
Introduction

Boraginaceae, which is one of the largest angiosperm fami-
lies, contains approximately 146 genera and almost 2,000 
species distributed worldwide. In 1983, Vural and Tan defined 
a separate breed as Cynoglottis, which was previously known 
as a subgenus of the Anchusa (Boraginaceae) genus. It is a 
small genus with only two species, Cynoglottis barrelieri and 
Cynoglottis chetikiana, registered in the Flora of Turkey. C. 
chetikiana carries two endemic subspecies: C. chetikiana 
subsp. paphlagonica (Hausskn. Bornm.) Vural & Kit Tan and 
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Abstract

Background: Cynoglottis chetikiana subsp. chetikiana, an endemic Boraginaceae plant growing in Turkey, has not been previ-
ously studied in terms of pharmacognosy. However, related species, such as Anchusa, Symphytum, and Rindera, have been 
known for their pharmacological effects attributed to compounds such as flavonoids, terpenoids, and other phenol derivatives.
Objectives: This study aimed to reveal the phytochemical composition and potential biological activity of C. chetikiana.
Materials and Methods: Phytochemical profiling analysis was performed by using the liquid chromatography–high-reso-
lution mass spectrometry (LC–HRMS) system. The cytotoxic effects of the extracts were evaluated on the MCF-7 mam-
malian breast cancer cell line by the MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) method. The in vitro 
α-glucosidase and tyrosinase enzyme inhibitory activities were assessed using literature methods. Additionally, antioxidant 
properties were investigated, leading to the bioactivity-guided isolation of the most active substance.
Results: LC–HRMS analysis revealed 26 major phenolic compounds and 1 pyrrolizidine alkaloid in C. chetikiana. Bioactivity-
guided studies led to the isolation of a flavonoid, rutin. The n-butanol extract of the plant exhibited high antioxidant capac-
ity and was rich in phenolic compounds. The methanol extract of C. chetikiana demonstrated low-moderate α-glucosidase 
inhibitory activity (IC50 = 608.62 ± 7.01 μg/mL). Moreover, the methanol extract showed significant anti-tyrosinase enzyme 
activity (195.84 ± 5.81 mg Kojic acid equivalent/g extract), and the petroleum ether extract displayed the highest cytotoxicity 
on MCF-7 cells (IC50 = 76.91 ± 3.12 μg/mL).
Conclusion: This is the first phytomedicinal study report for C. chetikiana, which gives promising insight for further phar-
maceutical research.
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C. chetikiana subsp. chetikiana, locally known as “dağdarısı” 
(Selvi et al., 2004; Vural & Kit, 1988).

Most of the compounds that have been isolated and structur-
ally identified from Boraginaceous species are related to phe-
nolic compounds (such as phenolic acids, flavonoids, and 
naphthoquinones), sterols, saponins, pyrrolizidine alkaloids 
(PA), and fatty acids. Research on Boraginaceae plants has 
shown that they are rich sources of metabolites with a wide 
range of bioactivities, including anti-inflammatory, antimicro-
bial, antiseptic, diuretic, wound healing, and anticancer effects, 
which support their ethnopharmacological uses. However, 
some are also rich in PA, toxins produced by plants as a defense 
mechanism against insects and herbivores. Despite containing 
PAs known for their toxic effects, Boraginaceae plants have 
gained attention as promising drug leads owing to their vast 
biological activities and various secondary metabolites, neces-
sitating careful evaluation of their safety (Chebaro et al., 2023; 
Ganos et al., 2020; Ramezani et al., 2020; Shilov et al., 2022; 
Trifan et al., 2021; Yuzbasioglu et al., 2020).

There are currently no available records on the phytochemi-
cal composition and biological activities of both sub-species of 
C. chetikiana. However, a single report indicated that the other 
species, Cynoglottis barrelieri, displayed robust antioxidant 
activity, along with the identification of phenolic compounds 
and PA (Varvouni et al., 2020). Furthermore, the closest spe-
cies, Anchusa spp., has been widely used in traditional medi-
cine for its antimicrobial, antioxidant, and wound-healing 
effects (Dresler et al., 2017; Kuruüzüm-Uz et al., 2013).

The medicinal potential of the endemic C. chetikiana subsp. 
chetikiana (CC) was investigated to assess its various biologi-
cal activities. The α-glucosidase enzyme-inhibitory activity of 
the plant extract and sub-extracts was evaluated in diabetes 
drug discovery studies. Additionally, the tyrosinase enzyme-
inhibitory activity was screened to address the conditions 
related to excessive melanogenesis. Furthermore, an MTT test 
was conducted on the MCF-7 human breast cancer cell line to 
explore the cytotoxic potential of CC against breast cancer. 
Phytochemical fingerprint analyses were performed using liq-
uid chromatography–high-resolution mass spectrometry (LC–
HRMS). Bioactivity-guided isolation studies based on radical 
scavenging activity and the antioxidant capacity of CC were 
also investigated. 2,2-Diphenyl-1-picrylhydrazyl (DPPH), SO–

, and nitric oxide (NO)– radical scavenging activities, copper 
(II) reducing antioxidant capacity (CUPRAC), ferric reducing 
antioxidant power (FRAP), 2,2′-azino-bis(3-ethylbenzothiazo-
line-6-sulfonic acid) (ABTS)•+ antioxidant capacities, and total 
phenol quantities of CC were determined.

Materials and Methods

General Experimental Procedures

Thin-layer chromatography (TLC) was performed using a pre-
coated silica gel aluminum plate with the fluorescent indicator 
F254 (Merck, Germany). Column chromatography was 

performed using silica gel 60, 70-230 mesh (Merck 7734, 
Germany), Sephadex LH20 (Fluka), and polyamide (Sigma–
Aldrich, USA). 1D (1H and 13C) and 2D (COSY, HMBC, and 
HMQC) NMR spectra were recorded on a Bruker Avance 
DRX-500 using methanol-d4, calibration to 3.31 ppm (solvent 
signal). All solvents and commercially available reagents used 
in activity assays were purchased from Sigma–Aldrich, USA.

Plant Material

C. chetikiana subsp. chetikiana was collected on the road 
from Beyşehir, Konya, to Akseki, Antalya, 38 km before 
Akseki, Turkey, in May 2010 (37°11′53.6″ N 31°54′49.9″ E). 
The herbarium sample is stored in the Gazi University Science 
Faculty Herbarium (B. Bilgili 3804). Dried above-ground 
plant parts were used in this study.

Extraction and Isolation

Fresh plant material (~385 g) was air-dried in the shade. 
Approximately 345 g of the dried and powdered aerial parts 
were used to prepare the Cynoglottis chetikiana methanol 
extract (CC-MeOH) extract (80 g, 2.5 L MeOH × 5) at 40°C 
using a rotary evaporator. After evaporation, the CC-MeOH 
was dissolved in 250 mL of distilled water. It was fractionated 
with petroleum ether (PE) to remove lipids and pigments 
(300 mL × 5), and the remaining aqueous phase was extracted 
with n-butanol (300 mL × 5) at room temperature to yield 12 
g of CC-nBuOH extract. Initially, the lyophilized nBuOH-
soluble fraction (8 g) of the MeOH extract was chromato-
graphed on a polyamide column eluted with H2O:MeOH (0 
→ 100%, MeOH) and five fractions were obtained (Fr. A–E). 
Fr. E (540 mg) was further applied on a silica gel column 
(SK) using a CH2Cl2:MeOH:H2O (80:20:2 → 70:30:3, each 
fraction was 50 mL) gradient elution. The obtained fraction 
(28-33, 80 mg) was further processed using a Sephadex-LH 
20 column (SPH) with MeOH (100%) by isocratic elution. 
Fraction (21-31, 50 mg) of SPH was run on SK with the gra-
dient elution of CH2Cl2:MeOH:H2O from (80:20:2) to 
(75:25:2.5) and SK (22-31) was obtained as a pure compound 
(CC-1, 23 mg).

LC–HRMS Analysis

The metabolomic profiles of the methanol extract were 
obtained using liquid chromatography quadrupole time-of-
flight mass spectrometry (LC-qTOF-MS). Metabolites were 
separated using a C18 column (Poroshell HPH-C18 column, 
100 mm, 2.1 m, 2.7 μm) and examined using an Agilent 6530 
LC-qTOF-MS system. Gradient elution, solvent A (acetoni-
trile—0.1% formic acid) and solvent B (water—0.1% formic 
acid) were used in the mobile phase as follows: 0–1 min, 90% 
B; 1–7 min, 90–10% B; 7–10 min, 10% B; 10–11 min, 90% 
B; and 11–15 min, 90% B. The volume of flow was set to 
0.3 mL/min. The injection volume was 10 µL. The ESI source 
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was operated in positive and negative modes with the capil-
lary voltage and temperature set at 3,500 V and 325 °C, 
respectively. The auto MS–MS data of the metabolites were 
collected over a 200-count threshold between 100 and 1,700 
m/z. Plant metabolites were fragmented using a collision 
energy of 20 eV in the MS/MS process. Raw MS data were 
processed for peak detection, deconvolution, alignment, and 
identification using MS-Dial (Tsugawa et al., 2015). The 
minimum peak height for peak detection was set to an ampli-
tude of 2000. The MS1 and MS2 limits were set as 0.01 and 
0.05 Da. MS/MS data were used to identify the metabolites 
precisely. The annotation of the metabolites was achieved by 
comparing their mass spectra, fragmentation patterns, and 
retention times to those of standards and libraries. Only struc-
tures with a score of 70 or higher were considered to be cor-
rectly identified.

Biological Activity Assay

Antioxidant Capacity Assays

Total phenol determination Samples were prepared at a 
1,000 µg/mL concentration, and standard gallic acid was 
prepared as dilutions at 50–400 µg/mL concentrations. 10 
µL solutions were transferred to microplate wells, fol-
lowed by the addition of 150 µL of Folin–Ciocalteu reagent 
(diluted at a ratio of 1:4 with distilled water) and 50 µL of 
saturated Na2CO3 solution. Absorbance was measured at 
725 nm after a 2 h incubation at room temperature (Zhang 
et al., 2008).

SO Radical Scavenging Activity

Samples and standard ascorbic acid were prepared in DMSO 
at concentrations ranging from 5 to 200 µg/mL. 10 µL of 
nitroblue tetrazolium (NBT) solution was added to each well 
of a 96-well plate, followed by the addition of 30 µL of the 
sample and standard solutions. Then, 100 µL of alkaline 
DMSO (0.9 mL DMSO + 0.1 mL of 5 mM NaOH) was added 
to each well, and absorbances were measured at 560 nm 
(Govindarajan et al., 2004).

DPPH Radical Scavenging Activity

Samples and standard ascorbic acid were diluted to concen-
trations of 5–100 µg/mL. These solutions were added to the 
wells of a 96-well plate, followed by the addition of 50 µL of 
1 mM DPPH solution prepared in methanol. After incubation 
for 30 minutes with protection from light, absorbance was 
measured at 517 nm (Govindarajan et al., 2004).

NO Radical Scavenging Activity

Quercetin was used as a positive control. Sample and control 
solutions were prepared in distilled water and diluted into 

25–200 µg/mL concentrations. 60 µL of these solutions were 
added to each well of a 96-well plate. 60 µL of 10 mM sodium 
nitroprusside (dissolved in PBS) was added, and after 150 
minutes of incubation, 120 µL of Griess reagent (sulfanil-
amide 1%, naphtylethylenediamine dihydrochloride 0.1%, 
and phosphoric acid 2.5% distilled water) was added. The 
absorbance was measured at 577 nm (Govindarajan et al., 
2004).

All free radical scavenging effects were calculated using 
the following equation:
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CUPRAC

Samples were prepared at 50–400 µg/mL concentrations. 
50 µL CuCl2, 50 µL neocuproine (2,9-dimethyl-1,10-phenan-
throline), and 50 µL ammonium acetate (pH: 7) mixture were 
added onto wells that contain 25 µL sample and standard 
solutions. Then, 25 µL distilled water was added. After 30 
minutes of incubation in the dark, absorbance was measured 
at 450 nm. The result was calculated with an increase in opti-
cal density and expressed as gallic acid equivalent/g extract 
(Apak et al., 2006).

FRAP

Samples were prepared at 1,000 µg/mL. Dilutions of standard 
Trolox were prepared. 15 µL of the sample/Trolox solutions 
were transferred to the wells in 96-well plates. 285 µL FRAP 
reagent (2.5 mL TPTZ dissolved in 10 mM 40 mM HCl), 
25 mL acetate buffer, and 20 mL of 2.5 mL FeCl3·H2O were 
added to them. After incubating at 37°C for 30 minutes, the 
absorbance was measured at 593 nm. Based on the standard 
curve drawn for Trolox, the antioxidant effect value of the 
samples was calculated as Trolox equivalent per gram of 
extract (Özgen et al., 2006).

ABTS•+ Antioxidant Capacity Assay

10 µL samples and Trolox solutions were transferred into 
96-well plates. They were treated with 240 µL ABTS•+ solu-
tion (7 mM ammonium ABTS salt and 2.45 mM potassium 
persulfate dissolved in water; after overnight incubation, this 
solution was then diluted with ethanol or pH 7.4 buffer until 
its OD was nearly 0.7, measured in a spectrophotometer at 
734 nm), and absorbance was measured after 6 min incuba-
tion at room temperature. The total radical scavenging capac-
ity was calculated in relation to Trolox’s absorbance reduction. 
The results were expressed in terms of Trolox equivalent anti-
oxidant capacity per gram sample (TEAC/mg) (Büyüktuncel, 
2013).
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Enzyme Inhibitory Activities

Tyrosinase Enzyme Inhibition Assay

Tyrosinase inhibition was determined by the method described 
by Masuda et al. (2005). Kojic acid was used as a positive 
control. Stock solutions of all samples were prepared and 
then diluted with phosphate buffer (pH 6.8) to different con-
centrations. 40 µL of 100 U/mL tyrosinase enzyme and 120 
µL of 100 mM phosphate buffer (A), and 160 µL of 100 mM 
phosphate buffer (B) were used as blank solutions. 40 µL of 
sample solution, 40 µL of 100 U/mL tyrosinase enzyme, and 
80 µL of 100 mM phosphate buffer were added to the 96-well 
plate and incubated at room temperature for 10 minutes (C). 
40 µL of sample solution and 40 µL of 100 U/mL tyrosinase 
enzyme were used (D). The reaction was initiated by the addi-
tion of 40 µL of 3 mM l-DOPA, and after 20 minutes, the 
absorbance was measured at 475 nm. Tyrosinase inhibition 
was calculated using the following equation:
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Absorbance   Absorbance 
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α-Glucosidase Inhibition Assay

α-Glucosidase inhibitory activity was determined using a 
modified version of the procedure previously reported by 
Bachhawat et al. (2011). Each well in 96-well plates con-
tained 10 µL enzyme solution (1 U/mL), 50 µL potassium 
phosphate buffer (0.1 M, pH 6.9), and 20 µL of samples in 
DMSO. These were pre-incubated at 37°C for 5 minutes. 
Then, 20 µL of 3 mM PNGP prepared in the phosphate buffer 
was added to initiate the reaction. The mixture was further 
incubated at 37°C for 30 minutes. The reaction was stopped 
by adding 50 µL of 0.1 M sodium carbonate solution. The 
absorbance of the mixture was measured at 405 nm by a spec-
trophotometer. The inhibition rate was calculated by compar-
ing the increase in absorbance to that of the control. Acarbose 
was used as a positive control.

Cytotoxic Activity on MCF-7 Cells

Cytotoxic effects of C. chetikiana extracts were investigated 
against the MCF-7 human breast cancer cell line by using the 
MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide, Sigma–Aldrich] method. The cultured cells were 
trypsinized and seeded into 96 multi-well plates at a concen-
tration of 1 × 105 cells/mL in DMEM (Biochrom, Berlin, 
Germany) and incubated for 24 h in a humidified 5% CO2 
incubator at 37°C. Dilutions of test samples and standard 
doxorubicin, dissolved in a medium containing DMSO (not 
to exceed 0.1%), were added to cells and incubated for 48 h. 
After incubation, MTT solution in PBS (10 mL of 5 mg/mL) 
was added to each well and incubated for another 4 h until 
purple formazan crystals were visible under a microscope. 
Then, 100 µL DMSO was added to each well to dissolve the 
crystals. Absorbance was measured at 577/655 nm using a 

microplate reader, and the percentage of cell viability and 
IC50 (50 percent inhibition concentration) values were calcu-
lated (Mosmann, 1983).

Statistical Analysis

The results of the antioxidant capacity and radical scavenging 
activities, in vitro enzyme inhibitory activities, and cytotoxic-
ity were expressed as the mean ± standard deviation (SD), 
(n = 3). Statistical differences between two groups were 
determined using Student’s t-test, whereas for three or more 
groups, comparisons were conducted using one-way analysis 
of variance (ANOVA) followed by appropriate multiple 
comparison tests (Dunnett’s or Tukey’s), all performed using 
GraphPad Prism v.9.0, with significance evaluated at p < 0.05.

Results

Structure Elucidation of CC-1

The yellow-colored amorphous CC-1 exhibited yellow fluo-
rescence in daylight, a purple spot at UV254 nm, and yellow–
brown fluorescence at UV366 nm on a thin layer chromatogram. 
The spot turned dark yellow in daylight when the vanillin/
H2SO4 reagent was sprayed and heated at 105°C, suggesting 
that this compound may be a flavonoid with a sugar moiety. 
The closed formula was determined as C27H30O16 by using 
the m/z 611 [M+H]+ ion peak in the mass and NMR spectra 
(Table 1). Based on the 1D- and 2D-1H and 13C NMR spectral 
data compared with the literature, CC-1 was identified as 
rutin (Figure 1) (Matsuura et al., 2002).

LC–HRMS Analysis

In this study, 27 compounds were identified by LC-qTOF-MS 
analysis (Table 2). Fifteen of them are flavonoids (hirsutrin, 
plantaginin, luteolin-4′-O-glucoside, naringenin-7-O-glucoside, 
isorhamnetin-3-O-rutinoside, quercetin, isoquercitrin, kaemp-
ferol-3-O-glucoside, kaempferol-7-neohesperidoside, nicotiflo-
rin, rutin, quercitrin, hyperoside, kaempferol, luteolin-7- 
O-glucoside) and seven of them are phenolic acids (salvianolic 
acid B, quinic acid, caffeoylquinic acid, trans-caffeic acid, 
methyl gallate, rosmarinic acid, and carnosic acid), which are the 
majority. Notably, one anthocyanoside (delphinidin 3-galacto-
side), three coumarins (skimmin, 4-hydroxycoumarin, umbellif-
erone), and one PA (intermedine) were detected in the aerial 
parts of the CC.

Biological Assay Results

Antioxidant Capacity Assays

As a preliminary study, the antioxidant capacities of CC-MeOH 
and CC-nBuOH were determined, and the IC50 values were 
given as mean ± SD (Tables 3 and 4). The CC-nBuOH extract 
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showed higher antioxidant activity and had more phenolic sub-
stances compared with the MeOH extract (p < 0.05). Since the 
CC-nBuOH extract has moderate antioxidant capacity, phyto-
chemical studies have focused on the CC-nBuOH extract. 
Then, the antioxidant capacity of Fr. A–E was investigated 
using different tests. In most antioxidant capacity assays, Fr. E 
was the most active fraction (Tables 3 and 4, p < 0.0001). 
Several successive chromatographic studies were evaluated on 
Fr. E, resulting in the isolation of the active compound, CC-1. 
The antioxidant test results for extracts, fractions, and the pure 
compound (CC-1) are given in tables and figures.

Total Phenol Determination

Total phenol amounts were detected as 121.38 ± 4.33 and 
206.56 ± 2.17 mg/g gallic acid equivalents (GAE) for 

CC-MeOH and CC-nBuOH extract, respectively. The results 
of the Fr. A–E yielded from CC-nBuOH were found to be 
57.89 ± 2. 66 mg/g, 84.78 ± 2.15 mg/g, 215.11 ± 4.99 mg/g, 
157.44 ± 3.06 mg/g, and 285.89 ± 5.94 mg/g GAE, respec-
tively (Table 4). According to the results, Fr. E had the richest 
phenolic content (p < 0.0001).

DPPH Radical Scavenging Activity

IC50 values were expressed as mean ± SD and given in 
Table 3. According to the results, fraction E was the most 
active fraction among others (IC50 = 25.58 µg/mL ± 1.17) and 
the pure compound, rutin (CC-1), has more DPPH radical 
scavenging activity compared with the ascorbic acid (IC50 
values are 17.70 ± 0.59 µM and 73.25 ± 0.68 µM, respec-
tively, p < 0.0001).

Table 1. 1D (13C and 1H) and 2D [Heteronuclear Multiple Bond Correlation (HMBC)] NMR Spectroscopic Data of Rutin (δ: Coupling 
Shifts, m: Multiplicity, J(Hz): Coupling Constant).

Carbon No δC(ppm) δH(ppm) m, J(Hz) HMBC

2 159.5 – – –

3 135.7 – – –

4 179.6 – – –

5 163.1 – – –

6 100.1 6.22 d; 2.0 5,7,8,10

7 166.3 – – –

8 95.0 6.41 d; 2.0 4,6,7,9,10

9 158.7 – – –

10 105.7 – – –

1′ 123.2 – – –

2′ 117.8 7.67 d; 2.2 2, 3′, 4′, 6′

3′ 146.0 – – –

4′ 150.0 – – –

5′ 116.2 6.88 d; 8.4 2′,3′, 4′

6′ 123.7 7.63 dd; 8.4, 2,2 2, 2′, 4′

1′′ 104.8 5.11 d; 7.7 3, 5′′

2′′ 75.8 3.48 dd; 9.0, 7.7 1′′, 3′′

3′′ 78.3 3.42 t; 9.0 3′′, 4′′

4′′ 71.5 3.27 t; 9.0 3′′, 5′′, 6′′

5′′ 77.4 3.33 dd; 11.1; 6.2 3′′, 4′′, 6′′

6′′ 68.7 3.393.81 dd; 11.1, 6.2d; 11.1 5′′, 1′′′4′′, 1′′′

1′′′ 102.6 4.52 d; 1.6 6′′, 2′′′, 5′′′

2′′′ 72.2 3.63 dd; 3.3, 1.6 3′′′, 4′′′

3′′′ 72.4 3.53 dd; 9.5, 3.3 4′′′

4′′′ 74.1 3.28 t; 9.5 6′′′, 3′′′

5′′′ 69.9 3.45 qd; 9.5, 6.2 4′′′

6′′′ 18.0 1.12 d; 6.2 5′′′, 4′′′
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SO Radical Scavenging Activity

IC50 values were calculated and are shown in Table 3 (all val-
ues are expressed as mean ± SD). According to the results, 
fraction E was found to be the most active fraction among 
others (IC50 = 18.59 ± 0.73 µg/mL), and the activity of the 
positive control (ascorbic acid) and rutin (CC-1) was compa-
rable (IC50 values are 31.11 ± 5.05 µM and 41.89 ± 1.68 µM, 
respectively, p < 0.0001).

NO Radical Scavenging Activity

IC50 values were expressed as mean ± SD and are given in 
Table 3. The positive control (quercetin), fraction E, and 
CC-1 were detected as 170.11 ± 2.16 µg/mL (562.8 ± 7.15 
µM), 372.29 ± 6.01 µg/mL, and 190.51 ± 5.57 (312.5 ± 9.13 
µM) µg/mL, respectively (p < 0.0001). IC50 values of Fr. A–D 
could not be calculated (>400 µg/mL).

CUPRAC

The results are presented as mean ± SD, mg/g gallic acid 
equivalent (Table 4). Among these fractions, Fr. C and Fr. E 
showed the highest CUPRAC, with values of 140.54 ± 3.26 
and 129.67 ± 3.45 mg/g GAE, respectively (p < 0.0001).

FRAP

The results are presented as the mean ± SD, mg/g Trolox 
equivalent (Table 4). Fr. C and Fr. E were found to have the 
most iron (III) reducing antioxidant capacity compared with 
the other fractions (1,406.42 ± 8.17 and 1,220.31 ± 7.53 mg/g 
TE, respectively, p < 0.0001)

ABTS•+ Antioxidant Capacity Assay

The results are given as given as mean ± SD, mg/g Trolox 
equivalent (Table 4). It was observed that Fr. C and Fr. E dis-
played the highest ABTS+ antioxidant capacity among the 
other fractions (32.87 ± 2.51 and 33.41 ± 1.15 mg/g TE, 
respectively, p < 0.0001).

Enzyme Inhibitory Activities

Tyrosinase Enzyme Inhibition Assay

The calculated results indicated that the main CC-MeOH and 
other sub-extracts (CC-nBuOH, CC-aqueous, CC-PE) had 
similar and significant tyrosinase enzyme inhibitory activi-
ties. The results are given as kojic acid equivalent/g extract, 
with values of 195.84 ± 5.81, 145.19 ± 2.04, 161.67 ± 3.18, 
and 162.07 ± 4.29 respectively (p < 0.001, Table 5).

Figure 1. The Molecular Structure of Rutin.
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α-Glucosidase Inhibition Assay

As for the α-glucosidase inhibitory activity, only the MeOH 
extract showed mild activity compared with the standard 
acarbose (IC50 values: 608.62 ± 7.01, 111.86 ± 2.16 μg/mL, 
respectively, p < 0.0001) (Figure 2).

Cytotoxic Activity on MCF-7 Cells

According to the activity results, CC-PE showed the highest 
activity (IC50 value = 76.91 ± 3.12 μg/mL) compared to 
other extracts (p < 0.0001, Figure 3). The IC50 value of the 
positive control, doxorubicin, was calculated to be  
0.0512 ± 0.001 μg/mL.

Discussion

All phytochemical study and bioactivity test results are the 
first report for the C. chetikiana subsp. chetikiana. The anti-
oxidant activity-guided isolation studies were applied to the 
CC. According to the antioxidant capacity test results, the 
CC-nBuOH extract showed higher antioxidant activity and a 
greater content of phenolic substances than the other CC 
extracts. Previous studies have consistently shown a positive 
correlation between the phenolic content and antioxidant 
activity (Stanković, 2020, pp. 275–307). The antioxidant 
capacities of the fractions obtained from CC-nBuOH (Fr. 
A–E) revealed that fraction E was the most active, resulting 

Table 2. Metabolomics Profile of Cynoglottis chetikiana Main Methanol Extract [Liquid Chromatography–High-resolution Mass 
Spectrometry (LC–HRMS Results].

Compound Chemical Formula Rt (min) MS Exact Mass m/z

Phenolic compounds

Skimmin C15H16O8 6.197 [M+H]+ 325.09427

Salvianolic acid B C36H30O16 8.18 [M+H]+ 719.16357

Hirsutrin C22H22O11 6.171 [M+H]+ 487.0856

Plantaginin C21H20O11 6.218 [M+H]+ 449.11209

Luteolin-4′-O-glucoside C21H20O11 6.22 [M–H]– 447.09244

4-Hydroxycoumarin C9H6O3 6.197 [M+H]+ 163.03989

Naringenin-7-O-beta-d-glucoside C21H22O16 6.999 [M+H]+ 435.1297

Isorhamnetin-3-O-rutinoside C28H32O16 6.345 [M–H]– 623.16101

Quercetin C15H10O7 7.164 [M–H]– 301.03363

Quinic acid C7H12O6 2.031 [M–H]– 191.05383

Caffeoylquinic acid C16H18O9 2.031 [M–H]– 353.08386

Isoquercitrin C21H20O12 6.09 [M+H]+ 465.10428

Kaempferol-3-O-glucoside (astragalin) C21H20O11 6.301 [M+H]+ 449.11108

Trans-caffeic acid C9H8O4 3.046 [M–H]– 179.03215

Kaempferol C15H10O6 6.303 [M+H]+ 287.05713

Luteolin-7-O-glucoside C21H20O11 6.436 [M+H]+ 449.11148

Carnosic acid C20H28O4 6.281 [M+H]+ 371.16168

Quercitrin C21H20O11 6.431 [M–H]– 447.09286

Hyperoside C21H20O12 6.196 [M–H]– 463.08359

Delphinidin 3-O-galactoside C21H21ClO12 6.195 [M+H]+ 465.10501

Umbelliferone C9H6O3 6.641 [M–H]– 161.0251

Kaempferol-7-neohesperidoside C27H30O15 6.303 [M+H]+ 595.17035

Nicotiflorin (kaempferol-3-O-rutinoside) C27H30O15 6.306 [M–H]– 593.15118

Methyl gallate C8H8O5 1.495 [M+H]+ 185.04219

Rutin C27H30O16 6.091 [M–H]– 609.14716

Rosmarinic acid C18H16O8 6.636 [M–H]– 719.16376

Pyrrolizidine alkaloids

Intermedine C15H25NO5 6.164 [M+H]+ 300.1794
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in the isolation of active compound, CC-1, from this fraction. 
Spectral results indicated that CC-1 is a flavonoid, rutin, 
which is mostly found in Boraginaceae (Masuda et al., 2005; 
Stanoeva et al., 2023). Rutin was isolated and identified in 
C. barrelieri, the Cynoglottis species, thus supporting our 
data. Moreover, our study assessed the radical scavenging 
activities of rutin. The results demonstrated the potent anti-
oxidant properties of rutin compared to the positive controls, 
which is supported by the literature documenting the antioxi-
dant potential of this flavonoid (Yang et al., 2008).

Metabolomics studies using LC-qTOF-MS revealed 27 
compounds (Table 2). Salvianolic acid B, trans-caffeic acid, 
rosmarinic acid, isoquercitrin, nicotiflorin, rutin, astragalin, 
intermedine and hyperoside have been identified in 

C. barrelieri (Varvouni et al., 2020). Many of these metabo-
lites have been previously reported in the related genus 
Anchusa (Al-Snafi, 2014). Notably, our study marks the first 
report of these compounds in C. chetikiana subsp. chetikiana. 
Beyond these, the remaining 18 compounds detected in this 
study are reported here for the first time not only in 
C. chetikiana but also in any Cynoglottis species.

Tyrosinase enzyme inhibition is significant in drug devel-
opment research for conditions associated with pigmentation 
disorders (such as melasma, lentigo, and post-inflammatory 
hyperpigmentation). The test results for all extracts of CC 
indicate promising tyrosinase inhibitory effects (145.19 ± 
2.04 – 162.07 ± 4.29 mg/g KAE). The closest species, 
Anchusa, demonstrated only 43.89–48.16 mg/g KAE 

Table 5. Tyrosinase Enzyme Inhibitory Activities of Cynoglottis chetikiana Extracts (Mean ± SD, n = 3, KAE = Kojic Acid Equivalent, p < 
0.001).

CC-MeOH CC-nBuOH CC-Aqueous CC-PE

mg KAE/g extract 195.84 ± 5.81 145.19 ± 2.04 161.67 ± 3.18 162.07 ± 4.29

Note: CC-MeOH, Cynoglottis chetikiana methanol extract; CC-nBuOH, Cynoglottis chetikiana n-butanol extract; SD, standard deviation.

Table 3. DPPH, SO, and NO Radicals Scavenging Activities of CC-MeOH, CC-nBuOH Extracts, Fractions A–E and Rutin from  
C. chetikiana (IC50 values, Mean ± SD μg/mL, n = 3, p < .05)

DPPH SO NO

CC-MeOH 88.12 ± 2.81 101.09 ± 1.98 405.15 ± 4.58

CC-nBuOH 53.31 ± 3.17 48.47 ± 0. 96 266.20 ± 3.66

Fr. A 188.71 ± 4.87 111.11 ± 3.87 >400

Fr. B 105.27 ± 2.34 52.85 ± 1.21 >400

Fr. C 53.26 ± 4.58 148.24 ± 3.17 >400

Fr. D 67.06 ± 2.19 29.34 ± 0.76 >400

Fr. E 25.58 ± 1.17 18.59 ± 0.73 372.29 ± 6.01

Rutin 17.70 ± 0.59 µM 41.89 ± 1.68 µM 312.5 ± 9.13 µM

Positive control Ascorbic acid: 73.25 ± 0.68 µM Ascorbic acid: 31.11 ± 5.05 µM Quercetin: 562.8 ± 7.15 µM

Note: CC-MeOH, Cynoglottis chetikiana methanol extract; CC-nBuOH, Cynoglottis chetikiana n-butanol extract; DPPH, 2,2-diphenyl-1-picrylhydrazyl; SD, 
standard deviation.

Table 4. CUPRAC, FRAP, and ABTS•+ Antioxidant Capacities and Total Phenolic Contents of CC-MeOH, CC-nBuOH, and Fractions 
A–E (Mean ± SD, Gallic Acid Equivalent = GAE, Trolox Equivalent = TE, n = 3, p < 0.05).

CUPRAC  
(mg/g ± SD, GAE)

FRAP  
(mg/g ± SD, TE)

ABTS•+  
(mg/g ± SD, TE)

Total Phenolic Content  
(mg/g ± SD, GAE)

CC-MeOH 116.27 ± 1.9 519.59 ± 4.91 189.43 ± 4.11 121.38 ± 4.33

CC-nBuOH 194.16 ± 5.11 963. 21 ± 2.17 574 ± 6.05 206.56 ± 2.17

Fr. A 20.33 ± 2.45 195.58 ± 4.17 9.87 ± 1.68 57.89 ± 2. 66

Fr. B 55.56 ± 4.77 460.86 ± 1.12 20.24 ± 0.98 84.78 ± 2.15

Fr. C 140.54 ± 3.26 1,406.42 ± 8.17 32.87 ± 2.51 215.11 ± 4.99

Fr. D 61.03 ± 2.68 711.14 ± 6.78 24.91 ± 0.84 157.44 ± 3.06

Fr. E 129.67 ± 3.45 1,220.31 ± 7.53 33.41 ± 1.15 285.89 ± 5.94

Note: ABTS, 2,2′-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid); CC-MeOH, Cynoglottis chetikiana methanol extract; CC-nBuOH, Cynoglottis chetikiana 
n-butanol extract; CUPRAC, copper (II) reducing antioxidant capacity; FRAP, ferric reducing antioxidant power; SD, standard deviation.
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(Sarikurkcu et al., 2015; Yang et al., 2008). Previous studies 
have indicated that some of the secondary metabolites of 
C. chetikiana, such as quercetin, kaempferol, and umbellifer-
one, inhibit tyrosinase by directly binding to the enzyme’s 
active site, thereby impeding substrate access (Kim & Uyama, 
2005). Additionally, quercetin chelates copper ions that are 
essential for the catalytic activity of tyrosinase, further inhib-
iting the enzyme (Zolghadri et al., 2019). These compounds 
may have contributed to the observed activity in  
C. chetikiana.

α-Glucosidase inhibitory activity is a preliminary test for 
antidiabetic drug discovery research. Only the MeOH extract 
showed moderate activity compared to the standard acarbose, 
with IC50 values of 608.62 ± 7.01 and 111.86 ± 2.16 μg/mL, 
respectively. Quercetin and isoquercitrin are competitive 
inhibitors that fit into the α-glucosidase enzyme’s active site 
because of their structural similarity to the natural substrate 

(Dej-Adisai et al., 2021; Jhong et al., 2015). Studies have 
shown that these compounds, along with rutin, have potent 
inhibitory effects on α-glucosidase (Li et al., 2009). The 
activity observed in the methanol extract could be due to the 
presence of these compounds, suggesting that their inhibitory 
mechanisms may contribute to the observed effects.

Breast cancer is the most prevalent form of cancer among 
women. Evaluating the cytotoxic potential of plant extracts 
against different types of breast cancer cells can yield valu-
able insights (Chen et al., 2020). Our research focused on the 
cytotoxic activities of the CC extracts on the MCF-7 (estro-
gen receptor positive) breast cancer cell line. Only CC-PE 
showed notable activity (IC50 value = 76.91 ± 3.12 μg/mL). 
According to the National Cancer Institute (NCI), for anti-
cancer drug research, plant extracts should exhibit cytotoxic 
activities below 30 μg/mL to be considered for further anti-
cancer research (Boik, 2001). Although our results are below 

Figure 2. α-Glucosidase Inhibitory Activities of Cynoglottis chetikiana Main Methanol (CC-MeOH), Petroleum Ether (CC-PE), n-Butanol 
(CC-nBuOH), and Remaining Aqueous (CC-Aqueous) Sub-extracts on 200, 400, and 800 μg/mL (Acarbose as Positive Control, Mean ± 
Standard Deviation (SD), n = 3, p < .001).

Figure 3. Cytotoxic Effects of Cynoglottis chetikiana Extracts on MCF-7 Cell Line [Mean ± Standard Deviation (SD), n = 3].
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this threshold, CC-PE could be considered suitable for further 
isolation and mode-of-action studies. Among the compounds 
detected in this plant and that may contribute to its cytotoxic 
effects, quercetin and kaempferol have been shown to induce 
apoptosis in MCF-7 cells by activating caspases and upregu-
lating pro-apoptotic proteins (Kang et al., 2009; Molani Gol 
& Kheirouri, 2022). Additionally, salvianolic acid B has been 
shown to induce cell cycle arrest in various cancer cells 
(Katary et al., 2019; Yang et al., 2011). The potential antitu-
mor effects of PA have also been reported. Kurimoto et al. 
(2022) demonstrated the conversion of these compounds into 
active forms using a gold-based artificial metalloenzyme, 
bypassing liver metabolism and showing significant cytotox-
icity in cancer cell lines without harming normal cells. This 
suggests the potential of using targeted therapies to alleviate 
genotoxicity and utilize PA in cancer treatment.

Conclusion

This is the first study to reveal the pharmacological and phyto-
chemical potential of C. chetikiana. Our research identified 
significant antioxidant, α-glucosidase, and tyrosinase enzyme 
inhibitory activities, as well as cytotoxic activities of this plant. 
Notably, bioactivity-guided isolation led to the identification of 
rutin as the most potent antioxidant compound. LC-qTOF-MS 
analysis revealed the presence of 27 compounds, including 
phenolic acid derivatives, flavonoids, coumarins, and PA, 
which further enriched the chemical profile of the plant. These 
findings collectively underscore the pharmacological potential 
of C. chetikiana, positioning it as a promising candidate for 
further in vivo bioavailability and mode of action studies in 
drug development.
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