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Abstract: Saponins in the Cephalaria species have a broad spectrum of biological properties and application 

potentials. This research aimed to develop a novel method to tentatively identify and quantify triterpenes and 

saponins in 22 Cephalaria species by LC-HR/MS method. In this study, we provided a broad screening of important 

biologically active triterpenes and saponins with high separation ability, high sensitivity and high selectivity. This 

is the first report to prove that Cephalaria species can be a good source of tormentic acid which has many biological 

activities in literature. The main triterpene compound, tormentic acid was presented at the level between 74.02 

mg/kg and 75702.0 mg/kg in n-butanol extract of Cephalaria species. The source of some biologically active 

saponins such as davisianoside B, aristatoside C, elmalienoside A, balansoide B and scoposide B were also 

determined with this study, for the first time. Therefore, due to the different activities and usages of the identified 

compounds, these findings may find application in a number of industries such as nutraceutical, pharmaceutical, 

medical and cosmetic industries. 
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1. Introduction 

Saponins are glycosides, containing steroid or triterpenic aglycone and one or more carbohydrate 

side chains, and have become increasingly important in human health researches, in recent years. Plants 

containing saponins are known to have many biological effects, especially immunostimulating, anti-

inflammatory, antimicrobial, anticancer, hypocholesterolemic and hemolytic effects [1-4]. Due to these 

various chemical and biological properties, they have commercial applications in many sectors such as 

cosmetics, cleaning, food, agriculture and pharmacy. In addition, their natural non-ionic surfactant 

properties cause them to find different usages in many other industries [1]. Researches and evidence on 

their biological activities have brought interest in saponins in recent years. It is known that these 
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compounds are generally used as vaccine adjuvant, immune system regulators and anti-microbial agents 

in pharmaceutical applications [5-7]. Cephalaria genus is a class of plants that belongs to the 

Caprifoliaceae family and is related to many different biological activities in the world with its extremely 

rich chemical content [8-10]. Many different activities such as antimicrobial, moluscicidal, antifungal, 

antioxidant and cytotoxic have also enabled the plant to find use in many fields from medicine to 

cosmetics [11,12]. Cephalaria genus, which has 94 species in the world has 40 species in Turkey, 24 of 

which are endemic. Most of the species are mainly located in the Mediterranean region and the Middle 

East [13,14]. Oleanane-type triterpene saponins were determined as one of the major bioactive ingredients 

in Cephalaria species. So far, more than new 50 saponin compounds have been isolated and identified 

from the n-butanol extracts of different Cephalaria species from Turkey [8, 15-21]. These saponins 

exhibit many important biological properties such as cytotoxicity, hemolytic and immunomodulatory 

effects [16]. 

However, up to now, no chromatographic methods have been developed to provide full 

fingerprinting and quality assurance for these saponins of Cephalaria species. Thus, in this study LC-

HR/MS method was developed to profile bioactive saponin contents of n-butanol extracts of 22 different 

Cephalaria species, for the first time. Nowadays LC-HR/MS is one of the most widely-used bioanalytical 

methods, which has the advantages of high separation ability, high sensitivity and high selectivity for 

large molecule quantification in biological samples. The detected major compounds such as tormentic 

acid, dipsacus saponin A and α-hederin have potential interest in the development of new clinically 

relevant drugs and industrial areas [22-24].  

 

2. Materials and Methods 

 
2.1. Plant Materials 

 

All studied Cephalaria species, which were harvested in Anatolia, during the vegetative season 

of 2013 by R.S. Gokturk. Identifications of the plants were established by H. Sumbul and R. S. Gokturk 

from Akdeniz University. Voucher specimens have been deposited at the Herbarium of the Biology 

Department of Akdeniz University. All details such as names, voucher specimen numbers, localities and 

heights about the plant materials (see Sup. Info. Figure S1, Table S1) have been given in our previous 

study [25] except three species. C. gazipashaensis Sumbul (RSG6099), C. hirsuta Stapf (RSG7676) and 

C. cilicica Boiss & Kotschy (RSG 6076) were collected from Gazipasa, Maha: Antalya 1500 m, Cat-

Erzurum 2100 m and Finike-Elmali: Antalya, 1200 m, respectively.  

 

2.2. Chemicals 

 

Following compounds which were isolated and purified in our previous studies were used as 

standards for method validation in LC-HRMS analysis. Gazipashoside B (>99.9%) [19], aristatoside A 

(>98.8%), aristatoside C (>93.7%) [17], cephoside B (>99.1%) [26], davisianoside A (>97.5%), 

davisianoside B (>97.6%) [27], elmalienoside A (>99.6%), elmalienoside C (>99.9%) [18], balansoid A 

(>99.3%), balansoid B (>98.5%), balansoid C (>99.8%) [15], dipsacoside B (>99.2%) [28], 

tchihatchewoside A (>99.1%), tchihatchewoside B (>99.7%) [29], scoposide B (>99.9%) [8], scoposide 

G (>99.6%) [30], saponin I (>99.7%) [31], saponin II (>99.9%) [32], sumbulianoside A (>99.5%) [33], 

isacoside (>96.5%) [34], akebia saponin F (>97.5%) [35], sapindoside C (>99.8%) [36], lycicoside II 

(>98.7%) [37], macranthoside A (>98.6%) [38], collinsonidin (>98.6%) [39], dipsacus saponin A 

(>99.1%) [40], α-hederin (>99.8%) [41], anemoclemoside A (>99.2%) [42], oleanoic acid (>95%) [17], 

pomolic acid (>97%), tormentic acid (>97%) [43], ursolic acid (isolated from Satureja species, 97%). 
  
2.3. Preparation of Plant Extracts and Sample Preparation for LC-HRMS 
  

After all plants were collected, the aerial parts of the plants were dried and ground. Grinded 

samples (each approx. 100 g) were extracted three times with methanol (each 10 mL) by a laboratory 

homogenizer (Silverson, L5M-A, USA) for 3h at room temperature. The extracts were concentrated under 

reduced pressure till dryness at 40 oC. And then, MeOH residues were extracted three times with n-BuOH 

: H2O (1 : 1)  solvent system (each 5 mL). After the separation and evaporation of n-BuOH and H2O 
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fractions, the saponin-riched n-BuOH fractions were concentrated under reduced pressure (extract yields 

2.5-3.0%). The dried 100 mg of the n-butanol extracts of Cephalaria species were dissolved in 

approximately 4 mL of methanol-water mixture (60:40, v/v) in a 5 mL volumetric flask. The flask was 

kept in an ultrasonic bath for 20 min. After a clear solution obtained 100 µL of dihydrocapsaicin solution 

(from 100 ppm stock solution) was added as an internal standard and diluted to the volume with mobile 

phase of the LC-HRMS measurement, and afterwards the mixture was warmed to get a homogenous 

solution. The final solution was filtered through a 0.45 µm Millipore Millex-HV filter and the 

concentration of final solution (1 mL) was transferred into a capped auto sampler vial, from which 2 µL 

of sample was injected to LC for each run. The samples in the auto sampler were kept at 15 oC during the 

experiment [17, 25, 44-46]. 

  
2.4. Instruments and Chromatographic Conditions of LC-HRMS 
 

LC-HRMS measurements were carried out on a Thermo ORBITRAP Q-EXACTIVE (Bremen, 

Germany) mass spectrometry equipped ESI ion source and with Dionex LC system. Scan range was set 

to m/z 300-1600 amu and other mass paramaters are used as following: gas flow rate:45, aux gas flow 

rate: 10, sprey voltage: 3.80 kV, capilary temperature: 320 °C, aux gas heater temperature: 320 °C, and S-

lens RF is 50. A Troyasil C18 column (150 x 3 mm i.d., 3 µm particle size, Istanbul, Turkey) was for 

separation of compounds. The mobile phases A and B were composed of 1% formic acid-water and 1% 

formic acid-methanol, respectively. The gradient program of which was started 50% A and 50% B, 0.01-

1 min, 75% B, 1.01-3.00 min 85% B, 3.01 and 15.00 90 %B, and finally 15.01-25 min 50% A and 50% 

B. The flow rate of the mobile phase was 0.35 mL/min, and the column temperature was set to 22°C. 

Environmental conditions were set as temperature 22.0 ± 5.0 °C and relative humidity (50 ± 15) % rh [44-

48].  

  

2.5. Method Validation 

  
The validation parameters consisted of selectivity, linearity, repeatability, recovery, limit of 

detection (LOD) and limit of quantification (LOQ) experiments. The linearity for each compound for the 

reported method was determined by analysing standard solutions. Repeatability, and intermediate 

precision of the validated method used and screening measurements were done by using the extract of C. 

tchihatchewii Boiss. Recovery of method was conducted to determine the accuracy of the method for the 

determination of the amount of substances in plant extracts for the target compounds and the method was 

checked at around concentration of 0.5 mg/L and 5 mg/L. Simply standard compounds are spiked the 

diluted extract to reach the desired concentrations, dissolved in methanol in a 5 mL volumetric flask. 

Unspiked diluted plant extracts were also analyzed to determine the target compounds concentrations in 

the blank sample. The recoveries of the target compounds ranged from 92.90 to 109.40 % (Table 1). Mean 

relative standard deviations (RSD) were found to be 0.1-10 % for all and that data was added to the 

uncertainty budget of all reported compounds. The summary of validation and uncertainty data, the 

correlation coefficients (r2), LOD, LOQ, recovery, and linear regression equations of the reported 

compounds are presented in Table 1, where y is the peak area and x is the concentration. Detailed 

methodology of validation procedure and uncertainty evaluation of the used LC-HRMS method were 

reported in our previous papers [47-49].  

 

3. Results and Discussion 

 

In this study, the detailed triterpene saponin contents of n-butanol extracts of 22 Cephalaria 

species were determined by LC-HRMS, for the first time (Table 2). The twenty-four different saponins 

(gazipashoside B, aristatosides A and C, cephoside B, davisianosides A-B, elmalienosides A and C, 

balansoids A-C, dipsacoside B, tchihatchewosides A-B, scoposide B, saponin I, isacoside, akebia saponin 

F, sapindoside C, lycicoside II, macranthoside A, collinsonidin, dipsacus saponin A, α-hederin) and two 

triterpene aglycones (pomolic acid, tormentic acid), totally twenty-six compounds were detected 
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simultaneously. Table 2 summarizes the content of each saponin and triterpene in the identified 22 

Cephalaria species. 

 

Table 1. Mass parameters and linear regression equation of compounds for 22 Cephalaria species from   

Turkey. 

*ppm, Rec: Recovery 

 

Among the detected compounds, 3 saponins in C. elmaliensis, 8 saponins in C. elazigensis var. 

elazigensis, 9 saponins in C. elazigensis var. purpurea,12 saponins in C. stellipilis, 13 saponins in C. 

speciosa, C. gazipashaensis and C. tuteliana, 14 saponins in C. cilicica and C. scoparia, 15 saponins in 

C. isaurica and C. hirsuta, 16 saponins in C. tchihatchewii, C. davisiana, C. aristata, C. balansae, C. 

lycica and C. procera, 17 saponins in C. sumbuliana, 18 saponins in C. taurica, C. aytachii and C. 

anatolica, 20 saponins in C. paphlagonica were identified and quantified based on their retention times 

and MS/MS pattern in comparison with the data of references. While as a triterpene tormentic acid 

detected in all Cephalaria species, pomolic acid was detected in 8 Cephalaria species (C. tuteliana, C. 

aytachii, C. davisiana, C. balansae, C. elazigensis var. elazigensis, C. anatolica, C. stellipilis and C. 

cilicica).  

Compounds m/z 
Ionization 

Mode 

Linear  

Range* 

Linear Regression 

Equation 

LOD/ 

LOQ 
 r²  

Rec. 

% 

U 

% 

Gazipashoside B 1390.6375 Positive 5-10 y=0.00005686x-0.00001284 1.66/5.0 0.994 103.2 1.7 

Aristatoside A 1543.7173 Negative 0.5-10 y=0.002781x-0.0004899 0.18/0.6 0.999 101.4 4.0 

Cephoside B 1397.6594 Negative 0.25-5 y=0.03048x-0.003199 0.08/0.26 0.998 102.8 11.2 

Davisianoside A 1381.6645 Negative 0.5-10 y=0.007459x-0.0003556 0.2/0.67 0.999 104.8 5.9 

Elmalienoside C 1229.5925 Positive 0.5-10 y=-0.0003556x-0.03472 0.29/0.96 0.994 93.4 10.2 

Balansoid C 1376.6582 Positive 0.5-10 y=0.008914x+0.002941 0.28/0.92 0.997 106.1 10.1 

Dipsacoside B 1075.5683 Positive 0.5-10 y=0.003923x-0.0003301 0.15/0.5 0.999 108.6 3.5 

Elmalienoside A 1259.6031 Positive 0.5-10 y=0.03443x+0.000459 0.12/0.41 0.999 107.8 13.3 

Tchihatchewoside A 952.5002 Positive 0.5-10 y=0.02322x-0.001075 0.11/0.36 0.999 106.4 4.3 

Saponin II 1075.568 Positive 0.5-10 y=0.001301x+0.0008106 0.48/1.61 0.993 108.3 8.2 

Scoposide B 1351.653 Negative 0.1-2 y=0.08182x+0.0002178 0.02/0.08 0.999 98.0 0.9 

Tchihatchewoside B 1090.556 Negative 0.2-5 y=0.03348x+-0.002113 0.22/0.73 0.996 95.5 9.8 

Saponin I 935.4974 Positive 0.5-10 y=0.1289x-0.006194 0.15/0.50 0.999 102.2 7.9 

Sumbulianoside A  820.4579 Positive 0.5-7 y=0.1222x+0.02024 0.17/0.56 0.999 100.8 4.9 

Balansoid B 1189.601 Negative 01-2 y=0.07515x-0.002736 0.06/0.19 0.997 99.0 19.4 

Aristatoside C 1175.585 Negative 0.5-10 y=0.01879x-0.002058 0.13/0.44 0.999 92.9 4.6 

Isacoside 1353.668 Positive 0.5-10 y=0.001775x-0.0005579 0.24/0.81 0.999 97.9 10.0 

Scoposide G 1189.601 Negative 0.5-10 y=0.003077x-0.0003519 0.14/0.48 0.999 102.3 1.0 

Akebia Saponin F 1073.553 Negative 0.2-5 y=0.03514x-0.001404 0.03/0.1 0.999 100.2 8.8 

Sapindoside C 1045.557 Positive 0.5-10 y=0.004917x-0.001086 0.2/0.67 0.999 98.3 3.8 

Tormentic acid 511.3394 Positive 01-2 y=0.08359x+0.003066 0.03/0.11 0.998 101.0 3.5 

Balansoid A 1027.548 Negative 0.5-10 y=0.02999x-0.002864 0.19/0.62 0.998 102.3 4.5 

Davisianoside B 1059.573 Positive 0.5-10 y=0.00563x-0.001216 0.12/0.40 0.999 106.5 7.7 

Lycicoside II  1029.562 Positive 0.5-10 y=0.002458x-0.0001271 0.07/0.24 0.999 102.9 8.1 

Macranthoside A 935.4974 Positive 0.5-10 y=0.05647x-0.004836 0.09/0.29 0.999 102.7 11.1 

Collinsonidin 789.4395 Positive 0.5-10 y=0.04576x-0.0008392 0.18/0.6 0.998 109.4 8.0 

Dipsacus saponin A 796.4614 Negative 0.5-10 y=0.06377x-0.01101 0.2/0.67 0.998 109.4 6.7 

α-hederin 749.4481 Negative 0.5-10 y=0.01466x-0.003416 0.23/0.75 0.997 109.1 4.6 

Pomolic acid 511.3394 Positive 0.5-10 y=0.005607x-0.001334 0.17/0.56 0.999 100.9 1.7 

Anemoclemoside A 603.39024 Negative 0.5-10 y=0.00189x-0.0005119 0.37/1.25 0.998 106.2 12.8 
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Table 2. Compounds and their amounts (mg/kg extract) of 22 Cephalaria species from Turkey 

Compounds Cephalaria Species 
1 2 3 4 5 6 7 8 9 10 11 

Gazipashoside B <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 13635.8 <LOD 

Aristatoside A <LOD 30.3 613.2 14.0 29.7 208.9 86.8 134.3 814.7 <LOD 538.8 

Cephoside B 7.5 17.2 57.3 42.4 8.4 28.3 331.2 149.6 149.2 5588.5 82.9 

Davisianoside A 4.8 18.2 96.8 224.7 115.7 63.8 1285.2 179.6 136.3 244.4 443.4 

Elmalienoside C 6.58 22.8 15.0 0.5 55.8 0.9 1.6 49.6 41.6 1907.6 925.7 

Balansoid C <LOD <LOD <LOD <LOD <LOD <LOD <LOD 264.7 <LOD 14776.4 <LOD 

Dipsacoside B 777.7 79.2 <LOD 2215.8 5530.1 143.0 2608.6 346.8 743.2 6129.0 2713.0 

Elmalienoside A 17.4 1.8 16.0 103.5 111.0 5.5 778.4 46.0 71.6 64.7 121.4 

TchihatchewosideA 476.2 33.5 <LOD 122.2 350.5 13.3 735.0 106.2 <LOD 1423.2 948.4 

Scoposide B 0.4 105.4 <LOD <LOD 1.4 <LOD <LOD 3.2 <LOD <LOD 11.7 

TchihatchewosideB <LOD 14.9 55.7 <LOD 9.5 4.9 <LOD <LOD <LOD 207.0 1991 

Saponin I 11.6 <LOD 15.0 41.3 97.6 5.1 102.8 66.2 45.5 476.8 18.1 

Balansoid B 2.9 208.6 9.5 1.9 18.0 2.9 7.4 <LOD <LOD 131.8 54.6 

Aristatoside C 3.4 14.1 22.3 <LOD <LOD 7.8 175.4 <LOD 7030.8 <LOD 18.4 

Isacoside <LOD <LOD 1981.3 <LOD 11.6 742.3 <LOD <LOD 2084.2 <LOD 223.3 

Akebia Saponin F <LOD 181.9 35.5 <LOD <LOD 16.9 110.8 30.4 3775.5 <LOD 22.5 

Sapindoside C 7.1 <LOD <LOD <LOD <LOD <LOD 325.6 <LOD 19784.5 <LOD <LOD 

Tormentic acid 117.7 3342.1 4827.5 764.5 323.7 2165.9 11143.6 13658.5 11003.7 3004.9 4765.2 

Balansoid A 7.6 <LOD 16.2 2.7 3.9 6.5 20.0 41.9 81.6 1483.5 76.2 

Davisianoside B <LOD <LOD <LOD <LOD 23.5 35.6 602.0 <LOD <LOD <LOD 141.6 

Lycicoside II <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 1852.0 72.2 

Macranthoside A 7.3 <LOD 24.0 8.6 <LOD 9.3 229.6 40.2 1553.2 63.9 49.2 

Collinsonidin 232.3 <LOD <LOD <LOD 2.4 <LOD 10.4 46.0 118.4 <LOD <LOD 

Dipsacus saponinA 181.6 38.8 44.8 33.4 197.2 17.1 540.6 150.4 7999.0 1059.9 83.3 

α-hederin 193.5 40.5 62.0 41.3 223.6 22.1 685.6 144.3 8734.2 1079.9 107.0 

Pomolic acid <LOD 9878.82 5137.0 1998.8 <LOD 5166.0 11166.6 32076.4 <LOD 3997.9 <LOD 

 

 

 



 

Saponins from Cephalaria species 

 

542 

 Table 2 continued.. 

Compounds  Cephalaria Species 

12 13 14 15 16 17 18 19 20 21 22 

Gazipashoside B <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

Aristatoside A 57.5 <LOD <LOD 22.1 <LOD 120.0 <LOD <LOD <LOD 34.0 423.0 

Cephoside B 33.9 10.62 72.1 674.2 <LOD <LOD 6.9 5.5 80.7 115.0 1596.0 

Davisianoside A 45.8 <LOD <LOD 1548.0 <LOD 38.8 6.4 2.5 73.6 74.4 <LOD 

Elmalienoside C 23.7 <LOD 19.3 34.7 <LOD 9.4 2.2 1.1 47.1 422.3 599.0 

Balansoid C <LOD <LOD 35.5 142.8 <LOD <LOD <LOD <LOD <LOD <LOD 3863.0 

Dipsacoside B 258.6 <LOD <LOD 2201.9 <LOD 152.4 1124.2 16.7 453.6 2965.2 1088.0 

Elmalienoside A 14.2 0.3 6.4 5176.4 <LOD <LOD 16.6 <LOD <LOD 213.9 65.0 

TchihatchewosideA 48.6 10.9 5773.4 1216.5 389.2 78.2 108.3 21.9 177.1 <LOD 308.2 

Scoposide B 412.5 <LOD <LOD 0.9 <LOD 8.8 0.5 0.6 152.9 11.7 <LOD 

TchihatchewosideB 39.8 <LOD <LOD 18.6 <LOD 48.8 25.3 11.4 100.0 2304.4 98.0 

Saponin I 44.7 3.2 <LOD 82.6 <LOD 31.8 13.9 5.2 <LOD 222.9 129.0 

Balansoid B 572.3 <LOD <LOD <LOD <LOD 40.0 5.5 2.9 1143.6 105.3 <LOD 

Aristatoside C 19.7 7.8 <LOD 9.5 <LOD <LOD <LOD 6.9 103.6 162.2 <LOD 

Isacoside <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

Akebia Saponin F 280.6 <LOD <LOD 82.3 <LOD 38.8 <LOD 7.2 877.1 402.5 78.1 

Sapindoside C 58.0 25.7 <LOD <LOD <LOD <LOD <LOD 18.7 291.4 <LOD <LOD 

Tormentic acid 3233.9 2257.6 27781.1 1283.2 6484.9 15851.8 74.0 805.0 16598.6 3393.3 75702.3 

Balansoid A <LOD <LOD 32.1 13.2 <LOD <LOD 4.1 <LOD <LOD <LOD 322.4 

Davisianoside B <LOD <LOD <LOD 284.8 <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

Lycicoside II <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 

Macranthoside A <LOD 6.3 <LOD 515.8 <LOD <LOD <LOD 6.0 <LOD 67.6 195.00 

Collinsonidin <LOD <LOD 145.2 <LOD 16.8 <LOD <LOD 32.6 <LOD <LOD <LOD 

Dipsacus saponinA 51.5 17.4 59.5 149.8 38.3 130.0 401.5 45.4 239.3 514.5 500.8 

α-hederin 53.5 18.6 <LOD 172.6 <LOD 166.5 418.0 49.4 272.1 580.8 539.1 

Pomolic acid 4482.5 4636.1 113426.6 5403.4 10987.2 20823.5 <LOD <LOD 38892.9 <LOD 180542.8 
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According to the results of LC-HRMS analysis; while the major saponins were found as dipsacus 

saponin A [40] and α-hederin [41], major triterpene compounds were detected as tormentic and pomolic 

acids [50] in the n-butanol extracts of Cephalaria species. The main triterpene compound, tormentic acid 

was presented at the level between 74.0 mg/kg and 75702.3 mg/kg in n-butanol extract of all Cephalaria 

species. The other triterpene pomolic acid was also detected in remarkable amounts in eight Cephalaria 

species such as 180.5 g/kg  in C. cilicica.  

The saponins α-hederin and dipsacus saponin A were detected at the level between 22.1-8734.2 

mg/kg and 17.1-7999.0 mg/kg, respectively. Balansoide C, which was determined as the highest saponin, 

was found as 14776.4 mg/kg in C. balansae. 

This is the first report to prove that Cephalaria species can be a good source of tormentic acid. In 

our previous study, where we focused on the apolar fraction of C. tuteliana species, we isolated and 

structurally determined tormentic acid from this plant [43]. Tormentic acid has many biological activities 

such as anti-inflammatory [51], antibacterial, anti-biofilm [52], anti-allodynia [22], immunomodulatory 

[53], anti-tumor, anti-atherogenic activities [54] and be used not only in pharmaceutical areas but also in 

cosmetic industry. According to many literature and patents; tormentic acid or its derivatives have 

potential interest in the development of new clinically relevant drugs for the management of proliferative 

vascular diseases, diabetes, osteoarthritis, hyperlipidemia and skin disorders [22, 52-54].  

In our previous biological activity study [16], aristatoside C and davisianoside B which are the 

monodesmosidic saponins with hederagenin aglycone displayed significant inhibitory effects on 

cancerous A549 and HeLa cells with IC50 values of 3.52 ± 0.11, 35.69 ± 0.50 μM and 4.08 ± 0.06, 11.74 

± 0.82 μM, respectively. They are the cytotoxic compounds against lung cancer cells with greater activity 

than standard commercial chemotherapy drug doxorubicin and davisianoside B also displayed less toxic 

effect than doxorubicin against non-cancerous kidney cell line HEK-293 [16]. Aristatoside C was found 

in thirteen Cephalaria species (C. tchihatchewii, C. scoparia, C. isaurica, C. taurica, C. aytachii, C. 

aristata, C. paphlagonica, C. lycica, C. elazigensis var. purpurea, C. anatolica, C. procera, C. 

gazipashaensis and C. hirsuta) presented in good amounts at the level between 3.4 to 7030.8 mg/kg. 

Besides that, davisianoside B was detected in five Cephalaria species (C. sumbuliana, C. taurica, C. 

aytachii, C. paphlagonica and C. anatolica) at the level between 23.5 and 602.0 mg/kg.  

Another finding from the same biological activity study is that some saponins such as 

elmalienoside A, balansoide B, scoposide B induced remarkable IL-1β and IFN- secretions [15,16]. So, 

it is possible for these saponins to be evaluated as vaccine adjuvant candidates for different types of 

cancer. Therefore, it is very important to identify these saponins in different Cephalaria species. While 

elmalienoside A was detected in all Cephalaria species except C. stellipilis, C. procera, C. 

gazipashaensis, C. elmaliensis from 1.8 mg/kg to 5176.4 mg/kg, balansoide B was found in good amounts 

between 1.9 mg/kg and 1143.6 mg/kg in all Cephalaria species except C. davisiana, C. aristata, C. 

elazigensis var. purpurea, C. elazigensis var. elazigensis, C. anatolica C. elmaliensis, C. cilicica. In 

addition, scoposide B which is a minor saponin with oleanoic acid aglycone was established in twelve 

Cephalaria species (C. tchihatchewii, C. scoparia, C. sumbuliana, C. davisiana, C. paphlagonica, C. 

lycica, C. anatolica, C. stellipilis, C. speciosa, C. procera, C. gazipashaensis and C. hirsuta) at the level 

between 0.4 and 412.5 mg/kg. 

 

4. Conclusion 
 

In the last decade, saponins isolated from a number of plants have demonstrated a wide range of 

biological and pharmacological activities in many in vitro and in vivo bioassays. In this study, we provided 

a broad screening of important biologically active triterpenes and saponins by LC-HR/MS method. In 

summary; this method with high separation ability, high sensitivity and high selectivity has been 

successfully established for the simultaneous determination of twenty-six biologically active saponins and 

triterpenes in 22 Cephalaria species, for the first time. Therefore, due to the different activities and usages 

of the identified compounds, these findings may be useful for a number of industries such as nutraceutical, 

pharmaceutical, medical and cosmetic industries. 
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