Occurrence of Radical Scavenging Proanthocyanidins from Sea Buckthorn Seed
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Abstract—Water-acetone (3:7) extract of sea buckthorn (Hippophae rhamnoides) seeds was separated by Sephadex LH-20 column chromatography into nine fractions. Three of the fractions exhibited stronger radical scavenging activities by DPPH. analysis and contained proanthocyanidins. Monomeric and oligomeric proanthocyanidin fractions were analyzed by liquid chromatography coupled to electrospay ionization mass spectrometry. The results showed that sea buckthorn seed proanthocyanidin oligomers besides procyanidins, consist of mixed tri- and dihydroxylated flavanol units as well as pure trihydroxylated flavanol units. Polymeric constituents were fractionated by Sephadex LH-20 column chromatography. LC-MASS spectrometric analysis of the degradation products of fractions released by thioacidolysis showed that catechin, epicatechin, gallocatechin and epigallocatechin were the major constitutive units. Gallocatechin represented 56.1% of the terminal units, whereas 81.9% of the extension units consisted of prodelphinidin units. The mean degree of polymerization (mDP) ranged from 4.5 to 31.6. The proportion of prodelphinidins was high in all fractions, ranging from 51.4% to 88.5%.
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introduction

Sea buckthorn (Hippophae rhamnoides) is a fascinating plant growing widely in various regions of Asia, Europe, and Northern America (1). It was used as a medicinal plant in Tibet as early as 900 A.D (2). It has had many diverse uses, from controlling soil erosion to being a source of horse fodder, nutritious foods, drugs and skin care products. In recent years, sea buckthorn has been recognized as a versatile nutraceutical crop with great economic and ecological potential in China, which has led to development of over 1800 acres of sea buckthorn orchards.
Currently, the use of some naturally occurring antioxidant molecules and their identicals in foods as well as preventive and therapeutic medicine is gaining popularity. Although high contents of natural antioxidants including ascorbic acid, tocopherols, carotenoids and polyphenols have been detected in sea buckthorn berries (3, 4, 5, 6,7) and its leaves (8, 9), few studies have tried to investigate the antioxidant compounds in its seeds. The purpose of the present work was to isolate and identify the antioxidant compounds from sea buckthorn seeds.
materials and methods

Chemicals. (+)-Catechin, (-)-epicatechin, (+)-gallocatechin and (-)-epigallocatechin were obtained from Sigma (St. Louis, MO, USA). Procyanidin B3 was previously isolated from sea buckthorn seeds in our lab and its chemical structure was established by 13C-NMR spectroscopy, by acid-catalysed degradation reaction with benzyl mercaptan and by electrospray mass spectrometry. Kieselgel 60 F254 HPTLC ( 10×10cm, 0.25mm) was obtained from Merck (Darmstadt, Germany). Sephadex LH-20 gel was obtained from Pharmacia (Sweden).

Extraction. Sea buckthorn seeds were obtained from berries of Hippophae rhamnoides L. subsp. Sinensis Rousi     harvested from Taiyan in Sanxi Province. 150 g of sample were ground in a Wiley mill to pass through 20 mesh (840μm), then extracted with 3×800 ml of water-acetone (3:7; 2h with continuous stirring). Extracts were pooled and rotary evaporated under vacuum at 35℃ to remove acetone. The resulting extract (500ml) was washed with 3×500ml hexane to remove lipid-soluble substance, then rotary evaporated to remove the residual hexane.

Fractionation of Extract by Sephadex LH-20. The aqueous fraction was applied to a 60×450 mm Sephadex LH20 column equilibrated with water. The column was eluted using water-ethanol with increasing ethanol concentration and water-acetone (3:7) to obtain nine fractions (A-I). Fraction I, for whose acid hydrolysis indicated the presence of proanthocyanidins, was further fractionated by Sephadex LH 20 column chromatography. Fraction I was fractionated by first dissolving it in ethanol-water-acetic acid (498.75: 498.75: 2.5 ), after which it was applied to a Sephadex LH 20 column (60×600 mm) equilibrated with ethanol-water-acetic acid (498.75: 498.75: 2.5). The column was then washed sequentially using the solvent systems and volumes described in Table 1 to obtain I1-I8 (fractions). These fractions were  later rotary evaporated, freeze-dried and stored at –15℃.

Free Radical Scavenging Activity on DPPH.. This experiment was carried out according to Brand-Williams et al’s (10) method. Different concentrations of the sample solution (0.1mL) were added to 3.9 mL of a 6×10-5 mol/L methanol DPPH. solution followed by determining the decrease in absorbance at 516 nm at different times until the reaction reached a plateau. The resulting calibration curve from DPPH. between 0.5×10-5 and 6×10-5 mol/L, was used to calculate the DPPH. concentration（CDPPH. ）in the reaction medium with the following formula;

Abs516=11251 ×（CDPPH. ）
The reaction kinetics was plotted for each antioxidant concentration tested. These graphs were used to determine the percentage of DPPH. remaining at the steady state and subsequently the values were transferred onto another graph showing the percentage of residual steady state DPPH.. As a function of the sample concentration, antiradical activity was defined as the amount of antioxidant required to lower the initial DPPH. concentration by 50% (EC50).

TLC Analysis. TLC analysis of chromatographic fractions was performed on Kieselgel 60 F254 HPTLC 10×10cm, 0.25mm (Merck) which was developed with toluene: acetone: acetic acid (3:3:1), according to the method earlier reported (11). The plates were visualized by spraying with 1% vanillin solution in 20% H2SO4 in methanol (v/v) which revealed the flavans and proanthocyanidins as orange to reddish spots.

BuOH-HCl Hydrolysis（12）. This reaction was performed with a small sample of proancyanidins (1mg) in a sealed vial containing 5% HCl in tert-BuOH (2ml) and the mixture heated at 95℃ in a boiling water bath for 1h. The anthocyanins formed were chromatographed by reverse-phase HPLC coupled to electrospay ionization mass spectrometry.
Thiolysis of the Proanthocyanidins A method based on that of Guyot et al. (13) was adopted to perform the thiolysis. Briefly, 50μL of solution of each fraction (2mg/ml in methanol) was mixed together with 50μL of methanol acidified with concentrated HCl (3.3%, v/v) and 100μL benzyl mercaptan (5% v/v in methanol). After sealing, the mixture was shaken and heated at 40℃ for 30 min.
For the quantitation of flavan-3-ol monomers and benzyl mercaptan adducts, dihydroquercetin was used as a quantitative standard. The response factors of the other products relative to dihydroquercetin were used for their estimation as indicated by Meagher et al (14). The response factors were 0.26 and 0.07, respectively, for terminal PC and PD flavan-3-ol units. For the extender flavan-3-ol thiol adducts, response factors of 0.25 and 0.06 respectively, were obtained for PC and PD benzylthioethers.To calculate the apparent mean degree of polymerization (mDP), the sum of all subunits (flavan-3-ol monomer and benzyl mercaptan adducts, in moles) was divided by the sum of all flavan-3-ol monomers (in moles). 

Reversed-Phase HPLC-ESI MS Analyses of Oligomeric Proanthocyanidins, Thiolysis Media and Hydrolysis Products of Polymers.  A Waters 2690 chromatography system equipped with a diode array detector (Water 996 DAD) and a quadruple mass spectrometer (Waters Platform ZMD 4000) with an electrospray interface was used for analyses of oligomeric proanthocyanidins, thiolysis media and hydrolysis products of polymers. Separation was performed on a Purospher STAR RP18 (250×4.6 mm i.d., 5μm)  column at room temperature. For the thiolysis media, the elution conditions were as follows: solvent A, MeOH/HCOOH/ H2O (15:1:84, v/v/v); solvent B, MeOH/HCOOH/ H2O (85:1:14, v/v/v). Linear gradients: solvent B 5-100 % in 30 min. For hydrolysis products, solvent A was replaced with 5% (v/v) formic acid in water and the linear gradient was 15-55% B in 45 min. For oligomeric proanthocyanidins, solvent A was replaced with 0.1% HCOOH in H2O; solvent B was replaced with 80% CH3CN in H2O. Linear gradients: solvent B 5-50% in 20 min, 50-100% in 40 min. The solvent gradient described above was applied at a flow rate of 1ml/min. The detection wavelength of the diode array detector was set at 280 nm for flavan-3-ol as well as their benzylthioethers and oligomeric proanthocyanidins and 520 nm for anthocyanidins. Components in the thiolysis media were identified with the mass spectrometer in negative mode using a setting of 50% for compound stability, and 25% for ion trap drive. Positive mode ESI MS was employed to identify anthocyanidins in hydrolysis products with 50% for compound stability, and 80% for ion trap drive level with target mass set at 300 m/z. 
Results and discussion
The crude extract (10%) of sea buckthorn seed (SCT) on Sephadex LH 20 column chromatography yielded nine fractions as shown in Figure 1. The antioxidant activity of the crude extract and the nine fractions was as shown in Figure 2. Fraction G,H and I, which were eluted with 70% ethanol, 90% ethanol and and 70% acetone in water, respectively, showed the highest antioxidant activity on evaluation using DPPH assay. The TLC chromatogram of fractions G and H was as shown in Figure 3. TLC Rf values and reactions with spray reagents indicated that fraction G and H mainly consisted of monomeric and oligomeric proanthocyanidins respectively (11). Acid hydrolysis of fraction I, followed by HPLC analysis with UV-visible diode array detection, showed that both cyanidin and delphindin were formed, an indication that both procyanidins and prodelphinidins were present in the fraction.
Identification of Monomeric Flavan-3-ol and Oligomeric Proanthocyanidins by HPLC/ESI-MS. Characterization of the proanthocyanidins with limited numbers of flavan-3-ol units (fraction G and H) was obtained by HPLC-UV analysis combined with ESI mass spectrometry. The latter technique is currently a powerful detection tool for on-line identification of plant constituents in crude extracts. Recently, application of this technique for the analysis of proanthocyanidin oligomers and polymers extracted from chocolate, grape and wine enabled the determination of the nature of polymeric proanthocyanidins units, their degree of polymerization, type of interflavanoid bonds and presence of gallate derivatives (15, 16, 17). HPLC analysis of fraction G allowed the identification of (+)-gallocatechin (1), (-)-epigallocatechin (2), (+)-catechin (3) and (-)-epigcatechin (4) on the basis of their chromatographic retention times and negative ESI mass spectra by comparison with reference substances (data not shown).

HPLC profile of fraction H is reported in Figure 4. Three ion peaks were detected at m/z 577 which value has been previously attributed to the mass of a procyanidin dimmer (15, 16, 17). Then, four ion peaks were detected at m/z 593-594 while two others at 609 though in lower amounts. The mass differences with 577 are 16 and 2×16 respectively, indicating substitution of one hydrogen atom by one hydroxyl group for the first one and two substitutions for the second one. Therefore the three series of ion peaks were attributed to the monocharged ions [M-H]- of dimers consisting of two catechin units ((diOH)2), one catechin and one gallocatechin unit((diOHtop-triOHbase or triOHtop-diOH base), and two gallocatechin units(triOH)2, respectively. As expected by the suggested general scheme for proanthocyanidins, the loss due to RDA fission as well as interflavanoid cleavage and the loss of gallic acid (C6H6O3, Mr 126) are the predominant fragmentation pathways of the dimmers. Retro-Diels-Alder fission of the heterocyclic ring for (diOH)2 and (triOH)2 resulted in the ions m/z 425 and m/z 441, respectively. The ions corresponding to their subsequent water elimination were detected at m/z 407 and m/z 423 (Figure 5a, d; Table 2). For diOHtop-triOHbase and triOHtop-diOH base, Retro-Diels-Alder fission resulted in the ion fragments detected at m/z 441, m/z 425, respectively, and the ions corresponding to their subsequent water elimination being detected at m/z 423 and m/z 407 (Figure 5b, c), since this type of fragmentation is considered to occur in the top unit of the proanthocyanidin molecule. Ions detected at m/z 451 (for (diOH)2), at m/z 467 (for triOHtop-diOH base) ,and at m/z 483 (for triOH)2, ) resulted from the loss of a fragment equivalent to a phloroglucinol unit (C6H6O3 ) which has been interpreted as an inversion reaction involved in the biosynthesis of proanthocyanidins (18). Interflavanic bond cleavage of (diOH)2 and (triOH)2 through the quinone-methine mechanism resulted in ion fragments detected at m/z 287 , m/z 303 ([Mtop-3H]-, methylenic quinone) and m/z 289, m/z 305 ([Mbase-H]-, flavan-3-ol monomer) (Figure 5a, d), respectively, the latter ion being more abundant than the former, which is in agreement with the observations of other authors (16) . For diOHtop-triOHbase, triOHtop-diOH base, interflavanic fragmentation resulted in the ion fragments detected at m/z 305, m/z 289 ([Mbase-H]-, flavan-3-ol monomer), respectively, wherea the ion fragments at m/z 287 and m/z 303 corresponded to [Mtop-3H]- by this cleavage were not detected (Figure 5b, c).

These results showed that sea buckthorn seed proanthocyanidins besides procyanidins, consist of mixed tri- and dihydroxylated flavanol units in addition to pure trihydroxylated flavanol units. To our knowledge, this is the first time that proanthocyanidin oligomers containing both trihydroxylated and dihydroxylated units have been shown in sea buckthorn, whereas such prodelphinidins have been already found in barley (19). 

Finally, the dimmer series (starting from pure trihydroxylated up to pure dihydroxylated) eluted in decreasing polarity order, as could be expected on a reversed phase column.

Thiolysis of fractionated polymeric Proanthocyanidins on Sephadex LH-20. In contrast to simple oligomers, polymeric proanthocyanidis (DP>5) are very difficult to resolve by HPLC techniques since the number of possible isomers increases with degree of polymerization. Therefore, only fractions containing mixtures of polymers can be isolated, using purification techniques such as normal-phase HPLC (20), C18 Sep-Pak cartridge (11) and absorption chromatography on Fractogel TSK HW-40 (21). Chromatography on Sephadex LH-20 with elution by aqueous alcohol or aqueous acetone solvents has commonly been applied to separate native-form proanthocyanidins from plant extracts according to the degree of polymerization (14, 22, 23). In an effort to determine the major constituents of bioactive fraction I, fraction I was further fractionated by Sephadex LH 20 column chromatography which yielded eight fractions (Table 1).

The average composition of proanthocyanidin oligomers and polymers in the fractions was determined using acid-catalysed degradation in the presence of toluene-α-thiol, followed by reverse-phase HPLC analysis with UV-visible detection as described earlier. In thiolysis reactions, all the extension subunits of proanthocyanidins are attacked by benzyl mercaptan to form the corresponding benzylthioether. Only the terminal unit is released as the free flavan-3-ol. The components in the thiolysis media were separated by HPLC (figure 6) and their structures studied using ESI-MS (Figure 7). 

A typical HPLC chromatogram of the thiolysis products is shown in figure 6. Sea buckthorn seed tannin gave ten main peaks. Four early eluting compounds (tR 5.8 min ,[M-H]- m/z; 305; tR 8.4 min,[M-H]- m/z; 305; tR 8.9 min,[M-H]- m/z; 289; tR 11.6 min,[M-H]- m/z; 289) were identified respectively, as (+)- gallocatechin (peak 1), (-)-galloepicatechin (peak 2), (+)-catechin (peak 3), (-)-epicatecin (peak 4) by comparison of their tR, UV-visible spectra and mass spectra with those of standards (figure 7a, b). 
Two compounds (peak 8, 9) eluting at 20.3 and 21.4 min, showing [M-H]- at m/z 411 were identified as catechin benzylthioether by comparison their tR , UV-visible spectra with the thiolysis products of catechin(4β-8)catechin (figure 6, 7c). The mass spectra of compound 10 (tR 23.3min, [M-H]- m/z; 411) was very similar to that of catechin benzylthioether. Haslam and Matthews (24, 25, 26) have shown that catechin internal units in procyanidins, when treated by thiolysis, give both 3,4-trans- and 3,4-cis-benzylthiocatechin whereas epicatechin internal units give 3,4-trans-benzylthioepicatechin and no 3,4-cis isomer. It was thus suggested that the latter compound corresponds to benzylthioepicatechin. Three compounds, eluting at 16.5, 18.0 and 18.8 min, showed [M-H]- at m/z 427, with characteristic fragments ions [(M-Ph-CH2-S)-H] at m/z 303, suggesting that they were stereoisomeric  (epi)gallocatechin benzylthioethers (peak 5, 6, 7), although the actual conformations on C-2, 3 ,4 remain to be established (figure 6a, 7d).
The structural composition and characteristics data obtained by thiolysis degradation of each proanthocyanidin fractions are presented in Table 3. Catechin, epicatechin, gallocatechin, galloepicatechin were found in each fraction both as extension and terminal units, confirming that sea buckthorn seed proanthocyanidins contain both procyanidin and prodelphinidin units with gallocatechin being particularly abundant in terminal units. Prodelphinidin units predominated in the extended chains and were the major components of all tannin fractions. For total extract (fraction I), gallocatechin represented 56.1% of the terminal units, whereas 81.9% of the extension units consisted of prodelphinidin units. The total extract showed mDP of 12.2, with 81.2% of prodelphinidins. The average degree of polymerization (mDP) calculated from thioacidolylsis data increased from 4.5 in fraction I-1 to 31.6 in fraction I-6 (slightly decreased to 28.5 in the last one), as expected from its exclusion from Sephadex LH20. The proportion of prodelphinidins increased significantly from 51.4% (fraction I-1) to 84.6% (fraction I-3), then remained 87% from fraction I-4 to fraction I-7) 

The proportion of fraction I1-I7 was evaluated as weight relative frequency in the percentage of fraction I. The proanthocyanidin with mDP 9.1, 13.2 and 17.0 represented the three major clusters. The distribution not only was centered on the mean but also was unimodal, as shown in Table 1. As a consequence, the estimated mDP (12.2) and proportion of prodelphinidins (81.2 %) of the total extract (fraction I) represented the major class in the proanthocyanidin sample studied.

In summary, water-acetone (3:7) extract of sea buckthorn (Hippophae rhamnoides) seeds was separated by Sephadex LH-20 column chromatography into nine fractions. The most active fractions by DPPH. analysis were found to contain monomeric, oligomeric and polymeric proanthocyanidin with degree of polymerisation ranging from 4.5–31.6, respectively. This is the first time it is being reported that sea buckthorn proanthocyanidins are constituted with mixed procyanidin-prodelphindin structures and pure gallocatechin oligomers, in addition to the well-known procyanidins. It was also showed that gallocatechin, epigallocatechin, catechin and epicatechin were the major constitutive units of sea buckthorn seed proanthocyanidin. Prodelphinidin units predominated in the extended chains and were the major components of all tannin fractions while gallocatechin was particularly abundant in terminal units. Plant proanthocyanidins, known as the functional food factors, have attracted increasing attention recently, due to the rapidly growing volume of evidence associating these compounds with a wide range of potential health benefits such as antioxidant, antimicrobial, anti-allergy, hair-growth promotion, anti-caries, anti-hypertensive and inhibition against activities of some enzymes and receptors. Further, these groups of compounds are associated with potential cardiovascular benefits, including the reduction of platelet aggregation, and reduction of tumor multiplicity in laboratory mice (27).
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Figure 1. Scheme of preparation of antioxidant compounds from sea buckthorn seed and yields of fractions separated by Sephadex LH-20 column chromatography 

Figure 2. Concentration of the antioxidant necessary of reduce by 50% the oxidation (EC50) as determined by DPPH (values are means of triplicate determinations. Standard deviations are given in brackets).

Figure 3. TLC chromatogram of fraction G and H. 

Figure 4. HPLC chromatogram of fraction G and H of sea buckthorn seed obtained by Sephadex LH-20 column chromatography at 280 nm. Peak numbers are referenced to table 2

Figure 5. Mass fragmentation pattern of proanthocyanidins under ESI-MS in negative mode: (a)  (b)  (c) (d)

Figure 6. HPLC chromatogram of thiolysis media of sea buckthorn proanthocyanidins (fraction I-5) detected at 280 nm. Peaks A-G were identified with the aid of ESI-MS, and their mass fragmentation pattern are showed in Fig 7

Figure 7. Mass fragmentation pattern of components in the thiolysis media of sea buckthorn proanthocyanidins 

Table 1. Solvent systems and elution volumes used to fractionate sea buckthorn seed proanthocyanidins

Table 2. Compounds identified in the oligomeric proanthocyanidin fraction of sea buckthorn seed obtained by Sephadex LH-20 column chromatography 

Table 3. Structural composition and characteristics of sea buckthorn seed proanthocyanidin fractions determined by HPLC following thioacidolysis degradation

TABLE 1-3

Table 1. Solvent systems used to fractionate sea buckthorn seed proanthocyanidins and yields of fractions 

	Solvent systema
(v/v)
	Volume 

 (ml)
	Yield

 (%)
	Fraction

	90% ethanol (v/v)
	1000
	6.4
	I-1

	10% acetone, 80%ethanol
	1200
	25.4
	I-2

	20% acetone, 65%ethanol
	1000
	30.3
	I-3

	30% acetone, 50%ethanol
	1000
	19.3
	I-4

	40% acetone, 35%ethanol
	1000
	6.2
	I-5

	50% acetone, 15%ethanol
	1100
	8.8
	I-6

	60% acetone
	1500
	2.0
	I-7


aSolvents consisted of water and 0.2% acetic acid (v/v) 

Table 2. Compounds identified in the oligomeric proanthocyanidin fraction of sea buckthorn seed obtained by Sephadex LH-20 column chromatography

	peak no.
	tR
(min)
	[M-H]-
(m/z)
	fragments

(m/z)
	Compound

	1
	10.3
	609
	441, 305
	(triOH)2

	2
	11.1
	609
	441, 305
	(triOH)2

	3
	12.4
	593
	425, 289
	triOHtop-diOHbase

	4
	13.0
	593
	441, 305
	diOHtop-triOHbase

	5
	13.3
	593
	441,305,
	diOHtop-triOHbase

	6
	14.2
	593
	441, 305
	diOHtop-triOHbase

	7
	14.5
	577
	425, 289.
	(diOH)2

	8
	15.2
	577
	425, 289.
	(diOH)2

	9
	16.5
	577
	425, 289.
	(diOH)2


Table 3.  Structural composition and characteristics of sea buckthorn seed proanthocyanidin fractions determined by HPLC following thioacidolysis degradationa

	Fraction
	Terminal units
	
	Extension units
	mDP
	Prodelphinidins

(%)

	
	GC
	EGC
	Cat
	EC
	
	GC+EGC
	Cat
	EC
	
	

	I-1
	8.2
	3.3
	8.1
	2.7
	
	39.9
	27.3
	10.6
	4.5
	51.4

	I-2
	5.7
	1.6
	2.7
	1.1
	
	61.9
	19.7
	7.3
	9.1
	69.2

	I-3
	4.2
	1.8
	1.1
	0.5
	
	78.6
	12.1
	1.8
	13.2
	84.6

	I-4
	3.8
	1.2
	0.7
	0.3
	
	82.5
	10.6
	1.1
	17.0
	87.4

	I-5
	2.1
	0.9
	0.6
	0.2
	
	85.5
	9.9
	0.9
	26.8
	88.5

	I-6
	1.8
	0.6
	0.5
	0.2
	
	85.2
	10.6
	1.0
	31.6
	87.7

	I-7
	2.1
	0.7
	0.5
	0.2
	
	85.1
	10.5
	0.9
	28.5
	87.9

	Total extract
	4.6
	1.3
	1.6
	0.7
	
	75.2
	13.7
	2.9
	12.2
	81.2


a GC, EGC, Cat, EC are the abbreviations for gallocatechin, epigallocatechin, catechin and epicatechin units. All amounts represent relative concentrations (in mol).

Figure 1-7
Sea buckthorn seeds (150g)

ground
extracted with water-acetone (30:70),

defatted with hexane and 

concentrated under reduced pressure

Crude extract

Sephadex LH-20 (water-ethanol)


Fractions: A     B      C   D    E    F    G     H   adsorb

Yield   9800  288.8  102.4  142  94.8  70  200    675      Sephadex LH-20

(mg)                                                      (water-acetone)

I

3670.8
Figure 1. Scheme of preparation of antioxidant compounds from sea buckthorn seeds and yields of fractions separated by Sephadex LH-20 column chromatography
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Figure 2. Concentration of the antioxidant necessary of reduce by 50% the oxidation (EC50) as determined by DPPH. . Measurement was carried out in triplicate. Means and standard deviation are indicated. 
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Figure 3. TLC chromatogram of fraction G, H and I
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Figure 4. HPLC chromatogram of fraction H of sea buckthorn seed obtained by Sephadex LH-20 column chromatography at 280 nm. Peak numbers are referenced to table 2
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Figure 5. Mass fragmentation pattern of proanthocyanidins under ESI-MS in negative mode: (a) (diOH)2, (b)diOHtop-triOHbase, (c) triOHtop-diOH base, (d) (triOH)2.      
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Figure 6. HPLC chromatogram of thiolysis media of sea buckthorn proanthocyanidins (fraction I-5) detected at 280 nm. (a) fraction I; (b) procyanidin B3. Peaks 1-10 were identified with the aid of ESI-MS, and their mass fragmentation pattern are showed in Fig 7
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Figure 7. Mass fragmentation pattern of components in the thiolysis media of sea buckthorn proanthocyanidins 
(a)  (epi)catecin (b) (epi)gallocatechin (c) (epi)catechin benzylthioether  (d) (epi)gallocatechin benzylthioether
