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Introduction 
Scutellaria is the second largest genus in the Lamiaceae family 
with over 470 species distributed worldwide (1), of which 70 
species are used traditionally as plant medicines in China, 
Korea, and Japan (2). In folk medicine, Scutellaria extracts 
and the medicines derived from it are more commonly used by 
people for inducing diuresis, blood circulation and reducing 
edema (2). Flavonoids and neoclerodan diterpenoids of 
this genus, which have been isolated from several species, 
are important with respect to pharmacological activities 
(3-6). The main flavones of Scutellaria species are baicalin, 
baicalein, wogonoside and wogonin (7).

In some in vitro investigations, baicalin (5,6-dihydroxy-
2-phenyl-4H-1-benzopyran-4-one-7-O-d-β-glucuronic 
acid) and its aglycone baicalein (5,6,7-trihydroxyflavone) 
exhibited potent cytotoxic effects on human leukemia 
T-ALL cell lines, human promyelocytic leukemia HL-
60, bladder cancer, and colorectal cancer cells (8-12). 
Wogonin (5,7-dihydroxy-8-methoxyflavone) is an 
o-methylated flavone extracted from Scutellaria species 

with several bioactive characteristics such as anticancer, 
antiviral, antioxidant and anti-inflammatory (13). It has 
been known that wogonin and its glycoside, which is 
called wogonoside, exert cytotoxic effects against various 
cancer cells (14-18). 

Scutellaria bornmuelleri Hausskn. ex Bornm. ssp. 
mianensis Rech.f, which is also called Scutellaria orientalis 
subsp. Bornmuelleri, is an annual herb that is native to Iran 
(19). The plant is used in Iranian Traditional Medicine to 
treat several diseases (20). S. bornmuelleri often grows on 
steep lands at an altitude of 1000-1500 m with an annual 
rainfall of 200-250 mm (Figure 1). 

A total of 89 compounds belonging to different types of 
volatile oil constituents were identified in the essential oil 
of S. bornmuelleri (21). The main compounds identified in 
the essential oil from the leaf and stem of S. bornmuelleri 
were as follows: Steroids, with 14-b-H-pregna (32.9%) as the 
main compound; hydrocarbons (aliphatic, aromatic, and 
cyclic hydrocarbons; 22.5%); sesquiterpenes (11.4%); acids 
(5.4%); monoterpenes (4.6%); and ketones (3.5%). Among 
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Background and aims: Scutellaria bornmuelleri Hausskn. ex Bornm. ssp. mianensis Rech.f is one of the 
species of Scutellaria genus, Lamiaceae, that have long been used in traditional medicine. The aim of this 
study was to analyze the methanol extract of aerial parts of the plant. 
Methods: Chemical composition of methanol extract of S. bornmuelleri aerial parts was determined using gas 
chromatography/mass spectrometry (GC/MS). 
Results: A total of 113 compounds were identified in the methanol extract of S. bornmuelleri shoot. The main 
compounds were organic acids (23.649%), aldehydes (14.516%), ketones (11.353%), alcohols (5.439%), 
carbohydrates (3.85%), methyl esters (3.713%), sugars (1.953%), acetates (1.933%), terpenes (2.522%), metal 
related compounds (1.229%), amides (1.169%) and other compounds (9.423%). Pentacosane (1.021%) was 
identified as the main carbohydrate, n-hexadecanoic acid (4.1%) as the major acid, 5-hydroxymethylfurfural 
(10.063%) as the main aldehyde, 4H-Pyran-4-one, 2,3-dihydro-3,5-di hydroxy-6-methyl- (2.289%) as the 
main ketone, syringol (2.395) as the main alcohol, phytol (0.66%) as the main terpene, isopropyl acetate 
(0.728%) as the main acetate, propanoic acid, 2-oxo-, methyl ester (1.298%) as the main methyl ester, 
9-octadecenamide, (Z)- (0.685%) as the main amide, d-glycero-d-ido-heptose (0.532%) as the main sugar, 
and (4H)1,3,2-dioxaborin, 4-ethenyl-4, 6-diethyl-5-(1-methylethyl)- (0.514%) as the main metal related 
compound. 
Conclusion: The presence of different compounds with known bioactivities can make this plant a suitable 
medicinal plant for supplementary medication for various diseases.
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the identified sesquiterpene and monoterpene compounds, 
hydrocarbon sesquiterpenes (7.1%) and hydrocarbon 
monoterpenes (3.7%) were the main compounds (21). 
The methanol extract of S. bornmuelleri root, containing 
the flavonoids apigenin-7-glucoside, pratensein, tricin, 
tenaxin II, skullcapflavone II, 5,8-dihydroxy-6,7-dim 
ethoxyflavones and isorhamnetin, exhibits cytotoxic effects 
on the growth of colorectal cancer cell lines including 
HCT-116 and SW-480 cells (22). S. bornmuelleri contains 
a wide variety of flavones, especially flavonoids, including 
aglycones (scutellarein, baicalein and wogonin), glycosides 
(scutellarin, baicalin and wogonoside), and methylated 
derivatives (4,23). In addition, using HPLC-DAD-ESI/
MSn analysis, four phenylethanoid glycosides consisting 
of martynoside, acteoside, allysonoside and verbascoside 
were identified from the root and shoot of in vitro cultured 
S. bornmuelleri (4).

Due to remarkable anticancer activity and cytotoxicity 
of methanol extract of S. bornmuelleri and its usage 
in folk medicine, we decided to identify the bioactive 
compounds of methanol extract of this valuable medicinal 
plant. To the best of our knowledge, there are no reports 
on the chemical composition of methanol extract of S. 
bornmuelleri shoot.

Materials and Methods
Collection of the plant material
The shoots of Scutellaria bornmuelleri were collected 
from Bostanabad, Tabriz, Iran during the summer season 
(July, 2018). The plant was identified by Dr. Talebpour 
(Plant Taxonomy Department, University of Tabriz, 
Tabriz, Iran) and a voucher specimen was deposited 
in the herbarium of the East-Azarbaijan Agricultural 
and Natural Resources Research and Education Center, 
Tabriz, Iran (No. 14748) for it.

Extraction of plant material
Plant material (leaves, 10 g) was extracted with 30 mL 
of methanol at room temperature using percolation for 

48 hours. The methanol extract was filtered through 
Whatman filter paper No. 1. The filtrate was evaporated to 
dryness at 80°C and stored until further analysis. Methanol 
extract (1 µL) was injected for gas chromatography-mass 
spectrometry (GC/MS) analysis.

Gas chromatography-mass spectrometry analysis
The methanol extract of S. bornmuelleri shoot was 
subjected to GC-MS analysis on a Hewlett-Packard (HP, 
Palo Alto, CA) 7890A gas chromatograph system. Helium 
(99.999%) was utilized as the carrier gas at the constant 
flow of 1 mL/min. The injection port temperature was set 
at 240°C; column temperature was firstly set at 40°C for 1 
minute, and then slowly risen to 240°C at the rate of 3°C/
min. Mass spectra were taken at 70 eV; a 0.5 seconds of 
scan interval and fragments from 40 to 550 Da. Total GC 
running time was 50 minutes.

Identification of compounds
Interpretation of GC-MS was conducted using the 
database of National Institute of Standard and Technology 
(NIST). The mass spectra of the unknown compounds 
were compared with those of the known compounds 
stored in the NIST library. The chemical compounds of 
the methanol extract were determined by comparing their 
mass spectra with those of GC/MS library (WILEY 7n 
D. 04.00 and NIST). The relative percentage of methanol 
extract compounds was quantified based on GC peak areas.

Results
A total of 111 compounds including acids (27.925%), 
aldehydes (14.507%), ketones (11.353%), alcohols 
(5.439%), hydrocarbons (3.85%), methyl esters (3.713%), 
sugars (1.953%), acetates (1.933%), terpenes (2.522%), 
metal related compounds (1.229%) and amides (1.169%) 
were identified in the aerial parts of S. bornmuelleri by 
GC-MS analysis. The peaks indicated the presence of 
bioactive constituents. The GC-MS chromatograms of 
the identified compounds are shown in Figure 2. The 
bioactive compounds were identified, characterized and 
interpreted on mass spectrum GC–MS conducted using 
the database of NIST which is having more than 62 000 
patterns. The bioactive principles with their molecular 
formulae and peak areas (%) are shown in Table 1.

Comparatively, the main compounds in terms of 
their relative abundance were 5-hydroxymethylfurfural, 
n-hexadecanoic acid, 9,12-octadecadienoic acid (Z,Z)-, 
syringol, 4H-pyran-4-one, 2,3-dihydro-3,5-di hydroxy-
6-methyl- and isovanillic acid (10.063%, 4.1%, 2.776%, 
2.395%, 2.289%, and 2.153%, respectively). Similarly, 
the amounts of minor compounds ranged 0.03-0.5%. 
Specifically, 1,6:3,4-Dianhydro-2-O-acetyl-beta-d-
talopyranose, tetracosane, acetic acid, hydroxy-, methyl 
ester and 2-isopropyl-5,6-dimethyl-1,3-oxathiane were 
the compounds with the lowest amounts among the 
compounds present in methanol extract of S. bornmuelleri 
shoot. The obtained results revealed the presence of 

Figure 1. Scutellaria bornmuelleri in nature.
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Figure 2. Gas chromatography-mass spectrometry chromatogram of methanol Scutellaria bornmuelleri shoot extract.

Table 1. The chemical composition of methanol extract of Scutellaria 
bornmuelleri shoot

No. Hydrocarbons Formula 3.85%

1 2-Hexen-4-yne, 2-methyl- C7H10 0.397

2
Naphthalene, 1,2-dihydro-1,1,6-tri 
methyl-

C13H16 0.054

3
Naphthalene, 1,2,3,4-tetrahydro-1, 
6,8-trimethyl-

C13H18 0.302

4 3-Methylhexacosane C27H56 0.093

5 9-Hexacosene C26H52 0.191

6 Tetracosane C24H50 0.041

7 Octadecane, 2,6,10,14-tetramethyl- C22H46 0.108

8 Triacontane C30H62 0.128

9 1-Tricosene C23H46 0.13

10 Nonadecane C19H40 0.769

11 Tricosane C23H48 0.616

12 Pentacosane C25H52 1.021

Acids 23.649%

13 Acetic acid CH3COOH 2.885

14 Isobutyric acid C4H8O2 0.733

15 2-Butenoic acid, 2-methyl- C5H8O2 0.98

16 Phenol C6H6O 1.836

17 Squaric acid C4H2O4 0.367

18 Octanoic acid, 7-oxo- C8H14O3 0.485

19 2-Butenedioic acid, 2,3-dihydroxy-, (E)- C4H4O6 0.19

20 2- Chloropropionic acid, hexadecyl ester C19H37ClO2 0.259

21 Isovanillic acid C8H8O4 2.153

22 Tetradecanoic acid C14H28O2 1.867

23 Palmitoleic acid C16H30O2 0.606

24 n-Hexadecanoic acid C16H32O2 4.1

25 Heptadecanoic acid C17H34O2 0.172

26 9,12-Octadecadienoic acid (Z,Z)- C18H32O2 2.776

27 9,12,15-Octadecatrienoic acid, (Z,Z,Z)- C18H30O2 2.082

28 Octadecanoic acid C18H36O2 1.206

29
2-Propenoic acid, 
3-(4-methoxyphenyl)-, 2-ethylhexyl ester

C18H26O3 0.131

Table 1. Continued.

No. Hydrocarbons Formula 3.85%

30
Hexadecanoic acid, 2-hydroxy-1-
(hydroxymethyl)ethyl ester

C19H38O 0.821

Aldehydes 14.516%

31 Furfural C5H4O2 1.805

32 2-Furancarboxaldehyde, 5-methyl- C6H6O2 0.804

33 Acetaldehyde semicarbazone C3H7N3O 0.235

34 5-Hydroxymethylfurfural C6H6O3 10.063

35 Vanillin C8H8O3 0.793

36
Benzaldehyde, 4-hydroxy-3,5-
dimethoxy- (syringaldehyde)

C9H10O4 0.807

Ketones 11.353%

37 2-Propanone, 1-hydroxy- C3H6O2 0.812

38 2-Propanone, 1-(acetyloxy)- C5H8O3 0.365

39 Butyrolactone C4H6O2 0.112

40 2(5H)-Furanone C4H4O2 0.227

41 2-Cyclopenten-1-one, 2-hydroxy- C6H8O2 0.843

42 6-Octen-2-one C8H14O 0.261

43
2-Cyclopenten-1-one, 2-hydroxy-3-
methyl-

C6H8O2 0.491

44 2-Pentanone, 5-methoxy- C6H12O2 0.3

45
2(3H)-Benzofuranone, hexahydro-4,4 
,7a-trimethyl-

C11H18O2 0.161

46
Ethanone, 1-(2,3-dihydro-1,1-dimethyl-
1H-inden-4-yl)-

C13H16O 0.154

47
4H-Pyran-4-one, 2,3-dihydro-3,5-di 
hydroxy-6-methyl-

C6H8O4 2.289

48 Ethanone, 1-(2-methylphenyl)- C9H10O 0.114

49 Damascenone C13H18O 0.665

50 Ethanone, 1-[4-(methylthio)phenyl] C9H10OS 1.177

51
2(4H)-Benzofuranone, 
5,6,7,7a-tetrahydro-4,4,7a-trimethyl-, (R)-

C11H16O2 0.168

52 Vanillyl methyl ketone C10H12O3 0.235

53
3,3-Dimethoxy-6,6-dimethyl-cyclohexa-
1,4-diene

C10H16O2 0.296

54 Megastigmatrienone C13H18O 1.006

55
Ethanone, 1-(4-hydroxy-3,5-
dimethoxyphenyl)-

C10H12O4 0.552
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several bioactive compounds.
Among several bioactive compounds belonging 

to several chemical groups, pentacosane (1.021%), 
n-hexadecanoic acid (4.1%), 5-hydroxymethylfurfural 
(10.063%), 4H-pyran-4-one, 2,3-dihydro-3,5-di hydroxy-
6-methyl- (2.289%), syringol (2.395%), phytol (0.66%), 
isopropyl acetate (0.728%), propanoic acid, 2-oxo-, 
methyl ester (1.298%), (4H)1,3,2-dioxaborin, 4-ethenyl-4, 
6-diethyl-5-(1-methylethyl)- (0.514%), d-glycero-d-ido-
heptose (0.532%) and 9-octadecenamide, (Z)- (0.685%) 
were identified as main hydrocarbon, acid, aldehyde, 
ketone, alcohol, terpene, acetate, methyl ester, metal 
related compound, sugar and amide, respectively.

The phenol compounds identified in the methanol 
extract of S. bornmuelleri could be classified as syringol-
type including ethanone, 1-(2-methylphenyl)- (0.114%), 
ethanone, 1-[4-(methylthio)phenyl] (1.177%), and ethanone, 
1-(4-hydroxy-3,5-dimethoxyphenyl)- (0.552%), guaiacol-
type including 2,4-di-tert-butylphenol (0.372%), and (E)-
2,6-Dimethoxy-4-(prop-1-en-1-y l)phenol (0.661%), and 
benzenediol-type including Syringaldehyde (0.807%), 
2(3H)-benzofuranone, hexahydro-4,4,7a-trimethyl- 
(0.161%), 2(4H)-benzofuranone, 5,6,7,7a-tetrahydro-4,4,7a-
trimethyl-, (R)- (0.168%), benzoic acid, 2,5-dihydroxy-, 
methyl ester (0.104%), benzoic acid, 4-hydroxy-3-methoxy-, 
methyl ester (0.339%), benzamide, 2-amino-N-(2-oxo-3-
pipe ridyl)- (0.332%), and 1H-1,5-benzodiazepine,2,3,4,5-

Table 1. Continued. Table 1. Continued.

No. Hydrocarbons Formula 3.85%

56 2-Pentadecanone, 6,10,14-trimethyl C18H36O 0.396

57
Bicyclo[2.2.1]heptan-2-one, 
4,7,7-trimethyl-, semicarbazone

C11H19N3O 0.571

58
4,8,12,16-Tetramethylheptadecan-4-
olide

C21H40O2 0.158

Alcohols 5.439%

59 2-Furanmethanol C5H6O2 0.885

60 Creosol C8H10O2 0.205

61 Syringol C8H10O3 2.395

62 Ethanol, 2-(tetradecyloxy)- C16H34O2 0.501

63
1-Nitro-2-acetamido-1,2-dideoxy-d-
glucitol

C8H16N2O7 1.092

64 Estra-1,3,5(10)-trien-17.beta.-ol C23H26O2 0.361

Terpenes 2.522%

65 Bicyclo[2.2.1]heptane, 1,3,3-trimethyl- C10H18 0.085

66
2,4,6-Octatrien-1-ol, 3,7-dimethyl 
-(E,E)-

C10H16O 0.17

67
(S,1Z,6Z)-8-Isopropyl-1-methyl-5-
methylenecyclodeca-1,6-diene

C15H24 0.45

68 Phytol C20H40O 0.66

69
6-O-Acetyl-1-[[4-bromophenyl]thio]-.
beta.-d-glucoside S,S-dioxide

Diterpeneoid 0.56

70 Neophytadiene C20H38 0.597

Acetates 1.933%

71 Isopropyl acetate C5H10O2 0.728

72 Betaine C5H11NO2 0.649

73 E-8-Methyl-7-dodecen-1-ol acetate C15H28O2 0.309

74 E-8-Methyl-9-tetradecen-1-ol acetate C17H32O2 0.144

75 1-Docosanol, acetate C24H48O2 0.103

Methyl esters 3.713%

76 Acetic acid, hydroxy-, methyl ester C3H6O3 0.049

77 Pentanoic acid, 2-hydroxy-, methyl ester C6H12O3 0.286

78 Propanoic acid, 2-oxo-, methyl ester C4H6O3 1.298

79
3-Ethoxy-3-(methylamino)-2-propenoic 
acid methyl ester

C7H12NO3 0.74

80
Benzoic acid, 2,5-dihydroxy-, methyl 
ester

C8H8O4 0.104

81
Benzoic acid, 4-hydroxy-3-methoxy- , 
methyl ester

C9H10O 0.339

82 Hexadecanoic acid, methyl ester C17H34O 0.587

83
9,12-Octadecadienoic acid (Z,Z)-
,methyl ester

C19H34O 0.15

84 cis-13-Octadecenoic acid, methyl ester C19H36O 0.16

Metal related compounds 1.229%

85 Hexane, 1-fluoro- C6H13F 0.056

86 2-Isopropyl-5,6-dimethyl-1,3-oxathiane C9H18OS 0.049

87
(4H)1,3,2-Dioxaborin, 4-ethenyl-4, 
6-diethyl-5-(1-methylethyl)-

C12H21BO2 0.514

88 1-Bromo-4-bromomethyldecane C11H22Br2 0.29

89 1-Bromo-11-iodoundecane C11H22BrI 0.32

Amides 1.169%

90 Propanamide, N-acetyl- C5H9NO2 0.162

91
Benzamide, 2-amino-N-(2-oxo-3-pipe 
ridyl)-

C12H15N3O2 0.322

92 9-Octadecenamide, (Z)- C18H35NO 0.685

Sugars 1.953%

93
1,6,3,4-Dianhydro-2-O-acetyl-.beta 
.-d-altropyranose

C8H10O5 0.029

No. Hydrocarbons Formula 3.85%

94 d-Glycero-d-ido-heptose C7H14O7 0.532

95 dl-Threitol C4H10O4 0.15

96 Lactose C₁₂H₂₂O₁₁ 0.53

97 d-Mannitol, 1,4-anhydro- C6H12O5 0.308

98
.beta.-D-Glucopyranose, 4-O-.beta.-D-
galactopyranosyl-

C12H22O 0.404

Other compounds 9.423%

99 1-Pyrrolidinecarbonitrile C5H8N2 0.126

100 Oxime-, methoxy-phenyl- C10H13NO2 0.079

101 Piperazine, 1-methyl- C5H12N2 0.497

102 N-[Dimethylaminomethyl]aziridine C5H12N2 0.202

103 Oxirane, (ethoxymethyl)- C5H10O2 0.329

104 dl-Alanyl-dl-asparagine C7H13N3O4 0.378

105 1-Tetradecanamine C16H35NO 0.157

106
Bicyclo[3,3,1]non-2-ene, 7-oxa-2,8 
,9-trimethyl-5-acetoxymethyl-

C14H22O3 0.12

107 2,4-Di-tert-butylphenol C14H22O 0.372

108
1H-1,5-Benzodiazepine, 
2,3,4,5-tetrahydro-2,2,4-trimethyl-

C12H16N2 0.411

109
(E)-2,6-Dimethoxy-4-(prop-1-en-1-y l)
phenol

C11H14O3 0.661

110
2-Methyl-9-.beta.-d-
ribofuranosylhypoxanthine

C12H14N4O5 0.721

111
2R,3S-9-[1,3,4-Trihydroxy-2-
butoxymethyl]guanine

C10H15N5O5 0.918

112
Tricyclo[20.8.0.0(7,16)]triacontane, 
1(22),7(16)-diepoxy-

C30H52O2 0.176

113 Phenol, 2-methoxy- C8H10O4 4.276

Total 80.749%
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tetrahydro-2,2,4-trimethyl- (0.411%). 
Figures 3-8 show the mass spectrograms of some of 

the main chemical bioactive compounds including estra-
1,3,5(10)-trien-17β-ol, 9,12-octadecadienoic acid (Z,Z)-, 
phytol, syringaldehyde, 5-hydroxymethyl-furfural, β-D-
glucopyranose, 4-O-β-D-galactopyranosyl, 2-butenoic 
acid, 2-methyl and 2(5H)-furanone, respectively.

Discussion
The GC-MS analysis of methanol extract of S. 
bornmuelleri demonstrated the presence of 113 bioactive 
phytochemical compounds (Table 1), which are isolated 
from leaf and stem. These compounds included twelve 
12 (3.85%), 18 acids (23.649%), six aldehydes (14.516%), 
22 ketones (11.353%), six alcohols (5.439%%), six 

Figure 3. Mass spectrum of 5-hydroxymethylfurfurale (10.063%, RT 15.848).

Figure 4. Mass spectrum of n-hexadecanoic acid (4.1%, RT 32).

Figure 5. Mass spectrum of phytol (0.66%, RT 34.272).

Figure 6. Mass spectrum of 9,12-octadecadienoic acid (Z,Z)- e (2.776%, RT 34.944).
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terpenes (2.522%), five acetates (1.933%), nine methyl 
esters (3.713%), five metal related compounds (1.229%), 
three amids (1.169%), six sugars (1.953%), and 15 
other compounds (9.423%). The main compound of 
methanol S. bornmuelleri shoot extract was found to be 
5-hydroxymethylfurfural. Hydroxymethylfurfural is an 
organic compound that exerts different biological effects 
after conversion to a non-excretable, genotoxic compound 
called 5-sulfoxymethylfurfural. The compound has 
several biological effects, such as antioxidative, anti-
inflammatory, anti-allergic, anti-sickling, anti-hypoxic, 
and antihyperuricemic, on human health (24).

n-Hexadecanoic acid, as one of the most abundant 
acids detected in S. bornmuelleri shoots, provides 
anti-Inflammatory properties through inhibition of 
phospholipase A2 activity (25). The study of Aparna et 
al showed that essential oil from Laminaria japonica, 
which is rich in n-hexadecanoic acid, exerted potent 
antibacterial activity against the foodborne pathogens 
Staphylococcus aureus and Bacillus cereus (26). The 
presence of n-hexadecanoic acid was reported in the 
methanol extract and different parts of some plants such 
as Rhanterium epapposum (27), Leucobryum javense (28), 
Jatropha curcas L. (29) and Albizia adianthifolia (30).

Phytol is a valuable diterpene member of the long-chain 
unsaturated acyclic alcohols and exerts a wide range of 
biological effects such as cytotoxic, anxiolytic, apoptosis-
inducing, metabolism-modulating, antioxidant, anti-
inflammatory, antinociceptive, antimicrobial and 
immunomodulatory (31). Neophytadiene is a diterpene 
that is 3-methylidenehexadec-1-ene substituted at 
positions 7, 11 and 15 by a methyl group. It serves as an 
anti-inflammatory and an antimicrobial agent, and is 
a plant metabolite and an algal metabolite. It is also an 
alkene and a diterpene (32).

Isovanillic acid, a phenolic acid isolated from 
Scrophularia frutescens L. var. frutescens, has potential 
anti-inflammatory activity (33). 9,12-octadecadienoic 
acid (Z,Z)- is an octadecadienoic acid with two double 
bonds located at positions 9 and 12. Rossellia et al 
reported that (Z,Z)-9,12-octadecadienoic acid was the 
most abundant compound, in both the light petroleum 
and dichlomethane extracts of Helleborus bocconei Ten. 
subsp. intermedius (34). Given these findings, it seems that 
the better activity of the root extracts can be explained by 
their greater content of (Z,Z)-9,12-octadecadienoic acid 
(34). In the current study, (Z,Z)-9,12-octadecadienoic 
acid was found as one of the most abundant compounds 
(Table 1). Different studies have revealed its inhibitory 
action against some bacterial species (35-37).

Benzaldehyde, 4-hydroxy-3,5-dimethoxy-, namely 
syringaldehyde, belongs to the aromatic aldehyde 
family with various bioactive properties. It is a naturally 
occurring unique compound that produces promising 
antioxidant (38), antifungal/antimicrobial (39,40) and 
anti-oncogenic effects (41). Syringaldehyde is also used 
as a redox mediator of bacterial laccase and white radish 
peroxidase (42,43).

2(5H)-Furanone (2H-furan-5-on, γ-crotonolactone 
(Figure 1) is a naturally occurring organic compound 
belonging to a class of α,β-unsaturated lactones (44). 
Compounds containing 2(5H)-furanone skeleton in their 
structure are known to display a wide range of biological 
activities such as anticancer (45,46), antimicrobial (47,48), 
antiviral (49), antifungal (50), antioxidant (51) and anti-
inflammatory (52).

Some compounds including phytol and neophytadiene 
diterpenoids with well-known bioactivities and also 
vanillin and damascenone were identified for the first 
time in methanol S. bornmuelleri shoot extract.

Figure 7. Mass spectrum of syringaldehyde (0.807%, RT 25.594).

Figure 8. Mass spectrum of 2(5H)-furanone (0.227%, RT 6.631).
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Conclusion
In total, 113 metabolites were identified in the methanolic 
extract of shoot of S. bornmuelleri, a native plant to Iran, 
using GC-MS analysis. The complex phytochemical profile 
of the extract revealed that it can be a valuable source of 
bioactive compounds such as acids, aldehydes, ketones, 
alcohols, hydrocarbons, methyl esters, sugars, acetates, 
terpenes, and amides, explaining the traditional usage of this 
species and its application in various herbal formulations. 
However, it is necessary to undertake in vivo studies to 
further confirm its bioactivity and toxicity profile.
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