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ABSTRACT 
Wild bi�er gourd (Momordica charan�a var. abbreviata Ser.) shows diverse pharmacological effects, 
especially containing many phytocompounds with poten�al an�diabe�c ac�vity. Forty-one bioac�ve 
compounds were screened for an�diabe�c ac�vity through the inhibi�on of DPP4 (dipep�dyl pep�dase 4) 
by molecular docking with AutoDock Vina so�ware. Momordicoside T (-10.1 Kcal/mol), Momordicoside B 
(-9.9 Kcal/mol), Momordicoside F1 (-9.8 Kcal/mol), and Momordicoside I (-9.7 Kcal/mol) showed the 
strongest interac�on with the DPP4 target compared to co-crystallized ligand and reference drug 
Vildaglip�n (-6.9 Kcal/mol). These Momordicosides formed many strong hydrogen bonds at the DPP4 
ac�ve site. In par�cular, Momordicoside T established the most hydrogen bonds with bond lengths ranging 
from 1.92-2.94 Å. The structure linked with sugar moie�es increased the hydrogen bond forma�on and 
binding affinity of these phytocompounds with DPP4. Therefore, these compounds could be poten�al 
molecules to develop new an�diabe�c drugs on DPP4.
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Wild bi�er gourd (Momordica charan�a var. 
abbreviata Ser.) belongs to the Cucurbitaceae family 
and is a climbing plant that grows in tropical and 
subtropical regions. According to Oriental medicine, 
wild bi�er gourd (WBG) has a cold property, a bi�er 
taste, and no toxicity. Therefore, WBG exhibits 
detoxifying, an�-inflammatory, heat-clearing, 
phlegm-reducing, and cough-reducing effects. 
Various biological ac�vi�es of WBG have been 
reported such as hypoglycemic, an�bacterial, 
an�viral, an�tumor, immunomodulatory, an�-
oxidant, anthelmin�c, an�pyre�c, an�coagulant, 
liver protec�on, and an�-inflammatory [1]. Around 
the world, oral tablets from WBG fruit extract have 
been produced for weight loss and blood sugar 
stabiliza�on.

Many studies have documented the hypo-
glycemic effect of bi�er melon extracts and some 
ac�ve ingredients through in vitro tests [2-4]. 
Besides, DPP4 (dipep�dyl pep�dase 4) is a 
common enzyme expressed on the surface of 

most cell types with the func�on of inac�va�ng 
many types of biologically ac�ve pep�des such as 
glucose-dependent insulinotropic polypep�de 
and g lucagon- l ike pep�de-1.  Therefore, 
inhibi�on of DPP4 may affect glucose regula�on 
through mul�ple effects [5, 6]. Medicines in the 
DPP4 inhib i tor c lass inc lude s i tag l ip�n, 
saxaglip�n, linaglip�n, and aloglip�n. However, 
research data on the mechanism of ac�on of the 
ac�ve ingredients of WBG on DPP4 are also 
limited. Therefore, this in silico study aimed to 
iden�fy ac�ve ingredients with strong or 
poten�al effects on the DPP4 target for 
an�diabe�c ac�vity of WBG.

2. METHOD
2.1. Ligand prepara�on
The structures of the ac�ve ingredients of WBG 
were downloaded from the PubChem database of 
NLM (Na�onal Library of Medicine). The structure 
of new ligands was drawn in ChemBioDraw Ultra 
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19. The energy of these ligands was minimized 
using ChemBio3D Ultra 19 so�ware [7, 8]. 

2.2. Protein prepara�on 
The protein molecule of dipep�dyl pep�dase 4 
(DPP4, PDB ID: 6B1E) was retrieved from the 

protein data bank (rcsb.org) (Figure 1). All the 
water molecules were removed from the DPP4 
target. Then, DDP4 was added to only polar 
hydrogen and Kollman charges. The grid box for 
docking simula�ons was set by AutoDock tools 
(Table 1) [9, 10]. 

2.3. Molecular docking
All the minimiza�ons were performed by 
AutoDock Vina docking simula�on protocol with 
AMBER force field and the par�al charges were 
automa�cally calculated. The search algorithm of 
AutoDock Vina is a Monte-Carlo iterated search 
combined with the BFGS17 gradient-based 
op�mizer,  which comprises itera�ons of 
sampling, scoring, and op�miza�on. AutoDock 
Vina actually uses a united-atom scoring func�on 
(one that involves only the heavy atoms) that 
combines knowledge-based and empiric scoring 
func�on features as well as supports the 
AutoDock4.2 scoring func�on [11]. Besides, 
AutoDock Vina was compiled and run under 
Windows 10.0 Professional opera�ng system. The 

pictorial representa�on of the interac�on 
between the ligands and the target protein was 
performed by BIOVIA Discovery Studio 2021 
so�ware [10, 11].

3. RESULTS AND DISCUSSION
The phytocompounds of WBG were screened and 
assembled through published in vitro and in vivo 
studies [2-4]. The results showed that 41 bioac�ve 
compounds of WBG with hypoglycemic poten�als 
were iden�fied for the interac�on study on the 
DPP4 target compared to the an�diabe�c drug 
and co-crystallized ligand for op�mal structure 
determina�on (Table 2). The docking results of 
the receptor-ligand interac�on are shown in Table 
2 and 3 and Figure 2-4.

Table 1. Grid box parameters for DPP4 target

DPP4 - dipep�dyl pep�dase 4, exhaus�veness = 8, num modes = 10, energy range = 4

Target 
Size Center 

x y z x y z 

DPP4 40 40 40 38.8930 50.9776 36.6248 

 

1 Momordicoside T -10.1  22 Karaviloside X -8.7 

Entry Phytocompound 
Affinity 

(Kcal/mol) 
 Entry Phytocompound 

Affinity 
(Kcal/mol) 

2 Momordicoside B -9.9  23 Momordicoside A -8.7 

3 Momordicoside F1 -9.8  24 Momordicoside R* -8.7 

4 Momordicoside I -9.7  25 MC2 -8.7 

5 Kuguaglycoside G -9.5  26 25-O-methylkaraviagenin D -8.7 

Figure 1. Structure and ac�ve site of DPP4 receptor

Table 2. The binding affinity of ligands with DPP4 target
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Phytocompounds of WBG showed strong 
interac�ons with DPP4 with an affinity between -
7.2 and -10.1 Kcal/mol. In par�cular, all bioac�ve 
compounds showed be�er affinity than the 
reference drug Vildaglip�n (-6.9 Kcal/mol). 
Momordicoside T (-10.1 Kcal/mol), Momordicoside 
B (-9.9 Kcal/mol), Momordicoside F1 (-9.8 
Kcal/mol), and Momordicoside I (-9.7 Kcal/mol) 

showed the strongest interac�on with the DPP4 
target compared to the co-crystallized ligand and 
reference drug Vildaglip�n. The structures of these 
compounds are shown in Figure 3. These poten�al 
compounds are glycosides with structures a�ached 
to sugar moie�es, especially β-D-glucose (Figure 2). 
This may be the reason for increased interac�on at 
the ac�ve site of DPP4.

6 Momordicilin -9.4  27 Momordicoside F2 -8.6 

7 Momordicoside Q -9.4  28 Momordicoside L -8.6 

8 Karaviloside XI -9.3  29 Karaviloside XI* -8.6 

9 Momordicoside D -9.3  30 MC3 -8.6 

10 Momordicoside S -9.3  31 Momordicoside K -8.5 

11 Momordicin -9.2  32 Momordicoside G -8.3 

12 Momordicoside E -9.2  33 Charantoside IX -8.3 

13 S�gmasterol glucoside -9.1  34 Momordicine I -8.2 

14 Momorcharaside B -9.0  35 Momordicoside U -8.2 

15 β-Sitosterol-D-glucoside -8.9  36 Karaviloside II -8.2 

16 Momordicoside C -8.9  37 Momordicoside S* -8.1 

17 β-Sitosterol-β-D-glucoside -8.8  38 S�gmasterol -7.9 

18 (-)-Momordenol -8.8  39 β-Sitosterol -7.9 

19 Momordicoside U* -8.8  40 Momordicoside R -7.9 

20 MC1 -8.8  41 Momordenol -7.2 

21 Momordicin II -8.7  42 Vildaglip�n -6.9 

Entry Phytocompound 
Affinity 

(Kcal/mol) 
 Entry Phytocompound 

Affinity 
(Kcal/mol) 

* - Aglycone; MC1 - 3-hydroxycucurbita-5,24-dien-19-al-7,23-di-O-β-glucopyranoside; MC2 -3β,7β,25-
trihydroxycucurbita-5,23(E)-dien-19-al; MC3 - (19R,23E)-5β-19-epoxy-19,25-dimethoxycucurbita-6,23-dien-3β-ol

Figure 2. Interac�on sites of poten�al ligands on DPP4

Table 3. Molecular docking results of poten�al phytocompounds and reference drug

Momordicoside T -10.1 2.59 Hydrogen bond ARG356 

Ligand 
Affinity 

(Kcal/mol) 
Distance 

(Å) 
Bond types Amino acid 

  2.56 Hydrogen bond TYR547 
  2.34 Hydrogen bond LYS554 
  2.94 Hydrogen bond SER630 
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Four phytocompounds formed 3-12 strong 
hydrogen bonds with DPP4. Momordicoside T 
established the most hydrogen bonds with 12 
strong hydrogen bonds with bond lengths ranging 
from 1.92-2.94 Å at ARG356, TYR547, LYS554, 
SER630, TYR662, HIS740, GLU206, ARG358, and 
ILE405 amino acids. The structure linked with 4 
sugar moie�es increased the hydrogen bonding of 
Momordicoside T. Meanwhile, Momordicoside B 
formed eight strong hydrogen bonds with lengths 
in the range of 1.94-3.36 Å at ARG356, PHE357, 
ARG358, TYR662, VAL303, GLU206, GLU205, and 

GLU361 amino acids. However, Momordicoside T 
and Momordicoside B did not show hydrophobic 
interac�ons with DPP4. Besides, Momordicoside 
F1 formed three strong hydrogen bonds (2.68-3.03 
Å) and showed a hydrophobic (π-σ) interac�on 
with TRP629 amino acid. Momordicoside I formed 
five strong hydrogen bonds (2.56-3.09 Å) and 
showed a hydrophobic (π-σ) interac�on with 
TRP629 amino acid similar to Momordicoside F1. 
Therefore, these four compounds need to 
con�nue studying in vitro biological ac�vity on 
DPP4 to confirm the in silico research results.

  2.42 Hydrogen bond TYR662 
  2.88 Hydrogen bond HIS740 
  1.92 Hydrogen bond GLU206 
  2.73 Hydrogen bond TYR662 
  2.26 Hydrogen bond ARG358 
  2.32 Hydrogen bond ARG358 
  2.07 Hydrogen bond ILE405 
  2.68 Hydrogen bond ILE405 

Momordicoside B -9.9 2.34 Hydrogen bond ARG356 
  1.94 Hydrogen bond PHE357 
  2.30 Hydrogen bond ARG358 
  2.73 Hydrogen bond TYR662 
  2.31 Hydrogen bond VAL303 
  2.34 Hydrogen bond GLU206 
  2.58 Hydrogen bond GLU205 
  3.36 Hydrogen bond GLU361 

Momordicoside F1 -9.8 3.03 Hydrogen bond LYS554 
  2.73 Hydrogen bond ARG560 
  2.68 Hydrogen bond SER577 
  3.79 Hydrophobic (π-σ) TRP629 

Momordicoside I -9.7 2.98 Hydrogen bond LYS122 
  3.09 Hydrogen bond ARG560 
  2.77 Hydrogen bond ARG560 
  2.56 Hydrogen bond SER577 
  3.00 Hydrogen bond GLN553 
  3.80 Hydrophobic (π-σ) TRP629 

Vildaglip�n -6.9 2.19 Hydrogen bond LYS122 
  3.75 Hydrogen bond GLN123 
  3.60 Hydrogen bond ASP737 
  3.46 Hydrogen bond ASP739 
  5.10 Hydrophobic (Alkyl) VAL252 
  4.70 Hydrophobic (π-Alkyl) TRP124 
  4.09 Hydrophobic (π-Alkyl) PHE240 

Ligand 
Affinity 

(Kcal/mol) 
Distance 

(Å) 
Bond types Amino acid 

Hydrophobic interac�on (π-σ, π-π stacked, amide-π stacked, alkyl, π-alkyl)
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Figure 3. Structure of phytocompounds of WBG with poten�al in silico an�diabe�c ac�vity 

Momordicoside I – DPP4 (2D) Momordicoside I – DPP4 (3D)

Momordicoside F1 – DPP4 (2D) Momordicoside F1 – DPP4 (3D)

Momordicoside B – DPP4 (2D) Momordicoside B – DPP4 (3D)
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Figure 4.  2D and 3D representa�on of the interac�on of poten�al phytocompounds
and reference drug Vildaglip�n with DPP4 target

Several in silico studies on DPP4 have been 
performed on the bioac�ve compounds of 
different plant species such as Artocarpus 
champeden and Pisum sa�vum to explore new 
poten�al an�diabe�c compounds [12, 13]. Twelve 
phytocompounds from A. champeden have the 
poten�al as DPP4 inhibitors based on ΔG value and 
interac�on conforma�on, of which seven 
phytocompounds showed  ΔG values   and 
inhibi�on constants close to the na�ve ligand [12]. 
Besides, four pep�des (IPYWTY, IPYWT, LPNYN, 
and LAFPGSS) from pea (Pisum sa�vum L.) showed 
good interac�on ability mainly because these 
compounds formed hydrophobic interac�ons with 
the S1 pocket in DPP4 [13]. Moreover, eleven 
poten�al asymmetric bioac�ve natural products 
were screened from 224,205 NPs by molecular 
docking and predicted as poten�al DPP4 inhibitor 
candidates from natural sources [14]. In par�cular, 
to block the ac�ve site of GSK-3 protein three an�-
d iabe�c  compounds  namely,  Charan�n, 
Momordenol, and Momordicilin were taken from 
Momordica charan�a for docking study and 
calcula�on of binding energy [15]. However, the 

poten�al phytocompounds (Momordicosides) of 
WBG on DPP4 in this study showed differences 
with the poten�al compounds on GSK-3 due to 
different targets. Addi�onally, these poten�al 
phytocompounds from WBG also exhibited 
differences with bioac�ve compounds of A. 
champeden on DPP4 due to the different ac�ve 
ingredients of the two species.

4. CONCLUSION
Bioac�ve compounds of WBG showed stronger 
interac�ons than Vildaglip�n on DPP4. In 
par�cular, Momordicoside T, Momordicoside B, 
Momordicoside F1, and Momordicoside I 
demonstrated poten�al in silico an�diabe�c 
ac�vity with strong binding affinity to DPP4 target. 
The structures of these compounds are all 
a�ached to sugar moie�es and form many strong 
hydrogen bonds at the DPP4 ac�ve site.

ACKNOWLEDGMENTS
This work is funded by Hong Bang Interna�onal 
University under grant codes SVTC17.26 and 
SVTC17.28.

Vildaglip�n – DPP4 (2D) Vildaglip�n – DPP4 (3D)

Momordicoside T – DPP4 (2D) Momordicoside T – DPP4 (3D)



43

Hong Bang Interna�onal University Journal of Science ISSN: 2615 - 9686 

Hong Bang Interna�onal University Journal of Science - Vol.6 - 6/2024: 37-44

REFERENCES

[1] S. Jia, M. Shen, F. Zhang and J. Xie, “Recent 
advances in Momordica charan�a: Func�onal 
components and biological ac�vi�es,” Int J Mol Sci., 
vol 18, p. 2555, 2017. DOI: 10.3390/ijms18122555.

[2] E. Richter, T. Geetha, D. Burne�, T. L. Broderick, 
J. R. Babu, “The effects of Momordica charan�a on 
type 2 diabetes mellitus and Alzheimer's disease,” 
Int J Mol Sci., vol 24, p. 4643, 2023. DOI: 
10.3390/ijms24054643.

[3] B. Joseph and D. Jini, “An�diabe�c effects of 
Momordica charan�a (bi�er melon) and its medicinal 
potency,” Asian Pac J Trop Dis., vol 3, pp. 93-102, 
2013. DOI: 10.1016/S2222-1808(13)60020-1.

[4] B. Xu, Z. Li, T. Zeng, J. Zhan, S. Wang, C. T. Ho, 
and S. Li, “Bioac�ves of Momordica charan�a as 
poten�al an�-diabe�c/hypoglycemic agents,” 
Molecules, vol. 27(7), p. 2175, 2022. DOI: 
10.3390/molecules27072175.

[5] S. Supandi, M. S. Wulandari, E. Samsul, A. 
Azminah, R. Y. Purwoko, H. Herman, H. Kuncoro, A. 
Ibrahim, N. S. S. Ambarwa�, R. Rosmalena, R. N. 
Azizah, S. Paramita and I. Ahmad, “Dipep�dyl 
pep�dase IV inhibi�on of phytocompounds from 
Artocarpus champeden (Lour.) Stokes: In silico 
molecular docking study and ADME-Tox predic�on 
approach,” J. Adv. Pharm. Technol. Res., vol. 13, pp. 
207-215, 2022. DOI: 10.4103/japtr.japtr_376_22.

[6] P. C. Em, V. V. Lenh, V. N. Cuong, N. D. Ngoc Thoi, L. 
T. Tuong Vi and N. T. Tuyen, “In vitro and in vivo 
an�diabe�c ac�vity, isola�on of flavonoids, and in 
silico molecular docking of stem extract of Merremia 
tridentata (L.),” Biomed Pharmacother., vol. 146, p. 
112611, 2022. DOI: 10.1016/j.biopha.2021.112611.

[7] P. C. Em, L. T. Tuong Vi and N. T. Tuyen, “Design, 
synthesis, bio-evalua�on, and in silico studies of 
some N -subs�tuted 6-(chloro/nitro)-1H -
benzimidazole deriva�ves as an�microbial and 
an�cancer agents,” RSC Adv., vol. 12(33), pp. 
21621-21646, 2022. DOI: 10.1039/d2ra03491c.

[8] P. C. Em, N. T. Tuyen, N. D. Hanh Nguyen, V. D. 
Duy and D. T. Hong Tuoi, “Synthesis of a series of 
novel 2-amino-5-subs�tuted 1,3,4-oxadiazole and 
1,3,4-thiadiazole deriva�ves as poten�al 
an�cancer, an�fungal and an�bacterial agents”, 

Med. Chem., vol. 18, pp. 558-573, 2022. DOI: 
10.2174/1573406417666210803170637.

[9] P. C. Em, L. T. Tuong Vi, T. P. Long, T. N. Huong-
Giang, N. L. Bao Khanh and N. T. Tuyen, “Design, 
synthesis, an�microbial evalua�ons and in silico 
studies of novel pyrazol-5(4H)-one and 1H-pyrazol-
5-ol deriva�ves,” Arab. J. Chem., vol. 15(3), p. 
103682, 2022. DOI: 10.1016/j.arabjc.2021.103682.

[10] P. C. Em and N. T. Tuyen, “Design, microwave-
assisted synthesis, an�microbial and an�cancer 
evalua�on, and in silico studies of some 2-
naphthamide deriva�ves as DHFR and VEGFR-2 
Inhibitors,” ACS Omega., vol. 7(37), pp. 33614-
33628, 2022. DOI: 10.1021/acsomega.2c05206.

[11] P. C. Em, L. T. Tuong Vi, L. H. Huong Ha, V. T. Bich 
Ngoc, B. V. Long, V. T. Thao, D. V. Duy, T. N. Ngoc Vi, 
N. L. Bao Khanh and N. T. Tuyen, “N,2,6-
Trisubs�tuted 1H-benzimidazole deriva�ves as a 
new scaffold of an�microbial and an�cancer 
agents: Design, synthesis, in vitro evalua�on, and 
in silico studies,” RSC Adv., vol. 13(1), pp. 399-420, 
2023. DOI: 10.1039/d2ra06667j.

[12] S. Supandi, M. S. Wulandari, E. Samsul, A. 
Azminah, R. Y. Purwoko, H. Herman, H. Kuncoro, A. 
Ibrahim, N. S. S. Ambarwa�, R. Rosmalena, R. N. 
Azizah, S. Paramita and I. Ahmad, “Dipep�dyl 
pep�dase IV inhibi�on of phytocompounds from 
Artocarpus champeden (Lour.) Stokes: In silico 
molecular docking study and ADME-Tox predic�on 
approach,” J. Adv. Pharm. Technol. Res., vol. 13, pp. 
207-213, 2022. DOI: 10.4103/japtr.japtr_376_22.

[13] M. Zhang, L. Zhu, G. Wu, T. Liu, X. Qi and H. 
Zhang, “Rapid screening of novel dipep�dyl 
pep�dase-4 inhibitory pep�des from pea (Pisum 
sa�vum L.) protein using pep�domics and molecular 
docking,” J. Agric. Food Chem., vol. 70, pp. 10221-
10228, 2022. DOI: 10.1021/acs.jafc.2c03949.

[14] D. Istrate and L. Crisan, “Natural compounds 
as DPP-4 inhibitors: 3D-similarity search, ADME 
toxicity, and molecular docking approaches,” 
Symmetry ,  vol .  14,  p.  1842,  2022.  DOI: 
10.3390/sym14091842.

[15] R. Hazarika, P. Parida, B. Neog and R.N. Yadav, 
“Binding Energy calcula�on of GSK-3 protein of 



44

Hong Bang Interna�onal University Journal of ScienceISSN: 2615 - 9686

Hong Bang Interna�onal University Journal of Science - Vol.6 - 6/2024: 37-44

human against some an�-diabe�c compounds of 
Momordica charan�a Linn. (Bi�er melon),” 

Bioinforma�on, vol. 8(6), pp. 251-254, 2012. DOI: 
10.6026/97320630008251.

Đánh giá hoạt �nh chống đái đường in silico của các 
phytocompound trong khổ qua rừng trên mục �êu DPP4

Nguyễn Lý Đoan Trang, Lương Thị Thương, Nguyễn Thuỳ Đan Ly,
 Nguyễn Thị Ngọc Anh, Nguyễn Quốc Trung, 
Nguyễn Huỳnh Mỹ Trinh và Phạm Cảnh Em

TÓM TẮT 
Khổ qua rừng (Momordica charan�a var. abbreviata Ser.) có tác dụng dược lý đa dạng, đặc biệt chứa nhiều 
phytocompound có hoạt �nh trị đái tháo đường �ềm năng. 41 hợp chất có hoạt �nh sinh học đã được sàng 
lọc hoạt �nh trị đái tháo đường thông qua ức chế DPP4 (dipep�dyl pep�dase 4) bằng docking phân tử với 
phần mềm AutoDock Vina. Momordicosid T (-10.1 Kcal/mol), Momordicosid B (-9.9 Kcal/mol), 
Momordicosid F1 (-9.8 Kcal/mol) và Momordicosid I (-9.7 Kcal/mol) thể hiện tương tác mạnh nhất với mục 
�êu DPP4 so với phối tử đồng kết �nh và thuốc đối chiếu Vildaglip�n (-6.9 Kcal/mol). Các Momordicosid 
này đã hình thành nhiều liên kết hydrogen mạnh tại vị trí tác động của DPP4. Trong đó, Momordicosid T tạo 
được nhiều liên kết hydrogen nhất với độ dài liên kết dao động từ 1.92-2.94 Å. Cấu trúc liên kết với các 
nhóm đường làm tăng sự hình thành liên kết hydrogen và ái lực liên kết của các phytocompound này với 
mục �êu DPP4. Do đó, các hợp chất này có thể là phân tử �ềm năng để phát triển các loại thuốc điều trị đái 
tháo đường mới trên DPP4.

Từ khóa: khổ qua rừng, chống đái tháo đường, in silico, docking phân tử, DPP4.
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