
Possible Cytotoxic Activity Analysis of Diethyl Ether 
Extract of Vaccinium varingiaefolium (Blume) Miq. Leaves 

by GC-MS Method 
Kosasih Kosasih1*, Wahono Sumaryono1, Agus Supriyono2, Diky Mudhakir3

1Doctoral Program of Pharmaceutical Sciences, Faculty of Pharmacy, 
Universitas Pancasila,  Jakarta 12640, Indonesia 

2Badan Pengkajian dan Penerapan Teknologi, Puspiptek Serpong, 
Kota Tangerang Selatan 15314, Indonesia 

3School of Pharmacy, Institut Teknologi Bandung, Bandung 40142, Indonesia 
*Email: kos_qs1@yahoo.com

Abstract 
Background: Vaccinium varingiaefolium (Blume) Miq. of Ericaceae is an endemic plant that grows well near volcano 
craters spreading from east to west of Indonesia. Its young leaves have been used as food and traditional medicines, however 
there has been very little information on bioactive compounds. Objective: To identify bioactive compounds with cytotoxic 
activity of diethyl ether extract of Vaccinium varingiaefolium leaves by GC-MS method.  
Material and Methods: Fresh leaves were collected from Mount Tangkuban Parahu, North Bandung, Indonesia, identified, 
dried, powdered, then extracted with diethyl ether using Soxhlet apparatus. Extracts were dried and identified by GC-MS 
method.  
Results: The GC-MS analysis identified 23 compounds such as organosilicon, sesquiterpene alcohol, heterocyclic, fatty acid 
ester, fatty acid, ketone, lipid, plasticizer, alkane, triterpenoid, and pentacyclic triterpenoid based on the mass spectral library 
with various activities such as analgesic, antiallergic, antibacterial, anticancer, anticoronary, antidiabetic, antifungal, 
antihyperlipidemic, anti-inflammatory, antimicrobial, antioxidant, antipyretic, antispasmodic, and antiviral based on 
previous studies.  
Conclusion: Based on the results, Vaccinium varingiaefolium leaves contains bioactive compounds with possible cytotoxic 
activity. 

Key words: Bioactive compounds, Diethyl ether extract, GC-MS, Possible cytotoxic activity, Vaccinium varingiaefolium (Blume) 
Miq. 
Pictorial Abstract 

INTRODUCTION 
Vaccinium is a genus of Ericaceae family having about 
450 species worldwide. Its berries and leaves in certain 
places are being consumed as food and herbal medicines. 
V. mirtillus and V. macrocarpon from Europe and North
America, respectively, for examples are used as functional
foods.[1]

Indonesia has one species of Vaccinium genus, namely
Vaccinium varingiaefolium (Blume) Miq. or Cantigi as the
common local name. The plants grow well especially near
the crater of volcanoes spreading from Sumatra, Java,
Kalimantan, Sulawesi, Nusa Tenggara Timur, and to
Papua Island.[2-7] They are found abundantly in the area at
high altitude about 1500-3300 m above sea level.[8]

Traditionally, local people use V. varingiaefolium leaves 
and berry as food and herbal medicines. Report on 
phytochemical profile of V. varingiaefolium is still very 
little. One study by Forney et al. identified 34 floral 
volatile compounds using GC-MS method as pollinator 
attracting.[9] 
Another study by Kosasih et al. identified 15 volatile 
compounds in ethyl acetate extract of V. varingiaefolium 
leaves using GC-MS method. Moreover, the extract 
showed strong cytotoxic activity on Leukemia 1210 
cells.[10]   
The purpose of this study was to identify bioactive 
compounds of diethyl ether extract of V. varingiaefolium 
leaves whether contained probable cytotoxic activity by 
GC-MS method. 
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MATERIALS AND METHODS 
Plant collection, identification, and extraction  
V. varingiaefolium leaves were collected from Mount 
Tangkuban Parahu, North Bandung, West Java province, 
Indonesia. Plants were botanically identified and 
authenticated at Pusat Penelitian Biologi, Lembaga Ilmu 
Pengetahuan Indonesia, Cibinong Science Center, 
Cibinong, West Java, Indonesia.  
Two grams of young leaf samples (three replicates each) 
were dried at 60 °C, powdered by grinding in a mortar, 
and extracted with 100 mL of diethyl ether for 8 hours in a 
Soxhlet apparatus. Extracts were evaporated at 40 °C 
under reduced pressure.[11] 
GC-MS Analysis.  
The analysis by GC-MS was carried out at the Regional 
Health Laboratory, Jakarta, Indonesia with slightly 
modification[12]. The diethyl ether extract of V. 
varingiaefolium leaves was carried out using GC-MS 
system of 7890A/5975 with auto sampler and Mass 
Selective Detector and Chemstation data system (Agilent 
Technologies, USA). Setting of the system was electron 
energy of 70 eV and ionization mode of electron impact 
with capillary column of HP Ultra 2 (length of 30 m, 
internal diameter of 0.20 mm, and film thicknesses of 0.11 
μm). Oven initial temperature was at 80 oC (no hold), 
increased at 3 oC/min to 150 oC (1 min), and finally 
increased at 20 oC/min to 280 oC. Injection port 
temperature was 250 oC, ion source temperature of 230 oC, 
interface temperature of 280 oC and quadrupole 
temperature of 140 oC. Carrier gas used was helium with 
column mode of constant flow, column flow of 1.2 
mL/min, injection volume of 5 µL, and split of 8:1.   
Identification of compounds.  
Mass spectrum GC-MS was interpreted using the database 
library of National Institute Standard and Techniques 
(NIST) of W8N08.L.  
 

RESULTS AND DISCUSSION 
Results of the GC-MS analysis of diethyl ether extract of 
V. varingiaefolium leaves identified 23 bioactive 
compounds as seen on the chromatogram (Figure 1). Table 
1 presented the bioactive compounds based on the mass 
spectral library, their retention time (RT), concentration 
(%), molecular formula, molecular weight, peak area (%), 
and compound nature. The predominant identified 
compounds were pentacyclic triterpenoid, fatty acid ester, 
and alkanes.  
Among the identified compounds, 18 compounds revealed 
90-99% similarity indices with NIST08 Library, namely 
cyclotrisiloxane, hexamethyl- (91%), alpha bisabolol 
(91%), hexadecanoic acid, methyl ester (99%), 
hexadecanoic acid (99%), 9-octadecenoic acid (Z), methyl 
ester (99%), 11-octadecenoic acid, methyl ester (99%), 
octadecanoic acid, methyl ester (99%), .beta.-monoolein 
(90%), 1,2-benzenedicar-boxylic acid, mono(2-ethylhexyl) 
ester (91%), eicosane (98%), nonacosane (97%), 
heptacosanol (95%), hentriacontane (98%), .gamma.-
sitosterol (99%), beta-amyrin (94%), alpha-amyrin (97%), 
friedelanol (91%), and friedelin (95%). These similarities 
were high enough as an indicator of mass spectral 
similarity measures. Figure 2 presented 2D chemical 
structures of bioactive compounds obtained from the 
PubChem, an open chemistry database at the National 
Institutes of Health (NIH), USA. 
Other important results were shown in Table 2 presenting 
identified compounds and their bioactivities of the diethyl 
ether extract of V. varingiaefolium leaves. Based on 
previous studies, those bioactive compounds provided 
various bioactivities. Moreover, the predominant 
compounds with the percentage of > 5% showed cytotoxic 
activity, anti-inflammatory, and antioxidant. The results 
implied that the extract exhibit medicinal values, 
especially as a candidate of anticancer. 
 

 
Figure 1: GC-MS chromatogram of diethyl ether extract of V. varingiaefolium leaves. 
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Table 1: Phytocompounds identified in the diethyl ether extract of V. varingiaefolium leaves by GC-MS method. 
 

No. Rt 
(minute) Compound name Molecular 

formula 
Molecular 

weight 
Peak area 

(%) 
Compound 

nature 

1 4.287 Cyclotrisiloxane, 
hexamethyl- C6H18O3Si3  222.46 0.49 Organosilicon 

2 27.848 Alpha bisabolol C15H26O  222.37 0.19 Sesquiterpene 
alcohol 

3 28.069 2H-tetrazole, 5-(thiopen-2-
yl) methyl- C6H6ON4S 166.21 5.18 Heterocyclic 

4 30.179 Hexadecanoic acid, methyl 
ester C17H34O2 270.45 7.11 Fatty acid ester 

5 30.461 Hexadecanoic acid C16H32O2 256.42 1.70 Fatty acid 

6 30.606 3-decen-5-one, 2-methyl- C11H20O 168.28 1.06 Ketone 

7 30.654 
Sulfurous acid, 
cyclohexylmethyl 
heptadecyl ester 

C24H48O3S 416.70 0.72 Ester 

8 30.916 3-decen-5-one, 2-methyl- C11H20O 168.28 1.91 Ketone 

9 31.282 9-octadecenoic acid (Z), 
methyl ester C19H66O2 296.50 1.08 Fatty acid ester 

10 31.316 11-octadecenoic acid, 
methyl ester C19H36O2 296.50 1.62 Fatty acid ester 

11 31.413 Octadecanoic acid, methyl 
ester C19H38O2 298.50 1.04 Fatty acid ester 

12 32.440 7-octen-2-one C8H14O 126.20 0.47 Ketone 

13 32.971 .Beta.-mono-olein C21H40O4 356.50 2.25 Lipid 

14 34.026 
1,2-benzenedicar-boxylic 
acid, mono(2-ethylhexyl) 
ester 

C16H22O4  278.34 1.59 Plasticizer  

15 35.095 Eicosane C20H42 282.50 0.78 Alkane 

16 37.267 Nonacosane C29H60 408.8 2.02 Alkane 

17 37.322 Heptacosanol C27H56O 396.7 2.71 Alcohol 

18 40.473 Hentriacontane C31H64 436.8 1.98 Alkane 

19 46.741 .Gamma.-sitosterol C29H50O 414.7 13.95 Triterpenoid 

20 47.824 Beta-amyrin C30H50O 426.7 5.76 Pentacyclic 
triterpenoid 

21 49.451 Alpha-amyrin C30H50O 426.7 19.69 Pentacyclic 
triterpenoid 

22 53.609 Friedelanol C30H52O 428.7 18.34 Pentacyclic 
triterpenoid 

23 54.602 Friedelin C30H50O 426.7 8.36 Pentacyclic 
triterpenoid 

 

Kosasih Kosasih et al /J. Pharm. Sci. & Res. Vol. 12(6), 2020, 840-847

842

https://pubchem.ncbi.nlm.nih.gov/%23query=C6H18O3Si3
https://pubchem.ncbi.nlm.nih.gov/%23query=C15H26O
https://pubchem.ncbi.nlm.nih.gov/%23query=C15H26O
https://pubchem.ncbi.nlm.nih.gov/%23query=C17H34O2
https://pubchem.ncbi.nlm.nih.gov/%23query=C16H32O2
https://pubchem.ncbi.nlm.nih.gov/search/%23query=C11H20O
https://pubchem.ncbi.nlm.nih.gov/search/%23query=C11H20O
https://pubchem.ncbi.nlm.nih.gov/search/%23query=C19H36O2
https://pubchem.ncbi.nlm.nih.gov/search/%23query=C19H36O2
https://pubchem.ncbi.nlm.nih.gov/%23query=C19H38O2
https://pubchem.ncbi.nlm.nih.gov/search/%23query=C8H14O
https://pubchem.ncbi.nlm.nih.gov/%23query=C21H40O4
https://pubchem.ncbi.nlm.nih.gov/%23query=C16H22O4
https://pubchem.ncbi.nlm.nih.gov/%23query=C20H42
https://pubchem.ncbi.nlm.nih.gov/%23query=C29H60
https://pubchem.ncbi.nlm.nih.gov/%23query=C27H56O
https://pubchem.ncbi.nlm.nih.gov/search/%23query=C31H64
https://pubchem.ncbi.nlm.nih.gov/%23query=C29H50O
https://pubchem.ncbi.nlm.nih.gov/%23query=C30H50O
https://pubchem.ncbi.nlm.nih.gov/%23query=C30H50O
https://pubchem.ncbi.nlm.nih.gov/search/%23query=C30H52O
https://pubchem.ncbi.nlm.nih.gov/search/%23query=C30H50O


 
#1             #2                                                #3 

 
#4       #5          #6 

 
#7       #8         #9 

 
#10        #11           #12 

 
Figure 2: Chemical structures of bioactive compounds of diethyl ether extract of V. varingiaefolium  leaves. 

 

Kosasih Kosasih et al /J. Pharm. Sci. & Res. Vol. 12(6), 2020, 840-847

843



 
#13        #14           #15 

 
#16                                              #17           #18 

 
#19                   #20                                              #21 

 
#22                                              #23 

Figure 2 : Chemical structures of bioactive compounds of diethyl ether extract of V. varingiaefolium  leaves. 
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Table 2: Identified compounds and biological activities of the diethyl ether extracts of V. varingiaefolium leaves. 
 

No Compound name Biological activity References 

1 Cyclotrisiloxane, hexamethyl- Antiplasmodial, antimicrobial, antioxidant 13, 14, 15 

2 Alpha bisabolol Leukemia, penetration enhancer, anti-inflammatory, 
antispasmodic, antiallergic 16, 17, 18 

3 2H-tetrazole, 5-(thiopen-2-yl) 
methyl- Antibacterial, antioxidant 19 

4 Hexadecanoic acid, methyl ester Antioxidant, antifungal 20 

5 Hexadecanoic acid Cytotoxic, antibreast cancer, antioxidant 21, 22, 23 

6 3-decen-5-one, 2-methyl- No report - 

7 Sulfurous acid, cyclohexylmethyl 
heptadecyl ester No report - 

8 3-decen-5-one, 2-methyl- No report - 

9 9-octadecenoic acid (Z), methyl 
ester Antifungal, antioxidant, antimicrobial, anticancer 20, 24, 25 

10 11-octadecenoic acid, methyl ester 

Antidiarrheal, anti-inflammatory, anti-
hypercholesterolemia, cancer preventive, 
hepatoprotective, antistaminic, antiacne, alpha 
reductase inhibitor, antieczemic, antiandrogenic, 
anticoronary, antiarthritic 

26, 27 

11 Octadecanoic acid, methyl ester Antiviral, Antifungal, antibacterial, cytotoxic, 
antimicrobial.  20, 28, 29 

12 7-octen-2-one No report - 

13 .Beta.-mono-olein Antioxidant, anti‐atherosclerotic, protein glycation 
inhibitor, blood lipid‐lowering 30, 31, 32 

14 1,2-benzenedicar-boxylic acid, 
mono(2-ethylhexyl) ester 

Cytotoxic, antimicrobial, antioxidant, 
antiinflammatory. Antidiabetic 33, 34, 35 

15 Eicosane Antifungal, antimicrobial 36, 37 

16 Nonacosane Antimicrobial  38, 39 

17 Heptacosanol No report - 

18 Hentriacontane Antiinflammatory, antitumor, antimicrobial 40, 41 

19 .Gamma.-sitosterol Antidiabetic, antibreast cancer, antihyperlipidemic 42, 43, 44 

20 Beta-amyrin 

Antimicrobial, antifungal, antiinflammatory, 
antiulcer, xanthine oxidase inhibitor, 
antiproliferative, antiplatelet, antiplamodium, 
antinociceptive, 
antidepressant. 

45, 46, 47 

21 Alpha-amyrin Antimicrobial, antifungal, antiinflammatory, 
antiviral, anticancer, antinociceptive, antiulcer 45, 46, 47, 48 

22 Friedelanol Antiviral, anti-inflammatory, anticancer  49, 50, 51 

23 Friedelin 
Analgesic, anti-inflammatory, antipyretic, 
antidiarrheal, antioxidant, antidiabetic, 
antimycobacterial, antihyperlipidemic, anticancer 

52, 53, 54, 55, 56, 
57 
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CONCLUSION 
This study is the first report of volatile bioactive 
compounds profile of diethyl ether extract of V. 
varingiaefolium leaves by GC/MS methods. The findings 
show various compounds with various bioactivity based 
on previous studies. This study implies that the extract is 
possible as a candidate of anticancer. For further study, it 
is strongly recommended to isolate, purify, and 
characterize bioactive compounds with various cancer 
cells. 
 
Acknowledgements -This study is a part of Kosasih 
Kosasih’s Dissertation work. Thanks to Doctoral Program 
of Pharmaceutical Sciences, Faculty of Pharmacy, 
Universitas Pancasila, Jakarta 12640, Indonesia for the 
financial support. 
 
Conflict Of Interest -The authors declare that there is no 
conflict of interest.  
 

REFERENCES 
1. Anreu OA, Barreto G, Prieto S. Review article: Vaccinium 

(Ericaceae): Ethnobotany and pharmacological potentials. Emir J 
Food Agric. 2014; 26(7): 577-91. 

2. Sadiyah ER, Kodir RA. Studi awal kandungan antosianin pada buah 
Cantigi Ungu (Vaccinium varingiaefolium (Bl.) Miq.) yang 
berpotensi sebagai suplemen antioksidan. Prosiding SNaPP2012: 
Sains, Teknologi, dan Kesehatan; 2012; Bandung, ID. Bandung: 
Unisba; 2012.  

3. Laumonier Y. The vegetation and physiography of Sumatra. 
Dordrecht: Kluwer Academic Publisher; 1997.   

4. Puspitaningtyas D, Fatimah E. Inventory of orchid species at Kersik 
Luway Nature Reserve, East Kalimantan.  Bul Kebun Raya. 1999; 
9: 18-25. [Indonesia] 

5. Rahman W, Rozak A. Population size of two endangered Vireya 
rhododendron species and their surrounding vagetation on the top 
of the Mt. Rantemario, Sulawesi. Bul Kebun Raya. 2016; 19(1): 
57–66. 

6. Wiriadinata H, Wawo A. Flora of Mt. Kelimutu and Mt. Kelibara 
Kelimutu National Park, Flores Island, Lesser Sunda Islands. Berita 
Biol. 2008; 9(2): 185-94. 

7. Rahmansyah M, Latupapua H. Cellulase , amylase and invertase 
activities achieved from soil of Wamena Biological Research 
Station. Berita Biol. 2003; 6(5): 679–84.  

8. Hapsari L, Basith A, Novitasiah HR. Inventory of invasive plant 
species along the corridor of Kawah Ijen Nature Tourism Park, 
Banyuwangi, East Java. J Ind Tour Dev Std. 2014; 2(1): 1-9. 

9. Forney CF, Javorek SK, Jordan MA, Vander Kloet SP. Floral 
volatile composition of four species of Vaccinium. Botany. 2012; 
90: 365–71. 

10. Kosasih, Winarno H, Yulyana A. Karakterisasi ekstrak daun 
Cantigi (Vaccinium varingiaefolium Miq.) J Sains Kes. 2016; 1(5): 
276-83. 

11. Szakiel A, Pączkowski C, Huttunen S. Triterpenoid content of 
berries and leaves of Bilberry (Vaccinium myrtillus) from Finland 
and Poland. J Agric Food Chem. 2012; 60: 11839−49. 

12. Sudrajat S, Kartika R, Sudiastuti S. Metabolites fingerprint leaf 
extract of Bekkai plant, Albertisia papuana Becc as natural food 
seasonings used by Dayak ethnic community in north Kalimantan, 
Indonesia. J Phys. (Conf. Series) 2019; 1277: 012020.      

13. Sowmiya R, et al. In vitro antiplasmodial activity of native Indian 
seaweed Sargassum Sp. Asian J Pharm Clin Res. 2016; 9(2): 101-6. 

14. Krishna SRA, Hafza S, Chandrika PG, Priya LC, Rao KVB. 
Pharmacological properties, phytochemical and GC-MS analysis of 
Bauhinia acuminata Linn. J Chem Pharm Res. 2015; 7(4): 372-380. 

15. Keskın D, Ceyhan N, Uğur A, Dbeys AD. Antimicrobial activity 
and chemical constitutions of West Anatolian olive (Olea europaea 
L.) leaves. J Food Agric Environ. 2012; 10(2): 99-102.  

16. Cavalieri E, et al. Pro-apoptotic activity of a-bisabolol in preclinical 
models of primary human acute leukemia cells. J Trans Med. 2011; 
9(45): 1-13. 

17. Fiume MM. Unpublished information on safety assessment of 
bisabolol  as used in cosmetics provided at CIR Expert Panel 
Meeting; 2015. 

18. Kamatou GPP, Viljoen AM. A review of the application and 
pharmacological properties of α-bisabolol and α-bisabolol-rich oils. 
J Am Oil Chem Soc. 2010; 87:1–7. 

19. Faizal A, Taufik I, Rachmani AF, Azar AWP. Antioxidant and 
antibacterial properties of tree fern Cyathea contaminans. 
Biodiversitas. 2020; 21(5): 2201-5.  

20. Pinto MEA, et al. Antifungal and antioxidant activity of fatty acid 
methyl esters from vegetable oils. An Acad Bras Ciênc. 2017; 
89(3): 1671-81. 

21. Ravi LL, Krishnan K. Cytotoxic potential of  n-hexadecanoic  acid 
extracted from Kigelia pinnata  leaves. Asian J Cell Biol. 2017; 
12(1): 20-7.  

22. Zafaryab M, Fakhri KU, Khan MA, Hajela K, Rizvi MMA. In vitro 
Assessment of cytotoxic and apoptotic potential of palmitic acid for 
breast cancer treatment. Int J Life Sci Res. 2019; 7(1): 166-74. 

23. Kaplaner E, Singeç MH, Öztürk M. Fatty acid composition and 
antioxidant activity of Tricholoma imbricatum and T. focale. 
Turkish J Agric - Food Sci Technol. 2017; 5(9): 1080-5.  

24. Chandrasekaran M, Kannathasan K, Venkatesalu V. Antimicrobial 
activity of fatty acid methyl esters of some members of 
Chenopodiaceae. Z Naturforsch C J Biosci. 2008; 63(5-6): 331-6. 

25. Yoo YC, et al. Isolation of fatty acids with anticancer activity from 
Protaetia brevitarsis larva. Arch Pharm Res. 2007; 30(3): 361–5.  

26. Shoge M, Amusan T. Phytochemical, antidiarrhoeal activity, 
isolation and characterisation of 11-octadecenoic acid, methyl ester 
isolated from the seeds of Acacia nilotica Linn. J Biotechnol 
Immunol. 2020; 2(1): 1-12. 

27. Chinnasamy PS, Parimala S, Kandhasamy M. Phytochemical 
evaluation of seed and fruit pulp extracts of Passiflora foetida L. 
World J Pharm Res. 2018; 7(7): 1924-32. 

28. Entigu R, Lihan S, Ahmad I. The effect of combination of 
octadecanoic acid, methyl ester and ribavirin against measles virus.  
Int J Sci Technol Res. 2013; 2(10): 181-4. 

29. Atasever-Arslan B, Yilancioglu K, Bekaroglu MG, Taskin E, 
Altinoz E, Cetiner S. Cytotoxic effect of extract from Dunaliella 
salina against SH-SY5Y neuroblastoma cells. Gen Physiol 
Biophys. 2015; 34: 201-7.  

30. Cho KH, Hong JH, Lee KT. Monoacylglycerol (MAG)‐oleic acid 
has stronger antioxidant, anti‐atherosclerotic, and protein glycation 
inhibitory activities than MAG palmitic acid. J Med Food. 2010; 
13: 99-107.  

31. Cho KH, et al. Blood lipid‐lowering and antioxidant effects of a 
structured lipid containing monoacylglyceride enriched with 
monounsaturated fatty acids in C57BL/6 mice. J Med Food. 2009; 
12: 452–60. 

32. Wang X, Liang L, Yu Z, Rui L, Jin Q, Wan X. Scalable synthesis 
of highly pure 2‐monoolein by enzymatic ethanolysis. Eur J Lipid 
Sci Technol. 2014; 116: 627-34. 

33. Krishnan K, Mani A, Jasmine S. Cytotoxic activity of secondary 
metabolites from marine Streptomyces. Int J Mol Cell Med. 2014; 
3(4): 246-54. 

34. Ezhilan BP, Neelamegam R. GC-MS analysis of phytocomponents 
in the ethanol extract of Polygonum chinense L. Phcog Res. 2012; 
4(1): 11-4.  

35. Zayed MZ, Wu A, Sallam SM. Comparative phytochemical 
constituents of Leucaena leucocephala (Lam.) leaves, fruits, stem 
barks, and wood branches grown in Egypt using GC-MS method 
coupled with multivariate statistical approaches. Bioresources. 
2019; 14(1): 996-1013. 

36. Ahsan T, Chen J, Zhao X, Irfan M, Wu Y. Extraction 
and identification of bioactive compounds (eicosane and dibutyl 
phthalate) produced by Streptomyces strain KX852460 for the 
biological control of Rhizoctonia solani AG-3 strain KX852461 
to control target spot disease in tobacco leaf. AMB Expr. 2017; 
7(54): 1-9. 

37. Karabay-Yavasoglu NU, Sukatar A, Ozdemir G, Horzum Z. 
Antimicrobial activity of volatile components and various extracts 
of the red alga Jania rubens. Phytother Res. 2007; 21: 153-6. 

Kosasih Kosasih et al /J. Pharm. Sci. & Res. Vol. 12(6), 2020, 840-847

846



38. Stojanović GS, et al. The first report on chemical composition and 
antimicrobial activity of Artemisia scoparia Waldst. et Kit. extracts. 
Nat Prod Commun. 2020; 15(3): 1-7. 

39. Konovalova O, Gergel E, Herhel V. GC-MS analysis of bioactive 
components of Shepherdia argentea (Pursh.) Nutt. from Ukrainian 
Flora.  J Pharm Innov. 2013; 2(6): 7-12. 

40. Kim SJ, Chung WS, Kim SS, Ko SG, Um JY. Antiinflammatory 
effect of Oldenlandia diffusa and its constituent, hentriacontane, 
through suppression of caspase‐1 activation in mouse peritoneal 
macrophages. Phytother Res. 2011; 25: 1537-46.  

41. Khajuria V, et al. Anti-inflammatory potential of hentriacontane in 
LPS stimulated RAW 264.7 cells and mice model. Biomed 
Pharmacother. 2017; 92: 175-86. 

42. Balamurugan R, Duraipandiyan V, Ignacimuthu, S. Antidiabetic 
activity of γ-sitosterol isolated from Lippia nodiflora L. in 
streptozotocin induced diabetic rats. Eur J Pharmacol. 2011; 667(1-
3): 410-8. 

43. Sundarraj S, et al. γ-Sitosterol from Acacia nilotica L. induces 
G2/M cell cycle arrest and apoptosis through c-Myc suppression in 
MCF-7 and A549 cells. J Ethnopharmacol. 2012; 141: 803-9. 

44. Balamurugan R, Stalin A, Aravinthan A, Kim JH. ɤ-Sitosterol a 
potent hypolipidemic agent: In silico docking analysis. Med Chem 
Res. 2014. DOI 10.1007/s00044-014-1075-0 

45. Vázquez LH, Palazon J, Navarro-Ocaña A. The pentacyclic 
triterpenes α, β-amyrins:  A review of sources and biological 
activities. In: Rao V, ed. Phytochemicals - a global perspective of 
their role in nutrition and health. ISBN: 978-953-51-0296-0. Intech. 
2012. p. 488-502. Available from: 
http://www.intechopen.com/books/phytochemicals-a-global-
perspective-of-their-role-in-nutrition. 

46. Otuki MF, et al. Antinociceptive properties of mixture of alpha-
amyrin and beta-amyrin triterpenes: evidence for participation of 
protein kinase C and protein kinase A pathways.  J Pharmacol Exp 
Ther. 2005; 313(1): 310-18. 

47. Pinto SAH, Pinto LMS, Cunha GMA, Chaves MH, Santos FA, Rao 
VS. Anti-inflammatory effect of α, β-Amyrin, a pentacyclic 
triterpene from Protium heptaphyllum in rat model of acute 
periodontitis. Inflammopharmacology. 2007; 15: 1-5. 

48. Otuki MF, Vieira-Lima F, Malheiros A, Yunes RA, Calixto JB. 
Topical antiinflammatory effects of the ether extract from Protium 
kleinii and alpha-amyrin pentacyclic triterpene. Eur J Pharmacol. 
2005; 507: 253-9. 

49. Chang FR, et al. Anti-Human Coronavirus (anti-HCoV) 
triterpenoids from the leaves of Euphorbia neriifolia. Nat Prod 
Commun. 2012; 7(11): 1415-7. 

50. Dong X, et al. Pharmacological and other bioactivities of the genus 
Polygonum - A review. Trop J Pharm Res. 2014; 13(10): 1749-
1759. 

51. Cardoso S, et al. Cytotoxic activity of plant extracts from Brazilian 
biome in prostate cancer cell lines. In: 19th European Congress of 
Endocrinology; 2017 May 20-23; Lisbon, PT. Bristol: 
Bioscientifica; 2017 [cited 2020 May 7]; p. EP807. Available from: 
http://www.ece2017.org  

52. Antonisamy P, Duraipandiyan V, Ignacimuthu S. Anti-
inflammatory, analgesic and antipyretic effects of friedelin isolated 
from Azima tetracantha Lam. in mouse and rat models. J Pharm 
Pharmacol. 2011; 63: 1070–7. 

53. Antonisamy P, Duraipandiyan V, Ignacimuthu S, Kim JH. 
Antidiarrheal activity of friedelin isolated from Azima tetracantha 
Lam. in Wistar rats South Indian J Biol Sci. 2015; 1(1): 34-7. 

54. Mann A, Ibrahim K, Oyewale AO, Amupitan JO, Fatope MO, 
Okogun JI. Antimycobacterial friedelane-terpenoid from the root 
bark of Terminalia avicennioides. Am J Chem. 2011; 1(2): 52-5.  

55. Reddy NVLS, Akhila VM, Subrahmanyam CVS, Trimurtulu G, 
Raghavendra NM. Isolation, in vitro antidiabetic, antioxidant 
activity and molecular docking studies of pentacyclic triterpenoids 
from Syzygium alternifolium (wt.) Walp bark. J Pharm Bio Sci. 
2015; 10(6): 22-7. 

56. Duraipandiyan V, Al-Dhabi NA, Irudayaraj SS, Christudas S. 
Hypolipidemic activity of friedelin isolated from Azima tetracantha 
in hyperlipidemic rat. Rev Bras Farmacogn. 2015; 26(1): 89-93. 

57. Prabhu A, Krishnamoorthy M, Krishnamoorthy M, Prasad DJ, Naik 
P. Anticancer activity of friedelin isolated from ethanolic leaf 
extract of Cassia tora on HeLa and HSC-1 cell lines. Indian J Appl 
Res. 2011; 3(10): 1-4. 

 
 
 

Kosasih Kosasih et al /J. Pharm. Sci. & Res. Vol. 12(6), 2020, 840-847

847

http://www.intechopen.com/books/phytochemicals-a-global-perspective-of-their-role-in-nutrition
http://www.intechopen.com/books/phytochemicals-a-global-perspective-of-their-role-in-nutrition



