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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfilment of 

the requirement for the degree of Doctor of Philosophy 

CHARACTERIZATION OF DPP-4 and α-AMYLASE INHIBITORS FROM 

Melicope glabra (Blume) T.G.Hartley AND Melicope latifolia (DC.) T.G.Hartley 

(RUTACEAE) FOR TYPE 2 DIABETES THERAPY 

By 

ALEXANDRA QUEK 

October 2021 

Chairman : Nur Kartinee Binti Kassim, PhD 

Faculty : Science 

Melicope glabra and Melicope latifolia are plants of Rutaceae family that can be found 

locally in Malaysia. To date, scientific reports on the phytochemicals and bioactivities 

of the two species are still limited, especially on antidiabetic activity. In this research, 

the potential antidiabetic properties and bioactive components of M. glabra and M. 

latifolia were investigated. Assay-guided isolation of phytoconstituents on M. glabra 

gave five compounds which were p-geranyl coumaric acid (49), stigmasterol (56), 

scopoletin (64), evolitrine (12), and pachypodol (68). Notably, p-geranyl coumaric acid 

(49) and evolitrine (12) were isolated for the first time from the species M. glabra.

Meanwhile, four compounds were isolated from M. latifolia namely β-sitosterol (55),

halfordin (88), methyl p-coumarate (89), and protocatechuic acid (90). Halfordin (88),

methyl p-coumarate (89), and protocatechuic acid (90) were reported from the species

M. latifolia for the first time. The chloroform extract from M. glabra leaves showed the

highest inhibition activities with the IC50 values of 169.40 ± 9.30 and 303.64 ± 10.10

μg/mL against dipeptidyl peptidase-4 (DPP-4) and α-amylase, respectively.  Among the

compounds, the highest DPP-4 inhibition was presented by scopoletin (64) followed by

pachypodol (68) with respective IC50 values of 36.34 ± 2.80 and 66.34 ± 2.30 μM.

Meanwhile, halfordin (88) from M. latifolia was the most potent α-amylase inhibitor with

an IC50 value of 195.27 ± 4.41 μM followed by stigmasterol (56) which exhibited an IC50 

value of 304.02 ± 16.20 μM. This was supported by in silico docking analysis which

revealed that scopoletin (64) exhibited the strongest binding (binding affinity of -7.3

kcal/mol) and showed the highest number of interactions with the amino acids that were

critical for DPP-4 inhibition such as Ser630, Arg125, Tyr662, Tyr666, and Glu205 while

halfordin (88) presented the highest number of interactions with critical amino acids of

α-amylase such as His305, Thr163, Asp300, Trp59, Tyr62, and Trp58 with the binding

affinity of -6.6 kcal/mol. Meanwhile, the strongest binding towards α-amylase was

showed by stigmasterol (56) (binding affinity of -10.2 kcal/mol) which mainly formed

hydrophobic interactions with the amino acids at the binding site. The in silico findings
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in combination with in vitro activities suggested scopoletin (64), pachypodol (68), 

halfordin (88), and stigmasterol (56) as potential antidiabetic agents. The in vivo 

antidiabetic investigation of M. glabra chloroform leaves extract revealed that the dose 

of 200 mg/kg showed a more pronounced antidiabetic effect as compared to the lower 

doses of 50 and 100 mg/kg by lowering the blood glucose level in diabetic rats by 25.63%. 

The increment in glucagon-like peptide-1 (GLP-1) and insulin levels observed in the 

treated diabetic rats could be attributed to the DPP-4 inhibition property of the M. glabra 

extract as shown in the in vitro analysis. In conclusion, this study exhibited the potential 

of M. glabra and M. latifolia as the sources of antidiabetic alternatives or as natural 

therapies for the management of Type 2 diabetes mellitus.  
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 

memenuhi keperluan untuk ijazah Doktor Falsafah 

KARAKTERISASI PERENCAT DPP-4 DAN α-AMILASE DARI Melicope glabra 

(Blume) T.G.Hartley DAN Melicope latifolia (DC.) T.G.Hartley (RUTACEAE) 

UNTUK TERAPI DIABETIK JENIS 2 

Oleh 

ALEXANDRA QUEK 

Oktober 2021 

Pengerusi : Nur Kartinee Binti Kassim, PhD 

Fakulti : Sains 

Melicope glabra dan Melicope latifolia adalah tumbuhan dari keluarga Rutaceae yang 

boleh ditemui secara tempatan di Malaysia. Sehingga kini, laporan saintifik mengenai 

fitokimia dan bioaktiviti kedua-dua spesies masih terhad, terutamanya mengenai aktiviti 

antidiabetik. Dalam penyelidikan ini, potensi sifat antidiabetik dan komponen bioaktif 

M. glabra dan M. latifolia telah disiasat. Pengasingan fitokonstituen berpandukan ujian

pada M. glabra memberikan lima sebatian iaitu p-geranyl asid kumarin (49), stigmasterol

(56), scopoletin (64), evolitrine (12), dan pachypodol (68). Terutama, p-geranyl asid

kumarin (49) dan evolitrine (12) telah diasingkan buat kali pertama daripada spesies M.

glabra. Manakala empat sebatian telah diasingkan daripada M. latifolia iaitu β-sitosterol

(55), halfordin (88), metil p-kumarat (89), dan asid protocatechuic (90). Halfordin (88),

metil p-kumarat (89), dan asid protocatechuic (90) dilaporkan daripada spesies M.

latifolia buat kali pertama. Ekstrak kloroform daripada daun M. glabra menunjukkan

aktiviti perencatan tertinggi dengan nilai IC50 masing-masing 169.40 ± 9.30 dan 303.64

± 10.10 μg/mL terhadap dipeptidyl peptidase-4 (DPP-4) dan α-amilase. Di antara

sebatian tersebut, perencatan DPP-4 tertinggi ditunjukkan oleh scopoletin (64) diikuti

oleh pachypodol (68) dengan nilai IC50 masing-masing 36.34 ± 2.80 dan 66.34 ± 2.30

μM. Sementara itu, halfordin (88) daripada M. latifolia merupakan perencat α-amilase

yang paling mujarab dengan nilai IC50 195.27 ± 4.41 μM diikuti stigmasterol (56) yang

menunjukkan nilai IC50 sebanyak 304.02 ± 16.20 μM. Ini disokong oleh analisis dok

siliko yang mendedahkan bahawa scopoletin (64) mempamerkan pengikatan paling kuat

(afiniti mengikat -7.3 kcal/mol) dan menunjukkan bilangan interaksi tertinggi dengan

asid amino yang kritikal untuk perencatan DPP-4 seperti Ser630, Arg125, Tyr662,

Tyr666, dan Glu205 manakala halfordin (88) mempersembahkan bilangan interaksi

tertinggi dengan asid amino kritikal α-amilase seperti His305, Thr163, Asp300, Trp59,

Tyr62, dan Trp58 dengan afiniti pengikat -6.6. kcal/mol. Sementara itu, ikatan paling

kuat terhadap α-amilase ditunjukkan oleh stigmasterol (56) (afiniti mengikat -10.2

kcal/mol) yang terutamanya membentuk interaksi hidrofobik dengan asid amino di tapak
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pengikatan. Penemuan in siliko dalam kombinasi dengan aktiviti in vitro mencadangkan 

scopoletin (64), pachypodol (68), halfordin (88), dan stigmasterol (56) sebagai agen 

antidiabetik yang berpotensi. Penyiasatan antidiabetik in vivo terhadap ekstrak daun M. 

glabra kloroform mendedahkan bahawa dos 200 mg/kg menunjukkan kesan antidiabetik 

yang lebih ketara berbanding dengan dos yang lebih rendah iaitu 50 dan 100 mg/kg 

dengan menurunkan paras glukosa darah dalam tikus diabetes dengan 25.63%. 

Peningkatan tahap glucagon-like peptide-1 (GLP-1) dan insulin yang diperhatikan dalam 

tikus diabetes yang dirawat boleh dikaitkan dengan sifat perencatan DPP-4 ekstrak M. 

glabra seperti yang ditunjukkan dalam analisis in vitro. Kesimpulannya, kajian ini 

mempamerkan potensi M. glabra dan M. latifolia sebagai sumber alternatif antidiabetik 

atau sebagai terapi semula jadi untuk pengurusan diabetes mellitus Jenis 2. 
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CHAPTER 1 

 

INTRODUCTION 

 

1.1 Research Background 

 

Natural products have played a considerable role in the prevention and treatment of 

various ailments. The use of medicinal plants as an alternative treatment against diabetes 

has been described due to the presence of their bioactive components, such as coumarins, 

flavonoids, alkaloids, terpenoids, and phenolics (Tran et al., 2020). Rutaceae species 

including Melicope lunu-ankenda, Murraya koenigii, Aegle marmelos, and Zanthoxylum 

armatum were among the plants that were scientifically reported to exhibit antidiabetic 

properties (AL-Zuaidy et al., 2017; Mudi et al., 2017; Nurdiana et al., 2015; Rynjah et 

al., 2018).  

 

 

Melicope glabra (Blume) T. G. Hartley and Melicope latifolia (DC.) T. G. Hartley are 

plants of Rutaceae family. M. glabra is an evergreen shrub or tree with the ability to 

grow up to 40 meters tall (Soepadmo, 1995). The plant can be found in Malaysia, 

Sumatra, Singapore, and Indonesia. In Malaysia, the plant is called by its local name 

“pepauh daun besar” or “tenggek burung”. The aqueous decoction of its leaves is 

traditionally used for treatment of infections, fever, and cough by the Indonesian. 

Scientifically, M. glabra was reported to contain high phenolic contents and exhibited 

antioxidant activities (Kassim et al., 2013).  

 

M. latifolia is a wild evergreen shrub that can be found in the primary and secondary 

forest of Sabah, Malaysia. The plant is also distributed in the Philippines, Indonesia, and 

Papua New Guinea. The common name of the plant is “kisampang” or “pepau”, and the 

folklores in Indonesia used the plant for the relief of cramps and fever. A scientific study 

on M. latifolia reported that the plant has antiviral properties against hepatitis C virus 

(Wahyuni et al., 2013). Previous isolation studies of M. glabra and M. latifolia afforded 

various secondary metabolites, including flavonoids, coumarins, lignans, acetophenones, 

and alkaloids (Goh et al., 1990; Kassim et al., 2013; P. C. Lim et al., 2021; Saputri et al., 

2018; Widyawaruyanti et al., 2021).  

 

Currently, diabetes mellitus has emerged as a concerning metabolic disease. The number 

of people affected by diabetes mellitus were 463 million in 2019 and the number is 

expected to increase to 700 million in 2045 (Saeedi et al., 2019). According to National 

Health Morbidity Survey (NHMS) 2019, the diabetes prevalence in Malaysia has 

increased from 13.4% in 2015 to 18.3% in 2019.  An approximated 3.9 million Malaysian 

adults aged 18 and above were diagnosed with diabetes, higher than 3.5 million in 2015 

(Institute for Public Health 2020, 2019). The prevalence of Type 2 diabetes mellitus 

(T2DM) in Malaysia was reported to be the highest in Southeast Asia (Lasano et al., 

2019).  
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Plant-based diabetic remedies have been the preferred choice of treatment in many 

developing countries due to their ease of availability, cost-effective, lesser side effects, 

and relative cultural familiarity and acceptance compared to the chemically synthesized 

drugs (Alqathama et al., 2020; Salehi et al., 2019; Tran et al., 2020). Medicinal plants 

with antioxidant activities are generally considered for the prevention of diabetes 

mellitus since oxidative stress is closely associated with the pathogenesis of T2DM. 

Phytochemicals such as coumarins, flavonoids, lignans, and phenolics have been 

reported as natural DPP-4 and α-amylase inhibitors. 

 

1.2 Problem Statement 

 

Post-prandial hyperglycemia (PPG) is one of the earliest abnormalities of T2DM and has 

garner attention for the treatment of T2DM due to its rate-limiting effect for attaining 

optimal glycemic control in patients of T2DM (Maffettone et al., 2018). Dipeptidyl 

peptidase-4 (DPP-4) and α-amylase inhibitors are the two different drugs that primarily 

target the minimization of PPG. However, diabetic patients have shown poor medication 

adherence to the currently available drugs mainly due to their side effects and cost. This 

issue has been one of the major contributing factors for poor glycemic control of diabetic 

patients which leads to morbidity and mortality (Polonsky & Henry, 2016).  

 

Despite the potential secondary metabolites of M. glabra and M. latifolia, very limited 

scientific studies were traced concerning the biological activity and bioactive compounds 

of both M. glabra and M. latifolia, especially antidiabetic. A hypothesis was made that 

M. glabra and M. latifolia could be the potential candidates for management of T2DM 

based on their previously reported antioxidant activities and phytoconstituents. 

 

As an effort in investigating the antidiabetic potential of M. glabra and M. latifolia, the 

in vitro antidiabetic assays including DPP-4 and α-amylase inhibitory assays were 

performed on the crude extracts, fractions, and isolated compounds of the plants. Assay-

guided isolation approach was adopted in this study to obtain the DPP-4 and α-amylase 

inhibitors. In silico molecular docking was used to support the findings of in vitro study 

by predicting the binding affinity and interaction patterns between the potential 

compounds and enzyme receptors. Meanwhile, supplementary in vivo studies were 

carried out to show the pharmacological effects of the active extract in a combination of 

high-fat diet and low-dose streptozotocin-induced diabetic rat model. 
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1.3 Objectives 

 

1.3.1 General Objectives 

 

The general objectives of this study were to investigate the antidiabetic potential of M. 

glabra and M. latifolia against T2DM through the inhibition of DPP-4 and α-amylase 

and to identify the bioactive compounds. 

 

1.3.2 Specific Objectives 

 

The specific objectives of this study were to: 

 

i. isolate and characterize the active constituents from the leaves of M. glabra and 

bark of M. latifolia. 

ii. evaluate the dipeptidyl peptidase-4 (DPP-4) and α-amylase enzymes inhibition 

activity of crudes, fractions, and isolated constituents from the leaves of M. 

glabra and bark of M. latifolia. 

iii. investigate the binding interaction between isolated constituents with dipeptidyl 

peptidase-4 (DPP-4) and α-amylase receptors via in silico study. 

iv. investigate the in vivo antidiabetic activity of the most active crude in high-fat 

diet and streptozotocin-induced diabetic rat model. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

 
 

173 

 

REFERENCES 

 

Abdallah, I. Z. A., Salem, I. S., & Abd El-Salam, N. A. S. (2017). Evaluation of 

Antidiabetic and Antioxidant Activity of Aegle Marmelos L. Correa Fruit Extract 

in the Diabetic Rats. The Egyptian Journal of Hospital Medicine, 67(2), 731–741. 

https://doi.org/10.12816/0037829 

Abdullah, N. H., Salim, F., & Ahmad, R. (2016). Chemical constituents of malaysian U. 

cordata var. ferruginea and their in Vitro α-glucosidase inhibitory activities. 

Molecules, 21(5). https://doi.org/10.3390/molecules21050525 

Abdullah, N., & Kasim, K. F. (2017). In-Vitro Antidiabetic Activity of Clinacanthus 

nutans Extracts. International Journal of Pharmacognosy and Phytochemical 

Research, 9(6). https://doi.org/10.25258/phyto.v9i6.8189 

Abdullahi, M., & Adeniji, S. E. (2020). In-silico Molecular Docking and 

ADME/Pharmacokinetic Prediction Studies of Some Novel Carboxamide 

Derivatives as Anti-tubercular Agents. Chemistry Africa, 3(4), 989–1000. 

https://doi.org/10.1007/s42250-020-00162-3 

Abdulmumin, T., Abdulmumin, Y., Ibrahim, A., Sarki, S., & Murtala, M. (2020). Acute 

Toxicity Study and Serum Lipids Profile of Pet-Ether Extract of Leave, Stem Bark 

and Root of Jatropha curcas in Wister Rats. Saudi Journal of Biomedical Research, 

05(03), 30–35. https://doi.org/10.36348/sjbr.2020.v05i03.001 

Ablat, A., Halabi, M. F., Mohamad, J., Hasnan, M. H. H., Hazni, H., Teh, S. huy, Shilpi, 

J. A., Mohamed, Z., & Awang, K. (2017). Antidiabetic effects of Brucea javanica 

seeds in type 2 diabetic rats. BMC Complementary and Alternative Medicine, 17(1). 

https://doi.org/10.1186/s12906-017-1610-x 

Adewoye, E. O., & Ige, A. O. (2016). Lipid Profile and Electrolyte Composition in 

Diabetic Rats Treated with Leaf Extract of Musa sapientum. Journal of Dietary 

Supplements, 13(1), 106–117. https://doi.org/10.3109/19390211.2014.965866 

Ahmad, U., & Ahmad, R. S. (2018). Anti diabetic property of aqueous extract of Stevia 

rebaudiana Bertoni leaves in Streptozotocin-induced diabetes in albino rats. BMC 

Complementary and Alternative Medicine, 18(1). https://doi.org/10.1186/s12906-

018-2245-2 

Ahmed, S., Sunil, M., Cheekavolu, C., & Alasyam, N. (2017). Evaluation of antidiabetic 

effect of Murraya koenigii leaves chloroform extract (MKLCE) in alloxan induced 

diabetic albino rats. The Pharma Innovation Journal, 6(11), 474–477. 

http://www.thepharmajournal.com 

Ajiboye, B. O., Oloyede, H. O. B., & Salawu, M. O. (2020). Antidiabetic Activity of 

Triticum aestivum Seed–Based Diet on Alloxan-Induced Diabetic Rats. Journal of 

Dietary Supplements, 17(2), 133–149. 

https://doi.org/10.1080/19390211.2018.1492485 

Akhtar, N., Jafri, L., Green, B. D., Kalsoom, S., & Mirza, B. (2018). A multi-mode 

bioactive agent isolated from Ficus microcarpa L. Fill. With therapeutic potential 

for type 2 diabetes mellitus. Frontiers in Pharmacology, 9(NOV). 



© C
OPYRIG

HT U
PM

 
 

174 

 

https://doi.org/10.3389/fphar.2018.01376 

Al-Afifi, N. A., Alabsi, A. M., Bakri, M. M., & Ramanathan, A. (2018). Acute and sub-

acute oral toxicity of Dracaena cinnabari resin methanol extract in rats. BMC 

Complementary and Alternative Medicine, 18(1). https://doi.org/10.1186/s12906-

018-2110-3 

Al-Awar, A., Kupai, K., Veszelka, M., Szucs, G., Attieh, Z., Murlasits, Z., Török, S., 

Pósa, A., & Varga, C. (2016). Experimental Diabetes Mellitus in Different Animal 

Models. Journal of Diabetes Research, 2016. 

https://doi.org/10.1155/2016/9051426 

AL-Zuaidy, M. H., Mumtaz, M. W., Hamid, A. A., Ismail, A., Mohamed, S., & Razis, 

A. F. A. (2017). Biochemical characterization and 1H NMR based metabolomics 

revealed Melicope lunu-ankenda leaf extract a potent anti-diabetic agent in rats. 

BMC Complementary and Alternative Medicine, 17(1). 

https://doi.org/10.1186/s12906-017-1849-2 

Alam, F., Islam, M. A., Kamal, M. A., & Gan, S. H. (2016). Updates on Managing Type 

2 Diabetes Mellitus with Natural Products: Towards Antidiabetic Drug 

Development. Current Medicinal Chemistry, 25(39), 5395–5431. 

https://doi.org/10.2174/0929867323666160813222436 

Alqahtani, A. S., Hidayathulla, S., Rehman, M. T., Elgamal, A. A., Al-Massarani, S., 

Razmovski-Naumovski, V., Alqahtani, M. S., El Dib, R. A., & Alajmi, M. F. 

(2020). Alpha-amylase and alpha-glucosidase enzyme inhibition and antioxidant 

potential of 3-oxolupenal and katononic acid isolated from Nuxia oppositifolia. 

Biomolecules, 10(1). https://doi.org/10.3390/biom10010061 

Alqathama, A., Alluhiabi, G., Baghdadi, H., Aljahani, L., Khan, O., Jabal, S., Makkawi, 

S., & Alhomoud, F. (2020). Herbal medicine from the perspective of type II 

diabetic patients and physicians: what is the relationship? BMC Complementary 

Medicine and Therapies, 20(1), 65. https://doi.org/10.1186/s12906-020-2854-4 

Andrade, E. L., Bento, A. F., Cavalli, J., Oliveira, S. K., Freitas, C. S., Marcon, R., 

Schwanke, R. C., Siqueira, J. M., & Calixto, J. B. (2016). Non-clinical studies 

required for new drug development – Part I: Early in silico and in vitro studies,new 

target discovery and validation,proof of principles and robustness of animal studies. 

Brazilian Journal of Medical and Biological Research, 49(11). 

https://doi.org/10.1590/1414-431X20165644 

Appelhans, M. S., Wagner, W. L., & Wood, K. R. (2014). Melicope balgooyi Appelhans, 

W.L. Wagner & K.R. Wood, a new species and new record in Melicope section 

Melicope (Rutaceae) for the Austral Islands. PhytoKeys, 2014(39), 77–86. 

https://doi.org/10.3897/phytokeys.39.7691 

Azis, H. A., Taher, M., Ahmed, A. S., Sulaiman, W. M. A. W., Susanti, D., Chowdhury, 

S. R., & Zakaria, Z. A. (2017). In vitro and In vivo wound healing studies of 

methanolic fraction of Centella asiatica extract. South African Journal of Botany, 

108, 163–174. https://doi.org/10.1016/j.sajb.2016.10.022 

Baek, N. I., Ahn, E. M., Kim, H. Y., & Park, Y. D. (2000). Furanocoumarins from the 

root of Angelica dahurica. Archives of Pharmacal Research, 23(5), 467–470. 

https://doi.org/10.1007/BF02976574 



© C
OPYRIG

HT U
PM

 
 

175 

 

Balci, M. (2005). Basic 1H- and 13C -NMR Spectrocopy. In Elsevier. 

Bansi, L., Bhise, N. B., Gidwani, R. M., Lakdawala, A. D., Joshi, K., & Patvardhan, S. 

(2005). Isolation, synthesis and biological activity of Evolitrine and analogs. 

Arkivoc, 2005(2), 77–97. http://dx.doi.org/10.3998/ark.5550190.0006.207 

Barragán-Bonilla, M. I., Mendoza-Bello, J. M., Aguilera, P., Parra-Rojas, I., Illades-

Aguiar, B., Ramírez, M., & Espinoza-Rojo, M. (2019). Combined administration 

of streptozotocin and sucrose accelerates the appearance of type 2 diabetes 

symptoms in rats. Journal of Diabetes Research, 2019. 

https://doi.org/10.1155/2019/3791061 

Berger, J. P., SinhaRoy, R., Pocai, A., Kelly, T. M., Scapin, G., Gao, Y.-D., Pryor, K. A. 

D., Wu, J. K., Eiermann, G. J., Xu, S. S., Zhang, X., Tatosian, D. A., Weber, A. E., 

Thornberry, N. A., & Carr, R. D. (2018). A comparative study of the binding 

properties, dipeptidyl peptidase-4 (DPP-4) inhibitory activity and glucose-

lowering efficacy of the DPP-4 inhibitors alogliptin, linagliptin, saxagliptin, 

sitagliptin and vildagliptin in mice. Endocrinology, Diabetes & Metabolism, 1(1), 

e00002. https://doi.org/10.1002/edm2.2 

Bhasin, J., Latt, R., Macallum, E., McCutcheon, K., Olfert, E., Rainnie, D., & Schunk, 

M. (1998). Canadian Council on Animal Care Guidelines: Choosing an 

Appropriate Endpoint in Experiments Using Animals for Research, Teaching, and 

Testing. Ottawa Ontario: CCAC.P, 15–16. 

Bjornstad, P., & Eckel, R. H. (2018). Pathogenesis of Lipid Disorders in Insulin 

Resistance: a Brief Review. Current Diabetes Reports, 18(12). 

https://doi.org/10.1007/s11892-018-1101-6 

Bonam, S. R., Manoharan, S. K., Pandy, V., Raya, A. R., Nadendla, R. R., Jagadeesan, 

M., & Babu, A. N. (2019). Phytochemical, in vitro antioxidant and in vivo safety 

evaluation of leaf extracts of Tragia plukenetii. Pharmacognosy Journal, 11(2), 

338–345. https://doi.org/10.5530/pj.2019.11.50 

Brake, K., Gumireddy, A., Tiwari, A., Chauhan, H., & Kumari, D. (2017). In vivo 

Studies for Drug Development via Oral Delivery: Challenges, Animal Models and 

Techniques. Pharmaceutica Analytica Acta, 08(09). https://doi.org/10.4172/2153-

2435.1000560 

Bruni, R., Barreca, D., Protti, M., Brighenti, V., Righetti, L., Anceschi, L., Mercolini, L., 

Benvenuti, S., Gattuso, G., & Pellati, F. (2019). Botanical sources, chemistry, 

analysis, and biological activity of furanocoumarins of pharmaceutical interest. 

Molecules, 24(11). https://doi.org/10.3390/molecules24112163 

Burns, D. C., & Reynolds, W. F. (2018). Optimizing NMR methods for structure 

elucidation : characterizing natural products and other organic compounds. RSC 

Publishing. 

Burns, D. C., & Reynolds, W. F. (2021). Minimizing the risk of deducing wrong natural 

product structures from NMR data. Magnetic Resonance in Chemistry, 59(5), 500–

533. https://doi.org/10.1002/mrc.4933 

Cecilia, O. M., Jose Alberto, C. G., Jose, N. P., Ernesto German, C. M., Ana Karen, L. 

C., Luis Miguel, R. P., Ricardo Raul, R. R., & Adolfo Daniel, R. C. (2019). 



© C
OPYRIG

HT U
PM

 
 

176 

 

Oxidative Stress as the Main Target in Diabetic Retinopathy Pathophysiology. 

Journal of Diabetes Research, 2019. https://doi.org/10.1155/2019/8562408 

Cerda-Kipper, A. S., Montiel, B. E., & Hosseini, S. (2019). Immunoassays | 

Radioimmunoassays and enzyme-linked immunosorbent assay. In Encyclopedia 

of Analytical Science (pp. 55–75). https://doi.org/10.1016/B978-0-12-409547-

2.14510-X 

Champasri, C., Phetlum, S., & Pornchoo, C. (2021). Diverse activities and biochemical 

properties of amylase and proteases from six freshwater fish species. Scientific 

Reports, 11(1). https://doi.org/10.1038/s41598-021-85258-7 

Chan, C. K. Y., Fabek, H., Mollard, R. C., Jones, P. J. H., Tulbek, M. C., Chibbar, R. N., 

Gangola, M. P., Ramadoss, B. R., Sánchez-Hernández, D., & Anderson, G. H. 

(2019). Faba bean protein flours added to pasta reduce post-ingestion glycaemia, 

and increase satiety, protein content and quality. Food and Function, 10(11), 

7476–7488. https://doi.org/10.1039/c9fo01186b 

Charles, M., Morton, C., & Kallunki, J. (1999). Phylogenetic relationships of Rutaceae: 

A cladistics analysis of the subfamilies using evidence from rbcL and atpB 

sequence variation. American Journal of Botany, 86, 1191–1199. 

https://bsapubs.onlinelibrary.wiley.com 

Chaturvedula, V. S. P., & Prakash, I. (2012). Isolation of Stigmasterol and ?-Sitosterol 

from the dichloromethane extract of Rubus suavissimus. International Current 

Pharmaceutical Journal, 1(9), 239–242. https://doi.org/10.3329/icpj.v1i9.11613 

Cherbal, A., Kebieche, M., Yilmaz, E. M., Aydoğmuş, Z., Benzaouia, L., Benguessoum, 

M., Benkedidah, M., & Madani, K. (2017). Antidiabetic and hypolipidemic 

activities of Algerian Pistachia lentiscus L. leaves extract in alloxan-induced 

diabetic rats. South African Journal of Botany, 108, 157–162. 

https://doi.org/10.1016/j.sajb.2016.10.024 

Chinsembu, K. C. (2019). Diabetes mellitus and nature’s pharmacy of putative 

antidiabetic plants. Journal of Herbal Medicine, 15. 

https://doi.org/10.1016/j.hermed.2018.09.001 

Choi, R. Y., Ham, J. R., Lee, H. I., Cho, H. W., Choi, M. S., Park, S. K., Lee, J., Kim, 

M. J., Seo, K. Il, & Lee, M. K. (2017). Scopoletin Supplementation Ameliorates 

Steatosis and Inflammation in Diabetic Mice. Phytotherapy Research, 31(11), 

1795–1804. https://doi.org/10.1002/ptr.5925 

Chuang, C., Guo, Y. W., & Chen, H. S. (2020). Corrected sodium levels for 

hyperglycemia is a better predictor than measured sodium levels for clinical 

outcomes among patients with extreme hyperglycemia. Journal of the Chinese 

Medical Association, 83(9), 845–851. 

https://doi.org/10.1097/JCMA.0000000000000407 

da Silva, L. A. L., Faqueti, L. G., Reginatto, F. H., dos Santos, A. D. C., Barison, A., & 

Biavatti, M. W. (2015). Phytochemical analysis of Vernonanthura tweedieana and 

a validated UPLC-PDA method for the quantification of eriodictyol. Revista 

Brasileira de Farmacognosia, 25(4), 375–381. 

https://doi.org/10.1016/j.bjp.2015.07.009 



© C
OPYRIG

HT U
PM

 
 

177 

 

De Bem, G. F., Costa, C. A., Santos, I. B., Cristino Cordeiro, V. da S., Marins de 

Carvalho, L. C. R., Vieira de Souza, M. A., Andrade Soares, R. de, Cunha Sousa, 

P. J. da, Ognibene, D. T., Resende, A. C., & De Moura, R. S. (2018). Antidiabetic 

effect of euterpe oleracea mart. (açaí) extract and exercise training on high-fat diet 

and streptozotocin-induced diabetic rats: A positive interaction. PLoS ONE, 13(6). 

https://doi.org/10.1371/journal.pone.0199207 

de Freitas, R. F., & Schapira, M. (2017). A Systematic Analysis of Atomic Protein-

Ligand Interactions in the PDB. BioRxiv, 136440. https://doi.org/10.1101/136440 

De MagalhÃes, D. A., Kume, W. T., Correia, F. S., Queiroz, T. S., Allebrandt Neto, E. 

W., Dos Santos, M. P., Kawashita, N. H., & De França, S. A. (2019). High-fat diet 

and streptozotocin in the induction of type 2 diabetes mellitus: A new proposal. 

Anais Da Academia Brasileira de Ciencias, 91(1). https://doi.org/10.1590/0001-

3765201920180314 

DiMeglio, L. A., Evans-Molina, C., & Oram, R. A. (2018). Type 1 diabetes. The Lancet, 

391(10138), 2449–2462. https://doi.org/10.1016/S0140-6736(18)31320-5 

Dineshkumar, B., Mitra, A., & Mahadevappa, M. (2010). Antidiabetic and 

hypolipidemic effects of mahanimbine (carbazole alkaloid) from Murraya koenigii 

(rutaceae) leaves. International Journal of Phytomedicine, 2(1), 22–30. 

https://doi.org/10.5138/ijpm.2010.0975.0185.02004 

Do, T. L. (1995). Nhung Cay Thuoc Va Vi Thuoc Viet Nam. Science and Technics 

Publication. 

Dos Santos, J. M., Tewari, S., & Mendes, R. H. (2019). The role of oxidative stress in 

the development of diabetes mellitus and its complications. Journal of Diabetes 

Research, 2019. https://doi.org/10.1155/2019/4189813 

Dubey, S., Yadav, C., Bajpeyee, A., & Singh, M. P. (2020). Effect of pleurotus fossulatus 

aqueous extract on biochemical properties of liver and kidney in streptozotocin-

induced diabetic rat. Diabetes, Metabolic Syndrome and Obesity: Targets and 

Therapy, 13, 3035–3046. https://doi.org/10.2147/DMSO.S265798 

Evaristus, N. A., Wan Abdullah, W. N., & Gan, C. Y. (2018). Extraction and 

identification of α-amylase inhibitor peptides from Nephelium lappacheum and 

Nephelium mutabile seed protein using gastro-digestive enzymes. Peptides, 102, 

61–67. https://doi.org/10.1016/j.peptides.2018.03.001 

Fahed, M., Abou Jaoudeh, M. G., Merhi, S., Mosleh, J. M. B., Ghadieh, R., Ghadieh, R., 

Al Hayek, S., Al Hayek, S., & El Hayek Fares, J. E. (2020). Evaluation of risk 

factors for insulin resistance: A cross sectional study among employees at a private 

university in Lebanon. BMC Endocrine Disorders, 20(1). 

https://doi.org/10.1186/s12902-020-00558-9 

Fang, J. Y., Lin, C. H., Huang, T. H., & Chuang, S. Y. (2019). In vivo rodent models of 

type 2 diabetes and their usefulness for evaluating flavonoid bioactivity. Nutrients, 

11(3). https://doi.org/10.3390/nu11030530 

Fernando, F., Irawan, M. I., & Fadlan, A. (2019). Bat Algorithm for Solving Molecular 

Docking of Alkaloid Compound SA2014 Towards Cyclin D1 Protein in Cancer. 

Journal of Physics: Conference Series, 1366(1). https://doi.org/10.1088/1742-



© C
OPYRIG

HT U
PM

 
 

178 

 

6596/1366/1/012089 

Ferreira De Freitas, R., & Schapira, M. (2017). A systematic analysis of atomic protein-

ligand interactions in the PDB. MedChemComm, 8(10), 1970–1981. 

https://doi.org/10.1039/c7md00381a 

Galaviz, K. I., Narayan, K. M. V., Lobelo, F., & Weber, M. B. (2018). Lifestyle and the 

Prevention of Type 2 Diabetes: A Status Report. American Journal of Lifestyle 

Medicine, 12(1), 4–20. https://doi.org/10.1177/1559827615619159 

Galicia-Garcia, U., Benito-Vicente, A., Jebari, S., Larrea-Sebal, A., Siddiqi, H., Uribe, 

K. B., Ostolaza, H., & Martín, C. (2020). Pathophysiology of type 2 diabetes 

mellitus. International Journal of Molecular Sciences, 21(17), 1–34. 

https://doi.org/10.3390/ijms21176275 

Gao, F., Fu, Y., Yi, J., Gao, A., Jia, Y., & Cai, S. (2020). Effects of different dietary 

flavonoids on dipeptidyl peptidase-IV activity and expression: Insights into 

structure-activity relationship. Journal of Agricultural and Food Chemistry, 

68(43), 12141–12151. https://doi.org/10.1021/acs.jafc.0c04974 

Geng, Y., Lu, Z. M., Huang, W., Xu, H. Y., Shi, J. S., & Xu, Z. H. (2013). Bioassay-

guided isolation of DPP-4 inhibitory fractions from extracts of submerged cultured 

of Inonotus obliquus. Molecules, 18(1), 1150–1161. 

https://doi.org/10.3390/molecules18011150 

George, S., Nair, S. A., Johnson, A. J., Venkataraman, R., & Baby, S. (2015). O-

prenylated flavonoid, an antidiabetes constituent in Melicope lunu-ankenda. 

Journal of Ethnopharmacology, 168, 158–163. 

https://doi.org/10.1016/j.jep.2015.03.060 

George, S., Nair, S. A., Venkataraman, R., & Baby, S. (2015). Chemical composition, 

antibacterial and anticancer activities of volatile oil of Melicope denhamii leaves. 

Natural Product Research, 29(20), 1959–1962. 

https://doi.org/10.1080/14786419.2015.1013471 

Gilbert, M. P., & Pratley, R. E. (2020). GLP-1 Analogs and DPP-4 Inhibitors in Type 2 

Diabetes Therapy: Review of Head-to-Head Clinical Trials. Frontiers in 

Endocrinology, 11. https://doi.org/10.3389/fendo.2020.00178 

Goh, S. H., Chung, V. C., Sha, C. K., & Mak, T. C. W. (1990). Monoterpenoid 

phloroacetophenones from Euodia latifolia. Phytochemistry, 29(5), 1704–1706. 

https://doi.org/10.1016/0031-9422(90)80154-9 

Gomez-Peralta, F., Abreu, C., Gomez-Rodriguez, S., Barranco, R. J., & Umpierrez, G. 

E. (2018). Safety and Efficacy of DPP4 Inhibitor and Basal Insulin in Type 2 

Diabetes: An Updated Review and Challenging Clinical Scenarios. Diabetes 

Therapy, 9(5), 1775–1789. https://doi.org/10.1007/s13300-018-0488-z 

Guenter, H. (2013). NMR Spectroscopy: Basic Principles, Concepts and Applications in 

Chemistry, 3rd Edition (3rd Editio). Wiley-VCH. 

Guo, X. xuan, Wang, Y., Wang, K., Ji, B. ping, & Zhou, F. (2018). Stability of a type 2 

diabetes rat model induced by high-fat diet feeding with low-dose streptozotocin 

injection. Journal of Zhejiang University: Science B, 19(7), 559–569. 



© C
OPYRIG

HT U
PM

 
 

179 

 

https://doi.org/10.1631/jzus.B1700254 

Guzman, J. D., Mortazavi, P. N., Munshi, T., Evangelopoulos, D., McHugh, T. D., 

Gibbons, S., Malkinson, J., & Bhakta, S. (2014). 2-Hydroxy-substituted cinnamic 

acids and acetanilides are selective growth inhibitors of Mycobacterium 

tuberculosis. MedChemComm, 5(1), 47–50. https://doi.org/10.1039/c3md00251a 

Hartley, T. (1981). Revision of the Genus tetradium (Rutaceae). Gardens Bulletin 

Singapore, 34, 91–131. https://doi.org/10.2307/3754466 

Hartley, T. (1994). The genus Melicope (Rutaceae) in Borneo. Sandakania. 

Hartley, T. (2001). On the Taxonomy and Biogeography of Euodia and Melicope 

(Rutaceae). Allertonia, 8(1), 1–139. https://www.jstor.org/stable/23189298 

Hazarika, I., Geetha, K. M., Sundari, P. S., & Madhu, D. (2019). Acute oral toxicity 

evaluation of extracts of Hydrocotyle sibthorpioides in wister albino rats as per 

OECD 425 TG. Toxicology Reports, 6, 321–328. 

https://doi.org/10.1016/j.toxrep.2019.04.001 

Hershon, K. S., Hirsch, B. R., & Odugbesan, O. (2019). Importance of Postprandial 

Glucose in Relation to A1C and Cardiovascular Disease. Clinical Diabetes. 

https://doi.org/10.2337/cd18-0040 

Hiyoshi, T., Fujiwara, M., & Yao, Z. (2019). Postprandial hyperglycemia and 

postprandial hypertriglyceridemia in type 2 diabetes. Journal of Biomedical 

Research, 33(1), 1–16. https://doi.org/10.7555/JBR.31.20160164 

Ho, J., Easton, C. J., & Coote, M. L. (2010). The distal effect of electron-withdrawing 

groups and hydrogen bonding on the stability of peptide enolates. Journal of the 

American Chemical Society, 132(15), 5515–5521. 

https://doi.org/10.1021/ja100996z 

Holst, J. J. (2019). The incretin system in healthy humans: The role of GIP and GLP-1. 

Metabolism: Clinical and Experimental, 96, 46–55. 

https://doi.org/10.1016/j.metabol.2019.04.014 

Horowitz, S., & Trievel, R. C. (2012). Carbon-oxygen hydrogen bonding in biological 

structure and function. Journal of Biological Chemistry, 287(50), 41576–41582. 

https://doi.org/10.1074/jbc.R112.418574 

Hou, H., Wang, Y., Li, C., Wang, J., & Cao, Y. (2020). Dipeptidyl Peptidase-4 Is a Target 

Protein of Epigallocatechin-3-Gallate. BioMed Research International, 2020. 

https://doi.org/10.1155/2020/5370759 

Huong, D. T., Luong, D. V., Thao, T. T. P., & Sung, T. Van. (2005). A new flavone and 

cytotoxic activity of flavonoid constituents isolated from Miliusa balansae 

(Annonaceae). Pharmazie, 60(8), 627–629. 

https://doi.org/10.1002/chin.200550192 

Hur, K. Y. (2019). New diagnostic criteria for gestational diabetes mellitus and 

pregnancy outcomes in Korea. Diabetes and Metabolism Journal, 43(6), 763–765. 

https://doi.org/10.4093/dmj.2019.0247 

Ighodaro, O. M., Adeosun, A. M., & Akinloye, O. A. (2017). Alloxan-induced diabetes, 



© C
OPYRIG

HT U
PM

 
 

180 

 

a common model for evaluating the glycemic-control potential of therapeutic 

compounds and plants extracts in experimental studies. Medicina (Lithuania), 

53(6), 365–374. https://doi.org/10.1016/j.medici.2018.02.001 

Institute for Public Health 2020. (2019). National Health and Morbidity Survey (NHMS) 

2019: Non-Communicable Diseases, Healthcare Demand, and Health Literacy - 

Key Findings. In Institute for Public Health, National Institutes of Health (NIH), 

Ministry of Health Malaysia (Vol. 1). http://www.iku.gov.my/nhms-2019 

International Diabetes Federation. (2019). IDF Diabetes Atlas 9th edition 2019. 

https://www.diabetesatlas.org/en/ 

Ishak, N. A., Ismail, M., Hamid, M., Ahmad, Z., & Abd Ghafar, S. A. (2013). 

Antidiabetic and hypolipidemic activities of Curculigo latifolia fruit:Root extract 

in high fat fed diet and low dose STZ induced diabetic rats. Evidence-Based 

Complementary and Alternative Medicine, 2013. 

https://doi.org/10.1155/2013/601838 

Ito, C., Matsui, T., Tokuda, H., Tan, H. T. W., & Itoigawa, M. (2017). Cancer 

chemopreventive constituents from Melicope lunu-ankenda. Phytochemistry 

Letters, 20, 172–176. https://doi.org/10.1016/j.phytol.2017.04.028 

Jang, J. H., Park, J. E., & Han, J. S. (2018). Scopoletin inhibits α-glucosidase in vitro 

and alleviates postprandial hyperglycemia in mice with diabetes. European 

Journal of Pharmacology, 834, 152–156. 

https://doi.org/10.1016/j.ejphar.2018.07.032 

Jiang, Y., Wang, Z., Ma, B., Fan, L., Yi, N., Lu, B., Wang, Q., & Liu, R. (2018). GLP-1 

improves adipocyte insulin sensitivity following induction of endoplasmic 

reticulum stress. Frontiers in Pharmacology, 9. 

https://doi.org/10.3389/fphar.2018.01168 

Jomová, K., Hudecova, L., Lauro, P., Simunkova, M., Alwasel, S. H., Alhazza, I. M., & 

Valko, M. (2019). A switch between antioxidant and prooxidant properties of the 

phenolic compounds myricetin, morin, 3’,4’-dihydroxyflavone, taxifolin and 4-

hydroxy-coumarin in the presence of copper(II) ions: A spectroscopic, absorption 

titration and DNA damage study. Molecules, 24(23). 

https://doi.org/10.3390/molecules24234335 

Kahanovitz, L., Sluss, P. M., & Russell, S. J. (2017). Type 1 diabetes-a clinical 

perspective. Point of Care, 16(1), 37–40. 

https://doi.org/10.1097/POC.0000000000000125 

Kalhotra, P., Chittepu, V. C. S. R., Osorio-Revilla, G., & Gallardo-Velázquez, T. (2019). 

Discovery of galangin as a potential DPP-4 inhibitor that improves insulin-

stimulated skeletal muscle glucose uptake: A combinational therapy for diabetes. 

International Journal of Molecular Sciences, 20(5). 

https://doi.org/10.3390/ijms20051228 

Kalin, M. F., Goncalves, M., John-Kalarickal, J., & Fonseca, V. (2017). Pathogenesis of 

type 2 diabetes mellitus. In Principles of Diabetes Mellitus: Third Edition (pp. 

267–277). https://doi.org/10.1007/978-3-319-18741-9_13 

Kassim, N. K., Rahmani, M., Ismail, A., Sukari, M. A., Ee, G. C. L., Nasir, N. M., & 



© C
OPYRIG

HT U
PM

 
 

181 

 

Awang, K. (2013). Antioxidant activity-guided separation of coumarins and lignan 

from Melicope glabra (Rutaceae). Food Chemistry, 139(1–4), 87–92. 

https://doi.org/10.1016/j.foodchem.2013.01.108 

Kautzky-Willer, A., Harreiter, J., Winhofer-Stöckl, Y., Bancher-Todesca, D., Berger, A., 

Repa, A., Lechleitner, M., & Weitgasser, R. (2019). Gestationsdiabetes (GDM) 

(Update 2019). Wiener Klinische Wochenschrift, 131, 91–102. 

https://doi.org/10.1007/s00508-018-1419-8 

Khamis, M., Talib, F., Rosli, N. S., Dharmaraj, S., Mohd, K. S., Srenivasan, S., Latif, Z. 

A., & Mahadeva Rao, U. S. (2015). In vitro α-amylase and α-glucosidase inhibition 

and increased glucose uptake of morinda citrifolia fruit and scopoletin. Research 

Journal of Pharmacy and Technology, 8(2), 189–193. 

https://doi.org/10.5958/0974-360X.2015.00034.7 

Khan, M. A. B., Hashim, M. J., King, J. K., Govender, R. D., Mustafa, H., & Kaabi, J. 

Al. (2020). Epidemiology of Type 2 diabetes - Global burden of disease and 

forecasted trends. Journal of Epidemiology and Global Health, 10(1), 107–111. 

https://doi.org/10.2991/JEGH.K.191028.001 

Kim, B. R., Kim, H. Y., Choi, I., Kim, J. B., Jin, C. H., & Han, A. R. (2018). DPP-IV 

inhibitory potentials of flavonol glycosides isolated from the seeds of lens culinaris: 

In vitro and molecular docking analyses. Molecules, 23(8). 

https://doi.org/10.3390/molecules23081998 

Kind, T., & Fiehn, O. (2007). Seven Golden Rules for heuristic filtering of molecular 

formulas obtained by accurate mass spectrometry. BMC Bioinformatics, 8, 105. 

https://doi.org/10.1186/1471-2105-8-105 

Kirino, Y., Sato, Y., Kamimoto, T., Kawazoe, K., Minakuchi, K., & Nakahori, Y. (2009). 

Interrelationship of dipeptidyl peptidase IV (DPP4) with the development of 

diabetes, dyslipidaemia and nephropathy: A streptozotocin-induced model using 

wild-type and DPP4-deficient rats. Journal of Endocrinology, 200(1), 53–61. 

https://doi.org/10.1677/JOE-08-0424 

Klebe, G. (2015). Protein-ligand interactions as the basis for drug action. Multifaceted 

Roles of Crystallography in Modern Drug Discovery, 83–92. 

https://doi.org/10.1007/978-94-017-9719_7 

Kleinert, M., Clemmensen, C., Hofmann, S. M., Moore, M. C., Renner, S., Woods, S. 

C., Huypens, P., Beckers, J., De Angelis, M. H., Schürmann, A., Bakhti, M., 

Klingenspor, M., Heiman, M., Cherrington, A. D., Ristow, M., Lickert, H., Wolf, 

E., Havel, P. J., Müller, T. D., & Tschöp, M. H. (2018). Animal models of obesity 

and diabetes mellitus. Nature Reviews Endocrinology, 14(3), 140–162. 

https://doi.org/10.1038/nrendo.2017.161 

Kostal, J. (2016). Computational Chemistry in Predictive Toxicology: status quo et quo 

vadis? In Advances in Molecular Toxicology (Vol. 10, pp. 139–186). 

https://doi.org/10.1016/B978-0-12-804700-2.00004-0 

Kotb El-Sayed, M. I., Al-Massarani, S., El Gamal, A., El-Shaibany, A., & Al-Mahbashi, 

H. M. (2020). Mechanism of antidiabetic effects of Plicosepalus Acaciae flower in 

streptozotocin-induced type 2 diabetic rats, as complementary and alternative 

therapy. BMC Complementary Medicine and Therapies, 20(1). 



© C
OPYRIG

HT U
PM

 
 

182 

 

https://doi.org/10.1186/s12906-020-03087-z 

Kulkarni, S., Gupta, P., & Pallavi, A. (2016). Investigation of Enzymes Binding to 

“Voglibose- an Antidiabetic Drug” and the Choice of Enzyme to be Used for 

Biosensing. British Journal of Pharmaceutical Research, 14(3), 1–10. 

https://doi.org/10.9734/bjpr/2016/30369 

Kumar, S., Kumar, V., & Prakash, O. (2013). Enzymes inhibition and antidiabetic effect 

of isolated constituents from Dillenia indica. BioMed Research International, 2013. 

https://doi.org/10.1155/2013/382063 

Kurup, S. B., & Mini, S. (2017). Averrhoa bilimbi fruits attenuate hyperglycemia-

mediated oxidative stress in streptozotocin-induced diabetic rats. Journal of Food 

and Drug Analysis, 25(2), 360–368. https://doi.org/10.1016/j.jfda.2016.06.007 

Lalitha, N., Sadashivaiah, B., Ramaprasad, T. R., & Singh, S. A. (2020). Anti-

hyperglycemic activity of myricetin, through inhibition of DPP-4 and enhanced 

GLP-1 levels, is attenuated by co-ingestion with lectin-rich protein. PLoS ONE, 

15(4). https://doi.org/10.1371/journal.pone.0231543 

Lankatillake, C., Huynh, T., & Dias, D. A. (2019). Understanding glycaemic control and 

current approaches for screening antidiabetic natural products from evidence-

based medicinal plants. Plant Methods, 15(1). https://doi.org/10.1186/s13007-

019-0487-8 

Lasano, N. F., Hamid, A. H., Karim, R., Dek, M. S. P., Shukri, R., & Ramli, N. S. (2019). 

Nutritional Composition, Anti-Diabetic Properties and Identification of Active 

Compounds Using UHPLC-ESI-Orbitrap-MS/MS in Mangifera odorata L. Peel 

and seed kernel. Molecules, 24(2). https://doi.org/10.3390/molecules24020320 

Lavergne, R. (1999). Le grand livre des tisaneurs et plantes médicinales indigènes l’île 
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