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Articleinfo Abstract

Original: 24 August 2016 In this research work some bioactive moleculeHypericun triqutrifolium Turra.,
Eceg’éspﬁga_zg ?:ﬁfg;}?irozlgle were evaluaid atvegetative (V), flowering (FI) and fruiting (Frdeveloping stages
Published online: during the growing seasons as natural prot. HPLC was use for qualitative and
20 June 2017 guantitative of bioactive compounds, which compareibvexpected compounds such

as: Sirginic, Querctrin, Apeginin, Karmeferol, Hymén and Hyperforir Different
diversity andphytochemical composition among (V), (Fl), and (were observed.

E%Z\r/i(::rl?ritriquetrifolium Th_e highest concentration of _qggrcitrin | obtainedwhen plants fruite_d, where:
Phenolic apigenin, kamefe_zrol and sr_lgln!c a _s_howed highest levels during _flowe
compoundsHyperforin, developnent, while hyperforin in fruiting stageaccumulated the highest
Hypercicn, Plant concentratio compared tovegetative and flowering. On the ot hand, vegetative
development. stage accumulated larger amounts of hypericiRegarding to the bioacti

accumulation irthe individual platparts, fresh fruit accumulate the highest leve
hyperforin at fruiting stag while it was not detected in stenuring flowering and
fruiting, whereas leaves produce more hypericiitoatering time.

| ntroduction

Hgher plants are the main sources of bioie molecules used as pesticiggsrmaceuticals, flavor ar
fragrance ingredients, fdoadditives, and agrochemici1]. Hypericum genusncludes approximate 400
species, some are consideesdtraditional medicinal plants many years because (their positive effects
on wound-healing, as bactericidasanti-inflammatory, as diuretic and for theedative properti[2].
Extracts from vegetative and reproductive organsni{sleave and flower) cHypericunplants typically
contain different concentration dfavonoids: hyperosideutin, quercitrin, quercetibiapigenincaffeic acid,
chlorogenic acid, hypericipseudohypecin, and thederivatives hyperforin and adhyperfc [3]. It is
commonly usedor antimicrobial effect, neuroprotective effecyti-depressive effect, antioxidant effe
menopause, dental practice, anti inflamme, wound healing effect, antancer effect, ar-herpes effect,
phototoxicological effect [4].he biological activity of Hypericum extacts is mainly attributed to tt
presence of lpenolic compoundswhich work asantioxidant agents, some of which exert therapt
antiviral, anti-platelet, antlergicand anti-inflammatory activitie$5]. Flavonoids havebeen used as
dietary constituentslidical studie: theyindicated their possible role in preventing cardicular diseases
and several types of candé]. Based on the results (7], crude extract oH. perforatun decreases the
serum lipid profile, dw density lipoproteir— cholesterol and triglyceridemong rai, while extracts contain
hypericins andhyperforin from Hypericum herb are widely used iar@e as a drug for the treatment
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depressior[8]. Several studies reported that the production amlimulation of bioactive molecules may
change during its phonological stag@s10 and 11].

H. triquetrifoliumTurra., a perennial herbaceous species, whiclidislyvdistributed in Northern-East of
Irag, usuallyfound in rocky mountain slopes, stony hillsides] ateep plains, sometimes near streams, in
vineyards, gardens and field, on sandstaie;, loam, gravel, etc.; alt. 250-1200 (m.a.s.l.) The species
triquetrifolium has great pharmaceutical potential, with well udnented contents of phenoli¢&2],
hypericin [13], phloroglucinols[14] and essential oil§15].The present work deal with the variability of
some bioactive compounds concentrattbree developmental stages namely; (vegetatiesvefling and
fresh fruiting) among plant parts such as; least=n, flowers and fresh fruits.

Material and Methods
A. Plant collection and identification

Samples oH. triquetrifolium Turra., were collected from dry rocky within thdlaZarda mountain
district of Sulaimania province, Irg5°21'49.35"N, 45°29'37.31; E100 m.a.s.l.) during July - September
2015., (Fig. 1). Plant material was collected ae¢htimes of phenological stages namely; vegetatilke
flowering and fresh fruiting. The top two thirdstbe plants were harvested at 10 -12 PM in cledrsamny
day at every collection sites. The mean temperaduring the sampling period was 37.5 Y¥arvested
plants were identified by the plant Taxonomist, 8aé\. F. Mahmood, Biology Dept. College of Science/
Sulaimani University. Plant samples were driedcatm temperature 25 + 2°C for 7 days until the stabl
moisture content of 10% was obtain&tied plant material was then packed in paper lzagkkept in a
dark, dry and cool place.

Figure 1. HypericumtriquetrifoliunTurra (a) Plant grown naturally in the field (bRl at the full blooming stage

B.Phenolic and flavonoid extraction

The dried material were ground to fine powder gsirmechanical blender and passed through 24 mesh
sieve.Powdered plant samples (1 g) were extracted @simgceration method with 50 ml of 70% ethanol
(EtOH) for 72 h at room temperat|fs] and [17] After the maceration, the extracts were collecli#tdred
and evaporated to dryness using a rotary evaporatatysis of the phenolic and flavonoid compounds
conducted by (HPLC), the crude extracts were atelyraveighed and dissolved in the mobile phase, to
make 10% (w/v) stock solutions.

C. Hypericin and Hyperforin extraction

A quantity of 75 mg of the extract was transfert@dnalytical glasses and diluted in 25 ml of metha

All samples were maintained 20 minutes in an uttingsbath at room temperature in order to imprdnee t
hypericin and hyperforin extraction. The resultprgducts were centrifuged 10 min at 4000 rpm aed th
clear supernatant was then filtered and transféntecorown HPLC vials. The prepared extracts weet

in a refrigerator until usefd 8]. Before HPLC separation, the extracts were fittereough a membrane
filter with a pore size of 0.2@m.
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D. HPLC analysis

HPLC analysis of phenolic acid, flavonoids,pbsicin and hyperforin were performed usingAa
Shimaduz liquid chromatograph (Shimaduzcorp, Kydéman) consisting of a LC-20AT quaternary pump, a
DGU-20A3 degasser, an SPD-M20Adiode array detesmtdra manual rheodyne injector with a 20ul loop
were used.Quantification of secondary metabolites Wwased on peak area (retention time and UV-VIS
spectrain the range of 200-800 nm) in comparisdh wie standard curves (Table 1). The standardesurv
were obtained by plotting the peak areas of st@hdancentrations for phenolic acids (0.05, 0.1, 0.3, or
0.5 mgmt"), for flavonoids (0.0062, 0.0125, 0.025, 0.050dr mgmt'), and for hypericin (0.025, 0.05, 0.08,
or 0.1 mgmif) and for hyperforin(0.025, 0.05, 0.1, or.0.12 mign8tandard solutions were kept in darkat -
20°C HPLC conditions, LC time program: 35 min., Taiimobile phase: 1ml/min,Injection volume: 20ul,
Temperature of column: room temp. Pressure on pu@@p®, C) 7.9 — 9.0 milpaskal (Mpa) Mobile phase:
A: water 99% - phosphoric acid 0.3%, B: Aceton#trll00%, C: Methanol 100%.

Table (1): Retention time, area, concentration of standard compounds

Active Retention Area Concentration
M olecules Time(Min.) (MAU) (mnml-1)
Sirginric 19.42 7490426 0.1
Quercitrin 21.28 7308406 0.1
Apeginin 23.2 3824368 0.1
Kameferol 23.31 8990763 0.1
Hypericin 27.05 7080880 0.05
Hyperforin 27.602 280643 0.12

E. Statistical analysis

For Statistical analysis, the (one- way) asialyf completely randomized design was used, thitee
replicates using Duncan's multiple range tests #med means followed by different letter are highly
significant (p<0.01). For this purposeRSS, version 17) was employed [19].

Results and discussion

Composition of bioactive molecules presentthe samples is reported in Fig 2a to f. The major
compounds detected were Quercitrin, Apigenin, Kamwf and Sirginric acid, Naphtho dianthrones
(hypericin) and Phloroglucinols (hyperforin). Thesempounds were identified when ethanol was used as
solvent for phenolics and flavonoids, while metHamas used for hypericin and hperforin extractiamitly
phenological cycle ofi. triqutrifolium Turra. Differences in chemical composition amowiyy (FI) and (Fr)
stages were found in the present study. The highest of phenolics and flavonoids were presenElin
stages compared to V and Fr stages, except theigiiod of hyperforin in Fr stage which was highiean
those in V and Fl, but V accumulated more hypericompared with the Fl and Fr. Fluctuations and
biochemical diversity at different growth stagesfamned by [3, 9, 10 and 11], also results in therent
study was supported by [20], who reported the pectidn of higher concentration of hypericin at the
vegetative stage which might be correlated withhigyher dark gland densities in where they sequedte
Hypricum plants at fruiting stage produced highemoant of quercitrin that record 1.159 mg'dgy.
compared to lower levels at V and Fl. The highfgsigenin, kameferol and sriginric acid concentra$
were recorded in Fl (0.720, 0.484 and 0.558 rhgwt.) respectively compared to V and Fr growth etag
Data also exhibited a significant increase in higireduring V stage which was 0.114mg dwt. Compared
with plants at FI and Fr stages which recorded D&% 0.036 mg dwt., hypericin respectively.
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Figure 2: Various contents of compounds (a) Quercitrin, (b) Apigenin, (c) Kam{ferol. (d) Sirginric, (e) Huperforin, and

(f) Hvpericin (mg g! dw.) of Hypericum triquetrifolium during plant development.

(V)= Vegetative stage, (F) = Flowering stage, (Fr} = Fruiting stage
Columns with different lettergepresent highly significant difference< 0.01) between the concentrati, according
to Duncan multiple range test.

On the other hand, hyperforin production in (FOrease and siginificantly recorded 0.171 mc¢* dwt.,
compared with those produceldring bott V and Fl stages which produ€e087 and 0.13mg g" dwt.,
respectively. Results obtained from this study iaragreement with those (21], [22] and [23]whose
reportedthat the accumulation of hyperfa occur most abundantly id. perforatun flowers, especially in
pistils and subsequently forming fruits, but theg also present in leaves bu lower concentrations [22].
Hyperforins have been shown to accumulate in #estucent glands (. perforaurnr [24] and [25].

Hence, the higher dark gland density at the veigetatage (leaves and stems) resulted in an inerie:
hypericin content with respect to the flowering dndting stages. Such association of hype with dark
glands has been reportedHn perforatun [26] and[27], H. eloded28], H. aviculariifoliun var. depilatum
H. perforatunand H. pruinatum [29], and H. triquetrifolium [30]. Biosynthesis of hypericin and |
derivatives seems relateddell differentiation, attaining its highest le during leaf morphonogene [31].
In addition, hypericin was mostbundant i oil glands of leaves [32]. Thusdves are the preferred ans
for hypericin extraction [33].

Differences in bioactive moleculewere found in the present stuédynong plant parts during ple
development. Results indicate giesence oquercitrin infresh fruit at fruiting stac recording a high level
2.456 mg ¢dw., (fig. 2 a), whereas flower parts during flowerintage produce large quantities
apigenien, kameferol and siginric acid comid to other parts which reach&d®51, 0.931 and 1.2 m¢*dw
respectively (fig. 3 b, ¢, and d).
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Figure 3: Quercitrin (a), Aigenin (b), Kameferol (c)Sirginric (d), Hyperforin (e) and Hypericin (f) camts (mg -
Tdw.) in leaves, stem, flower and fresh fruiHypericumtriquetrifoliuduring plant developme!
Columns with different lettergepresent highly significaidifference (p<0.01) between the concentrati, according

to Duncan multiple range test.

In this study, the highest concentration of hypenfavas observed in fresh fruit harved at fruiting
stage recording 0.400 mgdaw., (fig. 3 e), but in the case &f. perforatumthe plant tissues at fiblooming
stage accumulated higher amount of hypericin whempaoed to othe plant part [34], whereas the
hyperforin did not detected stem during flowering and fruiting time. Althougbalves generally contain
more hpericin at flowering stage than vegetative faniting ontogenesighe highest level of this compot
was found in leaves recordi®g231 mg 'dw., (fig.3 f),Similar results werebtaine« from otherHypericum
species which reported the yield of hypericilleaves at flowering stageas higher than others, because
leaves were covered by dark glands, mainly in margiontaining hyperic during this developmental sta
[35] and [36] but this result disagree with several studies carrigcbaudifferent species of Hypericum st
asH. maculatuni37], H. pruinatunandH. aviculariifolium[38] were reported to accumul more
hypericinin flowers than in leav«.
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Conclusions

It is concluded that plant secondary metabslitaccumulate differently at different
developmental stages of the different plant parith & noticeable variation in the diversity of
biochemicals, thus it is advisable to collectioffestent plant parts at the proper growing stage to
obtain the highest concentration of these constitue
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