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INTRODUCTION
In present-day drug discovery, 15% of drugs are 

derived from natural products-based biopharmaceuticals. Studies 

focused on disease indications include oncology, metabolic, 

and musculoskeletal system disorders. Thus, investments 

in sustainable biotechnology are of vital importance in drug 

discovery. Pharmaceutical industries rely on natural products-

based biotechnology to discover and develop new drug products, 

processes, and methods and improve existing ones [1,2]. 
Relevant to this study, metabolic disorders type 2 

diabetes (T2D) and obesity remain among the world’s top 

maladies prompting the World Health Organization to declare 

both as epidemics. Approximately 422 million people globally 

are affected by diabetes, while 650 million suffer from obesity 

[3,4]. In the Philippines, diabetes and obesity are recognized 

as emerging lifestyle diseases, with 6 million and 5.6 million 

affected Filipinos, respectively [5]. In addition, COVID-19 

outcomes are worse in individuals with metabolic disorders [6]. 

Patients with obesity and diabetes have been reported to suffer 

from threefold increased susceptibility to critical COVID-19 

[7]. In addition, most Filipinos rely on medicinal plants in the 

ABSTRACT
Diabetes and obesity are metabolic comorbidities declared by WHO as epidemics. Owing to the purported pharmaceutical 

activities of plant-derived secondary metabolites, we assessed the inhibitory potentials of the Philippine native plant 

Phaeanthus ophthalmicus tetrahydrobisbenzylisoquinoline alkaloidal constituents tetrandrine (1) and limacusine 

(2) against enzymes implicated in type 2 diabetes (T2D) and obesity such as α-glucosidase, dipeptidyl peptidase-IV 

(DPP-IV), porcine pancreatic lipase (PPL), and human monoacylglycerol lipase (MAGL) using in vitro experiments 

and molecular docking. Both alkaloids 1 (IC50 = 2.29 μg/ml) and 2 (IC50 = 2.68 μg/ml) showed stronger inhibition 

against α-glucosidase compared to the drug control acarbose (IC50 = 4.12 μg/ml). Alkaloids 1 (IC50 = 4.92 μg/ml) and 

2 (IC50 = 3.80 μg/ml) also exhibited better inhibitory activities against DPP-IV compared to the drug control sitagliptin 

(IC50 = 6.90 μg/ml). Molecular docking results revealed better binding propensities for both 1 and 2 onto the active 

pocket of α-glucosidase and DPP-IV compared to their respective control drugs. Meanwhile, alkaloid 2 showed better 

in vitro (IC
50

 = 0.70 μg/ml) and in silico inhibitory activity vs PPL compared to orlistat. Both alkaloids 1 and 2 showed 

moderate bioactivity against MAGL. Both alkaloids were predicted to possess drug-likeness properties. Our present 

study suggests the potentials of the tetrahydrobisbenzylisoquinoline alkaloidal phytoconstituents tetrandrine (1) and 

limacusine (2) from P. ophthalmicus in developing new-generation prodrugs against T2D and obesity.

ARTICLE HISTORY

Available Online: 04/01/2024

Key words:
Phaeanthus ophthalmicus, 

tetrandrine, limacusine, 

diabetes, obesity, molecular 

docking

Tetrahydrobisbenzylisoquinoline alkaloids from Phaeanthus 
ophthalmicus inhibit target enzymes associated with type 2 diabetes 
and obesity

Joe Anthony H. Manzano
1,2,3,4

 , Lloyd Christian J. Llames
1,2

, Allan Patrick G. Macabeo
1,4*

1 
Laboratory for Organic Reactivity, Discovery, and Synthesis (LORDS), Research Center for the Natural and Applied Sciences, University of Santo Tomas, 

Manila, Philippines.

2
The Graduate School, University of Santo Tomas, Manila, Philippines.

3 
UST Laboratories for Vaccine Science, Molecular Biology and Biotechnology, Research Center for the Natural and Applied Sciences, University of Santo 

Tomas, Manila, Philippines.

4
College of Science, University of Santo Tomas, Manila, Philippines.

Journal of Applied Pharmaceutical Science Vol. 14(01), pp 230-237, January, 2024

Available online at http://www.japsonline.com

DOI: 10.7324/JAPS.2023.154518

ISSN 2231-3354

Received on: 25/08/2023

Accepted on: 10/12/2023

http://crossmark.crossref.org/dialog/?doi=10.7324/JAPS.2023.154518&domain=pdf
http://orcid.org/0000-0002-4062-223X
http://orcid.org/0000-0001-9105-9558
http://orcid.org/0000-0001-7972-106X


 Manzano et al. / Journal of Applied Pharmaceutical Science 14 (01); 2024: 230-237 231

T2D and obesity α-glucosidase, dipeptidyl peptidase-IV (DPP-

IV), porcine pancreatic lipase (PPL), and human recombinant 

monoacylglycerol lipase (MAGL) using colorimetric inhibition 

assays and molecular docking studies.

MATERIALS AND METHODS

Compounds
Tetrahydrobisbenzylisoquinoline alkaloids 1 and 2 

were obtained from the alkaloid (leaf) extracts of P. ophthalmicus 

using purification procedures previously reported by Magpantay 

and co-workers [19]. Briefly, an aliquot of the crude DCM-

methanol extract was subjected to acid-base extraction by 

gradient change in pH (5 and 9) to obtain two alkaloid extracts. 

As previously described, the alkaloid extract obtained at pH 9 

was subjected to iterative column chromatography to afford the 

major alkaloids 1 and 2.

Biological assays

ɑ-Glucosidase inhibitory assay
The enzyme α-glucosidase and its substrate 

p-nitrophenyl α-glucopyranoside (p-NPG) were acquired from 

Sigma, USA. Acarbose served as the drug control (positive). 

The α-glucosidase inhibitory assay followed a standard protocol 

previously described with minor modifications [13]. Compounds 

1 and 2 were dissolved in dimethyl sulfoxide (DMSO) and 

yielded 1, 10, 100, 250, 500, and 1,000 µg/ml concentrations. 

To test for the α-glucosidase inhibition, 8 µl test alkaloid was 

mixed with 112 µl NaH
2
PO

4
-Na

2
HPO

4
 buffer (pH 6.8) and 20 

µl α-glucosidase solution (0.2 U/ml) before incubation for 15 

minutes at 37ºC. To measure the initial absorbance, 405 nm 

was set as the wavelength of analysis in the Glomax multimode 

microplate reader (Promega). A 20 µl 2.5 mM p-NPG was 

then included in the mixture, and additional incubation for 15 

minutes at 37ºC was performed. Halting of the reaction was done 

by adding 80 µl 0.2 M Na
2
CO

3
 solution. At 405 nm, the final 

absorbance was recorded. The formula below was utilized to 

compute the % glucosidase inhibition: 

(%)

1 100 .
  

          

test compound

control test control blank

Glucosidase inhibition

ABS
ABS ABS

The inhibitory activity versus α-glucosidase expressed 

in half-maximal inhibitory concentration (IC
50

) values were 

determined based on the equation of the line given by the plot 

of % inhibition versus concentration. 

DPP-IV inhibitory assay
DPP-IV activity was measured using a DPP-IV 

inhibitor screening test kit (Cayman Chemical, Ann Arbor, MI), 

which provided a fluorescence-based technique for screening 

DPP-IV inhibitors. The fluorogenic substrate Gly-Pro-

aminomethylcoumarine (AMC) was used in the test to quantify 

DPP-IV activity. The fluorescence of the free AMC group was 

investigated using an excitation wavelength of 350–360 nm 

and an emission wavelength of 450–465 nm as a result of DPP 

cleavage of the peptide linkage.

form of supplements as preventive and therapeutic regimens. 

Thus, the discovery of new therapeutic natural product classes 

with dual-targeting enzyme activities focused on the metabolic 

disorders of diabetes and obesity is a logical strategy.

The search for natural products with inhibitory 

activities against several disease-implicated proteins is an 

efficient approach to developing new molecular drug archetypes. 

Multi-targeting therapeutics are effective and may mitigate 

resistant diseases, especially metabolic disorders [8]. With recent 

advances in bioinformatics and computational biotechnology, 

several proteins may be targeted based on their structural and 

functional information from databases which may pave the 

way for the discovery of multitargeting natural products against 

infectious [9,10], cancer [11,12], and metabolic disorders [9–13].

Natural products are known for their myriad of 

pharmaceutical utilities, including their antidiabetic and antiobesity 

properties [13,14]. Plant-derived molecular archetypes with 

multidisease-acting properties are advantageous and elicit good 

responses against metabolic diseases with multifactorial origins, 

such as diabetes and obesity. In the Philippines, medicinal plants 

have been extensively tapped in drug discovery for their multi-

disease-targeting secondary metabolites [15,16]. Among these 

natural products are alkaloids, nitrogen-containing compounds 

usually in a heterocyclic ring. Alkaloids are undoubtedly among 

the most prolific classes of plant-derived secondary metabolites 

with reported activities against cancer, asthma, obesity, diabetes, 

and multidrug-resistant pathogens [17,18].

In line with our ongoing efforts to investigate 

pharmaceutically important phytoconstituents from Philippine 

endemic, native, and medicinal plants, we explored the 

tetrahydrobisbenzylisoquinoline alkaloids from Phaeanthus 
ophthalmicus (Roxb. Ex G.Don) J.Sinclair, a lowland woody 

shrub which mostly inhabits forests in the island of Luzon in 

the Philippines. This plant is traditionally used for treating 

conjunctivitis, ulcer, and minor wounds. Recent studies 

reported its antibacterial, anticancer, and immunomodulatory 

properties [11, 19]. Herein, we describe the antagonistic 

activities of P. ophthalmicus tetrahydrobisbenzylisoquinoline 

alkaloidal phytoconstituents tetrandrine (1) and limacusine (2) 

(Fig. 1) against enzymes implicated in the pathophysiology of 

Figure 1. Tetrahydrobisbenzylisoquinoline alkaloids from P. ophthalmicus.
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The test alkaloids 1 and 2 were first dissolved in DMSO 

to provide a 50 mM stock solution, which was then diluted 

in DMSO to achieve varied concentrations. Finally, the test 

chemicals were added to a 96-well plate in a total volume of 10 

µl at a concentration of 50 µM. According to the manufacturer’s 

instructions, the assay was carried out by adding 30 µl of diluted 

assay buffer and 10 µl of diluted enzyme solution to a 96-well 

plate with 10 µl of solvent (blank) or solvent-dissolved test 

chemicals. To begin the reaction, a diluted substrate solution 

was added, and the plate was incubated at 37°C for 30 minutes. 

Following incubation, fluorescence was measured using a 

plate reader by Promega GloMaxExplorer, Germany, with an 

excitation wavelength of 350 nm and an emission wavelength of 

450 nm. The sigmoidal dose-response fitting tool in GraphPad 

Prism was used to determine IC
50

 values from experimental 

data [9]. The mean values were obtained from three replicates.

Pancreatic lipase inhibitory assay
Alkaloids 1 and 2 were tested for lipase inhibitory 

action using a colorimetric assay that measures the release of 

p-nitrophenol butyrate (p-NPB) [8]. Using a stock solution of  

1 mg/ml test alkaloids in DMSO, four separate working 

solutions with the following concentrations were prepared: 0.1, 

1.0, 10, and 100 µg/ml. To generate the lipase enzyme solution, 

1 mg of PPL was dissolved in 1 ml Tris-HCl buffer (25 mmol 

Tris, 25 mmol NaCl, pH=7.4). Lipase inhibition assays were 

carried out in triplicate by pre-incubating a 96-well microtiter 

plate at 250°C for 15 minutes with 20 µl of each compound, 70 

µl Tris-HCl buffer, and 10 µl of pancreatic lipase enzyme. The 

addition of 15 μl of p-NPB initiated the enzymatic hydrolysis, 

and the resulting mixture was incubated at 370°C (30 minutes). 

To measure the amount of produced p-nitrophenolate ions 

following the reaction, we used a Glomax Promega microplate 

multi-modal reader at 405 nm. Orlistat was used as a positive 

control, while DMSO was used as a negative control. The 

formula shown below measured the lipase inhibition (%):

(%) 100 100 ,         

B bLipase inhibition
A a

where A represents the activity induced in the absence of an 

inhibitor, a is the negative control with no inhibitor, B is the 

lipase activity in the presence of an inhibitor, and b is the 

negative control counterpart. Alkaloids 1 and 2 lipase inhibitory 

activity as expressed in IC
50

 were calculated using the least-

squares regression line of the logarithm function of sample 

concentration (log) versus pancreatic lipase inhibitory activity 

(%) plots.

Human MAGL inhibitory assay
The MAGL inhibition was assessed using the 

MAGL screening assay kit (Cayman Chemical, Ann Arbor, 

MI, USA), an absorbance-based screening test. 10 μl of MAGL 

enzyme, 10 μl of DMSO, and 150 μl 1X Assay Buffer were 

combined in three separate wells for 100% initial activity 

wells. A mixture composed of 160 μl of 1X Assay Buffer and 

10 μl of DMSO was added for the three background wells. 

For the inhibitor wells, the initial activity wells had the same 

composition, but instead of 10 μl of DMSO, it was replaced 

with 10 μl of inhibitor or positive control JZL195. The resulting 

mixtures in each well were gently mixed and incubated 

for 15 minutes, RT. To initiate the reaction in each well, we 

added 10 μl substrate. The contents of the 96-well plate were 

mixed by gentle shaking for 10 seconds to mix before being 

incubated at room temperature for 10 minutes. We used the 

plate reader to measure absorbance at 405–415 nm (Promega 

GloMaxExplorer, Germany). The calculation of IC
50

 values was 

based on the experimental data processed in GraphPad Prism 

Table 1. In vitro and in silico α-glucosidase and DPP-IV inhibitory activities of alkaloids 1 and 2.

Test 
alkaloid

IC50 vs 
α-glucosidase 

(μg/ml)

BE vs 
α-glucosidase 

(kcal/mol)
Interactions IC50 vs DPP-

IV (μg/ml)
BE vs DPP-IV 

(kcal/mol) Interactions

1 2.29 −9.2 H bonding: None

Others: F144, F163, I143, W288, F282 

(alkyl, π-alkyl), F225 (π-π T-shaped), 

D327, T409, N258, D382 (hydrophobic), 

D382 (attractive charge)

4.92 −8.6 H bonding: S209

Others: Q553, E205 

(hydrophobic), H126 

(π-alkyl), F357 (π-π T-shaped)

2 2.68 −9.1 H bonding: Q328 

Others: F225, D382 (π-cation, attractive 

charge), W288, F225 (π-alkyl), D327, 

Q328, T409 (hydrophobic)

3.80 −8.6 H bonding: None

Others: Y547 (π-π T-shaped), 

F357, K554, Y666 (π-alkyl)

Acarbose 4.12 −8.5 H bonding: H103, D60, R411, H326, R197, 

Q256

Others: T409, Y63, D60 (hydrophobic)

- - -

Sitagliptin - - - 6.90 −8.9 H bonding: R125, S630, Y631

Others: E206 (halogen), H740, 

Y662 (π-π), Y666, R358 

(π-alkyl), E206 (π-anion)

 (-) = not determined / not applicable; IC
50 

values are represented as mean based on triplicate measurement.
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with the active site through alkyl and π-alkyl bonding with 

F144, F163, I143, W288, and F282. It also formed π-π 

T-shaped bond with F225 and hydrophobic bonds with D327, 

T409, N258, and D382. An attractive charge with D382 

was also noted (Fig. 2a). Meanwhile, alkaloid 2 (BE = −9.1 

kcal/mol] established a hydrogen bonding with Q328 and 

π-cation and an attractive charge with F225 and D382. Other 

interactions include residues W288, F225 (π −alkyl), D327, 

Q328, and T409 (hydrophobic) (Fig. 2b). Molecular docking 

with acarbose, on the other hand, showed corroborative results 

with the in vitro assay data. Despite the richness of hydrogen 

bonding interactions, a weaker binding affinity was obtained 

compared to compounds 1 and 2.

software sigmoidal dose-response fitting [9]. Three replicate 

experiments yielded the mean values.

Molecular docking studies

Ligand preparation
In silico simulations particularly molecular docking 

of alkaloids 1 and 2 was performed. The SMILES notations 

of the ligands (alkaloids 1 and 2) were processed in Avogadro 

(version 1.20) to yield the mol2 files, which were then opened 

in University of California San Francisco (UCSF) Chimera 

(version. 1.16) [11]. 

Protein preparation
Before docking, PDB IDs were first fetched from the 

Protein Data Bank: 5ZCC for α-glucosidase, 2RIP for DPP-

IV, 1ETH for PPL, and 3PE6 for MAGL. All non-standard 

residues and existing co-crystallized structures were removed 

[20]. 

Protein minimization and molecular docking simulations
Protein minimization was performed by the “structure 

editing” feature in UCSF Chimera. The specific parameters 

included were: 100 steps with 0.02 Å step size for the steepest 

descent method and 10 steps with 0.02 Å step size for the 

conjugate gradient method. The Gasteiger charge method was 

selected [21]. Molecular docking simulations were performed 

after the addition of the ligands in the UCSF Chimera. The 

active site protocol “flexible ligand into the flexible active 

site” with generated grid was utilized [22]. Interacting amino 

acids and ligand moieties were visually interpreted in BIOVIA 

Discovery Studio (version 4.1).

Prediction of ADME and other pharmacokinetic properties
Analysis of the druggability of ligands was 

performed based on Lipinski’s rule of five (LRo5). Absorption, 

distribution, metabolism, and excretion (ADME) properties 

and LRo5 profile of alkaloids 1 and 2 were predicted in silico 
using SWISSADME [23]. SMILES-formatted ligands were 

uploaded to http://www.swissadme.ch/index.php to obtain their 

molecular weight, number of H-bond acceptors and donors, 

lipophilicity (MlogP) and number of violations in LRo5, and 

determine drug-likeness [24]. 

RESULTS

In vitro and in silico inhibitory activities of 1 and 2 versus 
diabetes-associated enzymes α-glucosidase and DPP-IV

Both alkaloids 1 and 2 from the Philippine medicinal 

plant P. ophthalmicus were tested against T2D-implicated 

enzymes α-glucosidase and DPP-IV in vitro and using 

molecular docking simulations. Alkaloids 1 (IC
50 

= 2.29 μg/

ml) and 2 (IC
50 

= 2.68 μg/ml) showed stronger inhibitions 

against α-glucosidase as opposed to the positive drug control 

acarbose (IC
50 

= 4.12 μg/ml) (Table 1). To probe its putative 

binding mechanism, both alkaloids were docked onto the 

α-glucosidase active site (PDB ID: 5ZCC) (Fig. 2a and b). 

Alkaloid 1 [binding energy (BE)= −9.2 kcal/mol) interacted 

Figure 2. Dock poses and 2D binding diagrams of alkaloids 1 and 2 versus 

type 2 diabetes-implicated enzymes: (a) 1 versus ɑ-glucosidase, (b) 2 versus 

ɑ-glucosidase, (c) 1 versus DPP-IV, and (d) 2 versus DPP-IV.
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Alkaloid 1 (IC
50

 = 12.6 μg/ml) and 2 (IC
50

 = 23.1 μg/

ml) also showed moderate activity against the human MAGL 

(Table 2). While the positive control JZL195 showed better 

inhibitory activity (IC
50

 = 4.62 μg/ml), both alkaloids 1 and 

2 showed significant H-bonding with their MAGL (PDB ID: 

3PE6) residues (Fig. 3c–d). Compared with alkaloid 2, alkaloid 

1 showed better binding affinity to MAGL, forming H-bonding 

with A133 and K226. It also established hydrophobic interactions 

with L130 and E134 and alkyl binding with A223 and R219, 

and amide-π stacked bond with R222. Despite exhibiting better 

binding activity for positive control JZL195, no H-bonds were 

observed. However, more amino acid residues were involved 

during its binding. Results of docking studies corroborated with 

in vitro data of JZL195 having better IC
50 

and BE. 

Both tetrandrine (1) and limacusine (2) showed drug-

likeness in accordance with Lipinski’s rule of five (Table 3). 

Both alkaloids were also previously reported to confer low 

toxicity risks in silico [19]. 

DISCUSSION
In T2D management and therapy, α-glucosidase and  

DPP-IV are among the pharmaceutical target enzymes. Due to 

their complementary function, inhibitors of these two enzymes 

are expected to elicit a synergistic effect in improving glucose 

fluctuations [25]. α-Glucosidase has long been recognized 

as a pharmaceutical target in managing postprandial rise in 

blood glucose. α-Glucosidase inhibitors reduce the rate of 

hydrolytic cleavage of sugar polymers like oligosaccharides 

into monosaccharides in the small intestines, thereby delaying 

the absorptive rate of glucose into the blood [26]. According to 

Garber et al. [27], α-glucosidase inhibitors serve as the first-

line chemotherapeutic agents in T2D. Meanwhile, DPP-IV 

inhibitors work in type-2 diabetes patients by downregulating 

DPP-IV, thus increasing hormone incretin levels. Increasing 

incretin leads to more insulin production and less glucose 

Alkaloids 1 and 2 also showed promising inhibitory 

activities against DPP-IV (Table 1). Both 1 (IC
50 

= 4.92 μg/ml) 
and 2 (IC

50 
= 3.80 μg/ml) exerted stronger inhibitory activity

 

against DPP-IV compared to the drug control sitagliptin (IC
50 

= 6.90 μg/ml). Results of molecular docking simulations 

against DPP-IV (PDB ID: 2RIP) revealed the putative affinity 

of alkaloid 1 (BE = −8.6 kcal/mol). It interacted with the 

active site via conventional hydrogen bonding with S209 and 

hydrophobic interactions with Q553 and E205. It also formed 

π-alkyl bonding with H126 and π-π T-shaped interaction 

with F357 (Fig. 2c). Alkaloid 2 (BE = −8.6 kcal/mol) bound 

to the following residues: Y547 (π-π T-shaped), F357, K554, 

and Y666 (π-alkyl) (Fig. 2d). Overall, the results of the anti-

diabetic biological assays corroborate with the results of the in 
silico simulations, as evidenced by better IC

50
 and BE values 

of alkaloids 1 and 2 compared to acarbose and sitagliptin 

(positive controls). Molecular docking with sitagliptin showed 

H-bonding as the principal underlying interaction, with slightly 

better binding affinity recorded, and different amino acids 

involved in the H-bonding.

In vitro and in silico inhibitory activities of 1 and 2 versus 
obesity-implicated enzymes PPL and MAGL

Against PPL, only limacusine (2) (IC
50

 = 0.70 μg/ml) 

showed better inhibitory activity compared to the drug control, 

orlistat (IC
50

 = 2.04 μg/ml) (Table 2). Alkaloid 2 also showed 

a better binding propensity to the active site of PPL (PDB ID: 

1ETH) with BE = −8.3 kcal/mol compared to orlistat (BE = 

−6.9 kcal/mol). Alkaloid 2 interacted with I79, V260, F78, 

A261, and F216 via alkyl and π-alkyl bonds. It also formed a 

π-sigma bond with V260, π-π T-shaped bond with W253, and 

a salt bridge with D80 (Fig. 3). Orlistat with weaker binding 

affinity was shown to interact with similar amino acid residue 

interaction targets of 1 and 2, such as V260, A261, F216, P181, 

and I210.

Table 2. In vitro and in silico PPL and MAGL inhibitory activities of alkaloids 1 and 2.

Test 
alkaloid

IC50 vs PPL 
(μg/ml)

BE vs PPL 
(kcal/mol) Interactions IC50 vs MAGL 

(μg/mL)

BE vs 
MAGL 

(kcal/mol)
Interactions

1 3.03 −7.0 H bonding: None

Others: I211, I210, P181 (alkyl, π-alkyl), 

Y115 (π-π stacked)

12.6 −7.2 H bonding: A133, K226

Others: L130, E134 (hydrophobic), R222 

(amide-π stacked), A223, R219 (alkyl)

2 0.70 −8.3 H bonding: None 

Others: I79, V260, F78, A261, F216 

(alkyl, π-alkyl), V260 (π-sigma), W253 

(π-π T-shaped), D80 (salt bridge)

23.1 −6.0 H bonding: P178 

Others: D180, R240 (attractive charge), 

R240 (hydrophobic)  

Orlistat 2.04 −6.9 H bonding: H152, G77

Others: V260, R257, A261, L265, H264, 

F216, A179, Y115, P181, I210 (alkyl)

− − −

JZL195 − − − 4.62 −8.9 H bonding: None

Others:

L214, A151, L213, L148, L184 (π-alkyl), 

Y194 (π-π stacked), L241, V270 (π-sigma), 

S122, A51 (hydrophobic), C242 (π-Sulfur)

(-) = not determined / not applicable; IC
50 

values are represented as mean based on triplicate measurement.
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production in the liver [28]. Although naturally occurring 

DPP-IV inhibitory alkaloids have been reported from natural 

sources such as ephedrine and its derivative pseudoephedrine, 

their bioactivities were not promising. These compounds were 

also reported to confer toxicity and low drug-likeness [29,30]. 

Thus, the discovery of alkaloids as promising anti-diabetic 

pharmacophores with inhibitory activities against these two 

enzymes is warranted. In our study, both alkaloids tetrandrine 

(1) and limacusine (2) exhibited promising inhibitory activities 

against α-glucosidase and DPP-IV, which are even better than 

the control drugs. This suggests the potential of alkaloids 

derived from P. ophthalmicus as potential alkaloid-based drug 

prototypes in developing a new generation of dual-targeting 

antidiabetic drugs with α-glucosidase and DPP-IV as the main 

therapeutic targets. 

In general, alkaloidal phytoconstituents are known for 

their pharmaceutical potential, including inhibitory properties 

against diabetes-implicated enzymes [18,26,31,32]. Studies 

suggest increasing phenolic moieties while decreasing the 

degree of methylation may increase the inhibitory potencies 

of natural products against α-glucosidase [33,34]. In our 

visualized molecular docking results for alkaloids 1 and 2 
against α-glucosidase and DPP-IV (Fig. 2), most interactions 

with key residues occur at phenolic moieties and nitrogen-

bearing ringed structures suggestive of the putative role of polar 

groups in enhancing antidiabetic potency. Interestingly, results 

indicated the presence of hydrogen bonds may not be generally 

associated with better BE. For example, JZL195 exhibited more 

favorable BE compared to 1 and 2, but no H-bonds were formed 

between the positive control and MAGL. More H-bonds were 

established with α-glucosidase residues for acarbose compared 

to 1 and 2, but both alkaloids showed better binding energies.

Meanwhile, the pancreatic lipase enzyme is a well-

known target for anti-obesity drug discovery. This enzyme 

directly influences dietary fat metabolism and inhibits fat 

absorption through the small intestine. The excess fat stored 

tend to accumulate white adipose tissues and cause obesity. 

Presently, the sole approved pancreatic lipase inhibitor in the 

market is orlistat. This led researchers to discover and develop 

new prodrugs against pancreatic lipase based on natural 

products owing to their structural diversity [35]. Similarly, the 

endocannabinoid (ECS), a conserved lipid signaling system, is 

widely recognized as a target for managing obesity. Increased 

endocannabinoid synthesis is associated with an increased risk 

of obesity. To modulate ECS activity, the MAGL enzyme is 

considered a therapeutic target as it inhibits endocannabinoid 

degradation [36,37]. Interestingly, our results indicated better 

inhibitory activity of alkaloid 2 against PPL in vitro and in 
silico compared to orlistat. Thus, further evaluation of alkaloid 

2 in vivo is deemed beneficial to developing this compound 

as a pancreatic lipase-targeting prodrug. On the other hand, 

both alkaloids 1 and 2 also showed moderate activity against 

MAGL.

Among plant natural products, alkaloids are among 

the most extensively studied class in terms of their inhibitory 

activity against lipases [38]. Studies have indicated that 

Table 3. Drug-likeness of alkaloids 1 and 2 according to Lipinski’s rule of five.

Test alkaloid MW < 500 No. of H-bond 
acceptors <10

No. of H-bond 
donors <5

Lipophilicity 
(MLogP) <5

No. of lipinski 
violations

Drug-likeness

1 622.75 g/mol 8 0 3.73 1 (MW>500) Yes

2 608.72 g/mol 8 1 3.55 1 (MW>500) Yes

Figure 3. Dock poses and 2D binding diagrams of alkaloids 1 and 2 versus 

obesity-implicated enzymes: (a) 1 versus PPL, (b) 2 versus PPL, (c) 1 versus 

MAGL, and (d) 2 versus MAGL
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increasing hydroxylation, as with polyphenols, yield better 

inhibition for better lipase catalytic activity [37]. In our study, 

structural modification of alkaloids 1 and 2 might enhance their 

inhibitory properties, especially 2, by increasing their hydroxyl 

moieties. 

CONCLUSION
Overall, our findings demonstrated the inhibitory 

activities of the tetrahydrobisbenzylisoquinoline alkaloidal 

phytoconstituents tetrandrine (1) and limacusine (2) from the 

Philippine native and medicinal plant P. ophthalmicus against 

key enzymes implicated in T2D (α-glucosidase and DPP-IV) 

and obesity (PPL and human recombinant MAGL). Results 

of in vitro assays suggest the potential of these alkaloids 

in discovering new natural product-based drug prototypes 

against metabolic disorders with known COVID-19 metabolic 

comorbidities. Molecular docking experiments supported 

putative binding mechanisms of 1 and 2 in the active pockets of 

associated target enzymes.
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