE, 75.7 g),
flowers ethanol extract (FIE, 128.3g) and roots
ethanol extract (RE, 7.9 g).

2.3 HPLC-PDA-MS/MS conditions:

The sample was injected to HPLC hyphenated with
mass spectrometer. LC-PDA-MS analysis system
consists of HPLC thermofingan (Ther electron
corporation, USA) and LCQ-Duo ion trap mass
spectrometer with an ESI source (ThermoQuest).
Optimal separation was achieved using Zorbax
Eclipse XDB-C18 reversed phase column (150 x 4.6
mm. internal diameter; 3.5 um.particle size) (Agilent,
USA). The mobile phase for gradient elution consists
of water and acetonitrile (with 1% formic acid) which
was applied from 5% to 30% acetonitrile in 60 min.
The flow rate was 1 ml /min throughout the whole
run. The samples were automatically injected using
autosampler thermoquest. The negative ion mode
parameters were as follows: source temperature
200°C, capillary voltage of -10 V, sheath gas flow
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rate 80 arbitrary units, auxiliary gas flow rate 40
arbitrary units. The spectra were recorded in a full
scan mode and mass range of 50-2000 m/z. The
peaks and spectra were processed using Thermo
Xcalibur software which was used to collect the UV
chromatogram using PDA mode. The compounds
were tentatively identified by comparing their
retention time (Rt) and mass spectra with the
literature.

2.4 In vitro Anticoagulant Activity:
2.4.1 Collection of blood and separation of
plasma:

Blood samples were drawn from healthy
volunteers via vein puncture. The blood was collected
in containers containing trisodium citrate solution to
prevent the natural coagulation process. Immediately,
centrifugation was carried out to separate the blood
cells from plasma and obtain pure platelet plasma for
prothrombin time test.

2.4.2 Tested Extracts:

Ethanolic extract of flowers, roots and
leaves were investigated for their anticoagulant
activity. Each extract was prepared in four
concentrations 1, 0.5, 0.25, 0.125 mg/ml in dimethyl
sulfoxide.

2.4.3 Experimental design:
Plasma sample was divided into 14 groups:

e Group I: Positive control group 0.2 ml of
plasma + 0.1ml of 1U/ml of heparin

e Group II: Negative control group: 0.2 ml
plasma + 0.1 ml of DMSO

e Group II: 0.2 ml of plasma + 1 mg/ ml of
flowers extract (F)

e Group IV: 0.2 ml of plasma + 0.5 mg/ml of
flowers extract (F;)

e Group V: 0.2 ml of plasma + 0.25 mg/ml of
flowers extract (F3)

e Group VI: 0.2 ml of plasma + 0.125 mg/ml
of flowers extract (F4)

e Group VII: 0.2 ml of plasma + 1 mg/ ml of
roots extract (R;)

e Group VIII: 0.2 ml of plasma + 0.5 mg/ml
of roots extract (R,)

e Group IX: 0.2 ml of plasma + 0.25 mg/ml of
roots extract (Rs)

e Group X: 0.2 ml of plasma + 0.125 mg/ml
of roots extract (Ry)

e Group XI: 0.2 ml of plasma + 1 mg/ ml of
leaves extract (L,)

e Group XII: 0.2 ml of plasma + 0.5 mg/ml of
leaves extract (L,)

e Group XIllII: 0.2 ml of plasma + 0.25 mg/ml
of leaves extract (Ls)
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e Group XIV: 0.2 ml of plasma + 0.125 mg/ml
of leaves extract (L)

All plant extracts were added separately to the
plasma samples in a water bath at 37 °C with gentle
shaking. Then thromboplastin reagent was added.
The prothrombin time (time of clot formation) was
measured using stop watch.

2.4.4 Statistical analysis:

All values were presented as means =
standard error of the means (SEM) with n=7.
Statistical analysis was performed using GraphPad
Prism version 5 (GraphPad, San Diego, California,
USA). Comparison between groups was carried out

using one-way analysis of variance (ANOVA),
followed by the post-hoc Dunnett’s test to analyze the
data. Difference was considered significant when P <
0.05.

3 Results

3.1 HPLC-PDA-MS/MS

Acid content of Lantana camara L. flowers:

Thirty two acids were identified in L. camara L.
flowers. They were of three main categories namely,
phenolic acids, non-phenolic acids and oxygenated
fatty acids. Results of HPLC-PDA-MS/MS analysis
is recorded in table (1) and figure (1).

Table 1: Identified acids in L. camara L. flower extract using HPLC-PDA-ESI-MS/MS in negative mode.

No Rt Amax (NM) (M- Mass fragmentation Identified compounds Ref.
(min H)
)
1 112 - 133 115 Malic acid [22]
2 231 - 217 173,137,97,93 P-hydroxybenzoic acid sulfate
3 267 - 131 113,87,77,45 glutaric acid [22]
4 293 256,285 145  127,101,83,57 Adipic acid [22]
5 344 294 299 137,93 P-hydroxybenzoic acid hexoside [16]
6 4.24 284 153 109 Protocatchuic acid [16]
7 519 276 207 207,179,161,135 Caffeic acid ethyl ether
8 6.48 201,256, 291 153 109 Gentisic acid [17]
9 6.94 276 167 152,149,123,109 Vanillic acid [16]
10 924 252 137 93 P- hydroxy benzoic acid [19]
11 1042 252 179 161,135,109,91 Caffeic acid [19]
12 10.82 251 223 208,205,179 Sinapic acid [21]
13 12.85 268,318 401 269,161 Caffoeyl benzyl alcohol pentoside
14 1372 270 163 119 P- coumaric acid [20]
15 14.32 285 225 207,181,165 Dihydrosinapic acid [18]
16 16.15 220, 284 173 137,129,111 Shikimic acid [22]
17 17.84 221,284 325 179,163,161,119 Caffoeyl rhamnose
18 19.39 226 359 223,179,135 Caffeic acid dimer (Rosmarinic acid) [20]
19 2270 209,222,297 163 119 O-Coumaric acid
20 27.58 290 475 341,323,299,203,179,1  Caffeic acid-3-O-anisoyl-4-O-hexoside.
61,151,135
21 3243 322 181 181,153,152,137,109 Protocatechuic acid dimethyl ether [18]
22 3578 313 445 401,307,281,163, 137 p -hydroxy benzoic acid rutinoside
23 37.93 294,315 475 307,167 Vanillic acid rutinoside
24 4297 299, 309 471 325,307,163,145 p-coumaric acid rutinoside
25 4483 316 561 441,415,269,163 Coumaric-p-hydroxy benzyl dirhamnoside
26 46.48 322 591 445,429,325,307 Benzoyl caffeic acid rutinoside
27 66.97 225,316 307 289,235 Hydroxy - oxo-octadecatrienoic acid [23]
28 67.27 228, 270, 281, 309 291 Dihydroxy-octadecatrienoic acid [24]
316
29 70.01 228,332 311 293 Dihydroxy-octadecadienoic acid [25]
30 72.81 228,332 313 295,183 Dihydroxy octadecenoic acid [26]
31 77.26 234 293 275,171 Hydroxy-octadecatrienoic acid [24]
32 79.88 233 295 277,171 Hydroxy-octadecadienoic acid [24]
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Fig. (1): Representatlve HPLC-PDA-ESI-MS/MS
of Lantana camara L. flowers in negative mode.

Phenolic acids:

Peak 6 and peak 8 (m/z 153 C;Hs0y)
showed loss of CO, to give the fragment ion at m/z
109. They were identified as protocatechuic acid [3]
and its isomer gentisic acid [4]. Protocatechuic acid
was detected also in its dimethyl ether form in peak
21 (m/z 181 CqHy0y) [5].

Peak 10 (m/z 137 C;Hs03) showed a 44
amu (CO,) loss to give m/z 93. It was identified as p-
hydroxy benzoic acid [6]. Peak 2 (m/z 217 C;Hs0;S
), peak 5 (m/z 299 Cy3H;50g") and peak 22 (m/z 445
CxH,104¢") exhibited loss of 80 amu (M-H-SQy), 162
amu (M-H-hexose) and 308 amu (M-H-rutinoside)
respectively, to give the base peak at m/z 137. They
were identified as P-hydroxybenzoic acid-4-O-
sulphate, p-hydroxy benzoic acid hexoside [3] and p-
hydroxy benzoic acid rutinoside respectively .

Peak 11 (m/z 179 CyH;0O4) showed a base
peak at m/z 135 (M-H-CQO;") and fragment ion at m/z
161 (M-H-18). It was identified as caffeic acid [19].
Caffeic acid was identified in its dimeric form
(Rosmarinic acid) at peak 18 (m/z 359 CigH;60g)
[20]. Peak 7 (m/z 207 Cy;H11047) showed a fragment
ion at m/z 179 (M-H-28") which was attributed to the
loss of ethyl group. It was identified as caffeic acid
ethyl ether. Peak 17 (m/z 325 CygH30¢) showed a
base peak at m/z 179 (M-H-1467) which was
attributed to the loss of deoxy hexose moiety. It was
identified as caffoeyl rhamnose. Peak 13 (m/z 401
CxH1;0g9) produced a base peak at m/z 269 (M-H-
132") as a result of the loss of a pentose moiety. The
subsequent loss of 108 amu (benzyl alcohol) resulted
in the fragment ion at m/z 161 (M-H-132- 108). It
was identified as caffoeyl benzyl alcohol pentoside.
Peak 20 (m/z 475 Cy3H»30417) showed a distinctive
peak at m/z 341 (M-H-134") which was attributed to
the loss of anisoyl moiety. The further loss of 162
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amu (hexose moiety) produced the fragment ion at
m/z 179 (M-H-134-162"). It was identified as caffeic
acid-3-O-anisoyl-4-O-hexoside.

Peak 9 (m/z 167 CgH;0y), peak 12 (m/z 223
C11H1105") and peak 15 (m/z 225 Cy;H13057) showed
a 44 amu (CO,) loss to give m/z 123, m/z 179 and m/z
181 respectively. They were identified as vanillic
acid , sinapic acid and dihydrosinapic acid
respectively [3] [8] [5]-

Peak 14 (m/z 163 CyH;03") and Peak 19 (m/z
163 CyH;03") exhibited a base peak at m/z 119 (M-H-
44°) due to the loss of CO,. They were identified as p-
coumaric acid and its isomer o-coumaric acid [7].

Peak 23 (m/z 475 CyH,;013) and peak 24
(m/z 471 CyHy704,7) exhibited a loss of 308 amu
(rutinoside moiety) to give m/z 167 and m/z 163
respectively. They were identified as vanillic acid
rutinoside  and  p-coumaric  acid  rutinoside
respectively. Peak 25 (m/z 561 C,7H013)
characterized by two sequential losses of 146 amu
(deoxyhexose) to give the product ion at m/z 269.
The further loss of 106 amu (p-hydroxy benzyl)
resulted in the distinctive peak at m/z 163 (coumaric
acid). It was identified as coumaric p-hydroxy benzyl
dirhamnoside. Peak 26 (m/z 591 C,sH3,014) showed
a base peak at m/z 445 (M-H-146") which was
attributed to the loss of deoxyhexose moiety. The
subsequent loss of 162 amu gave the fragment ion at
m/z 283 (M-H-146-162"). The further loss of 104 amu
(benzoyl moiety) produced an intense ion at m/z 179
(caffeic acid). It was identified as benzoyl caffeic
acid rutinoside.

Non phenolic acids:

Four non phenolic acids were identified in the ethanol
extract of L. camara. L. flowers. Peak 1 (m/z 133
C4Hs05) gave a base peak at m/z 115 (M-H- H,0)". It
was identified as malic acid. Peak 3 (m/z 131 CsH;,0O4
) showed two fragments at m/z 113(M-H- H,0O) and
m/z 87 (M-H-CO,)". It was determined as glutaric
acid. Peak 4 (m/z 145 CgHy0,4") showed product ions
at m/z 127 (M-H- H,0) and m/z 101(M-H-CO,)". It
was defined as adipic acid. Peak 16 (m/z 173 C;HyOs’
) showed base peak at m/z 111 (M-H- H,O - CO,). It
was defined as shikimic acid [9].

Oxygenated fatty acids:

Peaks 27 (m/z 307 Cy;gH»;O4) and 28 (m/z 309
C1gH,904") showed a mass difference of 2 amu which
is indicative of dehydrogenation of one of the
hydroxy groups and were identified as Hydroxy-oxo-
octadecatrienoic acid and Dihydroxy-
octadecatrienoic acid respectively [10] [11].

Peaks 29 (m/z 311 CyH304) and 30 (m/z 313
Ci1gH3304") exhibited addition of 2 amu predicting
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less double bond and they were tentatively identified
as Dihydroxy-octadecadienoic acid and Dihydroxy-
octadecenoic acid [12] [13].

Peaks 31 (m/z 293 CigH,903) and 32 (m/z 295
Ci1gH3;037) exhibited a mass difference of 2 amu
suggesting less double bond and they were tentatively
identified as hydroxy- octadecatrienoic acid and
hydroxy-octadecadienoic acid [11].

3.2 Anticoagulant activity

In the current study, the effects of ethanolic
extract of flowers, roots and leaves of L. camara L.
as anticoagulant agent was investigated using two
concentrations (1 and 0.5 mg/ml) for each extract.
The anticoagulant activity was evaluated by
measuring the prothrombin time (PT) using normal
citrated human plasma. Heparin was used as positive
control while DMSO was used as negative control.
The results were illustrated in table (2) and figures
(2), (3), (4) and (5).

Both concentrations of ethanolic extract of
flowers and roots (1 and 0.5 mg/ml) showed
significant differences P< 0.0005 and P< 0.05 (one-
way  ANOVA)  respectively.  While  both
concentrations of leaves did not exhibit any
significant differences P>0.05 (one-way ANOVA)
compared to control. The flower extract increased the
clot time in relative to the control more than that done
by the root extract.

Table (2): Effect of Lantana camara L. extracts
(flowers, roots and leaves) on prothrombin time (PT)
of human plasma.

Groups PT(second)
Saline 14.1+0.46
Heparin 111.8*+5.0
F. 21.7%"+ 3.0

F, 20.1%"+ 2.9

Fs 15.9°+ 1.1
Fs 15.1°+ 1.1
R. 21.5%"+ 2.8
R, 19.8*°+ 3.1
Rs 15.1°+ 1.5
Rs 14.6°+ 1.3
L, 16.9°+ 2.4
L, 16.7°+ 3.3
Ls 15.6°+ 1.9
L, 15.5°+ 1.8

a: Significantly  different  from  control;
b: Significantly different from heparin

F1: Flower extract (1 mg/ml), F,: Flower extract (0.5
mg/ml), Fs: Flower extract (0.25 mg/ml), F,: Flower

extract (0.125 mg/ml)
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R;: Root extract (1 mg/ml), R,: Root extract (0.5
ma/ml), Rs: Root extract (0.25 mg/ml), R,: Root
extract (0.125 mg/ml)

L;: Leaves extract (1 mg/ml), L,: Leaves extract (0.5
ma/ml), Ls: Leaves extract (0.25 mg/ml), L,: Leaves
extract (0.125 mg/ml)
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Fig. (2): Anticoagulant activity of L. camara L
extract (1 mg/ml).
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Fig. (3): Anticoagulant activity of L. camara L
extract (0.5 mg/ml).
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Fig. (4): Anticoagulant activity of L. camara L
extract (0.25 mg/ml).
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Fig. (5): Anticoagulant activity of L. camara L
extract (0.125 mg/ml).

4. Discussion:

Phenolic acids are secondary metabolites distributed
widely in plants[3]. They reported to inhibit growth
of pathogens and cancer cells. They also possess
strong antioxidant, and their presence as glycosides
in vegetables, fruits or flowers is believed to protect
against the damaging effect caused by UV, fungus, or
other pathogens[27][28].

The identification of phenolic acids by mass
spectrometry using ESI-in negative mode can provide
high specificity and sensitivity whereby the structure
of unknown phenolic acid derivatives can be
assessed[29][30][7].

The combination of UV-Vis absorptions between
210-278 nm and mass detection of each peak in the
LC-DAD-ESI-Ms and detection of the molecular
mass of the phenolic acid, and type of sugar (),
attached can be helpful and important advantage to
the identification process. Based on the (M-H) MS?
of the precursor ion and sequential loss of sugar
moieties after elimination of water and CO,,
information about the gross structure can be deduced.
Comparison of the absorption spectrum or reported
mass data about the compound in the literature can
conclusively lead to identification of the structure in
each peak with high degree of accuracy after analysis
of MS? and MS®.

The LC/MS profiling evidenced the existence of
thirty-two bioactive phenolic, non-phenolic as well as
oxygenated fatty acids. Derivatives of benzoic acid
exist as free acids, in glycoside forms, and linked also
with other acids. Acids and dimers of protocatechuic,
syringic, and gallic which predominate are mostly
bound with sugars or other acids like caffeic.
Cinnamic acid derivatives are present linked to
sugars or other acids and exemplified by sinapic acid,
coumaric, ferulic and caffeic acids and their dimers).
Non-phenolic  acids were also tentatively
characterized.

The PT test indicates the deficiencies in factors Il, V,
VII, and X involved in clot formation process. Thus,
the present results suggest that ethanolic extract of
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flowers and roots inhibit preferentially extrinsic
pathways of coagulation.

The highest anticoagulant activity was reported for
ethanolic extract of flowers followed by that of roots
while leaves ethanolic extract did not show any
significant activity.

The anticoagulant activity of flowers of L. camara L.
may be attributed to their high phenolic content as
many studies have reported the anticoagulant activity
of polyphenols. [14] reported that polyphenolics
played a role in prolonging blood clotting in the
intrinsic pathway. Phenolic acids and polyhydroxy
phenolic compounds were also investigated for their
possible anticoagulant activity in both in vivo and in
vitro assays. Obtained results showed significant
prolongation of bleeding time, coagulation time, PT,
activated partial thromboplastin time (aPTT), and
thrombin time (TT) [15].

A previous study revealed the thrombin inhibitory
activity of leaves methanolic extract of L. camara L.
Thrombin activity was measured as a function of clot
formation from fibrinogen through a turbidometric
assay. The activity was attributed to 5,5-trans-fused
cyclic lactone-containing euphane triterpenes [16].
The present study did not reveal any significant
difference in prothrombin time so it suggests that
leaves of L. camara L. may affect the coagulation
process in a different mechanism other than that
measured in PT test.

6. Conclusion:

In conclusion, the obtained experimental data
strongly support the view that the flower of L.
camara can be used as anticoagulant agent. Its
activity can be attributed to its phenolic constituents.
Reaching these positive findings seen in this article, it
is recommended that preclinical studies on the plant
should be initiated.
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