
Wild collected Hypericum tetrapterum Fries. (A), H. perforatum L. (B) and H. richeri Vill. 
(C). Dark glands (D.gl.) 

The aim of the present work was to 

compare the flavonoids productivity 

of three Hypericum species (H. 

perforatum, H. tetrapterum and H. 

richeri) collected from the wild with 

plant material derived from their 

biotechnological development.  

Materials and methods  
  
 Plant material - species were collected  as follows: H. perforatum and H. tetrapterum - Western Balkan region, H. 

richeri - from two different accessions - at the Vitosha and Rila mountains.  
  
 Tissue culture initiation - Shoot segments of the wild growing species (the samples of Vitosha Mountain for H. 

richeri) were surface sterilized and inoculated into the basic Murashige and Skoog (MS) medium (1962), 
supplemented with Gamborg vitamins (Gamborg et al. 1968), 6.5 g/l agar, 20 g/l sucrose and 0.5 mg/l N6-
benzyladenine (BA), at 25 ± 0.2 °C and 16/8 hours photoperiod. The obtained axillary shoots were transferred to the 
basic MS culture medium, supplemented with 30 g/l sucrose (with addition of 0.2 mg/l BA and 0.1 mg/l indole-3-
butyric acid (IBA) for H. richeri).  

  
 Shoot culture experiment - The tissue culture experiment included the following plant growth regulator (PGR) 

treatments: Hyp_M0 - PGR-free control and Hyp_M2 - 0.2 mg/l BA + 0.1 mg/l IBA.   
  
 Extraction of the plant material - Dry plant material of the wild collected and shoot cultures derived Hypericum 

representatives (100 mg) was defatted by maceration in chloroform (3x10 ml) and further on extracted by methanol 
(3 x 10 ml). The extraction steps were 1 for 24 hrs at room temperature, and 2 for 15 min in an ultrasonic bath at 25 °C. 

  
 Total flavonoids determination - Total flavonoids were assayed spectrophotometrically by the method of Zhishen et 

al. (1999) and the results were expressed as mg catechin equivalents per 1g DM. 
  
 HPTLC characterization of individual components - HPTLC analysis was done with pre-coated HPTLC glass plates 

(20 × 10 cm, Si G60 F254, Merck) using a Camag HPTLC system (Switzerland). Еthyl acetate:CHеCl2:acetic acid: 
formic acid: water (100:25:10:10:11 v/v/v/v/v) was used as a mobile phase. The chromatographic spots were visualized 
by UV light at 366 nm before and after spraying with NP reagent. Rutin, hyperoside and chlorogenic acid were used 
as standards. 

Shoot cultures of H. tetrapterum Fries. in M_0 medium (A), H. perforatum L. in M_0 
medium and H. richeri Vill in M_2 medium . Space bar = 1 cm  

Results and discussion 
  
The three species showed a good response to the PGR supplementation applied, as multiplication 
rate increased up to 50 axillary shoots formed per explant within the culture period of 12 weeks in 
Hyp_M2 culture medium as compared to up to 4-5 shoots per explant formed in the Hyp_M0 
supplementation. Noteworthy, long-term cultivation in the PGR-free medium was not possible for 
H. richeri, due to its slow growth and subsequent necrosis and decay in the Hyp_M0 medium.     
The highest levels of total flavonoid compounds were established for H. richeri collected from the 
Rila Mountain, followed by the ones of H. perforatum. H. tetrapterum showed intermediate levels 
and the samples of H. richeri obtained from the Vitosha Mountain had the lowest flavonoid levels.   
The highest in vitro flavonoid production was established for H. tetrapterum in the PGR-free 
medium supplementation. Noteworthy, flavonoid levels in H. tetrapterum dropped more than two 
times with the addition of PGRs.  For H. perforatum, the PGR treatment slightly increased the 
flavonoid content up to levels almost reaching the ones of the PGR-free H. tetrapterum. H. richeri 
showed intermediate flavonoid production in the Hyp_M2 medium, being higher than H. 
tetrapterum lower than H. perforatum, grown in the same medium formulation.  
The HPTLC comparison of the methanol extracts of the samples in the presence of the referent 
chlorogenic acid, rutin, hyperoside and hypericin showed both similarity and differences between 
samples. Thus, the wild collected samples were shown to be richer in individual flavonoid 
components. Noteworthy, H. tetrapterum samples did not contain rutin, with the most prevailing 
components in them being mono-glycosides such as hyperoside and isoquercetin, while H. 
perforatum and H. richeri produced both rutin and hyperoside. Previous research on H. 
perforatum has evidenced the presence of rutin, hyperoside, isoquercitrin, avicularin, quercitrin, 
and quercetin as major constituents of a flavonoid-rich extract of the species. Research showed the 
potent free radical scavenging activity and antioxidant activity of the preparation (Zou et al. 2004).     
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Conclusion 
  

Although not so widely studied as H. perforatum, other 
representatives of the genus, characteristic for the Balkan 

flora are prospective candidates for phytochemical 
investigation and biotechnological development.  
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1 Rutin 3 HP-wild growing 8 HT-wild growing 13 Hypericin 15, 16 HR-wild growing 

2 Hyperoside 4-7 HP Mo-M3 in vitro 9-12 HT Mo-M3 in vitro 14 Chlorogenic acid 17-19 HR M1-M3 in vitro 

Flavonoids productivity of wild growing 
and in vitro cultivated Hypricum species  
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