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Abstract
The stem-bark of Sterculla oblonga, which is a rich lignocellulosic material, was analysed using GC-MS chromatography in other to identify 
the bioactive compounds present in the plant and deduce its possible therapeutic potentials. The pulverized plant sample was extracted by 
maceration for 48 hours using ethanol solvent, after solvent recovery, the crude extract was used for the GC-MS analysis. Results revealed the 
presence of 12 bioactive compounds namely: 1-(Butylsulfanyl)-2-ethoxyethane 4-methoxyphenol (mequinol), 2,6-dimethoxy-phenol (Syringol), 
3,4,5-Trimethoxyphenol, 4,4,5,6-Tetramethyltetrahydro-1,3-oxazin-2-thione, n-Hexadecanoic acid (Palmitic acid), 1-Docosene, 14-methyl-8-
hexadecen-1-ol, 1,19-Eicosadiene, Z-10-Tetradecen-1-ol acetate, 1-Nonadecene and Oleic Acid. These chemicals were further grouped into 5 
viz organo-sulphur (2%), phenols (24%), alkaloids (2%), fatty acids/esters (22.18%) and hydrocarbons (8.66%). Because of the high percentage 
of phenolic compounds present, the ethanolic extract of stem-bark of S. oblonga could find useful therapeutic applications as antimicrobial, anti-
cancer, anti-oxidant and anti-diabetic agents.
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Introduction 
The biopolymers called hemicellulose, cellulose and lignin, which have 

demonstrated antimicrobial properties, make up most lignocellulosic materials 
[1]. One of the most prevalent natural materials, lignocellulosic materials 
has favorable qualities like low density and biodegradability. They are also 
readily available, cheap, and  environmentally friendly. Massive amounts of 
lignocellulose are extracted from agricultural waste, but only a small amount 
of that is used since lignocellulose's biotechnological significance is not well 
understood [2]. The amount of lignocellulosic content available in a material 
varies. Considering the enormous amount of chemical compounds available 
in the extract from these biopolymeric materials, there are countless prospects 
for the development of new drugs [3]. For instance, example aqueous 
extracts from willow leaves (Salix sasaf) have been reported to be effective 
against Guman carcinoma cells and have been tested in vivo and in vitro [4]; 
antimicrobial activity of Punica granatum has been reported to be effective 
against all test microorganisms [5]. The heavy dependency of people on 
traditional medicine for primary health care has prompted in-depth research 
into plants to enhance their curative properties [6]. Some common sources of 
lignocellulosic materials are shown in Figure 1. 

Yellow Sterculia, or Sterculia oblonga (Figure 2), is a commercial wood 
tree in the Malvaceae family that is found mostly in tropical rainforests in 
countries like Cameroon, Gabon, Liberia, Ghana, Nigeria, etc. It is reported 
that the edible seeds have a pea-like flavor. They are best eaten roasted or 
raw. Handbags, hats, rope, paper, and other items are made from the bark's 
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Figure 1. Common sources of lignocellulosic materials.
fibers. The wood can be used to build little furniture pieces, like cupboards, 
or matchsticks. 
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The dried wood of Steculia oblonga has been reported to contain 11.5 
– 12.4% furfural; 36.2 – 46.32 cellulose; 19.8-21.2% pentosans; 18.2-22.7% 
lignin; and 1.3-3.2% ash [7]. Ezeonu CS and Ejikeme CM [8] also reported 
that S. oblonga contain tannins, 124 mg/100g; flavonoids, 3.4%; alkaloids, 
10%; cyanide, 1.66 mg/100g; lipids 4.8%; phenol, 620 mg/g; and oxalate, 
1.31 g/100g. The gas chromatography-mass spectroscopy analysis of 
essential oil from S. oblonga shows that the plant contains 33 compounds 
ranging from simple compound like p-xylene to very complex compounds 
like diisoctylphthalate [9]. Report on petroleum spirit extract showed that the 
plant contains 25 natural products which include 2-myristgnoyl pantetheine; 
D-limonene, limonene-b-0l, pivalate, chalestan-3-Ol, 2-methylene-, (3 , 5

), cis-13-eicosenoic acid, Hexadecane, I, l-bis(dedecyloxyl), Z-plytol, and 
17-pentatriacontene [10]. This study aimed to analyze the ethanolic extract 
of S. oblonga stem bark via Gas Chromatography-Mass Spectrometry (GC-
MS) to determine their probable usage in pharmacology and ascertain their 
phytochemical composition.

Methodology
Plant sample

The fresh stem bark of yellow sterculia (Sterculia oblonga) was collected 
from the rain forest of Akamkpa Local Government Area, Cross River State, 
Nigeria. The identification and authentication of the plant sample was done 
by the Herbarium Unit of Botany Department, University of Calabar. It was 
washed clean with distilled water, air-dried, crushed into tiny pieces, and 
stored at room temperature in air-tight containers for further studies. 

Extraction
The maceration method of extraction was used in this study because of 

its easy method, no heat involved, suitable for thermally sensitive materials, 
inexpensive installation and maintenance costs. A total of 850 g of the dried 
plant was extracted sequentially using ethanol by cold maceration for 48 
hours. The resulting solution was filtered and concentrated to dryness using 
rotary evaporator. 

Determination of the secondary metabolites of the crude ex-
tract using Gas Chromatography-Mass Spectrometry (GC-MS)

The identification of the individual compounds of the ethanol crude extract 
was done by standard method using a GC-MS analyzer. The components 

were identified by correlating the masses of the generated spectra to those of 
the library's reference mass spectra.

Results and Discussion 
Results in Table 1 show the yield of the three extracts and the calculated 

percentage yield for the three extracts. Gas chromatogram of ethanol extract 
of S. oblonga stem bark is presented in Figure 3. The GC-MS analysis of 
bioactive compounds in ethanol extract of sterculia oblonga stem bark and 
pharmacological potentials of the phyto-compounds in the ethanolic extract 
of S. oblonga stem bark are presented in Table 2 and Table 3 respectively.

The GC-MS analysis of the stem-bark of S. oblonga showed the 
presence of twelve (12) different phytochemicals including organo-sulphur 
compounds (2%), phenols (24%), alkaloids (2%), fatty acids/esters (52%) 
and hydrocarbons (20%) (Figure 4) From the results, it is safe to say that the 
stem-bark of Sterculia oblonga contains very high amount of fatty acids/esters, 
followed by phonols, and hydrocarbons. The presence of these compounds 
sums up the effective use of the plant in many pharmacological applications 
such as wound healing, anti-cancer, anti-microbial, anti-oxidant and sex 
stimulant activities. 

Seeds in pod leaves

The stem bark (the part used for present study)

Figure 2. Pictural view of Sterculia oblonga.

Table 1. Percentage yields of extract.

Solvent Weight of 
Plants (g)

Weight of 
Extract (g)

Colour of 
Extract

Texture of 
Extract

Percentage 
Yield (%)

Ethanol 1200 13.21 Green Sticky 11

Figure 3. Gas chromatogram of ethanol extract of Sterculia oblonga stem bark.

Table 2. GC-MS results of secondary metabolites in ethanol extract of Sterculia oblonga 
stem bark.

S/N Retention 
Time

Peak Area 
(%)

Molecular 
Formula MW Name of Compound

1. 3.37 1 C8H18OS 162 1-(Butylsulfanyl)-2-
ethoxyethane

2. 4.6 1.56 CH3OC6H4OH 124 4-methoxyphenol (mequinol)

3. 7.72 0.9 HO(CH3O)2C6H3 154 2,6-dimethoxy-phenol 
(Syringol)

4. 10.48 1.12 C9H12O4 184 3,4,5-Trimethoxyphenol

5. 12.95 0.93 C8H15NOS 173 4,4,5,6-Tetramethyltetrahydro-
1,3-oxazin-2-thione

6. 13.55 9.98 C16H32O2 256 n-Hexadecanoic acid (Palmitic 
acid)

7. 16.74 1.14 C4H8O2 308 1-Docosene

8. 17.92 2.75 C17H34O 254 14-methyl-8-hexadecen-1-ol

9. 18.25 1.53 C20H38 278 1,19-Eicosadiene

10. 19.99 8.8 C16H30O2 254 Z-10-Tetradecen-1-ol acetate

11. 20.19 3.24 C19H38 266 1-Nonadecene

12. 20.64 3.4 C18H34O2 282 Oleic Acid
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Organo-sulfur compounds have shown antimicrobial activity against 
various pathogens, including bacteria, viruses, fungi, and parasites. These 
compounds can help inhibit the growth of harmful microorganisms and may 
be beneficial in fighting infections [27,28]. A study by Kamenetsky R, et al. 
revealed that organosulfur compounds could have fertility potential [27]. Other 
therapeutic applications of Organosulfur compounds include: Anti-cancer [11], 
antioxidant activity [29]. However, the GC-MS chromatogram of the stem-bark 
of S. oblonga revealed only 2% of organo-sulfur content.

The presence of phenolic compounds in medicinal plants contributes 
significantly to their therapeutic potential. These compounds exhibit 
antioxidant, anti-inflammatory, antimicrobial, and other bioactive properties 
that can help prevent or alleviate various health conditions. By consuming 
plant-based foods rich in phenolic compounds or using herbal remedies 
derived from these plants, individuals may benefit from the protective effects 
against oxidative stress-related diseases [30].

Plants rich in alkaloids continue to be valuable sources of bioactive 
compounds with diverse medicinal properties that contribute to human health 
and well-being. Many medicinal potentials of alkaloid compounds including 
antioxidant activity [31], and antidiabetic activities have been reported [32]. 

The most significant amount of phytochemicals present in the bark of S. 
oblonga stem is fatty acid/esters. This suggests that the plant could be a great 
source of health essential oil if properly extracted. The oils may help lower the 
adverse effects of diabetes and blood pressure [33]. 

Plants containing hydrocarbons have shown potential therapeutic 
implications in various fields, primarily because of the existence of secondary 
metabolites that can exhibit medicinal properties. Some plants produce 
hydrocarbons that possess antimicrobial/anti-inflammatory properties [34] 
and anti-cancer potentials [35].

Conclusion
The bark on the stem of Sterculia oblonga revealed the existence of twelve 

(12) different phytochemicals including organo-Sulphur compounds (2%), 
phenols (24%), alkaloids (2%), fatty acids/esters (52%) and hydrocarbons 
(20%). The presence of these compounds makes the plant a suitable choice 
for variety of therapeutic applications as far as herbal medicine is concerned.
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Figure 4. Percentage composition of phytochemicals identified in the crude ethanolic 
extract of Sterculia oblonga stem bark.

https://www.mdpi.com/1420-3049/26/6/1749
https://www.mdpi.com/1420-3049/26/6/1749
https://www.mdpi.com/2311-5637/9/11/990
https://www.mdpi.com/2311-5637/9/11/990
https://www.sciencedirect.com/science/article/pii/S0378874106001851
https://www.sciencedirect.com/science/article/pii/S0378874106001851
https://www.researchgate.net/profile/David-Lightfoot-4/publication/228641246_Anti-cancer_and_anti-oxidant_activity_of_some_Egyptian_medicinal_plants/links/09e4150760c2f7d2a9000000/Anti-cancer-and-anti-oxidant-activity-of-some-Egyptian-medicinal-plants.pdf
https://www.researchgate.net/profile/David-Lightfoot-4/publication/228641246_Anti-cancer_and_anti-oxidant_activity_of_some_Egyptian_medicinal_plants/links/09e4150760c2f7d2a9000000/Anti-cancer-and-anti-oxidant-activity-of-some-Egyptian-medicinal-plants.pdf
https://pubs.acs.org/doi/abs/10.1021/jf020136b
https://pubs.acs.org/doi/abs/10.1021/jf020136b
https://www.ajol.info/index.php/ajtcam/article/view/60483
https://www.ajol.info/index.php/ajtcam/article/view/60483
https://research.wur.nl/en/publications/plant-resources-of-tropical-africa-71-timbers-1
https://research.wur.nl/en/publications/plant-resources-of-tropical-africa-71-timbers-1
https://onlinelibrary.wiley.com/doi/abs/10.1155/2016/5601327.
https://onlinelibrary.wiley.com/doi/abs/10.1155/2016/5601327.
https://www.researchgate.net/profile/Frank-Morah/publication/335825885_Chemical_composition_and_testosterone_level_enhancing_property_of_Sterculia_oblonga_leaf_essential_oil_in_male_albino_rats/links/5d7db0654585155f1e4de4cd/Chemical-composition-and-testosterone-level-enhancing-property-of-Sterculia-oblonga-leaf-essential-oil-in-male-albino-rats.pdf
https://www.researchgate.net/profile/Frank-Morah/publication/335825885_Chemical_composition_and_testosterone_level_enhancing_property_of_Sterculia_oblonga_leaf_essential_oil_in_male_albino_rats/links/5d7db0654585155f1e4de4cd/Chemical-composition-and-testosterone-level-enhancing-property-of-Sterculia-oblonga-leaf-essential-oil-in-male-albino-rats.pdf
https://www.researchgate.net/profile/Frank-Morah/publication/335825885_Chemical_composition_and_testosterone_level_enhancing_property_of_Sterculia_oblonga_leaf_essential_oil_in_male_albino_rats/links/5d7db0654585155f1e4de4cd/Chemical-composition-and-testosterone-level-enhancing-property-of-Sterculia-oblonga-leaf-essential-oil-in-male-albino-rats.pdf


J Pharmacogn Nat Prod, Volume 10:04, 2024Nkom PY, et al.

Page 4 of 4

10. Morah, Frank NI and Emmanuel A. Bisong. "Chemical composition of Sterculia 
oblonga leaf petroleum spirit extract and its testosterone level enhancing property 
in male albino rats." Int J Chem Biochem Sci 19 (2021): 89-93.

11. Shoaib, Shoaib, Mohammad Azam Ansari, Mohammed Ghazwani and Umme 
Hani, et al. "Prospective epigenetic actions of organo-sulfur compounds against 
cancer: Perspectives and molecular mechanisms." Cancers 15 (2023): 697.

12. Abdelbasset, Walid Kamal, Safaa M. Elkholi, Khadiga Ahmed Ismail and Hasan S. 
AL-Ghamdi, et al. "Mequinol-loaded carboxymethyl cellulose/chitosan electrospun 
wound dressing as a potential candidate to treat diabetic wounds." Cellulose 29 
(2022): 7863-7881.

13. Almeida, R. S. R., M. M. Taccini, L. F. de Moura and U. L. Ceribelli, et al. "Potential 
of pyroligneous extract of Eucalyptus wood as a preservative of cosmetic and 
sanitizing products." Waste Biomass Valorization 10 (2019): 1111-1118. 

14. Oramahi, Hasan, Tsuyoshi Yoshimura, Elvi Rusmiyanto and Kustiati Kustiati. 
"Antifungal and antitermitic activities of vinegars from two biomass resources at 
different pyrolytic temperatures." J Appl Bio Sci 14 (2020): 26-38.

15. Parmar, Virinder S., Suman Gupta, Kirpal S. Bisht and Shubhasish Mukherjee, et al. 
"Synthesis and X-ray structure of 2-(3-methyl-2-butenyl)-3, 4, 5-trimethoxyphenol: 
A potent anti-invasive agent against solid tumours." Acta Chemica Scandinavica 50 
(1996): 558.

16. Verotta, Luisella, Mario Dell'Agli, Andrea Giolito and Marco Guerrini, et al. "In vitro 
antiplasmodial activity of extracts of Tristaniopsis species and identification of the 
active constituents: Ellagic acid and 3, 4, 5-trimethoxyphenyl-(6 ‘-O-galloyl)-O-β-D-
glucopyranoside." J Nat Prod 64 (2001): 603-607.

17. Dardouk, Fareed, Hallah Arandi and Mohammad Makharzeh. "Extraction of Corn 
silk and its applications in healing and cosmetics’." (2019).

18. Aparna, Vasudevan, Kalarickal V. Dileep, Pradeep K. Mandal and Ponnuraj Karthe, 
et al. "Anti‐inflammatory property of n‐hexadecanoic acid: Structural evidence and 
kinetic assessment." Chem Biol Drug Des 80 (2012): 434-439.

19. Ravi, Lokesh and Kannabiran Krishnan. "Research article cytotoxic potential of 
N-hexadecanoic acid extracted from Kigelia pinnata leaves." Asian J Cell Biol 12 
(2017): 20-27.

20. Keke, Collins Obinna, Winifred Njideka Nsofor, Francis Koku Ras Kumabia 
and Godian Chima Iloabuchi, et al. "GCMS and FTIR analysis of ethanol and 
methanol leave extract of Urena lobata (Caesar weed) for bioactive phytochemical 
constituents." J Drug Deliv Ther 13 (2023): 99-115.

21. More, Kamlakar, Sunil Tayade, Prashant Gawande and Surendra Manik, et al. 
"Antioxidant and antimicrobial potential of Canavalia gladiata (Jacq.) DC. leaves 
and seeds: GC-MS based metabolic profiling." Indian J Nat Prod Resour 13 (2022): 
163-169.

22. Jabeen, N., A. Javaid and E. Ahmed. "Antifungal activity and phytochemical profile 
of chloroform soluble fraction of Datura metel fruit." J Anim Plant Sci (2022): 1085-
1091.

23. Jacobson, Martin, Kiichi Ohinata, Derrell L. Chambers and William A. Jones, 
et al. "Insect sex attractants. 13. Isolation, identification, and synthesis of sex 
pheromones of the male Mediterranean fruit fly." J Med Chem 16 (1973): 248-251.

24. Banakar, Prabhanna and M. Jayaraj. "GC-MS analysis of bioactive compounds 
from ethanolic leaf extract of Waltheria indica Linn. and their pharmacological 
activities." Int J Pharm Sci Res 9 (2018): 2005-10.

25. Sales-Campos, Helioswilton, Patricia Reis de Souza, Bethanea Crema Peghini 
and Joao Santana da Silva, et al. "An overview of the modulatory effects of oleic 
acid in health and disease." Mini Rev Med Chem 13 (2013): 201-210.

26. Dilika, F., P. D. Bremner and J. J. M. Meyer. "Antibacterial activity of linoleic 
and oleic acids isolated from Helichrysum pedunculatum: A plant used during 
circumcision rites." Fitoterapia 71 (2000): 450-452.

27. Kamenetsky, R., I. London Shafir, F. Khassanov and C. Kik, et al. "Diversity in 
fertility potential and organo-sulphur compounds among garlics from Central 
Asia." Biodiver Conserv 14 (2005): 281-295.

28. Petropoulos, Spyridon, Francesco Di Gioia and Georgia Ntatsi. "Vegetable 
organosulfur compounds and their health promoting effects." Curr Pharm Des 23 
(2017): 2850-2875.

29. Micová, Marianna, Judita Bystrická, Ján Kovarovič and Ľuboš Harangozo, et al. 
"Content of bioactive compounds and antioxidant activity in garlic (Allium sativum 
L.)." Acta Agric Slove 111 (2018): 581-595.

30. Kumar, Naresh and Nidhi Goel. "Phenolic acids: Natural versatile molecules with 
promising therapeutic applications." Biotechnol Rep 24 (2019): e00370.

31. Gan, Jin, Ying Feng, Zhao He and Xian Li, et al. "Correlations between antioxidant 
activity and alkaloids and phenols of maca (Lepidium meyenii)." J Food Qual 2017 
(2017): 3185945.

32. Tiong, Soon Huat, Chung Yeng Looi, Hazrina Hazni and Aditya Arya, et al. 
"Antidiabetic and antioxidant properties of alkaloids from Catharanthus roseus (L.) 
G. Don." Molecules 18 (2013): 9770-9784.

33. Silva, A. P. D. S., Wanessa Almeida da Costa, MdLAR Salazar and Bezerra P. 
do Nascimento, et al. "Commercial and therapeutic potential of plant-based fatty 
acids." IntechOpen 5 (2018): 73-90.

34. Perumal Samy, Ramar, Gautam Sethi, Vincent TK Chow and Bradley G Stiles. 
"Plant-based hydrocarbon esters from Tragia involucrata possess antimicrobial 
and anti-inflammatory activities." Infect Disord Drug Targets 13 (2013): 141-153.

35. Al-Saraireh, Yousef M., Ahmed MM Youssef, A. Z. Alsarayreha and Tayel 
A. Al Hujran, et al. "Phytochemical and anti-cancer properties of Euphorbia 
hierosolymitana Boiss. crude extracts." J Pharm Pharmacogn Res 9 (2021).

How to cite this article: Nkom, Patience Yake, Esther Offiong Asuquo, Lynius 
Ashipu Bebiaundeye and Endurance Egwu Ukam. “GC-MS Evaluation of Stem 
Bark Extract of Sterculia oblonga for Biomedical Potentials.” J Pharmacogn Nat 
Prod 10 (2024): 312.

https://www.researchgate.net/profile/Frank-Morah/publication/354381720_Chemical_composition_of_Sterculia_oblonga_leaf_petroleum_spirit_extract_and_its_testosterone_level_enhancing_property_in_male_Albino_rats/links/6135f6f42b40ec7d8beae368/Chemical-composition-of-Sterculia-oblonga-leaf-petroleum-spirit-extract-and-its-testosterone-level-enhancing-property-in-male-Albino-rats.pdf
https://www.researchgate.net/profile/Frank-Morah/publication/354381720_Chemical_composition_of_Sterculia_oblonga_leaf_petroleum_spirit_extract_and_its_testosterone_level_enhancing_property_in_male_Albino_rats/links/6135f6f42b40ec7d8beae368/Chemical-composition-of-Sterculia-oblonga-leaf-petroleum-spirit-extract-and-its-testosterone-level-enhancing-property-in-male-Albino-rats.pdf
https://www.researchgate.net/profile/Frank-Morah/publication/354381720_Chemical_composition_of_Sterculia_oblonga_leaf_petroleum_spirit_extract_and_its_testosterone_level_enhancing_property_in_male_Albino_rats/links/6135f6f42b40ec7d8beae368/Chemical-composition-of-Sterculia-oblonga-leaf-petroleum-spirit-extract-and-its-testosterone-level-enhancing-property-in-male-Albino-rats.pdf
https://www.mdpi.com/2072-6694/15/3/697
https://www.mdpi.com/2072-6694/15/3/697
https://link.springer.com/article/10.1007/s10570-022-04753-w
https://link.springer.com/article/10.1007/s10570-022-04753-w
https://link.springer.com/article/10.1007/s12649-017-0125-5
https://link.springer.com/article/10.1007/s12649-017-0125-5
https://link.springer.com/article/10.1007/s12649-017-0125-5
http://www.jabsonline.org/index.php/jabs/article/view/705
http://www.jabsonline.org/index.php/jabs/article/view/705
http://actachemscand.org/pdf/acta_vol_50_p0558-0560.pdf
http://actachemscand.org/pdf/acta_vol_50_p0558-0560.pdf
https://pubs.acs.org/doi/abs/10.1021/np000306j
https://pubs.acs.org/doi/abs/10.1021/np000306j
https://pubs.acs.org/doi/abs/10.1021/np000306j
https://pubs.acs.org/doi/abs/10.1021/np000306j
https://repository.najah.edu/handle/20.500.11888/14630
https://repository.najah.edu/handle/20.500.11888/14630
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1747-0285.2012.01418.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1747-0285.2012.01418.x
https://www.researchgate.net/profile/Lokesh-Ravi/publication/317193881_Cytotoxic_Potential_of_N-hexadecanoic_Acid_Extracted_from_Kigelia_pinnata_Leaves/links/59324a8745851553b6a9dfa0/Cytotoxic-Potential-of-N-hexadecanoic-Acid-Extracted-from-Kigelia-pinnata-Leaves.pdf
https://www.researchgate.net/profile/Lokesh-Ravi/publication/317193881_Cytotoxic_Potential_of_N-hexadecanoic_Acid_Extracted_from_Kigelia_pinnata_Leaves/links/59324a8745851553b6a9dfa0/Cytotoxic-Potential-of-N-hexadecanoic-Acid-Extracted-from-Kigelia-pinnata-Leaves.pdf
http://jddtonline.info/index.php/jddt/article/view/5722
http://jddtonline.info/index.php/jddt/article/view/5722
http://jddtonline.info/index.php/jddt/article/view/5722
http://op.niscpr.res.in/index.php/IJNPR/article/view/47499/0
http://op.niscpr.res.in/index.php/IJNPR/article/view/47499/0
http://www.thejaps.org.pk/docs/2022/04/22.pdf
http://www.thejaps.org.pk/docs/2022/04/22.pdf
https://pubs.acs.org/doi/pdf/10.1021/jm00261a018
https://pubs.acs.org/doi/pdf/10.1021/jm00261a018
https://www.researchgate.net/profile/Prabhanna-Banakar-2/publication/324909129_GC-MS_ANALYSIS_OF_BIOACTIVE_COMPOUNDS_FROM_ETHANOLIC_LEAF_EXTRACT_OF_WALTHERIA_INDICA_LINN_AND_THEIR_PHARMACOLOGICAL_ACTIVITIES/links/5aeab4340f7e9b837d3c430d/GC-MS-ANALYSIS-OF-BIOACTIVE-COMPOUNDS-FROM-ETHANOLIC-LEAF-EXTRACT-OF-WALTHERIA-INDICA-LINN-AND-THEIR-PHARMACOLOGICAL-ACTIVITIES.pdf
https://www.researchgate.net/profile/Prabhanna-Banakar-2/publication/324909129_GC-MS_ANALYSIS_OF_BIOACTIVE_COMPOUNDS_FROM_ETHANOLIC_LEAF_EXTRACT_OF_WALTHERIA_INDICA_LINN_AND_THEIR_PHARMACOLOGICAL_ACTIVITIES/links/5aeab4340f7e9b837d3c430d/GC-MS-ANALYSIS-OF-BIOACTIVE-COMPOUNDS-FROM-ETHANOLIC-LEAF-EXTRACT-OF-WALTHERIA-INDICA-LINN-AND-THEIR-PHARMACOLOGICAL-ACTIVITIES.pdf
https://www.researchgate.net/profile/Prabhanna-Banakar-2/publication/324909129_GC-MS_ANALYSIS_OF_BIOACTIVE_COMPOUNDS_FROM_ETHANOLIC_LEAF_EXTRACT_OF_WALTHERIA_INDICA_LINN_AND_THEIR_PHARMACOLOGICAL_ACTIVITIES/links/5aeab4340f7e9b837d3c430d/GC-MS-ANALYSIS-OF-BIOACTIVE-COMPOUNDS-FROM-ETHANOLIC-LEAF-EXTRACT-OF-WALTHERIA-INDICA-LINN-AND-THEIR-PHARMACOLOGICAL-ACTIVITIES.pdf
https://www.ingentaconnect.com/content/ben/mrmc/2013/00000013/00000002/art00003
https://www.ingentaconnect.com/content/ben/mrmc/2013/00000013/00000002/art00003
https://www.sciencedirect.com/science/article/pii/S0367326X00001507
https://www.sciencedirect.com/science/article/pii/S0367326X00001507
https://www.sciencedirect.com/science/article/pii/S0367326X00001507
https://link.springer.com/article/10.1007/s10531-004-5050-9
https://link.springer.com/article/10.1007/s10531-004-5050-9
https://link.springer.com/article/10.1007/s10531-004-5050-9
https://www.ingentaconnect.com/content/ben/cpd/2017/00000023/00000019/art00011
https://www.ingentaconnect.com/content/ben/cpd/2017/00000023/00000019/art00011
https://journals.uni-lj.si/aas/article/view/12829
https://journals.uni-lj.si/aas/article/view/12829
https://www.sciencedirect.com/science/article/pii/S2215017X19302383
https://www.sciencedirect.com/science/article/pii/S2215017X19302383
https://onlinelibrary.wiley.com/doi/abs/10.1155/2017/3185945
https://onlinelibrary.wiley.com/doi/abs/10.1155/2017/3185945
Tiong, Soon Huat, Chung Yeng Looi, Hazrina Hazni, Aditya Arya, Mohammadjavad Paydar, Won Fen Wong, Shiau-Chuen Cheah, Mohd Rais Mustafa, and Khalijah Awang. %22Antidiabetic and antioxidant properties of alkaloids from Catharanthus roseus (L.) G. Don.%22 Molecules 18, no. 8 (2013): 9770-9784.
Tiong, Soon Huat, Chung Yeng Looi, Hazrina Hazni, Aditya Arya, Mohammadjavad Paydar, Won Fen Wong, Shiau-Chuen Cheah, Mohd Rais Mustafa, and Khalijah Awang. %22Antidiabetic and antioxidant properties of alkaloids from Catharanthus roseus (L.) G. Don.%22 Molecules 18, no. 8 (2013): 9770-9784.
https://books.google.com/books?hl=en&lr=&id=qi-RDwAAQBAJ&oi=fnd&pg=PA73&dq=34.%09Silva,+A.+P.+D.+S.,+da+Costa,+W.+A.,+Salazar,+M.,+do+Nascimento,+B.+P.,+%26+Pires,+F.+C.+S.+(2018).+Commercial+and+therapeutic+potential+of+plant-based+fatty+acids.+IntechOpen,+5,+73-90.&ots=hA3mjAuOsl&sig=e8H7jATjhgA46vMJsNB2kEWHR3k
https://books.google.com/books?hl=en&lr=&id=qi-RDwAAQBAJ&oi=fnd&pg=PA73&dq=34.%09Silva,+A.+P.+D.+S.,+da+Costa,+W.+A.,+Salazar,+M.,+do+Nascimento,+B.+P.,+%26+Pires,+F.+C.+S.+(2018).+Commercial+and+therapeutic+potential+of+plant-based+fatty+acids.+IntechOpen,+5,+73-90.&ots=hA3mjAuOsl&sig=e8H7jATjhgA46vMJsNB2kEWHR3k
https://www.ingentaconnect.com/content/ben/iddt/2013/00000013/00000002/art00005
https://www.ingentaconnect.com/content/ben/iddt/2013/00000013/00000002/art00005
https://pdfs.semanticscholar.org/c5eb/0eee9ffb7455bd65a05b55b9dfe69c49f83c.pdf
https://pdfs.semanticscholar.org/c5eb/0eee9ffb7455bd65a05b55b9dfe69c49f83c.pdf

