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NOESY Nuclear overhauser effect spectroscopy 

NPH Neutral protamine Hagedorn 

PERK PRKR-like ER kinase  

PFA  Paraformaldehyde 

PI3K Phosphatidylinositol 3-kinase  

PKCs Protein kinase C  

pNPG p-Nitrophenyl-α-D-glucopyranoside  

PPAR Peroxisome proliferator-activated receptors  

ROS Reactive oxygen species  

SGLT2 Sodium-glucose co-transporter 2  

SOCS Cytokine signalling suppressors  

STZ Streptozotocin  

T2D Type 2 Diabetes  

TH1 T helper 1  

TLRs Toll-like receptors  

TZDs Thiazolidinediones 

UPR Unfolded protein response  

WHO World Health Organisation  
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Abstract 
Plants have provided novel compounds to develop drugs against various diseases, including 

Type 2 Diabetes (T2D). It is characterised by hyperglycaemia due to insulin resistance and 

insufficient insulin release, or both of them. This project aimed to identify novel antidiabetic 

compound/s or novel antidiabetic activities of known compounds isolated from two medicinal 

plants, Andrographis paniculata (A. paniculata) and Clerodendrum viscosum (C. viscosum).  

A. paniculata crude extract was fractioned into acidic (APFA), basic (APFB), and neutral 

fractions (APFN). A total of three pure ent-labdane diterpenoids were isolated from APFN, and 

they are known andrographolide (A1) and 14-deoxyandrographolide (D1), and new 

(3S),(4R),(5S),(9R),(10R)-14-deoxy-11,12-didehydroandrographolide (D2). Other sub-

fractions of APFN were subjected to further separation; however, no pure compounds were 

isolated from sub-fractions due to lack of purity and time constrain. APFA (0.131 g) and APFB 

(0.2057 g) were not feasible for purification to yield sufficient pure compounds for structural 

elucidation and biological assays. 

All the three crude fractions and three pure compounds have been subjected to insulin-mediated 

glucose uptake assay in 3T3-L1 adipocytes. APFA significantly enhanced the glucose uptake 

by approximately 82% at 25 µg/ml; however, at 2.5 µg/ml, it failed to enhance glucose uptake 

significantly. At 10 and 100 µg/ml, APFB significantly enhanced the glucose uptake by 51% 

and 82%, respectively, whereas APFN significantly enhanced glucose uptake by 29% and 78%. 

Of the three pure compounds, A1 at 1 µM significantly enhanced the glucose uptake by 

approximately 38%; however, no significate uptake found at 10 µM. Both D1 and D2 

significantly enhanced glucose uptake by approximately 45% and 65% at 1 µM and 10 µM, 

respectively.  

The lipid accumulation study by Oil Red O staining reflected that APFA, AFFB, and APFN 

significantly increased lipids in 3T3-L1 adipocytes. APFA increased lipids by increasing the 

size of adipocytes (11% and 13% at 2.5 and 25 µg/ml, respectively), and APFB increased lipids 

by increasing the size of adipocytes by about 10% at both 10 and 100 µg/ml. APFN increased 

lipids by significantly increasing the size of adipocytes (9.17% at 10 µg/ml); however, it did 

not show any significant change at 100 µg/ml. A1 increased lipids by increasing the size of 

adipocytes by 9% at 10 µM without significant change at 1 µM. Increasing the number of new 

small adipocytes and adiponectin might increase lipid accumulation and increase glucose 

uptake. APFA, AFFB, and APFN, and A1 might increase glucose uptake following this 

mechanism. At both 1 and 10 µM, D1 decreased lipids by decreasing the size of adipocytes by 
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about 10% and the number of LDs by about 27%. D2 decreased lipids by decreasing the size 

of adipocytes by about 11% and the diameter of LDs by about 39% at both 1 and 10 µM. The 

decrease of lipid accumulation by D1 and D2 might increase glucose uptake by decreasing the 

level of free fatty acids, triglycerides, and adiponectin. None of the crude fractions of A. 

paniculata and pure compounds showed significant inhibition of the α-glucosidase enzyme. 

APFA, APFB, APFN, and A1 could control blood glucose levels by increasing glucose uptake 

and lipid accumulation. However, D1 and D2 may control blood glucose levels by increasing 

glucose uptake and decreasing lipid accumulation.  

Three crude fractions of C. viscosum were fractioned into acidic (CVFA), basic (CVFB), and 

neutral fractions (CVFN) and subjected to insulin-mediated glucose uptake assay in 3T3-L1. 

CVFA was found to significantly increase glucose uptake by 30% and 46% at 10 µg/ml and 

100 µg/ml, respectively, whereas CVFB significantly enhanced glucose uptake similar to 

CVFA, by 40% and 49% at 10 µg/ml and 100 µg/ml, respectively. The CVFN significantly 

improved glucose uptake by 56% and 52% at 10 µg/ml and 100 µg/ml, respectively.  

The result of the lipid accumulation study showed that CVFB could not change the size of 3T3-

L1 adipocytes, number, and dimeter of LDs/cell significantly. At 10 and 100 µg/ml, CVFA 

only significantly reduced LDs diameter by 38% and 49%, respectively, without significant 

change in the size of adipocytes and number of LDs/cell. CVFN significantly increased the 

number of LDs by 44.3% at 10 µg/ml. Overall, CVFA might increase glucose uptake by 

decreasing lipid accumulation, which might be due to the decrease of fatty acids or 

triglycerides. CVFN might increase glucose uptake by increasing lipid accumulation due to 

increased adiponectin and small new adipocytes. 

No pure compounds were separated from either of the three fractions of C. viscosum. The 

phytochemicals in the crude extract of C. viscosum might undergo decomposition during the 

preparation of the crude extract or long duration of storage in refrigeration. Therefore, these 

results should be considered very preliminary, which requires further investigation. 

In summary, two known compounds (A1 and D1) and a new compound (D2) have been 

separated from A. paniculata. This research demonstrated controlling blood glucose levels by 

APFN, which could justify the ethnopharmacological use of A. paniculata. Moreover, A1, D1, 

and D2 could serve as a novel treatment against T2D by increasing glucose uptake in 3T3-L1 

cells at the low dose of 1 µM. Especially, D1 and D2 could be better therapy as they may 

control blood glucose levels by increasing glucose uptake and decreasing lipid accumulation. 

 

 


	Title Page
	Certificate of Original Authorship
	Acknowledgements
	Impact of Covid-19 on Research
	Table of Content
	List of Figures
	List of Tables
	List of Abbreviations
	Abstract



