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1. Introduction

   Phytoestrogens are non-steroidal polyphenolic plant metabolites 

that, because of their structural similarities to 17毬-estradiol, 

have the ability to bind to estrogen receptors and so they may 

exert estrogenic effects. The major phytoestrogen groups are 

isoflavones, coumestans and lignans. There is growing evidence 

that dietary phytoestrogens could have a role in prevention of 

estrogen-related cancers like breast cancer, prostate cancer etc., 

and also some beneficial effects regarding postmenopausal 

symptoms, osteoporosis and cardiovascular diseases[1]. Many 

women turn to phytoestrogens as an alternative to hormone 

replacement therapy and estrogen replacement therapy because of 

their undesirable side effects[2].

   Natural products extracts of therapeutic relevance are of 

paramount importance as reservoirs of structural and chemical 

diversity. A recent review on National Pharmacopoeias from 

several countries reveals at least 120 distinct chemical substances 

from different plants that have utility as lifesaving drugs [3]. 

Numerous drugs have entered the international market through 

exploration of ethnopharmacology and traditional medicine. 

Although scientific studies have been done on a large number of 

Indian botanicals, a considerably smaller number of marketable 

drugs or phytochemical entities have entered the evidence-based 

therapeutics[4].

   Mensokot tablet is prepared out of specific parts of eight 

medicinal plants such as Saraca asoka, Moringa oleifera, 

Aloe barbadensis, Zingiber officinale, Piper longum, Piper 

nigrum, Sesamum indicum and Boerhavia diffusa. Chemical 

and instrumental analyses are routinely used for analyzing 

synthetic drugs to confirm its authenticity. In the case of herbal 

drugs, however the scene is different especially for polyherbal 

formulation, as there are no chemical or analytical methods 

available. The current study describes a rapid and convenient 

analytical method for the identification of bioactive compounds 

from a finished poly herbal product using reversed phase high-
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performance liquid chromatography coupled to tandem mass 

spectrometry.

2. Materials and methods

2.1. Preparation of sample

   Mensokot tablets prepared in the Product Development 

department of Arya Vaidya Sala, Kottakkal were ground into 

powdered form using mortar and pestle. 10 g of this powdered 

sample was taken for the isolation of phytoestrogens.

2.2. Chemicals
  
   Formic acid and acetonitrile (LC MS grade) were obtained from 

Fluka chemicals, Bangalore, India. All other chemicals employed 

were of standard analytical grade from Merck India.

2.3. Isolation of phytoestrogens
 
   The isolation of phytoestrogen was done using the method of 

Rostagno et al[5], briefly; 10 g of powdered material was subjected 

to extraction with 100 mL of 50% ethanol. In order to release the 

aglycone form of the isoflavones, the extract was treated with 2M 

hydrochloric acid (1/1, v/v) and maintained on a heated water bath 

at 70 曟 for 2h. After cooling, 5 mL of the medium was extracted 

2 times with 10 mL diethyl ether in a Multi Pulse vortexer (100 

rpm) for 5 min and centrifuged at 3 000 rpm for 6 minutes until 

the complete separation of the two phases. The organic phase was 

evaporated on a heated water bath. The residue was dissolved in 5 

ml of LC/MS grade methanol.

2.4. Isolation of polyphenols

   The polyphenolic compounds were extracted as per the method 

of Sulaiman et al[6]. In brief, 100 mg of the powdered tablets 

was dissolved in 200 mL of deionized water. The solution was 

washed with 50 mL petroleum ether (2 伊 25 mL). 20 mL of 

absolute ethanol (2 伊 10 mL) was used to precipitate protein from 

the solution. After centrifugation at 10 000 rpm for 20 min., the 

supernatant was concentrated by rotary evaporator at 48 曟. 10 

mg of this extract was dissolved in methanol and used for LC MS 

analysis.

2.5. HPLC analysis 

   HPLC profiling of estrogenic extract was done using a Shimadzu 

High Performance Liquid Chromatographic system equipped with 

LC-10ATVP pump, SPD M10AVP Photo Diode Array Detector 

in combination with CLASS-VP 6.12 SP5 integration software. 

The mobile phase used for the separation was HPLC grade 

Methanol ( A) and Acetonitrile (B) in the ratio of 60: 40 ( V/V). 

The column used was C18 – ODS (Octadecylsilane), Lichrospher 

RP 18e (5 毺m) (Merck) with a Phenomenex guard column (4 mm 

伊 2 mm i.d: 5 毺m). The samples were injected using a 20 µL loop 

(Rheodyne Rohnet Park, CA, USA). The flow rate was maintained 

to 1 mL/min for a total run time of 15 minutes. The PDA signal 

was recorded at 320 nm.

2.6. LC-MS analysis
 
   LC-ESI-MS analysis was conducted on Agilent 6520 accurate 

mass Q-TOF LC/MS coupled with Agilent LC 1200 equipped 

with Agilent Eclipse XDB -C18 column of 5 毺m, 4.6 伊 150 mm. 

Gradient elution was performed with methanol (solvent A) and 

water/0.1% formic acid (solvent B) in a ratio of 70:30 at a constant 

flow rate of 0.9 mL/ min. Column temperature was maintained at 

30 曟. The MS analysis was performed using ESI in the negative 

mode. The conditions for mass spectrometry were: drying gas 

(nitrogen) flow 5 L/min; nebulizer pressure 40 psig; drying gas 

temperature 325 曟; capillary voltage - 3000 V; fragmentor volt 

125V; Oct RF Vpp 750 V. The mass fragmentation was performed 

by auto MS/MS mode with varying collision energy 3-4 V/ 100 DA 

with an offset of 8V. The consistency of fragmentation pattern was 

further confirmed by targeted MS/MS analysis. 

3. Results 

3.1. HPLC analysis
 
   The HPLC chromatogram of phytoestrogenic extracts showed 

three major peaks at Rt 2.83, 3.84 and 4.86 minutes (Figure 1). The 

online UV spectrum of each peak was also recorded. The peak at 

2.83 minute showed maximum absorption at 248 nm. The peak at 

3.84 minute showed maximum absorption at 230 nm and 340 nm. 

The compound at Rt 4.86 showed maximum absorption at 230 nm 

and 280 nm. The UV 毸max indicated the poly phenolic nature of 

the separated compounds. 

3.2. LC-MS analysis of estrogenic extract
 
   The estrogenic fraction was dissolved in LC-MS grade 

acetonitrile and used for further MS and MS/MS analysis.  The 

analysis was performed by LC/MS in negative polarity mode. 

The mass fragmentation was performed by Collision Induced 

Dissociation (CID) in hexapole collision cell by varying the 

collision energy. The structural identification was done by 

comparing the mass fragments with the previously reported mass 

fragmentation patterns. Phytoestrogens such as Coumestrol (Mol.

wt 268.22), Genistein (Mol.wt 270.24) and Glycitein (Mol.wt 

284.26) have been identified in Mensokot tablet using LC/MS 

analysis (Figure 2). The structural identification was done by 

comparing the same with the previously reported fragmentation 

pattern[1].
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Figure 1. HPLC-DAD Chromatogram of estrogenic extract of 

Mensokot tablet.
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Figure 2. Phytoestrogens identified in Mensokot tablet by LC-MS/

MS analysis.

3.3. LC-MS/MS analysis of flavonoid extract
 
   The total ion chromatogram obtained was extracted into Base 
Peak Chromatogram (BPC) using Agilent molecular featured 

extraction algorithm (Figure 3). The base peak ions and fragments 

obtained on CID were presented in Table 1. The ion with m/z 

[M-H]- 191 yielded a fragment with m/z 173 which was identified 

as Quinic acid on the basis of mass fragmentation pattern[7]. The 

peak with m/z 301 yielded two fragments with m/z 227 and 151 

and the same was identified as Quercetin as reported earlier[6]. 

The ion with m/z 329.26 presented two major fragments 163 and 

123 upon CID and it was identified as vanillic acid-4-glucoside. 

The fragment 163 is due to the loss of sugar moiety and the other 

fragment m/z 123 is consistent with the fragmentation due to 

decarboxylation[7]. The ion found at m/z 137 yielded a fragment 

with m/z 93. This is inconsistent with the   fragmentation pattern 

of hydroxybenzoic acid, characterized by the loss of a CO2 (44 

u) from the carboxylic acid group, providing an anion of [M-H-

COO]-[8] and it was tentatively identified as 4-hydroxy benzoic 

acid. The ion at m/z 325 presented a fragment with m/z 145 which 

corresponded to the fragmentation of coumaric acid derivative. 

The fragment 145u due to the loss of M-1-162-H2O confirmed 

the strucutre as p-coumaric acid glucoside[9]. The ion at m/z 

179 corresponded to the deprotonated of caffeic acid. The major 

fragment ions produced were m/z 161 and m/z 135corresponding 

to loss of water and carbon dioxide molecules respectively[10]. The 

ion found at m/z 269 fragmented as m/z 158 and was identified 

as apigenin as compared with previously reported fragmentation 

pattern[11]. The peak with m/z 341 was identified as Caffeoyl 

glucose as it presented two fragments with m/z 179 and 135[12]. The 

fragmentation of ion found with m/z 311 was in good agreement 

with the fragmentation of caftaric acid [7]. The ion found at m/

z 299 presented a major fragment with m/z 137 and the structure 

was assigned as hydroxy benzoic acid –O-hexoside in comparison 

with previously reported MS/Ms data[8]. The molecular ion found 

at m/z 345 was fragmented with two fragments, m/z 153 and m/

z 109, which was reported earlier as the fragmentation pattern of 

protocatechuic acid glucoside. The same was tentatively assigned 

as protocatechuic acid -4-glucoside[7].
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Figure 3.  ESI-MS spectrum of flavonoid extract of Mensokot tablet. 

Table 1
Flavonoids/Phenolics identified in mensokot tablet by LC-MS/MS 
analysis.

Sl No MS MS/MS Tentative identification
1 191.04 173.07 Quinic acid
2 301.03 227.13, 151.02 Quercetin
3 329.26 163.03, 123.02 Vanillic acid 4-毬-D-glucoside
4 137.04 93.06 4-hydroxybenzoic acid
5 3 2 5 . 

07
145.03 p-coumaric acid glucoside

6 179.09 161.02,135.16 Caffeic acid
7 269.07 158.62 Apigenin
8 341.10 179.03, 135.42 Caffeoyl glucose
9 311.09 179.06, 135.04 Caftaric acid
10 299.19 137.14 Hydroxy benzoic acid-O-hexoside
11 315.28 153.02, 109.06 Protocatechuic acid-4-glucoside

4. Discussion
 
   The diverse biological activity of phytoestrogens is due in 

part to their ability to act estrogenically as estrogen agonists 

and antiestrogenically as antagonists. As estrogen agonists, 

phytoestrogens mimic endogenous estrogens and cause estrogenic 

effects. Phytoestrogens such as Coumestrol, Genistein and Glycitein 

have been identified in Mensokot tablet. Coumestrol was first 

reported in 1957 by Bickoff and coworkers as a new phytoestrogen 

that was isolated from ladino clover (Trifolium repens), strawberry 

clover (Trifolium fragiferum) and alfalfa (Medicago sativa)[13]. The 

phytoestrogenic effects of Coumestrol and 4’-methoxy Coumestrol 

has been reported earlier[2]. The isoflavone, Genistein has been 

reported for their estrogenic activity and antioxidant activities[14,15]. 

Glycitein has also been reported for its estrogenic activity[16].

   Medicinal efficacy of flavonoids identified in Mensokot tablet 

as antibacterial, hepatoprotective, anti-inflammatory, anticancer, 
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and antiviral agents is well established[17]. Higher consumption 

of phytoestrogens, including isoflavones and other flavonoids, 

has been shown to provide protection against prostate cancer 

risk[18]. Flavonoids such as apigenin, quercetin are reported for their 

hepatoprotective activities [19]. Several flavonoids including apigenin, 

galangin, flavone and flavonol glycosides, isoflavones, flavanones, 

and chalcones have been shown to possess potent antibacterial 

activity[20]. A number of flavonoids such as protocatechuic acid, 

apigenin and quercetin are reported to possess anti-inflammatory and 

analgesic effects[21]. Flavonoids like quercetin have been reported as 

cancer chemo preventive agents[22]. The antiviral activity of various 

flavonoids is well established. Various combinations of flavones and 

flavonols have been shown to exhibit synergism[23]. 

   The physiological role of biologically active compounds present 

in plants has attracted more consideration over the last decade, 

particularly the phytoestrogens. In the present research, a rapid 

HPLC-MS/MS method has been developed for the identification of 

phytoestrogens and other flavonoids from an Ayurvedic proprietary 

medicine. The extraction and isolation of such active components 

from finished herbal products are important analytical aspects due to 

the strong evidence of their physiological action. Traditional herbal 

medicines have been used in the treatment of menopausal symptoms 

for several thousands of years, but many mysteries remain about the 

relationship between the active component and their function owing 

to the complexity of the mixtures. The current phytochemical studies 

can be used as an attempt for the scientific validation of polyherbal 

formulations. 
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