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 The study of alkaloids from methanolic extract of Crucianella sintenisii from 
Rubiaceae family has not been studied yet. In this research, the methanolic 
extract was initially prepared from the aerial parts of Crucianella sintenisii, 
and then the resulting extract was acidified by acetic acid to remove neutral 
compounds. The neutral compounds were extracted by EtOAc (ethyl acetate). 
The resulting extract was alkalized with NH3 (25%), and then extracted with 
chloroform solvent. Finally, the crude alkaloid is extracted and ready to be 
injected into the MPLC device. One fraction was isolated, and the structure of 
2-methyl-3-phenyl indole from the category of indole alkaloids was confirmed 
by using the spectroscopic techniques (NMR, ESI-MS, and IR). The therapeutic 
activities of the plant indole alkaloids are extensive, and most of these 
activities are related to the indole core in these structures. 

K E Y W O R D S 

Crucianella sintenisii 
indole alkaloid 
MPLC 
Rubiaceae 

 

 

G R A P H I C A L A B S T R A C T 

 
 

mailto:majid_halimi@kub.ac.ir
http://www.jmchemsci.com/
http://www.jmchemsci.com/


Nasrabadi M., et al. / J. Med. Chem. Sci. 2023, 6(4) 770-776 

771 | P a g e  

 

Introduction 

Since obsolete times, nature has been a significant 

source of the pharmaceutical products with a wide 

range of pharmacological activities due to the 

variations in their skeletal formula properties and 

target biomolecules [1]. Rubiaceae is one plant 

family with a considerable chemical potential. 

Rubiaceae, with 13143 species and distribution in 

611 regions,  is one of the prominent plant families 

[2]. 

The secondary metabolites of the Rubiaceae 

family have a high medicinal potential, and this 

factor can be used as a marker for genera and 

subfamilies in chemical taxonomy [3]. Different 

species of this family have been investigated in 

terms of the potential for biological activities, such 

as antiplasmodial [4], antibacterial [5, 6], anti-

inflammatory [7], and anti-diabetic activities [8].  

The genus Crucianella is a flowering plant that 

belongs to the Rubiaceae family. Iiridoids [9], 

Coumarins [10], Quinone compounds, 

triterpenoids, and flavonoids [11] are among the 

compounds that have been extracted and 

identified from this genus.  

Alkaloids as the secondary metabolites can create 

different drugs with different therapeutic effects 

[12]. The study of alkaloids extracted from the 

family (Rubiaceae) shows that different species of 

this family can be a promising source of new 

compounds with the significant medicinal effects 

[9].  

In general, medicinal plants containing alkaloids 

are widely used in traditional medicine. Some of 

them have shown anti-inflammatory, 

antibacterial, antiviral, antioxidant effects on the 

vascular diseases [10], and activity on the central 

nervous system [13]. 

Most terpene indole alkaloids are produced from 

plants of the Rubiaceae, Apocynaceae, 

Loganiaceae, and Nyssaceae families. These 

compounds can show the complexity of alkaloid 

biosynthesis. Most of the indole alkaloid 

compounds have medicinal effects, among which 

the compounds Ajmalicine (hypertension 

treatment), Yohimbine (adrenergic receptor 

blocker), Ajmaline (cardiac arrhythmia 

treatment), and Vincristine (anti-cancer) can be 

mentioned [14]. 

In addition, alkaloids in the plant can have a 

protective role and prevent it from being eaten by 

animals. However, some animals have adapted to 

eat plants containing alkaloids and even use these 

compounds in their metabolism [15]. 

Different procedures, such as electrophoresis and 

chromatography, were used for separating these 

naturally occurring biopharmaceutical products 

[16]. 

There are two rings in the structure of indole 

alkaloids, the six-membered ring of benzene, and 

the five-membered ring of pyrrole. The basic 

properties of indole alkaloids are related to the 

presence of a nitrogen atom in the structure of 

pyrrole, which leads to the therapeutic activity 

[17]. 

Concerning the richness of alkaloid compounds in 

the Rubiaceae family [18], we decided to 

investigate the alkaloid compounds of Crucianella 

sintenisii plant. So far, no report has been done on 

the extraction and identification of alkaloids in the 

Crucianella sintenisii plant. Our research started 

with the chloroform extract of the Crucianella 

sintenisii plant. The present research led to the 

isolation of 3-methyl-2-phenylindole (Scheme 2) 

as an alkaloid reported for the first time from this 

plant and the identification of its structure from 

the chloroformic extract of this species. Alkaloid 

separation was done by the medium-pressure 

liquid chromatography (MPLC). Likewise, FTIR, 

NMR, and spectrophotometer techniques were 

used to interpret the skeletal formulas of these 

isolated products [19]. 

Martials and methods  

The spectroscopic devices and the low-pressure 

liquid chromatography device used in this 

research are as follows: 

NMR: BRUKER 400MHZ spectrometer. 

FTIR: Avatar 370 FTIR Thermo Nicolet.  

ESI-MS: HP5973 Series Mass spectrometer.  

MPLC: Büchi 861 equipment (Switzerland).  

Plant material 

The aerial parts of the Crucianella sintenisii plant 

in the flowering stage were collected from the 

Derkash region of North Khorasan province, Iran, 

in May 2020. They were identified in the Plant 
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Science Research Centre of Ferdowsi University of 

Mashhad. A voucher specimen has been deposited 

in the Environmental Department of Bojnord 

Herbarium (EDBH00104) (Scheme 1). 

 

Scheme 1: The extraction steps of crude alkaloid  

Extraction and isolation of alkaloid 

The powdered (1 kg) of the Crucianella sintenisii 

plant was extracted with MeOH (2.0 L) by 

maceration method. The extraction process was 

repeated until the alkaloid test (Dragandrof's 

reagent) was negative. The methanolic extract 

was concentrated, and 270 gr of crude extract was 

obtained with a yield of 27.0%. 

The methanolic extract was diluted with the 

aqueous acetic acid 60% (pH = 2) to a volume of 

400 ml. To remove the neutral compounds, the 

extraction was done with ethyl acetate (3 × 200 

mL).  

After the removal of neutral compounds, the 

aqueous layer was alkalized with NH3 25% 

(pH=10-12), and then extracted with chloroform 

solvent (10×300 mL). The obtained crude alkaloid 

was dried at 30 °C. For MPLC analysis, 2 g of the 

crude alkaloids were dissolved in 

dichloromethane/methanol (10:1). Then, 10 µl 

were injected onto a column chromatography on 

silica gel, eluting with dichloromethane/methanol 

(10:1) to give a fraction. 

3-methyl-2-phenyl indole alkaloid 

Solid, IR (KBr) (νmax/ cm-1): 3500, 300, 3035, 3075, 

1000-1350, 1475, and 1600. EI-MS 70 eV, m/z: 

207. 1H-NMR (400 MHz, Chloroform): δ 7.01 (1H, 

m), 7.06 (1H, m), 7.37 (1H, m), 7.81 (1H, d), 7.43 

(1H, d), 7.44 (1H, m), 7.47 (1H, m), 9.34 (1H, s) 

2.42 (3H, s). 13C-NMR (100 MHz, Chloroform): δ 

136.5, 135.9, 130.4, 129.3, 127.9, 127.8, 126.0, 

122.5, 118.6, 118.7, 111.2, 109.8, 14.1. 

 Results and Discussion 

In this investigation, the aerial parts of the 

Crucianella sintenisii plant were collected from 

Darkash protected area located in North Khorasan 

province in Iran during the flowering stage in June 

2020, and then alkaloids were exhaustively 

extracted (Scheme 1).  

The crude alkaloids were extracted by CHCl3 

solvent and were subjected to MPLC. The solvent 
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system (CH2Cl2/MeOH) (10:1) was selected for 

medium-pressure liquid chromatography 

according to the best separation mode tested by 

TLC. By performing a separation step by MPLC 

device on the crude extract, one fraction was 

obtained. Finally, the pure compound weighing 29 

mg was obtained. IR (Figure 1), 1H-NMR (Figure 

2), 13C-NMR (Figure 3) and EI-MS (Figure 4) 

spectroscopic methods were used to determine 

the structure of this compound.

 

Figure 1: IR spectrum of 3-methyl-2-phenyl indole 

 

Figure 2: 1H-NMR spectrum of 3-methyl-2-phenyl indole 
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Figure 3: 13C-NMR spectrum of 3-methyl-2-phenyl indole 

 

Figure 4: Mass spectrum of 3-methyl-2-phenyl indole

The IR spectrum (Figure 1) is dominated by the 

3035 cm-1, and 3075 cm-1, and 680-1000 cm-1 

absorption bands in the spectral region 

correspond to the C-H stretching vibrations of the 

aromatic ring. The aromatic C-C bond appears as a 

single absorption band at 1595 cm-1. The 

stretching absorptions of the dual-band of the ring 

appear in pairs at 1600 cm-1 and 1475 cm-1. The 

stretching absorption of C-N appears in the area of 

1000-1350 cm-1. The N-H stretching vibration is a 

high-intensity peak by about 3500 cm-1. The 

stretching vibrations of the -CH3 group are the firm 

peaks at about 3000 cm-1. This compound was 

isolated as a colourless solid (mp 91-92 °C). The 

1H-NMR spectrum showed signals at 7.01 (1H, m), 

7.06 (1H, m), 7.37 (1H, m), 7.81 (1H, dd, J=7.3, 

1.7Hz), 7.43 (1H, dd, J=7.5, 1.6 Hz), 7.44 (1H, m), 

7.47 (1H, m) in the aromatic region , N-H at δ 9.34 

(1H, s) and methyl δ 2.42 (3H, s). 

The signals present in the 13C-NMR spectrum 

(Figure 3) were related to the aromatic ring 

carbons at δ 109.8-136.5 and the aliphatic carbons 

at δ 14.1. 

The mass spectrum (Figure 4) for this compound 

is dominated by the m/z 206 fragments as the 

base ion (C15H12N+ fragment) and the m/z 130 

fragment (-C6H5+) with very little molecular ion at 

m/z 207, corresponding to the formula of C15H13N 
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with a very little molecular ion at m/z 77, 

corresponding to the formula of -C9H8N. 

Conclusion  

Due to the importance of extracting and isolating 

alkaloids from the natural sources, a new era has 

been created in which the synthetic drugs have 

largely replaced the herbal drugs due to the 

serious side effects caused by the use of synthetic 

drugs. The chemical profile for each subfamily, as 

expressed by the occurrence of the major 

categories of the secondary metabolites (indole 

alkaloids, iridoids, triterpenes, and 

anthraquinones) is remarkably distinctive. 

Regarding the distribution of the major secondary 

metabolites in Rubiaceae, indole alkaloids are 

indicated as the main chemical markers of this 

family. Indole alkaloids occur just in families 

belonging to the Gentianales order (Loganiaceae, 

Rubiaceae, Apocynaceae, and Naucleaceae), 

where one observes monoterpene indole alkaloids 

mainly. Several studies have been conducted 

concerning their chemical compositions, showing 

that this family is a potential source of alkaloids. In 

summary, one indole alkaloid was isolated from 

Crucianella sintenisii with MPLC. Isolation and 

determination of the structure of alkaloid 3-

methyl-2-phenylindole from the Crucianella 

sintenisii are reported for the first time. According 

to the therapeutic effects of alkaloids explained in 

the introduction, the extraction and identification 

of alkaloids from plants can be of interest for the 

pharmacists and doctors. 

Acknowledgements 

The authors are grateful to Dr. Nematullahi for her 

cooperation in this research. 

Funding 

This research did not receive any specific grant 

from funding agencies in the public, commercial, 

or not-for-profit sectors. 

Authors' contributions 

All authors contributed to data analysis, drafting, 

and revising of the paper and agreed to be 

responsible for all the aspects of this work. 

Conflict of Interest 

The author declared that they have no conflict of 

interest. 

References 

[1]. Jebir R.M., Mustafa Y.F., 'Natural Products 

Catalog of Allsweet Watermelon Seeds and 

Evaluation of Their Novel Coumarins as 

Antimicrobial Candidates', Journal of Medicinal 

and Chemical Sciences, 2022, 5:831 [Crossref], 

[Google Scholar], [Publisher] 

[2]. Davis A.P., Govaerts R., Bridson D.M., 

Ruhsam M., Moat J., Brummitt N.A., A global 

assessment of distribution, diversity, endemism, 

and taxonomic effort in the Rubiaceae1, Annals of 

the Missouri Botanical Garden, 2009, 96:68 

[Crossref], [Google Scholar], [Publisher] 

[3]. Martins D., Nunez C.V., Secondary 

metabolites from Rubiaceae species, Molecules, 

2015, 20:13422 [Crossref], [Google Scholar], 

[Publisher]  

[4]. Tajbakhsh E., Kwenti T.E., Kheyri P., 

Nezaratizade S., Lindsay D.S., Khamesipour F., 

Antiplasmodial, antimalarial activities and toxicity 

of African medicinal plants: a systematic review of 

literature, Malaria Journal, 2021, 20:349 

[Crossref], [Google Scholar], [Publisher]  

[5]. Vahedi H., Lari J., Nasrabadi M., Halimi M., 

Chemical Constituents and Antimicrobial Activity 

of Crucianella sintenisii Growing Wild in Iran, 

Chemistry of Natural Compounds, 2013, 49:955 

[Crossref], [Google Scholar], [Publisher] 

[6]. Adomi P.O., Screening of the leaves of 

three Nigerian medicinal plants for antibacterial 

activity, African Journal of Biotechnology, 2008, 

7:2540 [Google Scholar], [Publisher] 

[7]. de Moura V.M., Ames F.Q., Corrêa J.G., 

Peixoto M.A., Amorim A.M., Pomini A.M., de 

Carvalho J.E., Ruiz A.L.T.G., Bersani-Amado C.A., 

Santin S.M.O., Cytotoxicity and anti-inflammatory 

effects of the extract, fractions and alkaloids from 

Palicourea minutiflora (Rubiaceae), Natural 

product research, 2021, 35:4715 [Crossref], 

[Google Scholar], [Publisher]  

[8]. Sadino A., A Review on Medicinal Plants 

with Antidiabetic Activity from Rubiaceae Family. 

International Research Journal of Pharmacy, 2018, 

9:36 [Publisher] 

https://doi.org/10.26655/JMCHEMSCI.2022.5.17
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=%27Natural+Products+Catalog+of+Allsweet+Watermelon+Seeds+and+Evaluation+of+Their+Novel+Coumarins+as+Antimicrobial+Candidates%27&btnG=
http://www.jmchemsci.com/article_147955.html
https://doi.org/10.3417/2006205
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=A+Global+Assessment+of+Distribution%2C+Diversity%2C+Endemism%2C+and+Taxonomic+Effort+in+the+Rubiaceae&btnG=
https://bioone.org/journals/annals-of-the-missouri-botanical-garden/volume-96/issue-1/2006205/A-Global-Assessment-of-Distribution-Diversity-Endemism-and-Taxonomic-Effort/10.3417/2006205.short
https://doi.org/10.3390/molecules200713422
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Secondary+Metabolites+from+Rubiaceae+Species&btnG=
https://www.mdpi.com/1420-3049/20/7/13422
https://doi.org/10.1186/s12936-021-03866-0
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Antiplasmodial%2C+antimalarial+activities+and+toxicity+of+African+medicinal+plants%3A+a+systematic+review+of+literature&btnG=
https://malariajournal.biomedcentral.com/articles/10.1186/s12936-021-03866-0
https://doi.org/10.1007/s10600-013-0792-9
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Vahedi+H.%2C+Lari+J.%2C+Nasrabadi+M.%2C+Halimi+M.%2C+Chemistry+of+Natural+Compounds%2C+2013%2C+49%3A955+&btnG=
https://link.springer.com/article/10.1007/s10600-013-0792-9
https://scholar.google.com/scholar?hl=de&as_sdt=2005&sciodt=0%2C5&cites=5984120744103131719&scipsc=&q=Screening+of+the+leaves+of+three+Nigerian+medicinal+plants+for+antibacterial+activity&btnG=
https://www.ajol.info/index.php/ajb/article/view/59084
https://doi.org/10.1080/14786419.2019.1710704
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Cytotoxicity+and+anti-inflammatory+effects+of+the+extract%2C+fractions+and+alkaloids+from+Palicourea+minutiflora+%28Rubiaceae%29&btnG=
https://www.tandfonline.com/doi/full/10.1080/14786419.2019.1710704
https://www.irjponline.com/admin/php/uploads/2987_pdf.pdf


 Nasrabadi M., et al. / J. Med. Chem. Sci. 2023, 6(4) 770-776 

776 | P a g e  

 

[9]. Adamski Z., Blythe L.L., Luigi M., BufoLinda 

S.A., Biological activities of alkaloids: from 

toxicology to pharmacology, Toxins, 2020, 12:210 

[Crossref], [Google Scholar], [Publisher]  

[10]. Heitzman M.E., Neto C.C., Winiarz E., 

Vaisberg A.J., Hammond G.B., Ethnobotany, 

phytochemistry and pharmacology of Uncaria 

(Rubiaceae), Phytochemistry, 2005, 66:5 

[Crossref], [Google Scholar], [Publisher] 

[11]. Aboul-Ela M. Flavonoids of Crucianella 
maritima L, Alex. J. Pharm. Sci, 1988, 2:1  
[12]. Kaur R., Arora S., Alkaloids-important 

therapeutic secondary metabolites of plant origin, 

Journal of Critical Reviews, 2015, 2:1 [Crossref], 

[Google Scholar], [Publisher] 

[13]. Selmi A., Zarei A., Tachoua W., Puschmann 

H., Teymourinia H., Ramazani A., Synthesis and 

Structural Analysis of a Novel Stable Quinoline 

Dicarbamic Acid: X-Ray Single Crystal Structure of 

(2-((4-((2-(Carboxy (Methyl) Amino) Ethoxy) 

Carbonyl) Quinoline-2-yl) Oxy) Ethyl)(Methyl)-

Carbamic Acid and Molecular Docking 

Assessments to Test Its Inhibitory Potential 

against SARS-CoV-2 Main Protease, Chemical 

Methodologies, 2022, 6:463 [Crossref], [Google 

Scholar], [Publisher]  

[14]. O’Connor S.E., McCoy E., Chapter One-

Terpene Indole Alkaloid Biosynthesis, Recent 

Advances in Phytochemistry, 2006, 40:1 [Crossref], 

[Google Scholar], [Publisher] 

[15]. Adejoke H.T, Louis H., Amusan O.O., 

Apebende G., A review on classes, extraction, 

purification and pharmaceutical importance of 

plants alkaloid Journal of Medicinal and Chemical 

Sciences, 2019, 2:130 [Crossref], [Google Scholar], 

[Publisher] 

[16]. Mustafa Y.F., Bashir M.K., Oglah M.K., Khalil 

R.R., Mohammed E.T., Bioactivity of some natural 

and semisynthetic coumarin derived compounds, 

NeuroQuantology, 2021, 19:129 [Crossref], 

[Google Scholar], [Publisher]  

[17]. Zhu J., Wang M., Wen W., Yu R., 

Biosynthesis and regulation of terpenoid indole 

alkaloids in Catharanthus roseus, Pharmacognosy 

reviews, 2015, 9:24 [Crossref], [Google Scholar], 

[Publisher] 

[18]. Qureshi A.K. Mukhtar M.R., Hirasawa Y., 

Hosoya T., Nugroho A.E., Morita H., Shirota O., 

Mohamad K., Hadi A.H.A., Litaudon M., Awang K., 

Neolamarckines A and B, new indole alkaloids 

from Neolamarckia cadamba, Chemical and 

Pharmaceutical Bulletin,, 2011, 59:291 [Crossref], 

[Google Scholar], [Publisher]  

[19]. Khalil R.R., Mohammed E.T., Mustafa Y.F., 

'Evaluation of In vitro Antioxidant and 

Antidiabetic Properties of Cydonia Oblonga Seeds' 

Extracts', Journal of Medicinal and Chemical 

Sciences, 2022, 5:1048 [Crossref], [Google 

Scholar], [Publisher]  

 
HOW TO CITE THIS ARTICLE 
Malihe Nasrabadi, Majid Halimi khalilabad, Hamid Soorgic, Mohabat Nadaf. Isolation and Structure Elucidation of 
Methylphenylindole Alkaloid from Crucianella Sintenisii Growing in Iran. J. Med. Chem. Sci., 2023, 6(4) 770-776 
https://doi.org/10.26655/JMCHEMSCI.2023.4.8  
URL: http://www.jmchemsci.com/article_158625.html 

 

https://doi.org/10.3390/toxins12040210
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Biological+Activities+of+Alkaloids%3A+From+Toxicology+to+Pharmacology&btnG=
https://www.mdpi.com/2072-6651/12/4/210
https://doi.org/10.1016/j.phytochem.2004.10.022
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Ethnobotany%2C+phytochemistry+and+pharmacology+of+Uncaria+%28Rubiaceae%29&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0031942204005552
https://doi.org/10.31838/jcr.02.01.01
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Alkaloids-important+therapeutic+secondary+metabolites+of+plant+origin&btnG=
http://www.jcreview.com/admin/Uploads/Files/61c722e77020b8.87584317.pdf
https://doi.org/10.22034/chemm.2022.335353.1462
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Synthesis+and+Structural+Analysis+of+a+Novel+Stable+Quinoline+Dicarbamic+Acid%3A+X-Ray+Single+Crystal+Structure+of+%282-%28%284-%28%282-%28Carboxy%28methyl%29amino%29ethoxy%29carbonyl%29+quinoline-2-yl%29oxy%29+ethyl%29+%28methyl%29-carbamic+Acid+and+Molecular+Docking+Assessments+to+Test+Its+Inhibitory+Potential+against+SARS-CoV-2+Main+Protease&btnG=
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Synthesis+and+Structural+Analysis+of+a+Novel+Stable+Quinoline+Dicarbamic+Acid%3A+X-Ray+Single+Crystal+Structure+of+%282-%28%284-%28%282-%28Carboxy%28methyl%29amino%29ethoxy%29carbonyl%29+quinoline-2-yl%29oxy%29+ethyl%29+%28methyl%29-carbamic+Acid+and+Molecular+Docking+Assessments+to+Test+Its+Inhibitory+Potential+against+SARS-CoV-2+Main+Protease&btnG=
http://www.chemmethod.com/article_148534.html
https://doi.org/10.1016/S0079-9920(06)80035-3
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Chapter+One+-+Terpene+Indole+Alkaloid+Biosynthesis&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0079992006800353?via%3Dihub
https://doi.org/10.26655/jmchemsci.2019.8.2
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=A+Review+on+Classes%2C+Extraction%2C+Purification+and+Pharmaceutical+Importance+of+Plants+Alkaloid&btnG=
http://www.jmchemsci.com/article_84206.html
https://doi.org/10.14704/nq.2021.19.6.NQ21078
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Bioactivity+of+Some+Natural+and+Semisynthetic+Coumarin+Derived+Compounds&btnG=
https://www.neuroquantology.com/article.php?id=2657
https://doi.org/10.4103/0973-7847.156323
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Biosynthesis+and+Regulation+of+Terpenoid+Indole+Alkaloids+in+Catharanthus+roseus&btnG=
https://www.phcogrev.com/article/2015/9/17/1041030973-7847156323
https://doi.org/10.1248/cpb.59.291
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Neolamarckines+A+and+B%2C+New+Indole+Alkaloids+from+Neolamarckia+cadamba&btnG=
https://www.jstage.jst.go.jp/article/cpb/59/2/59_2_291/_article
https://doi.org/10.26655/JMCHEMSCI.2022.6.18
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Evaluation+of+In+vitro+Antioxidant+and+Antidiabetic+Properties+of+Cydonia+Oblonga+Seeds%27+Extracts&btnG=
https://scholar.google.com/scholar?hl=de&as_sdt=0%2C5&q=Evaluation+of+In+vitro+Antioxidant+and+Antidiabetic+Properties+of+Cydonia+Oblonga+Seeds%27+Extracts&btnG=
http://www.jmchemsci.com/article_150108.html
https://doi.org/10.26655/JMCHEMSCI.2023.4.8

