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Abstract: Two samples of Tanacetum praeteritum (Horwood) Heywood subsp. praeteritum 

(Horwood) were collected in flowering period and subjected separately to hydrodistillation to 

yield the essential oils (A and B). The oils were investigated for chemical composition with GC-

FID and GC/MS techniques and evaluated against acetylcholinesterase and -amylase enzymes 

and free radicals (DPPH• and ABTS•+) using microtiter plate assays. Both oils were characterized 

with high abundance of oxygenated monoterpenes. The oils were distinguished by the main 

constituents, namely, camphor (37.6%), 1,8-cineole (19.5%) and terpinen-4-ol (9.3%) were 

found as the major constituents in the oil A, while -thujone (79.4%) and -thujone (8.5%) 

were detected in the oil B. The oils demonstrated significant inhibitory (80% and 60.0%) 

potentials on acetylcholinesterase (an IC50 of 0.74 mg/mL and an IC50 of 1.78 mg/mL, 

respectively) which is involved in Alzheimer’s disease. With respect to antidiabetic activity, the 

oils demonstrated significant inhibiting potential on porcine pancreatic -amylase (an IC50 of 

1.02 mg/mL and an IC50 of 0.89 mg/mL) in I2/KI assay. The oils demonstrated weak free radical 

scavenging activity against DPPH radicals and moderate activity (0.23 mM and 0.15 mM) against 

ABTS+• in TEAC assay.  
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INTRODUCTION  

 

The genus Tanacetum is one of large genera of Asteraceae family. The genus is represented by 

nearly 200 species around the world. In Turkey, the genus Tanacetum encompasses 60 taxa 

(1). 

 

Different type extracts (solvent extracts, essential oils and fractions) and pure compounds 

isolated from Tanacetum species have been reported for a range of biological activities. Namely, 

antibacterial, antioxidant (2), anthelmintic (3), repellent, insecticidal (4), cytotoxic and 

acetylcholinesterase inhibitory (5), and antidiabetic (6). Flavonoids, mono-, di- and 

sesquiterpenes, and sesquiterpene lactones have been found to be responsible for biological 

activities of Tanacetum species (7-11).  

 

Nowadays, there is increasing demand for effective and safe natural products with antioxidant, 

antiacetylcholinesterase and hypoglycemic properties. The efficacy of known synthetic 

antioxidants (12), antiacetylcholinesterase agents (13), and hypoglycemic products (14, 15) is 

debatable. The plants reputed for their neurodegenerative healing and antidiabetic effects should 

be verified either experimentally or clinically. However, evidenced-based therapeutic usage of 

many plants is scarce.  

 

T. praeteritum subsp. praeteritum has earlier been reported for flavonoids (16), sesquiterpene 

lactones (17), eudesmane-type sesquiterpenes (18) essential oil (19). However, there is no 

information about its biological activity. The present work is the first investigation of T. 

praeteritum subsp. praeteritum essential oil for antioxidant, antiacetylcholinesterase and 

antidiabetic potential. 

 

MATERIALS AND METHODS 

 

Chemicals 

Hydrochloric acid, n-hexane, dimethyl sulfoxide (DMSO) (Sigma-Aldrich, Germany), anhydrous 

sodium sulfate (Fluka, Germany), iodine (ACS reagent), potassium iodide (Saint Louis, USA), 

methanol (Sigma-Aldrich, Poland), potassium persulfate (Sigma-Aldrich, Saint Louis, USA), 

sodium phosphate, and disodium phosphate were of analytical grade. A C8–C40 n-alkane standard 

solution was purchased from Fluka (Buchs, Switzerland). Gallic acid (GA), (±)-6-hydroxy-

2,5,7,8-tetramethylchromane-2-carboxylic acid (Trolox), 2,2-diphenyl-1-picrylhydrazyl (DPPH), 

2,2′-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS), soluble starch, 

acarbose, -amylase from porcine pancreas (Type VI-B, EC 3.2.1.1), tris(hydroxymethyl) 

aminomethane (ACS reagent), acetylcholinesterase (AChE) from Electrophorus electricus (Type 

VI-S), bovine serum albumin (BSA), acetylthiocholine iodide (ATCI), 5,5′-dithiobis(2-
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nitrobenzoic acid) (DTNB), galanthamine from Lycoris sp. were purchased from Sigma-Aldrich 

(St. Louis, MO, USA). 

 

Instrumentation 

Agilent 5975 GC-MSD system (Agilent, USA; SEM Ltd., Istanbul, Turkey) was equipped with the 

HP-Innowax FSC column (60 m × 0.25 mm id with 0.25 m film thickness, Agilent, USA). The 

GC-FID analysis was carried out with capillary GC using an Agilent 6890N GC system (SEM Ltd., 

Istanbul, Turkey). Microtiter plate assays were performed with Biotek Powerwave XS microplate 

reader. Ultrapure water (0.05 S/cm) was obtained from a Direct-Q® Water Purification System 

(Germany). 

 

Plant Material 

Plant materials were two samples (A and B) of T. praeteritum subsp. praeteritum collected in 

period of flowering in Karçukuru Yaylasi in Antalya province of Turkey, on June, 2015. The plant 

material was dried under the shade. Botanical identification was performed by Dr. M. Arslan. 

Voucher specimens are deposited at the Herbarium of the Forest Regional Department. 

 

Hydrodistillation of Essential Oil 

Aerial parts of two T. praeteritum ssp. praeteritum samples (A and B) were separately subjected 

to hydrodistillation (3 h) in a Clevenger type apparatus (Eu.Ph.) to yield essential oils (20). 

 

Gas-Chromatography - Mass Spectrometry (GC/MS) 

The GC/MS analysis was carried out with an Agilent 5975 GC-MSD system (Agilent, USA; SEM 

Ltd., Istanbul, Turkey). HP-Innowax FSC column (60 m × 0.25 mm, 0.25 m film thickness, 

Agilent, USA) was used with a helium carrier gas at 0.8 mL/min. GC’s oven temperature was 

kept at 60 °C for 10 min and programmed to 220 °C at a rate of 4 °C/min, kept constant for 10 

min at 220 °C, and then programmed to increase at a rate of 1 °C/min to 240 °C. The oils were 

analyzed with a split ratio of 40:1. The injector temperature was 250 °C. Mass spectra were 

taken at 70 eV and the mass range was from m/z 35 to 450. 

 

Gas Chromatography – Flame Ionization Detection (GC-FID) 

The GC-FID analysis was carried out with capillary GC using an Agilent 6890N GC system (SEM 

Ltd., Istanbul, Turkey). Flame ionization detector (FID) temperature was set at 300 °C in order 

to obtain the same elution order with GC/MS. Simultaneous injection was performed using the 

same column and appropriate operational conditions. 

 

Identification and Quantification of Compounds 

Identification of the volatile constituents was achieved as reported previously (21). Briefly, 

identification of the individual compounds was based on the following: (i) comparison of the 
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GC/MS Relative Retention Indices (RRI) of the compounds on polar column determined relative 

to the retention times of a series of n-alkanes (C8-C40), with those of authentic compounds or 

literature data; (ii) computer matching with commercial mass spectral libraries: MassFinder 

software 4.0 (22), Adams Library (23), Wiley GC/MS Library (Wiley, New York, USA) and NIST 

Library, and comparison of the recorded spectra with literature data Confirmation was also 

achieved using the in-house “Başer’s Library of Essential Oil Constituents” database, obtained 

from chromatographic runs of pure compounds performed with the same equipment and 

conditions (24). 

 

Determination of Anti-Acetylcholinesterase Activity (Ellman’s Assay) 

The essential oils were tested for inhibition of acetylcholinesterase (AChE) using Ellman’s method 

as previously reported (25) with slight modification. Three buffers were used: (A) 50 mM Tris-

HCl (pH=8.0, in ultrapure water); (B) 0.1% BSA in buffer A; (C) 0.1 M NaCl and 0.02 M 

MgCl2·6H2O in buffer A. The oils were previously dissolved in DMSO (20% in buffer). In the 96-

well flat bottom plates, 25 L of the sample (EO or standard), 50 L of buffer B and 25 L of 

AChE (0.22 U/mL in buffer A) solution were pipetted with 8-channel automatic pipette 

(Eppendorf Research® plus, Germany) and incubated for 15 min at 25 °C. Then, 125 L of 

Ellman’s reagent DTNB (3.0 mM in buffer C) and 25 L substrate ATCI (15 mM, in ultrapure 

water) were added. Hydrolysis of ATCI was monitored by the formation of the yellow 5-thio-2-

nitrobenzoate anion as a result of the reaction of DTNB with thiocholines, catalyzed by enzymes 

at 412 nm utilizing a 96-well microplate reader (Biotek Powerwave XS, USA). The mixture 

allowed to stand 15 min at 25 °C and the absorbance was recorded at 412 nm. Similarly, a blank 

(for eliminating the colors of the samples) was prepared by adding sample solution to all reaction 

reagents and 25 L buffer instead of enzyme. The control wells contained all the reagents without 

the sample (the solvents of the samples instead were added). Galanthamine hydrobromide (0.1 

mg/mL) was used as positive control. The percentage inhibition was calculated according to 

Equation 1: 

%𝐼𝑛ℎ=[
(𝐴𝑏𝑠𝑐𝑜𝑛𝑡𝑟𝑜𝑙−𝐴𝑏𝑠𝑐𝑜𝑛𝑡𝑟𝑜𝑙 𝑏𝑙𝑎𝑛𝑘)−(𝐴𝑏𝑠𝑠𝑎𝑚𝑝𝑙𝑒−𝐴𝑏𝑠𝑠𝑎𝑚𝑝𝑙𝑒 𝑏𝑙𝑎𝑛𝑘)

𝐴𝑏𝑠𝑐𝑜𝑛𝑡𝑟𝑜𝑙−𝐴𝑏𝑠𝑐𝑜𝑛𝑡𝑟𝑜𝑙 𝑏𝑙𝑎𝑛𝑘
] × 100  (Eq. 1) 

where Abscontrol and Abscontrol blank are the absorbance of the control and its blank, Abssample and 

Abssample blank are the absorbance of the sample and its blank. 

 

Determination of Anti--Amylase Activity 

The activity of-amylase under effect of T. praeteritum ssp. praeteritum essential oils was 

measured using Caraway-Somogyi iodine/potassium iodide (I2/KI) method (26) with slight 

modifications. The substrate solution (0.05%) was prepared by dissolving of soluble potato 

starch (10 mg) in 20 mL ultrapure water then boiling for 10 min and cooling to room temperature 

before use. As a positive control experiment, acarbose (0.01-0.1 mg/mL in buffer) was used. In 

the experiment, 20 mM sodium phosphate buffer (pH 6.9) was pipetted in the 96-well flat bottom 

plates with multichannel automatic pipette (Eppendorf Research® plus, Germany), then 25 L 
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of sample solution and 50 L of -amylase (0.8 U/mL in buffer) were added and incubated for 

10 min at 37 °C. After incubation, 50 L of substrate solution was added to the mixture. The 

mixture was subjected to a second incubation for 10 min at 37 °C. The reaction was stopped by 

addition of 25 L of HCl solution (1 M). Finally, 100 L of I2/KI reagent was added to the wells. 

The sample blanks contained all reaction reagents and 50 L of buffer instead of enzyme. The 

control wells contained all reaction reagents and 25 L of solvent (instead of the sample 

solution). The absorbance values were recorded for the sample and blank at 630 nm. The 

percentage inhibition of the -amylase activity (Inh%) was calculated according to Equation 1. 

 

Antioxidant Activity 

Free radical scavenging activity (DPPH assay) 

The hydrogen atoms or electrons donation ability of the oils were evaluated according to 

bleaching of purple-colored DPPH stable radicals. The effect of T. praeteritum ssp. praeteritum 

essential oils on DPPH free radicals was determined using a method of Brand-Williams (27) with 

slight modifications. The DPPH solution (0.08 mg/mL, in methanol) was freshly prepared daily, 

kept in the dark at 4 °C between the measurements. The solutions of the essential oils (30 

mg/mL) and gallic acid (0.1 mg/mL) were prepared in methanol. 100 L of the sample (oil or 

standard) solution and 100 L of DPPH solution were pipetted by multichannel automatic pipette 

(Eppendorf Research® plus, Germany) into 96-flat bottom well plate cells and allowed to stand 

in the dark for 30 min. The control well contained 100 L methanol (instead of the sample) mixed 

with 100 L of DPPH. The decrease in the absorbance was recorded at 517 nm. Gallic acid 

(standard) was used as positive control. Experiments were performed in triplicate. The free 

radical scavenging activity of the samples was expressed as percentage of inhibition calculated 

according to Equation 2: 

% Inh=(
𝐴𝑏𝑠𝑐𝑜𝑛𝑡𝑟𝑜𝑙−𝐴𝑏𝑠𝑠𝑎𝑚𝑝𝑙𝑒

𝐴𝑏𝑠𝑐𝑜𝑛𝑡𝑟𝑜𝑙
) × 100   (Eq. 2) 

where, Abscontrol is the absorbance of the control (containing all reagents except the test 

compound), Abssample is the absorbance of the sample with added DPPH. The IC50 values were 

obtained by plotting the DPPH scavenging percentage of each sample against the sample 

concentration. 

 

Trolox-equivalent antioxidant capacity (TEAC assay) 

ABTS•+ free radical cation scavenging activity of the samples were tested according to the 

procedure described by Re et al. (28) with slight modifications. 7 mM ABTS and 2.5 mM K2S2O8 

dissolved in 10 mL of ultrapure water were allowed to stand in dark for 16 h at room temperature 

to create ABTS•+ free radical cation. Prior to the assay, ABTS•+ solution was diluted with absolute 

ethanol to an absorbance between 0.7-0.8 at 734 nm. The solutions of the essential oils (5 

mg/mL), and Trolox (standard, 3.0; 2.0; 1.0; 0.5; 0.25; 0.125 mM) were prepared in MeOH. 10 

L of the sample solution was mixed with 990 L of ABTS•+ solution. 10 L of MeOH instead of 

sample or standard mixed with ABTS•+ solution was used as control. Gallic acid (0.1 mg/mL) 
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was used as the positive control. Decrease in the absorbance after 30 minutes of incubation was 

recorded at 734 nm to get a linear Trolox equation. ABTS•+ scavenging activity of the samples 

was expressed as Trolox equivalent antioxidant capacity and calculated using linear equation 

obtained for Trolox (y =23,224x - 1,7141, r² = 0.9989) (Figure 1). 

 

 

Figure 1. Calibration curve obtained for Trolox. 

 

Statistical Analysis of Data 

Data obtained from antioxidant and enzyme inhibition experiments were expressed as mean 

standard error (±SEM). IC50 values were estimated using a nonlinear regression algorithm. Data 

were analyzed using the SigmaPlot software (Version 12.0).  

 

RESULTS AND DISCUSSION 

 

In course of our ongoing studies on biodiversity of Turkish essential oil bearing plants, the 

composition of Tanacetum praeteritum ssp. praeteritum essential oils (A and B) from two 

localities and their biological activities were comparatively studied. The oils were hydrodistilled 

from aerial parts of the plants and phytochemically investigated with GC-FID and GC/MS 

techniques. The essential oils of T. praeteritum ssp. praeteritum obtained by hydrodistillation 

method were yellow with a distinct odor. The oils yields obtained after 3 h were 0.18% and 

0.24% (w/w) for the oils A and B, respectively. 

 

GC-FID and GC/MS analyses of the oils A and B resulted with 60 and 53 compounds respectively 

which belong to monoterpene hydrocarbons, oxygenated monoterpenes, sesquiterpene 

hydrocarbons, and oxygenated sesquiterpenes. Distribution of the major compound groups 

detected in the oils A and B of T. praeteritum ssp. praeteritum is presented on Figure 2. The list 

of detected compounds with their relative retention indices, relative percentages and method of 

identification is given in Table 1 in order of their elution on the HP-Innowax FSC column. Gas-

chromatographic profiles of T. praeteritum ssp. praeteritum oils is presented on Figure 3. Gas 

chromatographic study revealed distinguish difference between the oils A and B. The oils A and 
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B were characterized by predominance of the oxygenated monoterpenes (79.5% and 95.8%, 

respectively). However, the main constituents were different. Namely, camphor (37.6%), 1,8-

cineole (19.5%) and terpinen-4-ol (9.3%) were found as the major constituents in the oil A, 

while -thujone (79.4%) and -thujone (8.5%) were detected in the oil B. The monoterpene 

hydrocarbons constituted 17.1% in the oil A with p-cymene (8.6%) and camphene (6.2%) as 

the main representatives. However, the oil B was characterized by scarce amount (2.1%) of this 

group. The sesquiterpenes were detected in low amounts in both of the oils (1.5% and 0.7%).  

 

Table 1. Chemical compositions of Tanacetum praeteritum ssp. praeteritum essential oils. 

No RRIa) RRIb) Compound 
%b) ID 

Method A B 

1.  1014 1017(29) Tricyclene 0.3 - c),d),e) 

2.  1032 1029(29) -Pinene 0.6 0.3 c),d),e) 

3.  1034 1029(29) -Thujene 0.8 0.2 c),d),e) 

4.  1076 1074(29) Camphene 6.2 0.1 c),d),e) 

5.  1118 1116(29) -Pinene 0.3 0.2 c),d),e) 

6.  1132 1132(30) Sabinene 0.2 0.1 c),d),e) 

7.  1174 1161(29) Myrcene - t c),d),e) 

8.  1188 1180(29) -Terpinene - 0.2 c),d),e) 

9.  1195 1193(31) Dehydro-1,8-cineole 0.1 t c),d),e) 

10.  1203 1204(29) Limonene - t c),d),e) 

11.  1213 1211(29) 1,8-Cineole 19.5 4.3 c),d),e) 

12.  1244  2-Pentyl furan t - c),d),e) 

13.  1255 1255(32) -Terpinene 0.1 0.4 c),d),e) 

14.  1280 1280(32) p-Cymene 8.6 0.5 c),d),e) 

15.  1285 1304(33) Isoamyl isovalerate t - c),d),e) 

16.  1290 1290(32) Terpinolene t 0.1 c),d),e) 

17.  1296 1283(34) Octanal t - c),d),e) 

18.  1437 1428(35) -Thujone - 79.4 c),d),e) 

19.  1451 1446(35) -Thujone - 8.5 c),d),e) 

20.  1474 1474(32) trans-Sabinene hydrate 2.4 0.3 c),d),e) 

21.  1478  Norbornyl acetate t - d),e) 

22.  1482 
 (Z)-3-Hexenyl-2-methyl 

butyrate 
- t 

d),e) 

23.  1532 1532(30) Camphor 37.6 0.7 c),d),e) 

24.  1542 
1564(36) cis-Sabinene hydrate 

acetate 
1.6 - 

c),d),e) 

25.  1553 1553(30) Linalool - t c),d),e) 

26.  1556 1555(30) cis-Sabinene hydrate - 0.2 c),d),e) 

27.  1558 1548(36) Linalyl acetate - t c),d),e) 

28.  1568 
 1-Methyl-4-

acetylcyclohex-1-ene* 
0.4 0.4 

e) 
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No RRIa) RRIb) Compound 
%b) ID 

Method A B 

29.  1575 1578(33) trans-p-Menth-2-en-1-ol 0.9 0.1 c),d),e) 

30.  1582 
1561(30) cis-Chrysanthenyl 

acetate 
0.6 - 

c),d),e) 

31.  1586 1587(37) Pinocarvone t t c),d),e) 

32.  1590 1597(32) Bornyl acetate 0.1 - c),d),e) 

33.  1611 1611(32) Terpinen-4-ol 9.3 1.0 c),d),e) 

34.  1612 1612(37) -Caryophyllene t t c),d),e) 

35.  1630  Terpinen-4-yl acetate 0.3 - d),e) 

36.  1640 1645(33) cis-p-Menth-2-en-1-ol 0.6 - c),d),e) 

37.  1670 1671(33) trans-Pinocarveol 0.1 - c),d),e) 

38.  1682 1687(33) -Terpineol 0.2 0.1 c),d),e) 

39.  1683 1685(30) trans-Verbenol - 0.1 c),d),e) 

40.  1685 1675(36) trans-Piperitol 0.3 t c),d),e) 

41.  1694  Drima-7,9(11)-diene - 0.1 d),e) 

42.  1702  Selina-4(14),7-diene - t d),e) 

43.  1706 1706(37) -Terpineol 1.7 0.5 c),d),e) 

44.  1719 1719(37) Borneol 0.9 0.2 c),d),e) 

45.  1720 1720(38) trans-Sabinol - 0.3 d),e) 

46.  1726 1722(32) Germacrene D - t c),d),e) 

47.  1729 1729(39) cis-1,2-Epoxy-terpin-4-ol 0.3 - d),e) 

48.  1742 1741(30) -Selinene - t c),d),e) 

49.  1744 1735(33) -Selinene - t c),d),e) 

50.  1748 1744(33) Piperitone t - c),d),e) 

51.  1751 1750(33) Carvone 0.1 - c),d),e) 

52.  1755 1747(33) Bicyclogermacrene - 0.1 c),d),e) 

53.  1758 1757(33) cis-Piperitol 0.3 t c),d),e) 

54.  1764 1764(40) cis-Chrysanthenol 1.7 - c),d),e) 

55.  1782 1772(41) cis-Carvyl acetate 0.1 - c),d),e) 

56.  1802 1800(33) Cumin aldehyde 0.1 - c),d),e) 

57.  1804 1807(33) Myrtenol t - c),d),e) 

58.  1805 1793(40) -Campholene alcohol t t c),d),e) 

59.  1845 1845(30) trans-Carveol 0.1 - c),d),e) 

60.  1864 1856(30) p-Cymen-8-ol 0.2 - c),d),e) 

61.  1882 1880(37) cis-Carveol 0.3 - c),d),e) 

62.  1969 1959(30) cis-Jasmone - t d),e) 

63.  1985 
1965(42) 2-Phenylethyl-2-

methylbutyrate 
- t 

c),d),e) 

64.  2008 2008(32) Caryophyllene oxide 0.2 0.2 c),d),e) 

65.  2037 2037(32) Salvial-4(14)-en-1-one t - c),d),e) 

66.  2050 2042(43) (E)-Nerolidol 0.3 - c),d),e) 

67.  2056  13-Tetradecanolide 0.1 t d),e) 
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No RRIa) RRIb) Compound 
%b) ID 

Method A B 

68.  2063 2041(44) p-Mentha-1,4-dien-7-ol - t d),e) 

69.  2084 2084(45) Octanoic acid t - c),d),e) 

70.  2113 2114(46) Cumin alcohol t t c),d),e) 

71.  2144 2136(33) Spathulenol 0.5 0.3 c),d),e) 

72.  2184 2184(47) 
cis-p-Menth-3-en-1,2-

diol 
0.1 - 

c),d),e) 

73.  2192 2173(48) Nonanoic acid 0.1 - c),d),e) 

74.  2198 2187(35) Thymol 0.1 - c),d),e) 

75.  2232 2236(37) -Bisabolol t t c),d),e) 

76.  2239 2239(37) Carvacrol - 0.1 c),d),e) 

77.  2247 2247(32) trans--Bergamotol - t c),d),e) 

78.  2260 2260(40) 15-Hexadecanolide 0.3 0.2 d),e) 

79.  2273 2273(49) Selin-11-en-4-ol 0.3 - c),d),e) 

80.  2324 2324(50) 
Caryophylla-2(12),6(13)-

dien-5-ol 
0.1 - 

c),d),e) 

81.  2365 2349(51) (Z)-Methyl jasmonate t t c),d),e) 

82.  2931 2931(32) Hexadecanoic acid t t c),d),e) 

  
 Total 99.0 99.2  

a) Relative Retention Indices calculated against n-alkanes (C8-C40) on HP-

Innowax column; b)% calculated from FID data; c) Identification based on 

retention index of genuine compounds on the HP-Innowax column; d) 

Identification on the basis of computer matching of the mass spectra from 

Başer; e) Tentative identified on the basis of computer matching of the mass 

spectra from Adams, MassFinder, Wiley, and NIST libraries; t Trace (< 0.1%). 

 

 

Figure 2. Distribution of the major compound groups in the oils A and B of Tanacetum praeteritum ssp. 

praeteritum. MH, monoterpene hydrocarbons; OM, oxygenated monoterpenes; SH, sesquiterpene 

hydrocarbons; OS, oxygenated sesquiterpenes.
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Figure 3. Chromatographic profile of the essential oils (A) and (B) of Tanacetum praeteritm ssp. praeteritum. Numeration of the peaks is depicted 

according to the list (Table 1) of detected compounds. 
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Results of the gas-chromatographic analyses of T. praeteritum ssp. praeteritum oils were 

compared with previously reported for this species actually and for Tanacetum species in 

general. Earlier, two subspecies, T. praeteritum ssp. praeteritum and T. praeteritum 

(Horwood) Heywood ssp. massicyticum Heywood collected in Muğla and Antalya provinces, 

respectively, have been investigated for the oils’ chemical profiles. Noteworthy differences 

on the major compounds of the oils were detected. Namely, borneol (28.1%), 1,8-cineole 

(12.3%), bornyl acetate (10.0%), terpinen-4-ol (7.1%), -pinene (5.7%) were reported 

for T. praeteritum ssp. praeteritum. The oil of T. praeteritum ssp. massicyticum was 

characterized with 1,8-cineole (4.0%), - and -thujone (51.1% and 10.0%, respectively) 

(19). It seems to be that the oils A and B investigated in the present work have different 

compositions than the previously reported ones. Borneol and bornyl acetate were detected 

in our samples in very scarce amounts. In our work, high abundance of camphor (>37%) 

was detected, while scarce amount of camphor was detected by Gönen et al. (19).  

 

Although, oxygenated monoterpenes as major constituents have earlier been detected in 

different representatives of Tanacetum genus. The literature search revealed that α-

thujone was found to be the major constituent in T. argyrophyllum var. argyrophyllum leaf 

(52%) and flower (63%) oils; in T. argenteum subsp. canum var. canum (12%) and T. 

praeteritum subsp. massicyticum (51%) oils (19). Table 2 summarizes Tanacetum species 

in which similar major constituents have earlier been detected. As can be seen from Table 

2, the oxygenated monoterpenes such as camphor, 1,8-cineole, - and -thujone and 

borneol belong to common volatile constituents detected in Tanacetum oils. 
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Table 2. Tanacetum species with oxygenated monoterpenes as major volatile 

constituents (literature survey). 

Tanacetum species Main compounds (%) Ref. 

T. argyrophyllum (C. Koch) Tvzel. var. 

argyrophyllum (C. Koch) Tvzel. 

Camphor (26.6-29.7), 1,8-cineole 

(8.4-17.5), borneol (12.0-15.0) 

(52) 

-Thujone (52.0, 69.0) (19, 53) 

T. balsamita L. subsp. balsamita L. -Thujone (20.8) (54) 

T. chiliophyllum (Fisch. Et Mey.) 

Schultz Bip. var. chiliophyllum (Fisch. 

Et Mey.) Schultz 

Camphor (19.7), 1,8-cineole (16.6), 

borneol (15.4) 

(55) 

Camphor (17.0) (56) 

T. chiliophyllum (Fisch. et Mey.) 

Schultz Bip. var. monocephalum 

Grierson 

1,8-Cineole (8.3), camphor (17.3) (57) 

T. densum (Lab.) Schultz Bip. subsp. 

eginense Heywood 

Camphor (25.7-30.9) (58) 

T. densum (Lab.) Schultz Bip. subsp. 

sivasicum Hub.-Mor. et Grierson 

1,8-Cineole (21.1, 28.3), camphor 

(19.2, 16.4), borneol (5.8, 6.4) 

(59) 

T. mucroniferum Hub. – Mor. et 

Grierson 

1,8-Cineole (21.9), camphor (6.4) (60) 

T. parthenium (L.) Schultz Bip. 

varieties 

Camphor (28-61) (53, 61, 62) 

T. tabrisianum (Boiss.) Sosn. et Takht 1,8-Cineole (17.6, 22.5) (63) 

T. vulgare L. 1,8-Cineole (10.8), camphor (30.5), 

borneol (14.8) 

(9) 

 

Biological activities of the oils 

In the present work we evaluated the biological properties of T. praeteritum subsp. 

praeteritum essential oils, including antioxidant, antineurodegenerative, and antidiabetic 

effects in vitro using microplate titer assays. Antioxidant activity assessments were 

performed in vitro by using non-enzymatic systems employing different model substrates: 

Stable free radical DPPH• and cation radical ABTS+•. Our results for antioxidant activities 

showed that the T. praeteritum subsp. praeteritum essential oils A and B had moderate 

(0.23 mM and 0.15 mM, respectively) Trolox equivalent antioxidant capacities. The oils 

demonstrated weak (3% and 8% inhibition) scavenging activities towards DPPH free 

radicals (Table 3).  

 

Evaluation of T. praeteritum subsp. praeteritum oils for anti-neurodegenerative activity via 

inhibition of acetylcholinesterase revealed that the oil A showed higher inhibitory effect 

with an IC50 of 0.74 mg/mL than the oil B (IC50 of 1.78 mg/mL). Anti-cholinesterase effects 
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of 1,8-cineole, camphor and terpinen-4-ol which were the main constituents of the oil A 

have earlier been reported in a number of papers (34, 64-66). 

 

A previous literature search revealed information about antidiabetic and enzyme inhibition 

properties of thujone (6, 67, 68). The use of thujone for the treatment of diabetes mellitus 

has recently been suggested by Baddar (6). Moreover, it was reported that the application 

of thujone appeared to have an effect similar to metformin; four-weeks treatment with 

thujone produced a pronounced hypoglycemic effect in alloxan diabetic rats (69). This 

information led us to the empirical search of the T. praeteritum subsp. praeteritum oils A 

and B to find additional therapeutic resources for diabetes treatment. The oils of T. 

praeteritum subsp. praeteritum were in vitro evaluated for hypoglycemic activity via 

inhibition of the porcine pancreatic -amylase. So, previous testing showed that both the 

oils have noteworthy inhibitory activity (> 80%). Further serial dilution on microtiter plate 

allowed us to detect an IC50 values of the oils. As can be seen in Table 3, the oil B 

demonstrated higher inhibitory activity (IC50 of 0.89 ± 0.13 mg/mL) than the oil A (IC50 of 

1.02 ± 0.24).  

 

Table 3. Biological activities of Tanacetum praeteritum subsp. praeteritum essential oils. 

Test sample 

Antioxidant activity Enzyme Inhibition 

DPPH, 

Inh% 

TEAC, 

mM ±SED 

AChE, 

IC50±SED 

-Amylase, 

IC50±SED 

Essential oil A 8 0.23±0.008 0.74±0.07 1.02±0.24 

Essential oil B 3 0.152±0.035 1.78±0.16 0.89±0.13 

Gallic acid 85 2.4 - - 

Galanthamine - - 0.01 - 

Acarbose - - - 0.08 

 

CONCLUSION 

 

Analysis of the chemical composition of T. praeteritum subsp. praeteritum essential oils 

demonstrated that they were mainly comprised of oxygenated monoterpenes such as 

camphor, borneol, 1,8-cineole, - and -thujone. In the present study, the essential oils 

were found to provide promising and effective alternative in the field of 

antineurodegenerative and antidiabetic applications. The oils demonstrated significant 

inhibitory potential on acetylcholinesterase and -amylase enzymes, which involved into 

Alzheimer’s disease and carbohydrate metabolism disorders. Finally, the essential oils 

inhibited ABTS cation radicals. 
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