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Abstract. Urena lobata is medicinal plant used to cure Diabetes mellitus 
traditionally. However, the phytoconstituent regulating blood glucose levels 
and their mechanism remain unexlpored. The study aim to evaluate anti-
diabetic potency of U.lobata leaf fractions. Ethanol solvent is used to extract 
U. lobata leaf by kinetic maceration methods therefore the concentrated 
extract was fractionated using n-hexane (Fraction A), n-butanol (Fraction B) 
and aqueous solvent (Fraction C) respectively. The anti-diabetic potency 
U.lobata was examined by oral glucose tolerance test. Blood glucose level 
of rat were measured after loading of glucose at the certain time and Area 
Under Curve (AUC) integrated were calculated using trape zoidal methods. 
Data was analyzed using one way ANOVA and continued with LSD test 
(p<0.05). Molecular docking was conducted by the PyRx 0.8 program after 
phytoconstituent identification of U.lobata extract using LC-HRMS. 
Ethanolic extract, fraction A, B and C decreased glucose AUC about 16 %, 
8 %, 11% and 23% respectively compared to control group (p<0.05). 
Meanwhile, glibenclamid as reference drugs decreased glucosa AUC about 
30 % and stronger than extract of U. lobata and its fractions. (+)-ar-
Turmerone is predicted as potential compound in U.lobata leaf extract as 
anti-diabetic by binding on SUR1 based on in silico approach.  
Keywords: anti-diabetic; fraction; molecular-docking; U.lobata. 

 
1. INTRODUCTION 

Diabetes mellitus (DM) is a metabolic syndrome that is still a health problem in Indonesia 
and some countries in the world. International Diabetes Federation (IDF) declare the number 
of DM patients about 371 million in 2012 and it is estimated that in 2035 it will reach 592 
million or an increase of 55 %. Indonesia ranks 7th in the world for the largest number of DM 
patients more and less 7,6 million with a death number of 155 thousand people each year. 
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Recently, IDF reported that the world’s death rate due to DM is 5,1 million each year and is 
estimated increase 2 time folds in the period 2000-2030 [1]. 

Nowdays, pharmacology therapy for DM is still conventional therapy with synthetic 
drugs in the Oral Anti-Diabetic (OAD) group and or together with insulin. However, OAD 
showed adverse reaction such as hipoglycemia, increase of body weight and gastrointestinal 
disorders [2]. This condition encourages exploration of natural product as alternative sources 
of treatment for DM. Herbal medicine and their extracts are widely used for treatment of 
diseases eventhough the active compound and mechanisms action have not been known. The 
World Health Organization (WHO) has also permitted the use of medicinal plants and 
functional food for degenerative diseases therapy including DM [3].  

Urena lobata (U.lobata) is one of the medicinal plant that can be found in Indonesia and 
has been used to cure many diseases. Based on experiences, U.lobata leaf is used to cure 
inflammation, infection, and diabetes mellitus. Pre-clinical study of U.lobata root extract 
indicated anti-hiperglycemic effect on streptozotocin-induced rat [4]. Sterol, alkaloid and 
flavonoid are predicted as phytoconstituent that regulated their activity [5,6]. Crude extract 
of U.lobata is often used to evaluate their bioactivity, meanwhile phytoconstituents that 
control their activity have not been known well due to the complexity compound in crude 
extract. Fractionation is one of the methods to separate active compound group based on the 
polarity using some organic solvent. The use of non-polar to polar solvent in fractionation to 
evaluate the pharmacology effect of them. The polarity of solvent is determined by the 
Dielectric Constant (DC) value and the rule of “like dissolve like” applies in this process. 
Fractionation is also a process which is used as an initial stage of drug discovery. Therefore, 
the aim of this study was to evaluate the anti-diabetic potential of U. lobata leaf fractions by 
oral glucose tolerance test and their molecular docking analysis. 

2. MATERIALS AND METHODS  

2.1. Material 

Materials: Urena lobata leaf powder (UPT. Laboratorium Materia Medika), Ethanol 
(Smartlab), n-hexane (Smartlab), n-buthanol (Smartlab), Chloroform (Smartlab), water 
(Bratachem), filter paper (Bratachem), male wistar rat (Pusvetma), glibenclamide (Kimia 
Farma), glucose (E.Merck), NaOH (E.Merck), HCL (E.Merck), FeCL3 (E.Merck), Na2CO3 
(E.Merck), H2SO4 (E.Merck), acetic anhydride (E.Merck), Mayer reagen (E.Merck),  

Equipment: ware glass (pyrex), a shaker water-bath (Memmert), rotary evaporator 
(Buchi), oven (Memmert), glucometer (Easytouch), glucostick (Easytouch), GC-MS QP2010 
Ultra (Shimadzu), mass spectrometer (Shimadzu), GC column (Rtx®-5MS (Crossbond® 5% 
diphenyl/ 95% dimethyl polysiloxane). 

2.2. Preparation of U.lobata leaf extract and fraction 

U. lobata leaves (100 g) were extracted with 96% ethanol (500 mL) for 6 h using a water bath 
and shaker, and the extraction was repeated twice with fresh solvent. The filtrate was 
evaporated to obtain a crude extract, which was subsequently fractionated using n-hexane 
(Fraction A), n-butanol (Fraction B), and water (Fraction C). All fractions were concentrated 
by evaporation. 

2.3. Phytoconstituent screening 

Phytochemical screening was conducted using standard qualitative methods to identify major 
secondary metabolites in the extracts and fractions. 

 

 

2.4. Animals and treatments 

The in vivo study was conducted using male Wistar rats (180–200 g) in accordance with 
ethical guidelines approved by the Ethics Committee of Brawijaya University, Malang, 
Indonesia (Certificate No. 002-KEP-UB-2020). Rats were housed under controlled 
conditions (25 ± 1 °C, 12:12 h light–dark cycle) with free access to standard food and water, 
and were fasted overnight before the experiment. Animals were divided into six groups (n = 
4): two control groups and four treatment groups. Glibenclamide was used as the reference 
drug, while treatment groups received U. lobata extract or Fractions A, B, and C. 

2.5. Oral Glucosa Tolerance Test 

U. lobata extract or fractions (125 mg/kg body weight) were administered 30 min before 
blood sampling. For the oral glucose tolerance test, glucose (2 g/kg body weight) was 
administered orally after overnight fasting. Blood samples were collected from the tail vein 
at 0, 15, 30, 60, 90, and 120 min after glucose administration and immediately measured 
using a commercial glucometer. The total area under the postprandial glucose curve (AUC) 
was calculated using the trapezoidal method. 

2.6. Profiling metabolite of U.lobata leaf extract  

Concentrated extract of U.lobata was dissolved in methanol pro LC-MS then filtered through 
0.22 μm Millipore filter to obtain a clear solution. The solution was transferred to 1.5 mL 
vial and placed in the tray of the UHPLC-HRMS system. Samples were tested using PRM 
mode with running time of 30 minutes to obtain compound names and similarity values from 
the mzCloud database. Excluded compounds those with a similarity value less 90 %, a 
retention time more 20 minutes, a molecular weight more 500 kDa, and compounds with the 
same name but with a lower similarity value. 

2.7. Molecular docking study 

Molecular docking was performed using PyRx 0.8. Phytoconstituent structures were obtained 
from PubChem and prepared to achieve stable geometries. The SUR1 protein (PDB ID: 
6PZA) was retrieved from the Protein Data Bank. Docking results were visualized using 
Discovery Studio Visualizer V21.1.0.20298. 

2.8. Statistical Analysis 

The data were expressed as means ± SD. Statistical analysis was performed by one-way 
ANOVA. The least significant difference (LSD) test was used for mean comparisons and 
then p < 0.05 was considered to be statistically significant. 

3. RESULTS AND DISCUSSION 

3.1. Phytochemical screening of U.lobata leaf extract and its fraction 

Phytochemical screening was conducted to identify the presence of major bioactive 
compounds in the ethanol extract and fractions of Urena lobata leaves. The results of the 
analysis are presented in Table 1. The ethanol extract of U. lobata leaves was found to contain 
alkaloids, flavonoids, phenols, and saponins, while steroids and terpenoids were not detected. 
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The n-hexane fraction revealed the presence of only alkaloids, indicating that the nonpolar 
constituents in this fraction are relatively limited, whereas the n-butanol and aqueous 
fractions contained a broader range of secondary metabolites including alkaloids, flavonoids, 
phenols, and saponins. The predominance of polar and semi-polar compounds in these 
fractions suggests that bioactive constituents responsible for the potential antidiabetic activity 
of Urena lobata are concentrated in the n-butanol and aqueous extracts. Previous studies 
reported that phenolic and flavonoid compounds exhibit strong antioxidant and antidiabetic 
properties by enhancing insulin secretion, stimulating glucose uptake, and inhibiting 
carbohydrate-hydrolyzing enzymes such as α-glucosidase and α-amylase [7]. Additionally, 
saponins have been shown to contribute to hypoglycemic effects through mechanisms 
involving improved glucose transport and regulation of lipid metabolism [8]. These findings 
indicate that the presence of phenolics, flavonoids, and saponins in the polar fractions may 
play an important role in supporting the antidiabetic potential of Urena lobata leaves. 
 

Table 1. Phytoconstituent screening of U.lobata leaf extract and its fractions 
Sample Alkaloid Flavonoid Phenol Saponins Steroid Terpenoid 

Ethanolic extract + + + + - - 
n-hexane fraction + - - - - - 
n-butanol fraction + + + + - - 
Water fraction + + + + - - 

Note; (+) = identified (-) = not identified 

3.2. Anti-diabetic activity of U.lobata leaf extract and its fractions 

Blood glucose level of rat administrated U.lobata extract and its fractions after glucose 
stimulation can be shown at Figure 1. Blood glucose levels increased at 60 minutes; however, 
the extract and fractions of U. lobata were able to inhibit this increase. U. lobata leaf extract 
prevented increasing in blood glucose levels for up to 90 minutes, whereas its fractions 
exerted effects for up to 120 minutes. Glibenclamid as a reference drug indicated the 
strongest inhibition in increasing of blood glucose level. 
 
 

 
Fig. 1. Blood glucose level administrated by U.lobata after induction of glucose 

 
Based on these results at Figure 2, there is a significant decrease at total AUC of glucose 

on extract and fractions of U.lobata about 10-20% compared to normal group (p<0.05), the 
lowest is fraction A and the highest is fraction C. Fraction C stronger to control total AUC of 
blood glucose compared to ethanolic extract and other fractions (p<0.05) after stimulating of 
glucose. However, anti-diabetic potency of the fractions was lower than glibenclamid as 
reference drug (p<0.05).  
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Figure 2. Total AUC of glucose administrated by U.lobata extract after induction of glucose;  
a, b, c etc = the different letter showed the differences of potency (p<0.05, LSD test) 

 
Fraction C of U.lobata which is polar has a strongest anti-diabetic potency. Water is a 

polar solvent and some phytoconstituent soluble in this solvent such as phenilpropanoid and 
amino acid. Chlorogenic acid is one of phenilpropanoid group showing antioxidant, anti-
inflammatory and anti-obesity [9]. Meanwhile, ethanolic extract U.lobata contained 
stigmasterol, ß-sitosterol, mangiferin, gossypetin and chrysoeriol which decreased AUC of 
glucose post induction [10]. However, the potency of ethanolic extract U.lobata is lower than 
water extract to inhibit an increase of blood glucose level based on previous study [11]. 
Fraction C consist of alkaloid, flavonoid saponins, and phenolic having anti-diabetic activity 
through improving the function of pancreatic ß-cell [12]. The cells produce insulin that works 
to maintain blood glucose level after glucose induction by metabolic pathway. This hormone 
transports glucose from blood to tissue and synthesis glycogen from glucose in muscle to 
decrease blood glucose level. 

Phytoconstituent of U.lobata such as stigmasterol, ß-sitosterol and mangiferin have DPP-
4 inhibitory activity [10]. Therefore, GLP-1 level can be retained for insulin secretion when 
the blood glucose level increase after inducing of oral nutrition [11,12]. GLP-1 acts outside 
of metabolism property, that is preventing of gastric juices secretion, inhibiting of the GIT 
motility and inhibiting of the rate of gastric-emptying [2,11]. It is beneficial to inhibit the 
increase of blood glucose level post prandial [1].  

Fraction C of U.lobata regulate more blood glucose level post glucose stimulation 
compared to the crude extract. This effect is likely due to the poor solubility and limited 
absorption of active compounds in the crude extract. Water solvent at Fraction C (DC=80) is 
more polar than ethanol (DC=30) at crude extract of U.lobata, therefore it affected their 
activities to control blood glucose level. The reducing of active substances solubility occurs 
due to the formation of complex compounds and the change of their conformation. 
Furthermore, it decreased inhibitory activity on DPP-4 that contribute to maintain blood 
glucose level [1, 10]. Ethanolic extract of U.lobata less potent to suppress increasing of blood 
glucose level than fraction C. This possibility it caused by interaction of active substances 
which have antagonistic effect [2, 12]. The crude extract contains more complex components 
than the fraction, thereby increasing the likelihood of interactions among active compounds 
[2]. 

Fraction B used n-butanol (DC=18) as semi polar solvent and known by amphipathic 
fraction. Some active constituent soluble in this solvent such as glycosides, saponins, tannins 
and alkaloids [13]. Glycosides is a pro drugs metabolized by microflora, absorbed in the 
intestine and then transferred to the liver [13]. Fraction A used n-hexane (DC=2) solvent is 
hydrophobic fraction, therefore any constituents such as oils, terpenoid, flavonoid, lignans, 
steroid and coumarin soluble in this fraction. Some of them like a-glycones have high 
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pharmacology activity [13]. However, hydrophobic fraction in this study indicated a low 
activity to suppress an increase of blood glucose level. The possibility active substances in 
the hydrophobic fraction cannot soluble in the gastric juice and it is difficult to absorb in 
lumen intestine, therefore they were not able to inhibit the increase of blood glucose level 
[2,13].  

3.3. Profiling metabolite of U.lobata leaf extract 

The analysis result indicated  152 compounds with a running time 30 minutes (Figure 3). 
However only 33 phytoconstituent met the inclusion criteria and three compounds have the 
largest composition such as choline, caffeine and 9-oxo-10(E),12(E)-octadecadienoic acid. 
Some compounds did not have available 3D structures in PubChem; therefore, only 15 
compounds were docked to the protein target in the molecular docking study. 

 
Figure 3. Total Ion Chromatogram of U.lobata leaf extract 

The presence of caffeine, choline, and oxidized fatty acids in the highest abundance 
suggests potential contributions to glycemic regulation. Caffeine has been reported to 
improve glucose uptake and insulin sensitivity, while oxylipins such as 9-oxo-
octadecadienoic acid may exert anti-inflammatory effects related to diabetes progression [9]. 
LC-MS metabolite profiling in antidiabetic studies typically identifies many compounds, but 
only a limited number proceed to molecular docking due to availability of structural data, 
which is a common screening approach in natural-product based research [7]. These findings 
provide a rationale for selecting representative phytoconstituents for docking and indicate 
that metabolite profiling can help identify promising antidiabetic candidates from U. lobata. 

3.4. Molecular docking of U.lobata phytoconstituent 

The results of molecular docking analysis indicated all of phytoconstituent tested (Table 2), 
glibenclamide, as the reference drugs, has the lowest binding energy of -9.1 kcal/mol with a 
Ki value of 0.26 µM, indicating a very high affinity for the target protein, SUR1 
(Sulfonylurea Receptor 1). The highly negative binding energy indicates high stability of the 
protein-ligand complex, as well as strong biological efficacy as an agonist inducing insulin 
secretion through ATP-sensitive K channels [12]. Several natural compounds from the Urena 
lobata extract show potential as antidiabetics based on bond energy values approaching or 
greater than -6.0 kcal/mol. Among these, (+)-ar-Turmerone has a bond energy of -6.6 
kcal/mol and a Ki value of 14.89 µM, while 12-Oxo-phytodienoic acid has a bond energy of 
-6.3 kcal/mol (Ki = 27.43 µM). These values indicate moderate binding affinity potential 
toward the SUR1 receptor, although not yet comparable to glibenclamide [2,10].  

Analysis of amino acid interactions shows that ARG1246 and TYR377 consistently 
appear in ligand binding (Table 2), including with glibenclamide, indicating their importance 

 

 

for SUR1 recognition. (+)-ar-Turmerone forms hydrogen bonds with ASN1245 and 
ARG1246 and a π–π T-shaped interaction with TYR377, while 12-Oxo-phytodienoic acid 
forms multiple hydrogen bonds (ARG306, ASN437, ARG1246, ASN1245) along with π-
sigma and alkyl interactions with ILE381 and LEU592. These multipolar interactions suggest 
a stronger stabilization effect on the ligand–receptor complex [14,15]. 

 
Table 2. Binding energy and amino acid residue of phytoconstituent from U.lobata leaf extract 

Compounds 
ΔG 

(kcal/
mol) 

Ki 
(µM) Amino acid residue 

Glibenclamide* -9,1 0,26 Conventional Hydrogen bond : ARG306, ASN437, ARG1246, 
THR 1242 
Pi-Donor Hydrogen Bond : TYR377 
Unflavorable Donor – Donor : ASN1245, ARG1246 
Pi Sigma : ILE381 
Pi-Pi T-Shaped : TYR377 
Alkyl/Pi-Alkyl : LEU592, PRO589 

Levalbuterol -6,0 39,54 Conventional Hydrogen bond : ARG1246 
Carbon Hydrogen bond : LEU343 
Unflavorable Donor – Donor : ASN437 
Pi-Pi Stacked: TYR377 

9S,13R-12-Oxo-
phytodienoic acid 

-6,0 39,54 Conventional Hydrogen bond : ARG1246, ARG1300, ASN1296 
Alkil/Pi-Alkil : ILE381, ILE385,TRP430, PHE433 

(+)-ar-Turmerone -6,6 14,89 Conventional Hydrogen bond : ASN1245, ARG1246, ARG1300 
Pi Sigma : ILE381 
Pi-Pi T-Shaped : TYR377 
Alkil/Pi-Alkil : TYR377,  ALA380, PHE433 

Ageratriol -6,0 42,31 Conventional Hydrogen bond : GLU1249 
Pi-Alkil : TYR377 

Caffeine -4,9 275,49 Carbon Hydrogen bond : GLU1249 
Pi-Pi Stacked: TYR377 

4-aminophenol -4,4 651,54 Pi Sigma : ILE381 
Pi-Pi T-Shaped : TYR377 

Palmitoleic acid -5,5 104,10 Unflavorable Donor – Donor : SER1238 
Alkil/Pi-Alkil : TYR377, ILE381, PHE433 

12-Oxo-
phytodienoic acid 

-6,3 27,43 Conventional Hydrogen bond : ARG306, ASN437, ARG1246, 
ASN1245 
Carbon Hydrogen bond : THR1242 
Pi-Sigma : TYR377 
Alkil : ILE381,LEU434, LEU592 

Linolenic acid -5,7 74,58 Alkil/Pi-Alkil : TYR380, ILE381, PHE433 

9-oxo-10(E),12 
(E)-
octadecadienoic 
acid 

-5,8 63,12 Conventional Hydrogen bond : ARG1246, ARG1300 
Pi-Sigma : TYR377 
Alkil/Pi-Alkil : TRP430, PHE433, LEU434 

(+/-)12(13)-
DiHOME 

-5,6 88,11 Conventional Hydrogen bond : ASN1245. ARG1246, ASN1296 
Alkil/Pi-Alkil : TYR377, ILE381, TRP430, PHE433 

Trigonelline -5,0 239,60 Conventional Hydrogen bond : ARG1246 
Pi-Anion : TYR377, ARG1246 
Pi-Alkyl : TYR377 

Hexadecanamide -5,4 122,98 Conventional Hydrogen bond : ARG388, SER1238 
Alkil/Pi-Alkil : TYR377, ILE381, TRP430, PHE433 

4-
methoxycinnamic 
acid 

-5,8 63,12 Conventional Hydrogen bond : TRP1297 
Carbon Hydrogen bond : TYR377 
Alkyl/Pi-Alkyl :  ALA380, ILE381 

6-Methyl-2-
pyridinemethanol 

-4,5 551,48 Pi-Stacked : TYR377 
Alkyl/Pi-Alkyl : TYR377, LEU434 

* = reference drug; ΔG; Binding energy; Ki; Inhibition constant 
The consistent involvement of residues TYR377, ARG1246, and ILE381 in interactions 

with high-affinity compounds such as (+)-ar-Turmerone and 12-Oxo-phytodienoic acid 
indicates that this region of the protein's active site is a key pharmacophore region. This 
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pharmacology activity [13]. However, hydrophobic fraction in this study indicated a low 
activity to suppress an increase of blood glucose level. The possibility active substances in 
the hydrophobic fraction cannot soluble in the gastric juice and it is difficult to absorb in 
lumen intestine, therefore they were not able to inhibit the increase of blood glucose level 
[2,13].  
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Some compounds did not have available 3D structures in PubChem; therefore, only 15 
compounds were docked to the protein target in the molecular docking study. 

 
Figure 3. Total Ion Chromatogram of U.lobata leaf extract 
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aligns with previous studies indicating that the ligand-binding site in SUR1 is dominated by 
polar and aromatic residues that support hydrogen bonding and aromatic interactions [15]. 
From a chemical structure perspective, compounds such as (+)-ar-Turmerone have aromatic 
and methoxy groups that play a role in the formation of π-interactions and the polarity of the 
carbonyl group, which increases the likelihood of hydrogen bond formation. Similarly, 12-
Oxo-phytodienoic acid contains carboxylate and oxo groups, which are reactive in forming 
bonds with the polar side of proteins [14]. 
 
4. CONCLUSIONS 

The aqueous fraction of U. lobata demonstrated stronger inhibition of blood glucose 
elevation than the crude extract or other fractions, and (+)-ar-Turmerone was identified as a 
potential lead compound with antidiabetic activity based on molecular docking analysis. 
Future studies are recommended to isolate phytoconstituents, followed by in vivo evaluation 
using different pharmacological mechanisms. In addition, examination of toxicity, 
pharmacokinetics, and potential formulation strategies to develop U. lobata compounds as 
safe and effective antidiabetic drug candidates. 
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