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Recent epidemiological studies suggest that postprandial hyperglycemia is an independent risk factor for 
cardiovascular disease. A human’s high carbohydrate diet majorly consists of a high carbohydrate diet 
and α-glucosidase is a glucosidase located in the brush border of the small intestine is involved in glycosidic 
cleavage of starch at α-glycosidic bonds. α-glucosidase inhibitors are a unique class of anti-diabetic 
drugs particularly useful in individuals with a high carbohydrate diet. α-glucosidase inhibitors works by 
competitively inhibiting the enzyme α-glucosidase at the brush border of the small intestines, thus delaying 
the digestion of complex carbohydrate and intestinal absorption of glucose. Hence, in the present study, 
the α-glucosidase inhibition activity of butyl isobutyl phthalate isolated from chloroform fraction of Rubus 
steudneri leaves investigated and its possible mechanism of action ascertained in silico. The compound 
was found to exhibit concentration-dependent inhibition of α-glucosidase with half-maximal inhibitory 
concentration value of 10.68  g/ml. The results of in vitro α-glucosidase inhibition assay for butyl isobutyl 
phthalate were promising and substantiated by molecular docking and molecular dynamics studies.
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The preliminary step in the signifi cant declination 
of glucose homeostasis is the loss of postprandial 
glycemic control, which can be progressed to morning 
hyperglycemia and sustained nighttime hyperglycemia 
eventually[1]. Impaired glucose tolerance is considered 
as a pre-diabetic stage, and it may occur years before 
elevated fasting plasma glucose (FPG) levels are 
observed[2]. Postprandial plasma glucose (PPG) is a 
measure to understand the glucose tolerance in a system 
after the consumption of high carbohydrate meal[3]. 
There is a growing evidence suggesting that postprandial 
hyperglycemia may be an independent risk factor for 
cardiovascular disease, stroke, retinopathy, renal failure 
and neurologic complications in both diabetic and non-
diabetic individuals[1]. Postprandial hyperglycemia is 
therefore one of the very important pathophysiological 
states contributing to vascular failure. Accordingly, 
controlling postprandial hyperglycemia should be the 
focus of future clinical investigation as a potential 
target for preventing vascular failure[4]. 

One such a potential target is α-glucosidase, which 
is exoenzyme acting in a manner similar to that 
of glucoamylase on di and oligo saccharides. 
α-glucosidase inhibitors (AGIs) are particularly 
useful in individuals whose meals consist of high 
carbohydrate content. It works by competitively 
inhibiting the enzyme α-glucosidase at the brush 
border of the small intestines, thus delaying the 
digestion of complex carbohydrate and intestinal 
absorption of glucose[5]. It targets mainly the 
postprandial hyperglycemia, and in clinical studies, 
it lowers the HbA1c by 0.5-1.0 %. Gastrointestinal 
side eff ects are common and likely due to 
colonic starch fermentation. Acarbose is the most 
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widely prescribed α-glucosidase inhibitor; others 
include Miglitol and Voglibose[6].

There is serious complication of using these AGIs, 
which include diarrhea, mucus discharge, rectal 
bleeding and constipation[7]. Therefore, it is necessary 
to search for alternatives that can display α-glucosidase 
inhibitory activity but without side reactions. In recent 
years, projects undertaken to discover potent non-
sugar based α-glucosidase inhibitors from natural 
sources have received tremendous attention because 
of the highly abundant compounds in nature and their 
promising biological activities[8]. 

Rubus steudneri Schweinf (locally known by the name 
Gora), a scandent shrub and is characterized by deeply 
furrowed stems covered with stellate hairs or sometimes 
with prickles belonging to the family Rosaceae is one 
of the important edible plants in Ethiopia. The fruits are 
edible in nature and the plant is utilized as a source of 
food and medicine[9-11]. It is reported that diff erent parts 
of the plant namely leaf, stem and fruit are consumed 
by gorillas in Bwindi Impenetrable National Park, 
Uganda[12]. In an earlier study, we reported antioxidant[13]

and antidiabetic[14] potential of leaves and the ripe and 
unripe fruits of R. steudneri[15]. 

Butyl isobutyl phthalate (BIP) (fi g.1) is a phytochemical 
reported rarely from higher plants. BIP was found to act as 
a concentration dependent, non-competitive inhibitory 
activity against α-glucosidase[16,17], antimutagenic[18,19], 
cytotoxic[20], antifungal[21] and antibacterial[19] activity. 
However, the information about the interaction of BIP 
in the catalytic active pocket of α-glucosidase is scanty 
or limited. In that regard, the current study carried out 
by us aims at in vitro and in silico investigation of 
α-glucosidase inhibitory activity of BIP isolated from 
chloroform fraction of R. steudneri leaves as a possible 
therapy for type 2 diabetes mellitus.

MATERIALS AND METHODS

Collection and identifi cation of the plant:

The matured R. steudneri leaf material was collected 
from Nekemte (9°5′N 36°33′E to 9.083°N 36.550°E; 
2,123 meters above sea level), East Wollega Zone, 
Oromia Region, Ethiopia during December 2015 and 
identifi ed by Dr. Tesfaye Awas, Plant Taxonomist, 
Ethiopian Biodiversity Institute, Addis Ababa, 
Ethiopia. The R. steudneri specimen was authenticated 
based on its characteristics under the voucher no: 1983 
at the Ethiopian Biodiversity Institute, Addis Ababa, 
Ethiopia.

Extraction and characterization:

The shade-dried leaf powder (1 kg) was extracted with 
3 l of 100 % v/v ethanol for 72 h. The fi ltrate (vacuum 
fi ltered) was concentrated using R-120 rotavap. The 
percentage yield of concentrated mass was found to be 
27.5 % w/w. BIP was isolated as a pure fraction from the 
chloroform fraction of ethanol extract of R. steudneri 
leaves by fl ash chromatography. BIP was characterized 
on the basis of data obtained from GC-MS analyses and 
the results revealed 278.1 m/z for chloroform fraction 
which is consistent with a BIP structure[22]. 

In vitro α-glucosidase (EC 3.2.1.20) inhibition assay:

The α-glucosidase inhibition assay was performed 
as described by Tomoki Ohta[23] with necessary 
modifi cations. In brief, a pre-incubation mixture of 300 
μl containing 250 μl of 80 mM phosphate buff er pH 
7.0/Acarbose (0.5, 1 and 2 μg/ml)/BIP (3, 6, 12 and 24 
μg/ml) and 50 μl of the enzyme was mixed thoroughly 
and pre-incubated at 37° for 30 min. Following pre-
incubation 500 μl substrate (37 mm Sucrose) was added 
and again incubated at 37° for 20 min. The reaction was 
arrested by keeping it in boiling water bath for two min 
and then cooled for some time. A 250 μl of glucose 
reagent was added to 50 μl of the reaction mixture 
and mixed thoroughly. The absorbance was measured 
at 510 nm (Molecular Devices, Versamax Microplate 
Reader) upon incubating the reaction mixture at 25° 
for 10 min. The percent of inhibition was calculated 
using the formula, Inhibition(%)=(A0-A1)/A0×100, 
where, A0 is the absorbance of the control and A1 is the 
absorbance of the sample. The Half-maximal inhibitory 
concentration (IC50) value was estimated from the 
percentage inhibition versus concentration plot using 
non-linear regression formula. 

Fig. 1: Butyl isobutyl phthalate (BIP)
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of deaths worldwide[29,30]. α-amylase and α-glucosidase 
are the two important carbohydrate digesting enzymes. 
Postprandial hyperglycemia is often managed by 
targeting the activity of the key carbohydrate digesting 
enzyme α-glucosidase in the digestive tract, thereby 
reducing the blood sugar level and preventing the 
absorption of sugar[29]. Drugs such as acarbose and 
miglitol are frequently used to manage postprandial 
hyperglycemia. However, their use is often associated 
with side eff ects. Hence, there is need for developing 
safe alternatives, especially from natural sources such 
as plants, with low or no adverse health eff ects[29,31]. In 
this study, we have subjected the compound BIP isolated 
from leaves of R. steudneri for possible inhibitory 
activity against the enzyme α-glucosidase. It is observed 
that the compound BIP was eff ective against inhibiting 
the activity of α-glucosidase. Fig. 2 depicts the result 
of α-glucosidase inhibition by diff erent concentrations 
of BIP (3-24 μg/ml). BIP was found to have inhibitory 
eff ects on α-glucosidase in a dose dependent manner 
with an IC50 was found to be 10.68 μg/ml. At 24 μg/ml 
concentration, BIP caused 75.61±2.28 % inhibition of 
α-glucosidase. The reference drug Acarbose was more 
eff ective in causing inhibition of α-glucosidase and the 
IC50 value was found to be 0.836 μg/ml. At concentration 
2 μg/ml, Acarbose caused 62.45±1.15 % inhibition 
of α-glucosidase. To the best of our knowledge, there 
is scarce information available on the eff ect of BIP 
from natural products on the activity of α-glucosidase. 
Our result is on par with the observation made by 
Bu et al.[16] and Liu et al.[17] in which BIP isolated from 
a sea weed Laminaria japonica exhibited inhibitory 
activity against α-glucosidase with an IC50 value to 
38 μM. 

The aim of the molecular docking study was to 
elucidate how BIP bind to the target α-glucosidase, 

Molecular docking studies:

The crystal structure of human α-glucosidase protein, 
the known target for BIP to treat type 2 diabetes (PDB 
ID: 1OBB, resolution 1.90 Å) was retrieved from 
the protein data bank and prepared using the Protein 
Preparation Wizard[24] available in Schrödinger suite 
2018-1. Crystallographic water molecules (water 
molecules without 3 H bonds) were deleted and 
hydrogen bonds corresponding to pH 7.0 were added 
considering the appropriate ionization states for both 
the acidic and basic amino acid residues. Missing 
side chain atoms were added and breaks present in the 
structure were built using Prime (v3.7, Schrödinger 
2018-1). Using the OPLS_2005 force fi eld[25] energy 
of crystal structure was minimized. The active site 
was defi ned with a 10 Å radius around the co-crystal 
ligand (maltose) present in the crystal structure and 
a grid box was generated at the centroid of the active 
site for docking. To test the docking parameters low 
energy conformations BIP was docked into the catalytic 
pocket of the α-glucosidase using Grid-based Ligand 
Docking with Energetics (Glide v7.8, Schrödinger 
2018-1) in ‘extra precision’ mode without applying 
any constraints[26]. The fi nal best-docked structure was 
selected using a Glide score function, Glide energy 
and Glide Emodel energy. Finally, the lowest-energy 
docked complexes of BIP/α-glucosidase and maltose/
α-glucosidase were selected for further study.

Molecular dynamics (MD) simulation:

The molecular dynamics of the docked complexes of 
BIP/α-glucosidase and Maltose/α-glucosidase were 
studied using the AMBER force fi eld in an explicit 
solvent of water within the Cresset fl are software for the 
MD simulations. The molecular system was solvated 
with water molecules in an orthorhombic box allowing 
for a 10 Å buff er region between protein atoms and box 
sides. Then the system temperature 300° K was run for 
10 ns. Data were collected every 100 ps during MD run. 
3-D structures and trajectories were visually inspected 
using the Flare graphical interface[27,28].

RESULTS AND DISCUSSION

Diabetes mellitus is a metabolic disorder characterized 
by an elevated level of blood sugar level (postprandial) 
hyperglycemia. Type 2 diabetes mellitus is the more 
common type of diabetes mellitus and often leads to 
serious health complications such as cardiovascular 
diseases, neuropathy, nephropathy and retinopathy 
resulting in reduced quality of life and a greater number 

 

Fig. 2 α-glucosidase inhibitory activity of BIP and a standard 
drug acarbose
▬♦▬ BIP and ▬▲▬ acarbose; all the results are mean±SD
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which is essential to catalyze the breakdown of maltose 
into glucose units. In that regard, the docking results 
provided appropriate information about the binding 
affi  nity, binding energy and orientation of ligand-
enzyme and substrate-enzyme interactions to inhibit 
the function of α-glucosidase. The molecular docking 
was carried out both substrate (maltose) and inhibitor 
(BIP) and their interaction of ligands with protein 
was analyzed. The docking protocol was validated 
using the reported structure of α-glucosidase bound 
to its substrate maltose. The root mean square (RMS) 
deviation between the actual and the predicted pose 
was 0.170 Å, which was well within the acceptable 
limit of 2.0 Å[32]. 

The scores of docking studies are shown in the Table 1, 
from the total-scores, the IC50 of BIP in touch with the 
glide score. Docking study revealed that interactions 
were hydrogen bond and aromaticity. The interactions 
were dominated in the region of Gly259 to A Phe238 
amino acid residues content due to pronouncing 
existence of the catalytic site in the region as shown in 
fi g. 3A and 4A.

The interaction of maltose was facilitated by three 
major contacts formed by hydrogen bonds, whereas 
the interaction of BIP was mediated by hydrogen bond 
and π–π stacking each. Though the glide score of both 
the molecules are signifi cantly similar, the interaction 
pattern is diff ered because of varied chemistry of both 
the molecules. Maltose being the highly polar molecule 
possessed comparatively high h-bonds with an enzyme. 
However, the interaction of BIP is also suffi  cient to 
possess signifi cant inhibition. The occupancy and 
conformation of aromatic ring in both substrate and 
inhibitor was seen similar as shown in fi g. 3B and 4B.

The electrostatic complementarity (EC) of BIP shown 
in fi g. 4C found better than the EC of maltose shown 
in fi g. 3C. Inclusion of EC signifi cantly improves 
the docking results for most systems by ranking the 
nearly correct solutions as highly probable. In that 
concern the EC analysis has described the substantial 

similarity between substrate and inhibitors in interaction 
with α-glucosidase. However, it requires advanced 
computational calculations like MD simulations, to 
illustrate the stability in protein-ligand interaction.

Molecular dynamics (MD) simulation was conducted 
using docked conformation of BIP/α-glucosidase 
and Maltose/α-glucosidase complexes to explore the 
dynamic stability of system.MD simulation calculations 
performed using OpenMM, to study the stability of 
protein-ligand complexes. The interactive plots derived 
for (potential energy, temperature, box volume and 
density), have simplifi ed the understanding of system 
stability.

Compound Docking score 
(kcal/mol) Bond forming atom

BIP  6.3 A Gly259 H (H-Bond)
A Phe238 CG (π−π stacking)

Maltose  6.9
A Gly259 H (H-Bond)
A Phe238 O  (H-Bond)

A Ans 239 HD22  (H-Bond)

TABLE 1: DOCKING SCORE AND INTERAC-
TION RESIDUES FOR THE BINDING OF BIP AND 
MALTOSE WITH ALPHA-GLUCOSIDASE

 

Fig. 3: The interaction of maltose in the catalytic site of 
α-glucosidase
(A) illustration of maltose interaction with active site residues, 
(B) surface occupancy of maltose in the catalytic site of 
α-glucosidase and (C) electrostatic complementarity of maltose 
with catalytic site of α-glucosidase
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structural deviations observed for the latter phase of 1 
to 10 ns was in the range of 1.4 Å to 1.8 Å compared 
to that of original structure. From 1 ns to till the end 
of simulation, the total RMS deviation of protein was 

The system was simulated for 50 ps for equilibration. 
The fi nal simulation run was for a total of 10 ns, during 
which 1000 structures enumerated were saved in the 
trajectory. To understand the stability of the complex 
during MD simulation, the protein backbone frames 
were aligned to the backbone of initial frame and 
then the RMS deviation was calculated with respect 
to the initial frame. The RMS deviations between the 
original structure and the structure enumerated during 
MD simulation were plotted as shown in fi g. 5A. The 
protein backbone RMS deviation recorded during 
simulation shows large deviation for the initial 100 ps 
due to the initial protein structural stabilization; after 
that showed a steady state dynamics. The backbone 

Fig. 4: The interaction of BIP in the catalytic site of α-glucosi-
dase
(A) illustration of BIP interaction with active site residues, (B) 
surface occupancy of BIP in the catalytic site of α-glucosidase 
and (C) electrostatic complementarity of BIP with catalytic site 
of α-glucosidase

Fig. 5: MD plots generated for maltose/α-glucosidase complex 
(A) RMSD plot for protein backbone, (B) total potential energy 
of protein ligand complex, (C) density of protein ligand com-
plex, (D) system temperature and (E) box volume of the built 
system
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within a range of 0.4 Å. The total potential energy, 
density, temperature and box volumeof the system 
were maintained at - 170398.84 kcal/mol 1.034 g/ml, 
295.97 K and 561.06 nm3 respectively as shown in 
fi g. 5B-E. This clearly suggests that 10 ns of simulation 
are suffi  cient for stabilizing these complexes and the 
maltose/α-glucosidase complex is stable.

Similarly, The RMS deviations between the original 
BIP/α-glucosidase structure and the structure 

enumerated during MD simulation were plotted as 
shown in fi g. 6A. The protein backbone RMS deviation 
recorded during simulation shows large deviation for 
the initial 2.5 ns due to the initial protein structural 
stabilization; after that found to gain the stability. The 
backbone structural deviations observed for the latter 
phase of 2.5 to 10 ns was in the range of 1.4 Å to 2.0 
Å compared to that of original structure. From 2.5 ns 
to till the end of simulation, the total RMS deviation of 
protein was within a range of 0.6 Å. The total potential 
energy, density, temperature and box Volume of the 
system were maintained at -170595.25 kcal/mole, 
1.033 g/ml, 295.48 K and 561.84 nm^3 respectively as 
shown in fi g. 6B-E. This clearly suggests that 10 ns of 
simulation are suffi  cient for stabilizing these complexes 
and the BIP/α-glucosidase complex is stable.

Comparatively, no is signifi cant diff erence in MD sim-
ulation was seen. However, the total potential energy of 
BIP/α-glucosidase complex was better than Maltose/α-
-glucosidase. Hence, BIP can be a potential enzyme in-
hibitor of α-glucosidase. We present the possible mode 
of action of the phytochemical BIP from chloroform 
fraction of R. steudneri which can be a potential clini-
cal intervention for type 2 diabetes which acts through 
α-glucosidase inhibition. We have established the phar-
macological activity both by in vitro enzyme activity 
and in silico ligand binding activity through molecular 
docking analysis. Since both the studies reiterates about 
the potency of the ligand to inhibit the α-glucosidase 
along with highly favorable rule of 5 statistics, this li-
gand can further be taken for drug development pro-
cess.
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