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INTRODUCTION 

 
In recent years, interest in medicinal plants both around the world and in our 

country is growing rapidly. It is determined both by their widespread use as a 

means of prevention and treatment of a number of diseases, and as sources for the 

creation of new and more effective drugs. The rich experience of traditional medi-

cine combined with the methods of modern science, allow for a more in-depth 

study of the composition and properties of biologically active substances contained 

in plants. Their healing effect is due to chemical compounds such as alkaloids, 

glycosides, saponins, tannins, polysaccharides, flavonoids, essential oils, lipids, 

vitamins, etc. 

There is a great variety of medicinal plant species in Bulgaria. One of the 

most used in traditional medicine and a subject of phytochemical researches is the 

plant family Lamiaceae. It includes genera such as mint (Mentha L.), thyme (Thy-

mus L.), balm (Melissa L.), basil (Ocimum L.), lavender (Lavandula L.), rosemary 

(Rosmarinus L.) and many others. 

Plants of the genus Scutellaria L. also belong to the family Lamiaceae. 

Thanks to the biologically active compounds contained their in, plants of this 

genus are used in the treatment of infectious diseases,  hypertension, neurogenic 

disorders and others. The broad range of medical properties is due to flavonoids 

and diterpenes specific to the genus Scutellaria L. According to the World Health 

Organization (WHO) monographs, the main biologically active substances in 

Scutellaria baicalensis are the flavonoids: baicalin, baicalein, wogonin and 

wogonoside. The study of their therapeutic properties is a subject of Russian, 

American, Japanese and other scientific institutes. 

In Bulgaria, interest in this genus has been focused mainly on studying the 

composition of diterpenes and their effects. Until now, no studies have been car-

ried out on Bulgarian species from the genus Scutellaria L. about the composition 

of flavonoids, defining the broad range of biological activity. 

Research in this direction would lead to the discovery of biologically signifi-

cant substances of the Bulgarian species Scutellaria altissima. 
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AIM AND OBJECTIVES 

 

The aim of the present dissertation is to investigate the content of flavonoids 

and diterpenes in extracts of Scutellaria altissima, as well as their biological activi-

ty. 

 

To achieve the aim, the following objectives were formulated: 

1. Collection and determination of plant material from Scutellaria altissima from 

different floristic regions of Bulgaria. 

2. Isolation and identification of diterpenes from aerial parts of Scutellaria 

altissima. 

3. Development and validation of HPLC method for quantification of biologically 

active flavonoids. 

4. Application of the developed method for establishment and comparison of the 

flavonoid composition in extracts of species from the genus Scutellaria L., 

distributed in Bulgaria. 

5. Investigation of the antioxidant activity of Scutellaria species extracts.  

6. Investigation of the antimicrobial activity of Scutellaria altissima extracts 

against Staphylococcus aureus, Escherichia coli, Streptococcus mitis and 

Candida albicans. 

7. Investigation of the antifeedant activity of isolated neo-clerodan diterpenes from 

Scutellaria altissima against Leptinotarsa decemlineata Say. 
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MATERIALS 

 

1.  Plant material  

The phytochemical research was performed with plant material of 

Scutellaria altissima, collected from: 

 area of Balkanets, floristic region “Stara Planina (middle) Mts”, june 2014; 

 area of Bachkovo, floristic region “Western Rhodopes Mts”, june 2018, 

2019; 

 area of Mezek, floristic region “Thracian Lowland”, june 2018, 2019; 

In the comparative study of the Scutellaria species, distributed in Bulgaria 

were used: 

 Scutellaria albida from the area of Mezek, floristic region „Thracian 

Lowland” and area of Asenovgrad, floristic region “Western Rhodopes 

Mts”, june 2018;  

 Scutellaria galericulata from the area of Parvenets, floristic region   

“Thracian Lowland”, june 2018; 

 

2. Reagents, standards and culture media 

The reagents, standards and culture media used are described in the disserta-

tion with the manufacturer. 

3. Microorganisms 

The microbiological assays were performed with Streptococcus mitis, 

Staphylococcus aureus, Escherichia coli and Candida albicans using 3 strains of 

each, isolated and identified from clinical specimens in the Laboratory of Microbi-

ology of the University Hospital “St. George”, Plovdiv, Bulgaria. 

4. Insects 

The antifeeding bioassays were performed with newly emerged fourth instar 

larvae of Leptinotarsa decemlineata Say (Colorado potato beetle) collected from 

the area of Parvenets. 

 

 

 

 

 

 

http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=Staphylococcus+aureus
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МЕТHОDS  

 

1. Methods for botanical characterization of the collected plant material from 

Scutellaria altissima 

1.1. Morphological analysis 

The botanical identity of Scutellaria altissima was established by determin-

ing the characteristic external morphological features of this species, using Key to 

the Plants in Bulgaria (Delipavlov et al., 2011), The Flora of Bulgaria (Yordanov 

et al., 1989), and The flora of Plovdiv (Cheshmedzhiev & Vasilev, 2009). 

 

1.2. Microscopic analysis 

  In the microscopic analysis were determined diagnostic features observed in 

powdered raw material of Scutellaria altissima. Chloral hydrate solution was used 

to prepare the microscopic preparations of the material. The observations were 

performed on an optical microscope (Leica DM 2000 LED, Leica Microsystems, 

Germany), with microscope camera (Leica DMC 2900) and image processing 

software (Leica Application Suite, LAS). 

 

2. Methods for isolation of biologically active substances of S. altissima 

2.1. Extraction of diterpenes 

Dried and finely powdered aerial parts of Scutellaria altissima L. (540 g) 

were extracted with 3 L acetone at room temperature for 1 week. After filtration, 

the solvent was evaporated to dryness under reduced pressure, yielding a gum (8 

g), which was dissolved in 100 ml 50% acetone. The solution was cooled to 4˚С 

for 24 h. The filtrate was extracted with chloroform(4 х 50 ml). The organic extract 

was dried with Na2SO4 and evaporated under vacuum (giving 1.5 g of a bitter 

residue).  

 

2.3. Separation and isolation of diterpenes by column chromatography 

The residue was subjected to column chromatography (45 g silica gel Merck 

№ 7734, deactivated with 10% H2O, w/w, 22 g; CH2Cl2–MeOH solvent gradient 

from 10:0 to 9.9:0.1 as eluent).  

 

2.4. Purification of isolated diterpenes 

In the purification of isolated substances on preparative TLC were used: 

PSC-Fertigplatten KIESELGEL/Pre-Coated PLC Plates SILICA GEL, and ethyl 

acetate as eluent. The process is monitored on TLS – DC Alufolien /Kiesel gel 60 
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F254, using ethyl acetate and CH2Cl2 /MeOH solvent mixture as eluent. A 60% sul-

furic acid solution was used for detection. 

 

2.5. Extraction of flavonoids for HPLC analysis 

Dried plant material was powdered and 0.2 g of each of it were extracted 

with 10 ml of distilled water, 70% ethanol, 96% ethanol and methanol, 

respectively. The extraction was performed at room temperature for 24 hours. 

 

2.6. Extraction of polyphenols 

Approximately 0.5 g of the dried powders were weighted accurately, 

transferred to extraction tubes and mixed with 40 mL of the extragent (60% 

acetone solution in 0.5% formic acid). The extraction was conducted on an orbital 

shaker at room temperature for 1 h. Afterward, the samples were centrifuged 

(6000×g) and supernatants were further used for antioxidant activity determination 

and analysis of total polyphenols and flavonoids.  

    

2.7. Extraction of carbohydrates and organic acids  

One gram of the powders was weighted accurately and subjected to 

extraction with 30 mL 3% meta-phosphoric acid in distilled water for 1 h at 30°С 

and shaking on thermostatic water bath (NÜVE, Turkey). Afterward, the samples 

were centrifuged (6000×g) and the supernatants were used for HPLC analysis of 

sugars and organic acids. 

 

3. Spectral methods for exploring the structure of the isolated compounds 

3.1. Infrared spectroscopy (IR) 

The IR spectra of the compounds were registered in KBr pellet on a Perkin-

Elmer 1750 FT-IR (Infrared Fourier transform spectrometer) Spectrometer from 

4000 cm–1 to 450 cm–1 at resolution 4 cm–1 with 9 scans. 

 

3.2. Nuclear magnetic resonance spectroscopy (NMR) 

Proton nuclear magnetic resonance  (1Н-NMR) 
1H NMR spectra were recorded with Bruker DRX-250 spectrometer, 

operating at 250.13 MHz. TMS was used as internal standard and CDCl3 as 

solvent. Chemical shifts (δН) are expressed in ppm and coupling constants (J) in 

Hertz (Hz). 
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Carbon nuclear magnetic resonance  (13С-NMR)  
13C NMR spectra were recorded on a Bruker DRX-250 spectrometer 

operating at 62.91 MHz. TMS was used as internal standard and CDCl3 as solvent. 

Chemical shifts (δС) are expressed in ppm. 

 

4. Analytical methods 

4.1. HPLC method for analysis of flavonoids and verbascoside 

The HPLC system Varian ProStar with PDA detector model 335 and Hitachi 

C18 AQ (250 mm × 4.6 mm, 5 μm) column was used to quantify flavonoids 

(scutellarin, baicalin, baicalein, wogonin, wogonoside, luteolin, chrysin) and 

verbascoside. A solvent system including deionized water (A) adjusted to pH 3.0 

with phosphoric acid and acetonitrile:methanol 40:60 (B) was used in the 

following gradient mode: 0-25 min 75A / 25B - 10A / 90B; 25-27 min - 10A / 

90B; 27-30 min 10A / 90B - 75A / 25B. The flow rate was 0.9 ml/min and 

detection was at 330 nm for verbascoside, scutellarin and 275 nm for baicalin, 

baicalein, wogonin, wogonoside, luteolin, chrysin. The compounds of interest in 

the extracts were identified through their retention times, as well as by comparing 

their absorption spectra with those of standard substances. They were quantified 

using a calibration curve. Star Chromatography Workstation Version 6.30 (build 5) 

software was used. 

Validation of the HPLC method was performed according to the following pa-

rameters: linearity, limit of detection (LOD), limit of quantitation (LOQ), accuracy 

and precision. 

 

4.2. HPLC analysis of carbohydrates and organic acids 

HPLC determination of glucose, fructose, xylose, galactose, rhamnose, 

sucrose and cellobiose was performed on Agilent 1220 HPLC system (Agilent 

Technology, USA), equipped with binary pump and Refractive Index Detector. 

Separation was performed using Aminex HPX-87H column (300 × 7,8 mm, 

BioRad), eluent 4 mM H2SO4, flow 0.5 mL/min. Results are expressed as mg/100 

g dry weight. 

HPLC determination of quinic, malic, ascorbic, succinic, citric, α-keto-

glutaric, oxalic and tartaric acids was performed on Agilent 1220 HPLC system 

(Agilent Technology, USA), equipped with binary pump and UV-Vis detector. 

Wavelength of 210 nm was used. Organic acid separation was performed using 

Agilent TC-C18 column (5 µm, 4,6 mm × 250 mm). The mobile phase was 25 mM 
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phosphate (K2HPO4 / H3PO4) buffer (pH 2.4), flowing at 0.8 mL/min. Results are 

expressed as mg/100 g dry weight. 

 

4.3. Determination of total phenolic and flavonoid contents 

The total polyphenols were determined according to the method of Singleton 

and Rossi (1965). Gallic acid was employed as a calibration standard and the 

results were expressed as mg gallic acid equivalents (GAE) per 100 g dry weight 

(mg GAE/100 g dw). 

The total flavonoid content was determined with AlCl3 reagent according to 

Chang et al., (2002). The calibration curve was constructed with quercetin 

dihydrate (10–200 mg/L). The results are expressed as mg quercetin equivalents 

(QE) per 100 g dry weight (mg QE/100 g dw). The determinations were performed 

on a spectrophotometer (CE-1020, Cambridge, UK). 

 

4.4. Determination of antioxidant activity 

 Oxygen Radical Absorbance Capacity – ORAC assay  

The method developed by Ou et al., (2001) was used with some 

modifications. This method measures the ability of an antioxidant to neutralize 

peroxid radicals. It is based on the inhibition of the decline of fluorescence of 

fluorescein during its oxidation in the presence of an antioxidant. The thermal 

decomposition of 2,2’-azobis (2-amidinopropane) dihydrochloride (AAPH) is used 

as a peroxid radical generator. The results are expressed in µmol Trolox 

equivalents per gram of extract. Measurements are performed on FLUOstar 

OPTIMA fluorometer (BMG LABTECH, Offenburg, Germany). The excitation 

wavelength of 485 nm and emission wavelength of 520 nm were used. 

 

Hyrdoxyl Radical Averting Capacity – HORAC assay 

The method was developed by Ou et al., (2002) and measures the ability of 

an АО to form complexes in conditions of Fenton reaction, caused by the 

interaction between Co(II) and Н2О2. The results are expressed in µmol gallic acid 

equivalents per gram of extract. Measurements are performed on FLUOstar 

OPTIMA fluorometer (BMG LABTECH, Offenburg, Germany). The excitation 

wavelength of 485 nm and emission wavelength of 520 nm were used. 

 

Electrochemical method for determination of antioxidant activity 

The electrochemical method was used to determine the AOA (Korotkova et 

al., 2002). The experiment’s methodology consists in taking voltamperogram of 
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cathodic electroreduction of oxygen using the “Analyst AOA” (RU.C.31.113.A 

N28715), connected to a PC. The AOA of the tested samples was calculated 

according to kinetic criterion K in micromoles per litre/minute (μmol/l.min) 

indicating the quantity of the reactive oxygen species in time, compared to the 

trolox kinetic criterion and expressed as: 

АOA = Ksample / Ktrolox 

 

5. Determination of antimicrobial activity 

Preparation of plant extracts 

Samples of roots (15 g) and aerial parts (15 g) of S. altissima were extracted 

with 300 ml 70% ethanol and distilled water for 3 h using a magnetic stirrer at a 

temperature of 50 °C. After filtration, ethanolic extracts were evaporated under 40 

°C and all samples were lyophilized. The solutions of lyophilizates were prepared 

in distilled water in working concentration of 1000 µg/ml, 2000 µg/ml, 3000 

µg/ml, 4000 µg/ml, 6000 µg/ml, 8000 µg/ml and 10000 µg/ml. 

 

Experimental 

The bacterial cultures were cultivated in BD Columbia аgar with 5% defib-

rinated sheep blood plates and for Candida albicans in BD CHROMagar Candida. 

After 24 hours of incubation at 37°C, they were transferred into trypsin broth (0.5 

McFarland densities), where after reaching exponential growth they were treated 

with the corresponding concentrations of the extracts tested. The treated cultures 

were incubated for 24 and 48 hours at 37°C. Non-treated cultures of the corre-

sponding strains were used in triplicates as controls. Minimal bactericidal 

concentration (MBCC) and minimal bacteriostatic concentration (MBSC) were 

determined by microbial number according to colony-forming units – 103, 104, 105 

in 5% blood agar or in Chromagar Candida (for C. albicans). MBSC was accepted 

in microbial count less than 105 (104 or 103) and MBCC was considered if no 

growth was visible on the culture medium treated with the corresponding concen-

tration of each extract.  

 

6. Determination of antifeedant activity 

The antifeedant activity was determined according to the method of Lopez-

Olguin et al. (1999) with some modifications. Bioassays were carried out in petri 

dishes (15 x 85 mm), using disks (d=20 mm) from leaf of Solanum tuberosum (Po-

tato). The upper surface of the disks was treated with 20 μl acetone solution of the 

test compounds with a concentration of 1000, 100, 10 ppm. After evaporation of 
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the solvents received treated disks (TD). The control disks (CD) were 

manipulatedanalogously with pure solvent. In each petri dish alternatively were 

placed three treated, three control disks and six larvae of Leptinotarsa decemline-

ata Say. At regular intervals (20 min) during 4-6 h were simultaneously measured 

consumed areas of treated disks (CTD) and those of control disks (CCD), to 

calculate the relevant feeding ratio FR = CTD/CCD. To receive comparative 

results we used FR50, the ratio when 50% of the CD areas in every dishes has been 

consumed (CCD50).  

 

7. Statistical analysis  

Statistical analysis was carried out using IBM SPSS 17.0. When needed sta-

tistical comparisons were made using Duncan's multiple range test. Means were 

considered significantly different at p<0.05. The results were presented as means ± 

standard deviation of triplicate experiments. 
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RESULTS AND DISCUSSION 

 

1. Plant material of Scutellaria altissima L. from different  

floristic regions of Bulgaria 

Aerial parts of Scutellaria altissima were collected during flowering from 

the areas of Balkanets, floristic region “Stara Planina (middle) Mts”; Bachkovo, 

floristic region “Western Rhodopes Mts” and area of Mezek, floristic region 

“Thracian Lowland”.  

A herbarium specimen of the species was deposited (No: 062641) in the 

Herbarium of the Agricultural University – Plovdiv. 

 

Figure 1. Scutellaria altissima 

 Bachkovo, june 03, 2018  

                                               

Figure 2. Scutellaria altissima                                 Figure 3. Scutellaria altissima        

Balkanets, june 11, 2014                                               Mezek, june 05, 2019 
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1.1. Macroscopic examination based on external morphological features 

The main morphological features by which Scutellaria altissima differs from 

other related species are shown in Fig. 4 

 

 

Figure 4. Main morphological features of Scutellaria altissima 

(A - stem; B - stalk; C - flos; D - inflorescence; E - leaf; F - structure of the calyx 

(scutellum); G - calyx when forming the fruit) 

(A) 

(B) 

(D) 

(C) 

(F) 

(G) 

(E) 

„scutellum” 
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Scutellaria altissima belongs to the Lamiaceae (mint) family. A characteris-

tic features of the family members are the quadrangular shape of the stem (Fig. 4 

A), opposite leaves (Fig. 4 B), as well as the characteristic two-lipped structure of 

the calyx and corolla (Fig. 4 C). 

A distinctive genus characteristic from which the name "Scutellaria" derives 

is the presence of a specific formation (structure) of the calyx, called scutellum 

(shield). The structure is larger than the calyx, transversely located on the upper lip 

(fig. 4 F). 

Scutellaria altissima is characterized by a large length and width of the leaf 

compared to other species of the genus. There is also observed a difference be-

tween the shape of the leaves on the stems and the bracts. In the inflorescence the 

leaves are lanceolate to elliptical (fig. 4 D), while the stem leaves are ovate to ellip-

tical, rounded at the base and pointed at the top, ending with a short claw (fig. 4 E).  

Another taxonomic feature distinguishing Scutellaria altissima from other 

species of the genus is the characteristic color of the corolla - the upper lip is pale 

blue and the lower lip - white (fig. 4 C, D). 

During fruit formation, the calyx acquires a specific shape, characteristic to 

the genus Scutellaria, which is why these plants are common in the literature as 

"skullcap"(fig. 4 G). 

The established macroscopic features were compared with the features of 

this species described in the Flora of Bulgaria (Yordanov et al., 1989), and The 

flora of Plovdiv (Cheshmedzhiev & Vasilev, 2009), Key to the Plants in Bulgaria 

(Delipavlov et al., 2011) and Plant Life (Takhtadjian, 1981), which was confirmed 

the botanical identity of the studied species. 

1.2. Microscopic examination based on diagnostic features 

In the examined powder material from aerial parts of Scutellaria altissima 

were observed the following diagnostic anatomical features:   

  fragments of leaf upper epidermis, composed of cells with sinuous anticlinal 

walls (fig. 5 А); 

  covering trichomes, which are multicellular, unbranched. Composed of 4-5 

cells, ending with a pointed top cell. (fig. 5 B).  

  glandular trichomes, which are multicellular, composed of a "stalk" and a 

"head". The stalk of the trichome consists of 3-4 cells ending with unicellular head 

(fig. 5 C); 
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  fragments of leaf lower epidermis with diacytic stomata (fig. 5 D); 

  glandular scales with a short unicellular stalk and a head consisting of 8 

radially located secretory cells (fig. 5 E); 

  fragments of vascular tissue (fig. 5 F); 

 

      

   

   

 

Figure 5.  Diagnostic  features in powder of Scutellaria altissima  

(А – leaf upper epidermis; B - covering trichomes; C – glandular trichomes;   

D – stomata; E – glandular scales; F – vascular tissue; G – cuticle of sepals;  

H – papillose epidermis of  petals (in side view); I – papillose epidermis of  petals 

(in surface view); J – pollen grains) 

 

 

А 

B 

E 

F 

J 

I 

D 

H 

G 

 

  C 

E 
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  cuticle of sepals (fig. 5 G); 

  fragments of papillose epidermis from the inner surface of the petals, in side 

view (fig. 5 H), in surface view (fig. 5 I); 

  spherical pollen grains with a smooth surface (fig. 5 J); 

 

No standardization documents have been found in the literature regarding the 

performed microscopic analysis of Scutellaria altissima. 

 

The results of the performed macroscopic and microscopic analysis would be 

useful for more accurate identification and future standardization of the species 

Scutellaria altissima as plant substance/drug. 

 

 

2. Isolation and identification of diterpenes from aerial parts of 

Scutellaria altissima L. 

 

Diterpenes are found mainly in the leaves and stems of plants. Their com-

plete extraction from the plant material were achieved by extraction with acetone 

and subsequent concentration giving a yellow-brown resinous product called the 

bitter fraction, due to the bitter taste of the diterpene substances contained therein. 

 The bitter fraction of the acetone extract of the plant, obtained after purifica-

tion of chlorophyll and waxes with water, was subjected to chromatographic sepa-

ration and recrystallization to give pure substances. 

The separation process and the purity of the collected fractions were con-

trolled by Thin Layer Chromatography (TLC). The separation was performed on a 

glass column filled with adsorbent - silica gel. After eluting with organic solvents 

with gradually increasing polarity - methylene chloride - methanol (from 10:00 to 

9.9:0.1), three fractions were separated: A (85 mg), B (94 mg) and C (380 mg). 

Column chromatography of fraction A (silica gel, 10 g, deactivated as de-

scribed above; 25 mL/fraction; CH2Cl2–hexane solvent gradient from 5:5 to 10:0 

as eluent) yielded compound 1 (57 mg). 

 The mixture isolated as a white powder 1 has a melting point of 142-145 °C 

Compound 1 was devoid of bitter test and gave a red colored spot on TLC (H2SO4 

used for development), both unusual for neo-clerodane diterpenes. A red color is 

characteristic of the reaction of steroids with sulfuric acid. The sterol nature of the 

obtained compound 1 was also confirmed by the analysis of the spectral data. 
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IR spectroscopic analysis of compound 1 showed absorption bands for a 

hydroxyl group at 3375 cm-1 and a C=C double bond at 1643 cm-1 (Fig. 6). 

 

 

Figure 6. Infrared spectrum of β-sitosterol (1) 

 

In the 1Н-NMR spectrum (Fig.7), signals were observed for six methyl 

groups: two singlets, one of which was with double intensity for a proton and a 

half, at δH 0.69 (1.5Н s, CН3-28) and 1.01 (3Н s, CН3-29); three doublets at δH 0.81 

(3H d, J = 6.5 Hz, CН3-27), 0.82 (3H d, J = 6.5 Hz, CН3-26) and 0.92 (3H d, J = 

6.3 Hz, CН3-19) and a triplet at δH 0.85 (3H t, J = 7.0 Hz, CН3-24). 

 The broad singlet at δН 3.52 (1Н, brs, Н-3) is characteristic of an H-atom at 

a carbon attached to a hydroxyl group. Accordingly, in the 13С-NMR spectrum, the 

signal for the carbon atom C-3 is easily detected in the magnetic field free of other 

chemical resonances at δС 71.8 (Fig. 8).  

The signal in the 1Н-NMR spectrum at δН 5.35 (1Н brs, Н-5) was referred to 

an olefinic proton. The olefinic double bond in the sterol molecule is also con-

firmed by the signals in the 13С-NMR spectrum at δС 140.8 (С-5) and 121.7 (С-6). 
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Figure 7. Part of the 1Н-NMR spectrum of β-sitosterol (1) 

 with enlarged sections 
 

 

Figure 8. 13С-NMR spectrum of β-sitosterol (1) 

 

 After analysis of the spectral data, the structure of compound 1 was assigned 

to β-sitosterol, which is in agreement with the published values, reported by Habib 

et al., (2007). The spectral data of the 1Н- and 13С-ЯМР signals are presented in 

Appendix 2 of the Dissertation. 
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Fraction B was subjected to preparative TLC (98:2 ratio of CH2Cl2–MeOH 

solvent mixture as eluent) to afford four homogeneous TLC spots. After 

recrystallization from acetone, pure compounds of 2 (35 mg), 3 (13.5 mg), 4 (8 

mg), and 5 (17.3 mg) were obtained. 

 The IR spectra of compounds 2 – 5 (Fig. 9 and 10) showed characteristic 

absorption bands in the range of 3054-3050 cm-1, referring to the presence of 

oxirane and acetate groups in the range of 1735-1712 and 1269-1250 cm-1, but ab-

sence of bands for a lactone or furan moiety. 

 

 

Figure 9. Infrared spectrum of scutecyprin (2) 

 

Figure 10. Infrared spectrum of scutecyprol А (5) 
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The spectrum of compound 2 displayed, in addition, bands for (E)-2-methyl-

2-butenoyl ester, compounds 3 and 4 for vinyl ether in the range of 3015 and 1618 

cm-1, and compound 5 for hydroxyl group, which absorbed in the range of 3422 

cm-1. 

 Interpretation of the 1Н and 13С NMR spectra of compounds 2 and 5 showed 

the presence of a hexahydrofurofuran system. Typical signals in the 13С NMR 

spectrum were for C-16, which resonated at δС 108.2, for C-15 at δС 68.3, and for 

C-13 at δС 41.8 (Fig. 11). 

 

 

Figure. 11. 13С NMR spectrum of scutecyprin (2) 

 

Accordingly, in the 1Н NMR spectrum, characteristic signals for this ring 

system are observed for H-13, which appeared as a multiplet at δH 2.85 (Fig. 12 a), 

for methylene protons H2-15, which resonated as a multiplet at δH 3.88 (Fig. 12 b) 

and the resonant signal of H-16, which appeared as a doublet at δH 5,64 (Fig. 12 c), 

while structures 3 and 4 possess a tetrahydrofurofuran system in which the C-14 

and C-15 double bond signals appeared as triplets at δH 4.80 and 6.45. The spec-

trum of compound 3 also showed the presence of a methoxy signal instead of an 

acetoxy group at 3.50 s, 3H, OMe-19β. 

The 1Н NMR spectra of compounds 2-5 showed signals from the common 

structural features for the decalin ring of neo-clerodane diterpenes. The characteris-

tic signals were for methyl protons H3-17, which resonated as a doublet at δH 0.90, 

as well as a singlet related to methyl protons H3-20 at δH 1.16 (0.90 d, ЗН, J17, 
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8= 7.0 Hz, Me-17 and 1.16 s, 3Н, Ме-20 ). The characteristic resonance sig-

nals for the two H2-18 protons of the 4α, 18-oxirane ring were observed, 

appearing as doublets at δH 2.43 and 3.01 (HA-18 2,43 d and HB-18 3,01 d, J = 4,4 

Hz) and for one acetate group - signal with intensity for 3H at H 1.80 s 

(Fig.13). Accordingly, in the 13С NMR spectrum, the resonant signals for the car-

bon atoms in the acetate group were observed at C 170.0, relative to the carbon 

of the carbonyl group and at C 21.0 for the carbon from the methyl group (Fig. 

11). 

 

 

a) 

    

b)                                                                      c) 

 
Figure. 12. Parts of the 1Н NMR spectrum of scutecyprin (2) 

with enlarged sections  
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Figure 13. 1Н NMR spectrum of scutecyprin (2) 

 

Based on physical constants (m.p., Rf), IR, 1Н NMR and 13С NMR spectral 

data and comparison with literature data, compounds 2–5 were identified as 

scutecyprin (Bruno et al., 1993), scupolin H (De la Torre et al., 1997), clerodin 

(Cole et al., 1991; Yun-Lian et al.,1989) and scutecyprol A (Bruno et al., 1996). 

Scutecyprin has not been received in crystal state up to now and the real 

temperature of melting is missing from the literature. We established it at 145–

148°C. 

The last, most polar fraction C was directly extracted with CHCl3–MeOH 

(99:1) to yield compound 6 (380 mg). The broad band at 3456 cm-1 in the IR 

spectrum of compound 6 revealed the presence of several hydroxyl groups. There 

were also observed bands at 1713 and 1627 cm-1 for the α, β - unsaturated acyl 

group and for vinyl ether, respectively. 

On the base of 1Н NMR and 13С NMR spectral data, compound 6 was 

identified as globularin, also known by the name scutellarioside. Data are in 

agreement with the literature (Faure et al., 1987; Chaudhuri et al., 1980). 

Globularin is widespread in plants of the genus Scutellaria, which contain iridoid 

glycosides, but isolated from Scutellaria altissima for the first time in this research. 
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 In the ivestidation of Scutellaria altissima (area of Balkanets) for the pres-

ence of diterpenes, four neo-clerodane diterpenes were isolated in pure form and 

structurally elucidated: scutecyprin (2), scupolin H (3), clerodin (4) and 

scutecyprol A (5), and in addition a phytosterol identified as β-sitosterol (1) and 

iridoid glycoside-globularin (6) (Fig. 14). 

 All six compounds are reported in the species Scutellaria altissima for the 

first time.  
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Figure 14. Structures of isolated compounds from Scutellaria altissima 

 

  * IR, 1Н NMR and 13С NMR spectral data of all isolated compounds are presented in 

Appendix 2 of the Dissertation. 
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3. Development and validation of HPLC method for quantification of 

biologically active flavonoids in extracts of 

Scutеllaria altissima L. 

 

According to the literature data, reversed phase columns C18 are some of the 

most commonly used in the separation of polyphenolic compounds (Kosakowska 

et al., 2016 Wilczańska-Barska et al., 2011) in combination with mobile phases 

containing water and acetonitrile, water and methanol or water / acetonitrile / 

methanol and various pH values of the medium (Gao et al., 2008). Кatsarova et al., 

(2017) identified polyphenolic compounds in herbal medicines and combined ex-

tracts (Кatsarova et al., 2017), on the basis of which this method was developed. 

In the present experiment, the Hitachi C18 AQ columns (250 mm × 4.6 mm, 

5 μm) and Microsorb-MV C18 column (150×4.6 mm, 5 μm) were used to find the 

most suitable conditions for the best possible separation of flavonoids (scutellarin, 

baicalin, baicalein, wogonin, wogonoside, luteolin, chrysin) and verbascoside and 

the phases: water and acetonitrile and water / acetonitrile / methanol in different 

gradient modes were used as well. To obtain symmetrical peaks the ratio of 

acetonitrile to methanol in the organic phase was varied as well as the pH of the 

aqueous phase of 3.0; 3.5 and 3.8. Best results were obtained using a Hitachi C18 

AQ column, mobile phase containing water at pH 3 (A) and organic phase 40 

acetonitrile / 60 methanol (B) in the following gradient mode: 0-25 min 75A / 25B 

- 10A / 90B; 25-27 min - 10A / 90B; 27-30 min 10A / 90B - 75A / 25B.  The 

chromatogram was recorded from 0 to 15 min. at 330 nm, and from 15 to 30 min. 

at 275 nm - wavelengths at which the substances have the corresponding maximum 

absorption (Fig. 15). 
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Figure 15. Absorption spectra of the analyzed substances 

 

 

 

The glycosides scutellarin, baicalin and wogonoside are more polar 

compounds compared to the aglycones baicalein, wogonin, and chrysin, due to 

their shorter retention time under the specified process conditions. Verbascoside is 

retained for an even shorter time compared to them due to its specific structure of 

caffeoyl phenylethanoid glycoside. Figure 16 shows a chromatogram of a model 

mixture with a concentration of 10 μg / ml. 
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Figure 16. Chromatogram of model mix of verbascoside-1  

and flavonoids: scutellarin-2, baicalin-3, luteolin-4, wogonoside-5, baicalein-6, 

wogonin-7, chrysin-8 

 

The validation procedure for the HPLC method includes the determination 

of the following parameters: Linearity, LOD, LOQ, Accuracy and Precision. Three 

series of standard solutions of the pure substances were analyzed under the speci-

fied conditions, and it was established that in the chosen concentration ranges (Ta-

ble 1, column 3) there is a linear relationship between the concentration and the 

area of the chromatographic peak (r2 = 0.9924 ÷ 0.9985). This means that the 

method can be used to quantify the test substances. Regression equations of their 

standard curve coefficients of determination (r2) and LOD and LOQ are listed in 

Table. 1.  

 

Table 1. Parameters for validation of the HPLC method 

Analyte λ (nm) 

Concentrations  

(µg/ml) RT 

(min) 

Regression 

equations 
r2 LOD 

(µg/ml) 

LOQ 

(µg/ml) 
S1 S2 S3 S4 S5 S6 

Verbascoside 330 2 5 10 15 20 25 11,81 y═2,9511e+005x 0,9937 0,229 0,735 

Scutellarin 330 2 5 10 15 20 25 13,98 y═1,0303e+006x 0,9924 0,088 0,281 

Baicalin 275 2 5 10 15 20 25 17,52 y═6,4478e+005x 0,9938 0,102 0,368 

Luteolin 275 2 5 10 15 20 25 19,41 y═4,8185e+005x 0,9984 0,133 0,409 

Wogonoside 275 2 5 10 15 20 25 20,16 y═9,7821e+005x 0,9955 0,079 0,269 

Baicalein 275 2 5 10 15 20 25 21,90 y═1,0883e+006x 0,9974 0,096 0,284 

Wogonin 275 2 5 10 15 20 25 24,76 y═1,4736e+006x 0,9985 0,067 0,210 

Chrysin 275 2 5 10 15 20 25 25,26 y═1,0024e+006x 0,9963 0,084 0,278 
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Recovery experiments were performed to study the reliability and suitability 

of the method. Three samples with known concentrations of the eight investigated 

compounds and a spiked sample were analysed (n=5). Recoveries between 96.6% 

and 102.7% (Ra) were obtained through the first experiment. Good recoveries in 

the range were obtained by the fortification of the samples at a concentration 12 

μg/ml for verbascoside, scutellarin, baicalin, luteolin, wogonoside, baicalein, 

wogonin and chrysin through the second experiment. It was evident from the 

results that the percent recoveries for all the eight analytes of interest were in the 

range of 96.5%-103.2% (Rb) which is a confirmation for accuracy of the method 

(Huber, 1998). The relative standard deviation ranged from 3.78 % to 7.78 %. This 

indicates that the proposed method is accurate and precise. The data is reported in 

Table 2.   

 
Table 2. Parameters Related to Precision and Accuracy for HPLC Method Validation 

       Parameters 

Analyte 

RSD(%) 
Real 

concentration, 

(µg/ml) 

 Concentration 

found,  

(µg/ml) 

 
Ва, 

(%±0,1) 

 
Вб, 

(%±0,1) 

Verbascoside 7,78 4 12 22  4,05 11,52 21,90  101,3 96,1 99,5  97,0 

Scutellarin 7,01 4 12 22  3,87 12,32 21,79  96,8 102,7 99,0  101,7 

Baicalin 6,76 4 12 22  4,11 11,76 21,97  99,9 98,0 100,1  98,3 

Luteolin 3,78 4 12 22  3,86 11,87 21,66  96,6 98,9 98,5  99,2 

Wogonoside 3,85 4 12 22  3,97 11,76 22,29  99,3 98,0 101,3  103,2 

Baicalein 7,39 4 12 22  4,09 11,82 22,34  102,4 98,5 101,5  102,3 

Wogonin 5,96 4 12 22  3,97 11,94 21,70  99,3 99,5 98,6  99,0 

Chrysin 6,13 4 12 22  3,94 11,99 22,06  98,6 99,9 100,2  96,5 

 

By analyzing the results presented in Tables 1 and 2, it can be concluded 

that the developed method is precise, accurate and sensitive enough for the 

simultaneous quantitative evaluation of eight investigated compounds in dry 

extracts, plant material or food supplements.  

A number of authors have studied the flavonoid composition of various 

species of the genus Scutellaria and have demonstrated the presence of baicalin, 

baicalein, scutellarin and chrysin in wild growing Scutellaria galericulata 

(Kosakowska et al., 2016), baicalin, baicalein and wogonin in tinctures derived 

from Scutellaria lateriflora and Scutellaria baicalensis  (Gao et al., 2008), as well 

as baicalin and wogonoside in wild type root culture of Scutellaria barbata 

(Wilczańska-Barska et al., 2011). Grzegorczyk-Karolak et al. have also identified 

luteolin and verbascoside in Scutellaria altissima callus cultures in addition to the 

baicalin and wogonoside which are characteristic of the species (Grzegorczyk-

Karolak et al. 2013; 2015). 
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Application of the developed method 

The developed method was applied to the quantification of flavonoids 

(scutellarin, baicalin, baicalein, wogonin, wogonoside, luteolin, chrysin) and 

verbascoside in Scutellaria altissima extracts. For this purpose, aqueous, 

methanolic and ethanol extracts of dry plant material were prepared. The results we 

obtained show that they contain the specific to the genus Scutellaria scutellarin, 

baicalin, baicalein, as well as wogonoside, wogonin, chrysin and verbascoside. 

Chromatograms of aqueous and methanol extract are shown in Fig. 17. 

 

 

 
               а)                                                                   b) 
 

Figure 17. Chromatogram of aqueous (a) and меthanolic extract (b) of  S. altissima 

verbascoside-1  scutellarin-2, baicalin-3, luteolin-4, wogonoside-5, baicalein-6, 

wogonin-7, chrysin-8 

 

Under the chosen operating conditions, 70% ethanol extracts at highest 

degree baicalin, baicalein, scutellarin and wogonoside, 31250 ± 291, 288 ± 11, 

4131 ± 29 and 2827 ± 102 μg/g, respectively. The amounts obtained are twice as 

much compared to the extraction with methanol and six times more than the 

extraction with water (Table 3). On the other hand, methanol also extracts 

verbascoside, wogonin and chryzin, but in quantities less than the limit of 

quantification of the method. This is a prerequisite for conducting experiments to 

optimize extraction conditions to increase the yield. 
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Table 3. Quantities of scutellarin, baicalin, baicalein, wogonin, wogonoside, luteolin, 

chrysin and verbascoside, determined in μg/g dry plant material ± SD (n=3) 

 

Analyte, μg/g 
 

Extraction solvent 

H2O 70% EtOH 96% EtOH MeOH 

Verbascoside - - - traces 

Scutellarin 687±53 4131±29 590±33 2165±98 

Baicalin 2469±127 31250±291 5992±203 17230±342 

Luteolin - - - - 

Wogonoside 497±26 2827±102 1412±61 2210±95 

Baicalein 144±9 288±11 82±5 85±5 

Wogonin - - - traces 

Chrysin - - - traces 

       * Results are presented as mean values ± standard deviations. 

 

In the available literature, data on the flavonoid composition of Scutellaria 

altissima are only found in shot cultures and the amounts of baicalin and 

wogonoside shown are commensurate with those obtained from us (Grzegorczyk-

Karolak et al. 2013; 2015). 

 

The proposed HPLC assay showed good separation of the compounds and 

proved to be efficient, precise and accurate, therefore, it could be used for the 

simultaneous determination of biologically active compounds in plant material and 

dry extracts or phyto products. The method can also be used to prove the 

authenticity of plants of the genus Scutellaria. This is the first study in Bulgaria on 

the flavonoid composition of Scutellaria altissima, which implies the continuation 

of the experiments to determine the composition and the comparison of the 

quantities of the tested compounds in the other Scutellaria species, which occur on 

the territory of the country. 
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4. Comparative chromatographic analysis of extracts from species 

of the genus Scutellaria L., distributed in Bulgaria 

 

The qualities of medicinal plants are determined by the biologically active 

substances contained in them. Their synthesis and accumulation depends both on 

the plant species itself and on the peculiarities of the geographical and climatic 

conditions (Havsteen, 2002). It was found that species of the same genus have a 

chemotaxonomic relationship, ie. synthesize substances of the same or similar 

structure (Nicotra et al., 2010). For example, as with many of the species of the 

genus Scutellaria already studied and with proven therapeutic properties, a similar 

phytochemical profile is observed (Cole et al., 2007; 2008; Islam et al., 2011). 

Studies have shown that the pharmacological action of plants from this genus is 

mainly due to the phenolic compounds synthesized by them (Shang et al. 2010; 

Tungmunnithum et al. 2018). 

According to these data and the lack of information about the flavonoid 

composition of plants from the genus Scutellaria L. growing in Bulgaria, the 

HPLC method developed by us was applied to establish and compare their 

composition. 

In the present study, three species of the genus Scutellaria growing in 

Southern Bulgaria were selected, namely Scutellaria altissima from the areas of 

Mezek and Bachkovo, Scutellaria albida - Mezek and Asenovgrad, as well as 

Scutellaria galericulata from the region of Parvenets. 

 

4.1. Quantities of biologically active flavonoids in extracts of S. altissima, S. al-

bida and S. galericulata 

The HPLC analysis revealed that all three studied species of Scutellaria L. 

contain the flavonoids characteristic and significant for this plant genus. The 

amounts of individual flavonoids characteristic of the genus Scutellaria and 

extracted with different solvents are given in Figure 18. 

In all Scutellaria species, the glycosides baicalin, scutellarin and wogo-

noside were in the highest amount, with the best extraction being achieved with 

70% ethanol. Scutellarin is present in all samples with the highest amount in plant 

material of S. albida (Mezek) (4350µg/g) and S. altissima (Mezek) (4219 µg/g) 

followed by S. altissima (Bachkovo) (3263 μg/g) and S. albida (Asenovgrad) 

(3075 μg/g). Baicalin is detected in four of the five samples tested and its amount 

varies in a very wide range from 363-605 µg/g in S. albida (Mezek) and S. albida 

(Asenovgrad) to 23125-31250 µg/g in S.galericulata (Parvenets) and S. altissima 
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(Mezek). Wogonoside is found in the plant material of all studied species of 

Scutellaria from 419 to 2827 µg / g, as well as wogonin, but in small quantities. 

However, wogonin it is not found in S. altissima (Bachkovo). 
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Figure 18. Quantities of biologically active substances in extracts of  

S. altissima (Mezek and Bachkovo), S. albida (Mezek and Asenovgrad), 

 S. galericulata (Parvenets) 
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S. galericulata contains the largest amount of aglycone baicalein - 1047 µg/g. Sig-

nificantly less - 288 µg/g is its content in S. altissima (Mezek), while in S. albida it 

is not detected. However, S. albida synthesizes another aglycone - luteolin (about 

120 µg/g). Although, according to literature data, plants of this genus contain chry-

sin, in our experiment it was detected only in extracts of S. altissima (Bachkovo). 

The caffeoyl phenylethanoid glycoside - verbascoside is alsodetected in the metha-

nol extracts of all three studied species. In addition to methanol extract, where its 

content is 636 µg/g, it is also found in ethanol extracts of S. albida. 

The quantities of baicalin obtained by us in the aerial parts of S. altissima 

(Mezek) and S. galericulata (Parvenets) are higher than those established by other 

authors for the respective plant species. Zgòrka (2006) reported 2-times less bai-

calin content (11300 µg/g) in S. galericulata and 100-times less (295 µg/g) in S. 

altissima compared to those registered by us. Interestingly, we recorded 31250 µg / 

g baiclin in the aerial part of S.altissima (Mezek), while Grzegorczyk-Karolak et 

al. (2015) found 22570 µg/g in the roots and only 270 µg/g in the stems (shoots) 

from 2-year-old plants from S.altissima. Although, according to literature data, 

baicalin is mainly concentrated in the roots of plants from the genus Scutellaria, in 

our experiment it was also found in the aerial parts of the studied Scutellaria spe-

cies. Similar results were reported by Makino et al. (2008), who quantitatively 

compared the content of baicalin in the roots, stems and leaves of S. baicalensis 

and S. lateriflora. They found a higher content of baicalin in the leaves and stems 

of S. lateriflora than in the root, while its content in S. baicalensis was mainly con-

centrated in the roots of the plant (Makino et al. 2008). Scutellarin, which is one of 

the main chemotaxonomic markers for plants of the genus Scutellaria and mainly 

characteristic of their aerial parts (Chirikova et al., 2010a; Islam et al., 2011; Wang 

et al., 2018), has been detected in all species studied by us, regardless of their habi-

tat. In the plant material of S. albida from both regions, in addition to significant 

amounts of scutellarin, we also find the phenylethanoid glycoside-verbascoside, 

which was also identified by Bardakci et al. (2019) in S. albida ssp. albida, 

distributed in the flora of Turkey. 

 

4.2. Quantities of carbohydrates and organic acids in aerial parts of S. altissima, 

S. albida and S. galericulata 

In order to obtain a more complete phytochemical profile of the studied Scu-

tellaria spp., in addition to determining the amounts of secondary metabolites con-

tained in them, a comparative study of some primary metabolites, such as organic 

acids and carbohydrates, was performed. The amounts of some monosaccharides, 
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disaccharides and organic acids in the aerial parts of S. albida, S. altissima and S. 

galericulata were determined by HPLC analysis. Table 4 presents the results for 

the content of fructose, glucose, galactose, rhamnose, xylose, sucrose, maltose, and 

Table 5 of quinic, malic, ascorbic, citric, α-ketoglutaric, succinic, oxalic and tartar-

ic acids. 

The total amount of carbohydrates in the studied species varies from 3548.7 

mg/100 g dw for S. galericulata (Parvenets) to 8290.8 mg/100 g dw for S. albida 

from the area of Mezek. Of the monosaccharide composition predominant for the 

studied Scutellaria species are glucose, followed by galactose and fructose, with 

the highest values for S. albida (Asenovgrad) (2319.7 mg/100 g dw), S. altissima 

(Bachkovo) (2238 mg/100 g dw) and S. albida (Mezek) (2160.5 mg/100 g dw), 

respectively. Of the disaccharides, sucrose is predominant in S. galericulata, while 

the highest content of maltose (806.5 mg/100 g dw) is found in the plant biomass 

of S. altissima (Mezek). 

Regarding the content of organic acids in the three studied Scutellaria spp., 

significantly higher amount of them was found in the aerial parts of S. albida 

(Asenovgrad) (12900.6 mg/100 g dw), and the highest concentrations of quinic, 

succinic, malic, oxalic and α-ketoglutaric acid are registered. Succinic acid pre-

dominates in the species S. albida and S. altissima from the area of Mezek. The 

highest content of ascorbic and tartaric acids was reported for S. altissima (Bach-

kovo), and of citric acid - for S. altissima (Mezek), which is predominant among 

the acids in S. galericulata. 
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Table 4. Content of carbohydrates in aerial parts of S. albida, S. altissima, S. galericulata 

Scutellaria spp. 
Carbohydrate, mg/100 g dw 

Fructose Glucose Galactose Rhamnose Xylose Sucrose Maltose Total 

S. albida (Asenovgrad) 1584,5c±118,5 2319,7b±213,7 1150,8b±91,1 152,5b±9,3 1012,5d±93,3 1240,1d±94,1 337,3a±13,7 7797,4 

S. albida (Mezek) 2160,5d±173,1 2306,8b±203,7 1137,2b±83,7 203,2c±12,3 1264,7d±106,5 873,7bc±77,4 344,6a±24,5 8290,8 

S. altissima (Bachkovo) 1095,1b±89,5 2206,4b±190,6 2238,0c±183,8 254,9d±15,5 624,6c±52,5 756,9b±56,9 546,9b±34,7 7722,8 

S. altissima (Мezek) 1297,0b±109,7 2148,7b±190,8 1035,4b±73,5 127,7a±6,7 256,7b±18,7 590,8a±29,1 806,5c±50,6 6262,8 

S.galericulata(Parvenets) 507,5a±35,8 901,4a±65,1 384,3a±25,4 157,9b±8,5 120,7a±8,1 1018,8cd±90,9 458,1b±27,8 3548,7 

* Results are presented as mean values ± standard deviations. 

 

Table 5. Content of organic acids in aerial parts of S. albida, S. altissima, S. galericulata 

 

Scutellaria spp. 
Acid, mg/100g dw 

Quinic Malic Ascorbic Citric 
α- 

Ketoglutaric 
Succinic Oxalic Tartaric Total 

S.albida 

(Asenovgrad) 
6421,8d±340,2 538,9b±26,6 93,7b±5,3 267,3a±25,5 259,8c±18,3 4823,2e±124,8 495,9e±10,4 - 12900,6 

S.albida 

(Mezek) 
413,4b±28,6 112,4a±17,0 60,7a±3,3 621,3b±46,1 100,1a±9,9 1803,7c±114,1 67,9±3,7 22,6b±1,7 3220,1 

S altissima 

(Bachkovo) 
1724,4c±120,3 113,8a±12,0 148,9c±10,9 615,9b±28,6 152,2b±13,9 929,3b±35,9 332,1b±8,2 113,2c±6,0 4129,8 

S. altissima  

(Мezek) 
222,4a±21,7 120,7a±10,5 106,4b±11,5 1029,1c±57,1 86,4a±8,7 2538,5d±152,8 19,5b±1,6 25,4b±2,7 4148,4 

S.galericulata 

(Parvenets) 
203,1a±20,6 115,3a±11,8 91,1b±6,4 608,5b±53,7 132,1b±8,9 294,5a±27,6 8,9a±0,2 9,8a±0,7 1463,3 

* Results are presented as mean values ± standard deviations.



It turns out that while there is plenty of information about the secondary 

metabolites in the plants of the genus Scutellaria, there is not much data about 

the primary metabolites in them. Data are only for the content of carbohydrates 

and organic acids in S. baicalensis. Chirikova et al. (2008) monitor the 

accumulation of organic acids during the vegetation of the plant. They identified 

tartaric, citric, malic, malonic, succinic and fumaric acids in the aerial part of S. 

baicalensis (Georgi) and found that citric acid predominates and is detected in 

all phases of plant development. The largest amount we find in S.altissima (Me-

zek). In contrast, we also determine the amounts of quinic, oxalic, α-ketoglutaric 

and ascorbic acids. S. albida (Asenovgrad) contains the most quinic and succinic 

acids - 6.42 and 4.82% respectively and they have the largest contribution to the 

total amount of organic acids of 12.9% in it. 

Olennikov et al., (2008) isolate and characterize polysaccharides from the 

aerial part of S. baicalensis Georgi, in which they prove galactose, arabinose and 

glucose (Olennikov et al., 2008). We find the monosaccharides glucose, 

fructose, galactose, rhamnose, xylose and the disaccharides sucrose, maltose in a 

very wide concentration range. Fructose is present in the largest amount in S. 

albida (Mezek), galactose - in S. altissima (Bachkovo) and glucose - in S. albida 

(Asenovgrad). According to a study by Park et al. they are extremely important 

for the biosynthesis of flavonoids. They investigated the optimal carbohydrate 

source in hairy root cultures of S. baicalensis infected with Agrobacterium 

rhizogenes strain and proved that 150 mM sucrose in the culture medium 

increases the production of baicalein, fructose causes the greatest accumulation 

of baicalin and galactose - of wogonin. 

 

As a result of the performed analyzes we can conclude that for the first 

time data on the amounts of primary and secondary metabolites in S. albida, S. 

altissima and S. galericulata, distributed in Bulgaria, have been established. The 

geographical and climatic specifics of the area where the medicinal plants grow 

inevitably affect the synthesis of biologically active substances. It is important to 

note that the flavonoids scutellarin, baicalin, baicalein, wogonin, wogoniside 

and a caffeoyl phenylethanoid glycoside - verbascoside, responsible for the 

therapeutic action of Scutellaria baicalensis (Baikal skullcap) and Scutellaria 

lateriflora (American skullcap) are found for the first time in species of the 

genus Scutellaria growing in Bulgaria. 
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5. Comparative analysis of polyphenolic content and antioxidant 

activity of Scutellaria species extracts 

 

5.1.  Determination of total polyphenols and flavonoids in extracts of S. altis-

sima, S. albida and S. galericulata 

Plant polyphenols are an important class of natural antioxidants that act by 

neutralizing reactive oxygen species (ROS) and chelating prooxidant metal ions 

(Fe2+, Cu2+), which counteract oxidative stress and play a key role in the preven-

tion of related diseases (Grzegorczyk-Karolak et al., 2015). To establish the re-

lationship between the antioxidant properties of the three studied plant species 

and their chemical composition, the total polyphenols were determined by the 

method of Singleton & Rossi (1965), expressed in milligrams of gallic acid 

equivalent per gram of dry weight (mg GAE/g dw), as well as the characteristic 

for the plant species flavonoids by the method of Chang et al., (2002), expressed 

in milligrams of quercetin equivalent per gram of dry weight (mg QE/g dw). The 

results obtained from the three Scutellaria species studied are presented in Table 

6, which show a correlation between the obtained amounts of total polyphenols 

and total flavonoids. The polyphenolic content varies from 1353.1 ± 33.6 mg in 

S. dlbida (Asenovgrad) to 3498.5 ± 61.6 mg GAE / 100g dw in S. altissima 

(Mezek), and the flavonoid content - from 162.0 ± 4.3 to 747.2 ± 5.8 mg QE / 

100g dw in S. dlbida (Asenovgrad) and in S.galericulata (Parvenets). 

According to the data presented, S.altissima from both regions Mezek and 

Bachkovo and S. galericulata (Parvenets) show a higher total amount of 

polyphenols and flavonoids compared to S. albida. The amount of polyphenols 

in the order of about 3000 mg GAE / 100g dry plant material obtained by us 

correlates with the results of Grzegorczyk-Karolak et al. (2015), who studied 

tissue cultures of S. altissima. Higher total polyphenolic and flavonoid content 

in the dry extract of S. altissima compared to S. albida was also found by 

Vaidya et al. (2014), who studied 16 Scutellaria species cultivated in Georgia, 

USA. Şenol et al. (2010) examined 33 Scutellaria species from the flora of Tur-

key and reported a similar relationship between the amount of these biologically 

active substances in dry extracts of S. galericulata and S. albida (Şenol et al. 

2010). 
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         Table 6. Content of total polyphenols and flavonoids in extracts of S. albida,  

S. altissima and S. galericulata 

Scutellaria spp. 

Total Contents 

Polyphenols,  

mg GAE/100g dw 

Flavonoids, 

mg QE/100g dw 

S. albida 

(Asenovgrad) 
1353,1а±33,6 162,0а±4,3 

S. albida 

(Mezek) 
1863,4b±38,7 255,6b±10,9 

S. altissima 

 (Bachkovo) 
2048,1c±31,6 296,4b±24,9 

S. altissima 

(Mеzек) 
3498,5e±61,6 610,7c±32,4 

S. galericulata 

(Parvenets) 
3256,5d±87,8 747,2d±5,8 

                   * Results are presented as mean values ± standard deviations. 

 

 

5.2.  Antioxidant activity of extracts from S. altissima, S. albida and S. ga-

lericulata 

Many in vivo and in vitro studies of extracts from different species of the 

genus Scutellaria and the bioactive substances contained in them, prove their 

potential as plants with strong antioxidant capacity. It is known that the AOA of 

plant extracts is due to phenolic compounds and especially to flavonoids in plant 

material. The antioxidant action of flavonoids manifests in several directions: 

neutralization of free radicals by the release of a hydrogen atom, chelation of 

metal ions, inhibition of singlet oxygen and inhibition of prooxidant enzymes 

(Rice Evans, 2000, Heim et al., 2002). 

Three methods were applied to determine the antioxidant activity of 

extracts from the studied Scutellaria species, namely ORAC (measures the 

ability of an antioxidant to neutralize peroxide radicals), HORAC (measures the 

complexing ability of an antioxidant) and electrochemical method (measures the 

electrical signal as a result of oxidation of the test substance). The results for an-

tioxidant activity of extracts from the studied Scutellaria species, determined by 

ORAC and HORAC methods are shown in Table 7. 
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Table 7. Antioxidant activity of extracts of S. albida, S. altissima and S. galericula, 

measured by ORAC and HORAC methods 

 

Scutellaria spp. 

Antioxidant Activity 

ORAC, µmolTE/g HORAC, µmolGAE/g 

S. albida 

(Asenovgrad) 
652,3a±51,9 201,3a±12,4 

S. albida 

(Mеzек) 
1005,6b±68,8 653,8d±22,2 

S. altissima 

 (Bachkovo) 
926,9b±66,2 583,0d±32,1 

S. altissima 

(Mеzек) 
1280,2c±79,7 387,5c±29,4 

S. galericulata 

(Parvenets) 
1155,2bc±119,2 302,4b±27,2 

      * Results are presented as mean values ± standard deviations. 

Among the studied species with the highest antioxidant capacity accord-

ing to the ORAC method are S. altissima from Mezek (1280.2 µmolTE/g) and S. 

galericulata (1155.2 µmolTE/g), which is due to the high concentration of fla-

vonoids (represented mainly by baicalin, scutellarin and wogonoside) and poly-

phenols in both extracts. This assay is based on the transfer of a hydrogen atom 

from the antioxidant to the peroxide radical. It is known that antioxidant activity 

is determined by the number and location of hydroxyl groups in the flavonoid 

molecule. According to a study by Gao et аl. (2000), the ortho-dihydroxy struc-

ture in ring A of baicalin and baicalein determines their radical scavenging abil-

ity. On the other hand, scutellarin also contains a third additional hydroxyl group 

at the 4' position in ring B, which is a prerequisite for increased activity (Liu et 

al., 2005).  

According to the HORAC method, which takes into account the chelating 

ability of the antioxidant, the most pronounced is the antioxidant capacity of the 

extract from species S. albida (Mezek) - 653.8 µmolGAE / g and S. altissima 

(Bachkovo) - 583 µmolGAE / g. This activity is probably due to the content of 

not only scutellarin, but also luteolin and chrysin, respectively. According to a 

study by Liu et al. (2005) the mechanism of action of scotelarin includes both 

direct radical scavenging and chelation of transition metals such as Fe2+ and 

Cu2+, thereby preventing the formation of OH• by hydrogen peroxide by the Fen-

ton reaction and inhibiting lipoxygenase (Liu et al., 2005). 
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The antioxidant activity of aqueous, methanol, 70% and 96% ethanol ex-

tracts of the three Scutellaria species was determined by electrochemical meth-

od. The values of the kinetic criterion K (indicating the quantity of the reactive 

oxygen species in time) for each of the samples and the AOA calculated relative 

to that of Trolox are presented in Table 8.  

 

 

Table 8. Antioxidant activity of extracts of S. albida, S. altissima and S. galericula, 

determined by electrochemical method 

Scutellaria spp. Еxtract K,μmol/l.min±SD AOA 

S. altissima 

(Mеzек) 

H2O 17,000c±1,009 5,841 

70%EtOH 29,392b±2,043 10,100 

96%EtOH 22,824b±2,134 7,843 

MeOH 31,481ab±3,003 12,192 

S. albida 

(Asenovgrad) 

H2O 8,368a±0,148 2,875 

70%EtOH 24,741a±1,242 8,158 

96%EtOH 20,991b±2,213 7,213 

MeOH 34,811b±1,983 11,962 

S. albida 

 (Mеzек)  

H2O 10,055b±0,654 3,454 

70%EtOH 23,192a±1,842 7,967 

96%EtOH 20,263b±1,325 6,960 

MeOH 46,815c±2,301 16,082 

S. galericulata 

(Parvenets) 

H2O 9,924b±0,492 3,410 

70%EtOH 26,157b±1,992 7,958 

96%EtOH 27,603b±2,891 12,921 

MeOH 43,784c±3,231 15,040 

S. altissima 

(Bachkovo) 

H2O 7,163a±1,016 3,928 

70%EtOH 22,981a±1,194 9,322 

96%EtOH 24,674b±1,891 8,467 

MeOH 29,450a±0,990 10,729 

Trolox 96%EtOH 2,911a±0,010 1,000 

                  * Results are presented as mean values ± standard deviations. 

The extracts obtained with 70% ethanol from all five samples contained 

the highest amount of biologically active substances and showed activity in the 

range from 7,895 to 10,096 AOA, again the highest being that of S. altissima 

(Mezek). However, methanol extracts of S. albida (Mezek), S. galericulata 

(Parvenets) and S. albida (Asenovgrad) have been shown to be more active. This 

is probably due to the presence of verbascoside, which is best extracted with 

methanol and has strong antioxidant properties (Alipieva et al., 2014). 

Grzegorczyk-Karolak et al. (2015) also identified verbascoside in methanol 

extracts from shoot culture, in vitro regenerated and in vivo-derived plants of 
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S. altissima and determined their AOA by ABTS, FRAP and LPO assays. The 

authors confirmed that the total polyphenolic content correlated with the AOA 

determined by the three methods (Grzegorczyk-Karolak et al., 2015).  

Lohani et al. (2013) determined the antioxidant potential of aqueous and 

ethanolic extract of S. lateriflora in mouse brain tissue and demonstrated a 

significant effect (Lohani et al., 2013). 

 

Based on the shown antioxidant activity, pharmacological effects of 

extracts of the studied Scutellaria species can be sought, related to the reduction 

of oxidative stress. 

 

 

 

6. Antimicrobial activity of extracts from  

Scutellaria altissima L. 

 

6.1. Content of biologically active flavonoids in the extracts from roots and 

aerial parts of Scutellaria altissima tested for antimicrobial activity 

A number of phytochemical studies on Scutellaria baicalensis (Baikal 

skullcap) have shown that the biologically active flavones baicalin, baicalein, 

wogonin and wogonoside are mainly concentrated in the roots of the plant and 

respectively indicated as a herbal drug (Scutellariae baicalensis radix Ph.Eur.) in 

the European Pharmacopoeia 8.0. (2014). In view of this, plant material (root 

and aerial part) from Scutellaria altissima, collected from Bachkovo and Mezek, 

June 2019, was used to investigate the antimicrobial activity. 

HPLC analysis was performed on 70% ethanol and aqueous extracts ob-

tained from aerial parts and roots of S. altissima from Bachkovo and Mezek to 

compare the content of the major flavonoids (scutellarin, baicalin, wogonoside, 

baicalein, wogonin) and verbascoside. According to the data presented in Fig. 

19, 70% ethanol was the optimal extragent for the flavonoids analyzed by us. 

For example, the ethanol extracts obtained from the roots of S. altissima from 

both regions contained verbascoside and wogonin, which were not detected in 

the aqueous extracts. In general, aerial parts of S. altissima from the region of 

Mezek contained scutellarin (4800 µg/g) and wogonoside (4310 µg/g) about 2 

times higher and also baicalin (57 100 µg/g) about 5 times higher, compared to 

the roots, where higher amounts of their aglycones - baicalein (4580 µg/g) and 

wogonin (1630 µg/g) were detected. The highest content of scutellarin (8160 
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µg/g) was indicated in the ethanol extract of aerial parts obtained from the re-

gion of Bachkovo, while the highest levels of wogonoside (8265 µg/g) and 

wogonin (2980 µg/g) were found in the roots. The quantified levels of flavo-

noids in the 70% ethanol extracts of aerial parts and roots of S. altissima for both 

regions were approximately twice as much in comparison with the aqueous ex-

tracts. 
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Figure 19. Quantities of biologically active substances in aqueous and ethanol 

extracts of Scutellaria altissima (Mezek and Bachkovo) 

 

It is important to note that the main flavonoids of S. baicalensis (Baikal 

skullcap) - baicalin, baicalein, wogonin and wogonoside are concentrated 

mainly in the roots of the plant (Makino et al., 2008). Interestingly, our data in-

dicate that baicalin were found to be present in the highest amount in the aerial 

parts of S. altissima (Mezek), than in the roots.  

It is also necessary to note that there was about 50% higher concentration 

of flavonoids in the aerial parts of S. altissima collected in June 2019 from the 

area of Mezek, compared to the one studied from the previous year, the same 

area. Such variation of phytochemical constituents may be due to climatic condi-

tions, e.g. water, intensity of sunlight, temperature conditions. 

The concentration of biologically active substances in medicinal plants is 

important for determining their quality and efficacy. This in turn affects the need 

to cultivate medicinal plants under special conditions, as an opportunity to 

investigate the quantity and quality of biologically active ingredients during the 

various stages of ontogenesis, as well as the protecton of their natural habitats. 

 

   3000 - 

 
 

   1000 - 

 
 



- 43 - 

6.2. Determination of minimum bacteriostatic concentration (MBSC) 

and minimum bactericidal concentration (MBCC) of aqueous and ethanolic 

extracts of Scutellaria altissima 

The antimicrobial activity of  aqueous and 70% ethanol extracts obtained 

from aerial parts and roots of Scutellaria altissima (Bachkovo and Mezek) 

against Streptococcus mitis, Staphylococcus aureus, Escherichia coli and 

Candida albicans was studied. Minimal bactericidal concentration (MBCC) and 

minimal bacteriostatic concentration (MBSС) of S. altissima extracts were 

determined by agar method. 

The results obtained showed that extracts from aerial parts and roots of 

Scutellaria altissima had effective antimicrobial activity against Streptococcus 

mitis, but no bacteriostatic or bactericidal effect were found for Staphylococcus 

aureus, Escherichia coli and Candida albicans.  

Antimicrobial activity of 70% ethanol and aqueous extracts from roots 

and aerial parts of Scutellaria altissima against Streptococcus mitis (in concen-

trations ranging from 1000 to 10 000 µg/ml) are shown in Tables 9 and 10. 

 

Table 9. Susceptibility of Streptococcus mitis to 70% ethanol extracts of Scutellaria 

altissima, 24 hours after treatment 

 

Sample 

           Microorganism  

Streptococcus mitis 

MBSC µg/ml MBCC µg/ml 

Aerial parts of 

S. altissima (Bachkovo) 
2000 4000 

Aerial parts of 

S. altissima (Mezek) 
1000 2000 

Root of 

S. altissima (Bachkovo) 
8000 10000 

Root of 

S. altissima (Mezek) 
6000 8000 

 

Bacteriostatic effect (BSE) and bactericidal effect (BCE) were manifested 

at 24 hours. The best antimicrobial activity was determined for the extract ob-

tained from aerial parts of S. altissima from the region of Mezek, where BSE 

was observed at minimal concentration of 1000 µg/ml and BCE was established 

at MBCC 2000 µg/ml. MBSC and MBCC of S. altissima aerial parts extract 

from the region of Bachkovo were found at twice higher concentrations - 2000 

µg/ml and 4000 µg/ml, respectively. Out of the two S. altissima root extracts, 

the sample of Mezek displayed better effect at MBSC - 6000 µg/ml and MBCC- 

8000 µg/ml. The lowest activity was determined for the root extract from the 
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region of Bachkovo, where MBSC was found at 8000 µg/ml, and a bactericidal 

effect was detected at the highest tested concentration – 10 000 µg/ml. The BCE 

of all tested ethanol extracts was constant and irreversible at 48 hours of the cul-

tivation. 

The effect of aqueous extracts was manifested at 48 hours after treatment. 

The extracts obtained from aerial parts of S. altissima for both regions showed 

effect at the same tested concentrations – MBSC-1000 µg/ml and MBCC - 2000 

µg/ml for S. altissima (Mezek), respectively, and MBSС - 2000 µg/ml and 

MBCC - 4000 µg/ml for the plant extract from the region of Bachkovo. In the 

case of aqueous extracts of roots, BSE and BCE against Streptococcus mitis 

were again detected at higher tested concentrations – MBSC of 4000 µg/ml and 

MBCC - 6000 µg/ml of S. altissima (Mezek) and the BSE of the extract from 

the region of Bachkovo was found at MBSC of 6000 µg/ml, and the bactericidal 

effect was established at MBCC - 8000 µg/ml. 

 

Table 10. Susceptibility of Streptococcus mitis to aqueous extracts of Scutellaria 

altissima, 48 hours after treatment 

 

              Sample 

            Microorganism  

Streptococcus mitis 

MBSC µg/ml MBCC µg/ml 

Aerial parts of 

S. altissima (Bachkovo) 
2000 4000 

Aerial parts of 

S. altissima (Mezek) 
1000 2000 

Root of 

S. altissima (Bachkovo) 
6000 8000 

Root of 

S. altissima (Mezek) 
4000 6000 

 

 

The HPLC analysis indicated that S. altissima flavonoids are extracted 

best in 70% ethanol extraction than in distilled water extraction. This may be the 

reason that Streptococcus mitis is more susceptible to the 70% ethanol extracts 

of S. altissima (Mezek) and in particular to those obtained from the aerial parts 

of the plant, while bacteriostatic and bactericidal effects of aqueous extracts 

occurs after prolonged treatment time.  

Our results can be compared with those obtained by other authors about 

the antibacterial properties of Scutellaria spp. extracts against Streptococcus vir-

idans group. Duan et al. (2007) found bactericidal effect of ethanol extracts of 

Scutellaria baicalensis roots against Streptococcus mutans, Streptococcus 
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sobrinus and Streptococcus salivarius at concentrations of 1000 µg/ml, but no 

antibacterial effect of aqueous extracts even at the highest tested concentrations 

(10 000 µg/ml). In our study the minimal bactericidal concentration of ethanol 

extract of S. altissima against Streptococcus mitis was achieved at higher 

concentrations - 2000 µg/ml, but antibacterial effect was found for all aqueous 

extracts tested by us. 

It is thought that, antimicrobial properties of Scutellaria baicalensis are 

due to the flavonoids baicalin and its aglycone baicalein. Their antibacterial 

mechanism of action has been suggested to be related to inhibition of cell wall 

synthesis by damaging the peptidoglycan structure (Novy et al., 2011; Gòrniak 

et al., 2019). In addition, there are many published data on the synergistic 

interactions of these flavonoids, increasing the efficacy of β-lactam antibiotics. 

Baicalin and baicalein have been shown to inhibit bacterial efflux pump 

overexpression, thereby increasing cell membrane permeability to the 

antibacterial agent and reducing antibiotic resistance (Fujita et al., 2005; Novy 

et al., 2011; Jang et al., 2014). Based on our findings, the extracts of S. altissima 

contain the main bioactive compounds baicalin and baicalein, responsible for the 

therapeutic properties of Scutellaria baicalensis, but plant extracts also contain 

other concomitant substances (e.g., diterpenes, phenylethanoid glycosides, 

iridoid glycosides, polysaccharides and other compounds) that may increase or 

decrease the effect of the main active compounds. This may be the reason for 

the stronger antimicrobial activity of substances isolated in pure form, compared 

to plant extracts and probably the reason why the tested S. altissima extracts 

were  found  to  be  inactive against S. aureus, E. coli and C. albicans even at 

the highest concentrations. For instance, Chen et al. (2016) have found that sub-

inhibitory concentrations of baicalein alone effectively prevent S. aureus biofilm 

formation and improve antibiotic permeability. A similar effect was also report-

ed for baicalin that decreased biofilm formation and the quorum-sensing system 

by inhibiting the efflux pump in Staphylococcus saprophyticus (Wang et al., 

2019). Furthermore, Serpa et al. (2012) demonstrated the antifungal properties 

of baicalein against Candida spp., as well as the synergistic action of baicalein 

and fluconazole against C. albicans.  

In view of this, further work should focus on studying the influence of the 

individual bioactive flavonoids of S. altissima as synergistically acting antimi-

crobial agents. In spite of this, the extracts of S. altissima tested by us exhibit 

significant antimicrobial effect against Streptococcus mitis.  
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In conclusion, Streptococcus mitis is more susceptible to the extracts ob-

tained from the aerial parts, than to the extracts obtained from the roots of S. al-

tissima. 

The effective antimicrobial properties of extracts of Bulgarian S. altissima 

against Streptococcus mitis, due to the content of bioactive compounds, suggests 

its potential as a source for the development of natural antimicrobial agents for 

the suppression of oral pathogens and prevention of some oral infections. 

 

 

 

7. Antifeedant activity of neo-clerodan diterpenes 

isolated from Scutellaria altissima against 

Leptinotarsa decemlineata Say 

 

According to the literature, diterpenes are considered one of the most 

powerful antifeedants and inhibitors of the development of plant pathogenic 

fungi, bacteria and some harmful insects of important economic significance. A 

rich source of these compounds are plants of genera belonging to the Lamiaceae 

family, such as the genus Teucrium L. (Kumari et al., 2003), the genus Salvia L. 

(Rodríguez-Hahn et al., 1995), the genus Ajuga L. (Castro et al., 2011) and the 

genus Scutellaria L. (Bruno et al., 2002a).   

The present study investigated the effect of fourteen natural neo-clerodane 

diterpenes isolated from Scutellaria altissima on feeding behavior in larvae of 

Leptinotarsa decemlineata Say (Colorado potato beetle). The study for antifeed-

ant activity included the neo-clerodan diterpenes isolated by us: scutecyprin, 

scupolin H, clerodin and scutecyprol A, as well as the diterpenes: scutaltisin 

A, scutaltisin B, scutaltisin C, scutaltisin D, scutaltisin E, scutaltisin F, 

scutaltisin G, scutecolumnin C, 11-epi-scutecolumnin C and                   

scupolin I, isolated from Scutellaria altissima in a previous study (Bozov et al., 

2015) (Fig. 20). 
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Figure 20. Structures of neo-clerodan diterpenes tested for  

antifeedant activity 
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The results of the tested diterpenes for antifeedant activity against 

Leptinotarsa decemlineata larvae are presented in Table 11. 

 

Table 11. Antifeedant activity of natural neo-clerodane diterpenes against  

Leptinotarsa decemlineata (AI50 <0,1) 

Compound Dose (ppm) № FR50 ± SE FR75 ± SE 

 

Clerodin 
1000 

100 

10 

7 

7 

5 

0,03 ± 0,02 

0,11 ± 0,03 

0,33 ± 0,10 

0,05±0,01 

0,17±0,15 

0,39±0,08 

 

Scupolin H 

1000 

100 

10 

5 

5 

5 

0,11 ± 0,02 

0,26 ± 0,03 

0,39 ± 0,08 

0,15 ± 0,03 

0,32 ± 0,05 

0,48 ± 0,09 

 

Scutecyprol A 

1000 

100 

10 

6 

5 

5 

0,09 ± 0,01 

0,18 ± 0,03 

0,34 ± 0,06 

0,14 ± 0,02 

0,25 ± 0,05 

0,44 ± 0,07 

 

Scutecolumnin C 
1000 

100 

10 

5 

5 

5 

0,11 ± 0,06 

0,27 ± 0,08 

0,53 ± 0,11 

0,16 ± 0,05 

0,34 ± 0,10 

0,71 ± 0,09 

 

Scutaltisin B 

1000 

100 

10 

5 

5 

5 

0,14 ± 0,04 

0,32 ± 0,10 

0,66 ± 0,11 

0,17 ± 0,06 

0,38 ± 0,08 

0,81 ± 0,12 

 

Scutaltisin A 

1000 

100 

10 

7 

6 

6 

0,08 ± 0,03 

0,22 ± 0,07 

0,33 ± 0,14 

0,15 ± 0,04 

0,29 ± 0,11 

0,41 ± 0,10 

 

Scutaltisin D 

1000 

100 

10 

5 

5 

5 

0,10 ± 0,02 

0,18 ± 0,10 

0,40 ± 0,12 

0,13 ± 0,07 

0,22 ± 0,13 

0,52 ± 0,14 

 

Scutaltisin E 

1000 

100 

10 

6 

6 

5 

0,09 ± 0,01 

0,15 ±0,09 

0,40 ± 0,08 

0,11 ± 0,03 

0,23 ± 0,04 

0,59 ± 0,10 

 

Scutaltisin F 

1000 

100 

10 

6 

5 

5 

0,09 ± 0,01 

0,16 ± 0,06 

0,42 ± 0,10 

0,12 ± 0,03 

0,20 ± 0,10 

0,61 ± 0,11 

 

Scupolin I 

1000 

100 

10 

5 

5 

5 

0,13 ± 0,04 

0,19 ± 0,10 

0,44 ± 0,12 

0,17 ± 0,09 

0,24 ± 0,13 

0,54 ± 0,14 

 

Scutecyprin 

1000 

100 

10 

7 

7 

6 

0,06 ± 0,01 

0,13 ± 0,03 

0,36 ± 0,09 

0,09 ± 0,03 

0,19 ± 0,05 

0,41 ± 0,08 

11-epi- 

scutecolumnin C 

1000 

100 

10 

7 

7 

6 

0,05 ± 0,02 

0,13 ± 0,07 

0,38 ± 0,04 

0,09 ± 0,01 

0,21 ± 0,08 

0,46 ± 0,06 

 

Scutaltisin C 

1000 

100 

10 

7 

6 

6 

0,07 ± 0,04 

0,27 ± 0,10 

0,48 ± 0,11 

0,11 ± 0,06 

0,30 ± 0,08 

0,69 ± 0,12 

 

Scutaltisin G 

1000 

100 

10 

5 

5 

5 

0,32 ± 0,04 

0,50 ± 0,05 

0,81 ± 0,10 

0,42 ± 0,08 

0,67 ± 0,11 

0,98 ± 0,12 

№ - number of replications; SE - standard error; FR - feeding ratios 
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The results of the study have shown that most of the tested diterpenes 

(clerodin, scutecyprin, scutecyprol A, 11-epi-scutecolumnin C, scutaltisin A, 

scutaltisin C, scutaltisin E and scutaltisin F) exhibited very good to excellent 

deterring of Leptinotarsa decemlineata larvae to feed (FR50 < 0.1) at 1000 ppm 

dose (~33 μg/cm2), with observable exception of scutaltisin G. 

In order to clarify the relationships between the chemical structure and the 

biological activity, the structural characteristics determining the antifeedant ac-

tivity of the studied substances are considered. 

In Fig. 20 are shown the structures of all fourteen neo-clerodan diterpenes 

used in the study. All fourteen neo-clerodane diterpenoids tested display a C-4–

C-18 spiroepoxide and an acetate group at C-6 in the decalin ring. Twelve of 

them possess either a 2α,19-hemiacetal or acetal functionality, which is absent 

from scutecyprol A and clerodin. The six side-chain atoms C-11–C-16 form a 

very common, for clerodanes isolated from Scutellaria species, tetra- or 

hexahydrofuro-[2,3-b]-furan moiety, with the exception of scutaltisin G , which 

displays a lactol ring across C-15–C-16. 

C-11 has an unusual R-configuration in 11-epi-scutecolumnin C and 

scutaltisin C. Except for these two compounds only 11-epi-scutecyprin, isolated 

by Malakov & Papanov (1997), possesses an 11 R-configuration. 

Scutaltisin E and scutaltisin F are C-15 epimers, whereas the pairs of 

compounds scutecolumnin C / 11- epi-scutecolumnin C and scutaltisin B / 

scutaltisin C are C-11 epimers. 

Biological tests showed a distinction in the results for the epimeric pairs at 

C-11 and C-15. Isomers 11- epi-scutecolumnin C and scutaltisin C with a C-11 

R-configuration exhibited greater activity than the isomers with a C-11 S-

configuration (scutecolumnin C and scutaltisin B), whereas compounds with a 

different stereochemistry at C-15 (scutaltisin E and scutaltisin F) displayed 

similar action. Also, it can be seen that the antifeedant action decreased in 

substances with a methoxyl instead of hydroxyl or ester groups at either C-15 or 

C-19.  

The lowest antifeedant activity was found for the the compound scutalti-

sin G, which is probably due to the absence of the furofuran substructure in the 

C-11−C-16 fragment of the basic clerodane skeleton. 

It can be concluded that the stereochemistry at C-15 is a superfluous 

structural feature of the molecule for the biological operation, because epimers 

scutaltisin E and scutaltisin F manifested almost identical activity. On the other 

hand, C-11 epimers exhibited an observable distinction in their antifeedant 
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activity. C-11 R-isomers are more biologically active than C-11 S-isomers. Our 

results confirm the statement of Kojima & Kato (1981), that the presence in the 

clerodane structure of a tetra- or hexa-hydrohydrofurofuran moiety is 

responsible for the strong activity. 

The structural characteristics established by us in the compounds respon-

sible for the changes in the antifeedant activity correspond to those reported in 

the literature (Kojima & Kato, 1981; Bruno et al., 2002; Li et al., 2016). 

The results obtained in this study for antifidant activity of neo-clerodan 

compounds against larvae of Leptinotarsa decemlineata Say (Colorado potato 

beetle) confirm previous studies on the activity of similar substances against dif-

ferent insect species. It can be noted that the overall structure of substances is 

important for effective biological activity. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



- 51 - 

CONCLUSIONS 

1. The taxonomic features of the plant species Scutellaria altissima collected for 

research from floristic regions of Bulgaria: Stara Planina (middle) Mts (area 

of Balkanets), Western Rhodopes Mts (area of Bachkovo) and Thracian 

Lowland (area of Mezek) have been analyzed, on the basis of which the 

botanical identity is confirmed. 

2. Isolated diterpenes from aerial parts of Scutellaria altissima have a neo-

clerodan structure containing tetra- or hexahydrofurofuran, which is a charac-

teristic structural fragment for many neo-clerodans isolated from species of 

the genus Scutellaria L. 

3. The developed HPLC method for the determination of biologically active 

flavonoids characteristic of the genus Scutellaria L: scutellarin, baicalin, 

baicalein, wogonin, wogonoside, luteolin, chrysin and verbascoside is 

accurate, precise and sufficiently sensitive for their quantification. 

4. The comparative chromatographic analysis on the flavonoid composition of 

extracts of S. altissima, S. albida and S. galericulata from different floristic 

regions of Bulgaria revealed the presence of baicalin, baicalein, scutellarin, 

wogonin and wogonoside in the samples of all three studied species. 

5. It has been found that aerial parts of S. altissima from the region of Mezek 

contained scutellarin (4800 µg/g) and wogonoside (4310 µg/g) about 2 times 

higher and also baicalin (57 100 µg/g) about 5 times higher, compared to the 

roots, where higher amounts of their aglycones - baicalein (4580 µg/g) and 

wogonin (1630 µg/g) were detected. The highest content of scutellarin (8160 

µg/g) was indicated in the ethanol extract of aerial parts obtained from the 

region of Bachkovo, while the highest levels of wogonoside (8265 µg/g) and 

wogonin (2980 µg/g) were found in the roots. 

6. Extracts of S. altissima, S. albida and S. galericulata exhibited antioxidant 

activity, determined by three methods in the range as follows: from 652 to 

1280 μmol TE/g by ORAC assay; from 201 to 583 μmol GAE/g by HORAC 

assay and from 7.9 to 10.1 AOA by electrochemical method. 

 

7. The antimicrobial activity of Scutellaria altissima extracts against 

Streptococcus mitis was established. The seventy percent ethanol extracts 
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from aerial parts exhibit a significantly greater bacteriostatic and bactericidal 

effect at MBSC - 1000 µg / ml and MBCC - 2000 µg / ml, respectively. 

8. Neo-clerodan diterpenes isolated from Scutellaria altissima showed very good 

to excellent antifeedant activity (feeding ratio < 0,1) against Leptinotarsa 

decemlineata Say. Differences in the structural fragments and substituents in 

the molecules of neo-clerodans affecting the antifeedant activity have been es-

tablished. 

 

 

 

CONTRIBUTIONS 

1. From the aerial parts of Scutellaria altissima, four neo-clerodan diterpenes 

were isolated and spectrally characterized, identified as: scutecyprin, scupolin 

H, clerodin and scutecyprol A, one sterol identified as β-sitosterol and one  

glycoside-linked iridoid identified as globularin. All substances have been 

proven and isolated for the first time from this plant species. 
 

2. The developed and validated HPLC method is possibly applicable for quality 

control of plant substances, extracts and phytopreparations obtained from spe-

cies of the genus Scutellaria L. 
 

3. For the first time the flavonoid composition of the species of the genus 

Scutellaria L., distributed in Bulgaria, has been studied. The presence of 

biologically active flavonoids characteristic of the plant genus has been 

proved. The highest content of them is found in the species Scutellaria 

altissima, which makes it a promising species for future research. 
 

4. For the first time the content of carbohydrates and organic acids in dry plant 

material of species of the genus Scutellaria L. growing in Bulgaria has been 

studied. 
 

5. For the first time the antimicrobial effect of Scutellaria altissima extracts 

against Streptococcus mitis has been demonstrated. 
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