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Thiazolidinediones (TZDs) are a kind of DMII drug. The data revealed that compounds (4–6) have higher potency than the

reference drugs. Compounds (4–7) were able to regulate hyperlipidemia levels (cholesterol, triglyceride, high-density

lipoproteins and low- and very-low-density lipoproteins) to nearly normal value at the 30th day.
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1. Introduction

Diabetes mellitus (DM) is a common chronic health problem and around 416 million people worldwide are suffering from

it. This figure is expected to reach 618 million cases by 2040 . DM was classified into two major classes: “DMI”

and “DMII” . More than 90% of cases are diagnosed with DMII (non-insulin-dependent diabetes mellitus; NIDDM).

DMII is recognized by tissue resistance to the action of insulin combined with a reduction in insulin secretion because of

resistance or deficiency against a beta cell, that requires insulin to control the disease . DMII patients have a two to a

fourfold higher risk of cardiovascular disease than non-DM patients [9]. Thiazolidinediones (TZDs) are an efficient DMII

drug type [10] (Figure 1). Several TZDs’ derivatives have been marketed for the treatment of DII such as pioglitazone,

rosiglitazone, ragaglitazar, balaglitazone [11] (Figure 1). Clinical studies showed that mixed therapy between α-

glucosidase inhibitors and PPAR-γ-agonists (peroxisome proliferator-activated receptor [11,12,13]) was a helpful strategy

for the treatment of DMII, as acarbose combined with pioglitazone, the first prevents NIDDM and reduces the

cardiovascular problem [14]) and the second acting on cardiovascular action and anti-atherosclerosis [15].

Figure 1. Designed molecule compliance of Rosiglitazone pharmacophore.

The combination thereby is also effective for older patients with hypertension and DMII , as well as induced-electrolyte-

disturbance in DMII rats . Despite the efficiency of the present drugs such as acarbose and TZDs, they can cause

adverse effects such as diarrhea, hepatotoxicity, carcinogenesis, oedema, cardiac side effects and obesity . Recently,
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unimolecular with multi-target drugs have been developed to handle metabolic syndrome, as an inhibitor of Na-

dependent-glucose-transporters “SGLTI” .

The 2,4-Thiazolidinediones have several potential uses as anti-cancer , antioxidant , anti-malarial , anti-obesity

and anti-microbial agents . 

2. Chemistry

5-(benzo[d][1,3]dioxol-5-ylmethylene)thiazolidine-2,4-dione (2) treated with KOH/DMF gave potassium salt derivative (3).

Molecule 3 was reacted with ethyl bromoacetate to afford ethyl 2-(5-(benzo[d][1,3]dioxol-5-ylmethylene)-2,4-

dioxothiazolidin-3-yl)acetate (4), (Scheme 1). Compound 4 displayed two absorption bands attributed to 2 C=O at 1692

and 1736 cm , while its H NMR spectrum (DMSO-d ) revealed the signal at δ  = 4.18 ppm (2H, CH ).

Scheme 1. Synthesis of compounds 3 and 4.

Compound 4 was hydrazinolyzed to give corresponding hydrazide derivative 5, (Scheme 2). Compound 5 succeeded in

condensation with different aldehyde 5 and 6 derivatives, (Scheme 2). Compound 5 showed the absorption bands

attributed to amino group at 3251 and 3147 cm , the ethoxy resonances disappeared in the NMR proton due to the

appearance of the amino group at δ = 7.10 ppm.

Scheme 2. Synthesis of compounds (5–7).

All the newly obtained thiazolidinediones were separated in good yields, with high purity when applied to HPLC analysis. 

3. Molecular Modeling Studies

3.1. Interaction Stability Based on FMO Analysis

The stability of interactions (inter-and intra-molecular) between kinase and thiazolidinedione based on FMO were

examined using DFT/B3YLP/6311G** as implemented in Gaussian 09 package . The FMOs included HOMO/LUMO

(donating electron/accepting electron) can decide the interaction route between compounds and kinase (Figure 2). The

FMOs gap was used to examine the chemical reactivity of the molecule . The growing level of HOMO energy reflects

the powerful ability for providing electrons with high susceptibility to oxidation, and vice versa . The value for

E  was sorted by decreasing order 5 > 7 > 6 > 4 (Table 1). The HOMO sector localized over benzodioxol in all

compounds, at the same time the LUMO cloud condensed over the benzodioxol ring.
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Figure 2. HOMO and LUMO orbitals density for compounds (4–7).

2.2. The MEP Analysis

The MEP was mapped to figure out the balance between repulsive interaction (nucleophilic ability) and attractive

interaction (electrophilic reactivity) (Figure 3). The orange, yellow and red colors depict the negative power (great electron

density area). The colors near to blue shift figured a positive potential, and green color represented intermediate potential

ability. MEPs showed that the electron density covered over backbone for compounds (4–7). The expansion of a red

region for these compounds is related to electrophilic potency. The variety in shading of MEPs is related to the diversity of

electrostatic potential values that can be attributed to expanding electrostatic interactions’ ability and identification

between substrate and receptor . 

Figure 3. (A) MEP plot of synthesized compounds (4–7); (B) Overlapping the chemical structures for all compounds (4–

7).

4. Biological Study

4.1. The In Vitro α-Amylase Inhibitory Profile

The inhibitory potential was examined for compounds (4–7) against the α-amylase enzyme. The concentrations were

plotted against inhibition to determine IC  (concentration required to inhibit 50% of enzyme) using the non-linear

regression method (Figure 4). Compounds (4–6) showed higher inhibitory potential (IC  = 11.8 to 21.34 µg/mL) than

“STD” standard acarbose (IC  =24.1 µg/mL). Meanwhile 7 with IC  = (57.34 µg/mL) showed lower potency than

acarbose with significant (p < 0.05) when compared to positive control. The parent compound which bore the ester (4),

hydrazide (5) and benzodioxole (6) corners had a more promising activity than acarbose (Figure 5). On the other hand,

the inhibition potency decreased by the introduction of the methoxyphenyl fragment to the hydrazone in the molecular

skeleton, as in 7. This efficiency can be attributed to increasing hydrophilicity, which can interact with the hydrophobic part

of the active site.
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Figure 4. IC  in (μg/mL) for 4–7 compared to ascorbic and acarbose, respectively, as standard drugs against DPPH

radical (blue column) and α-amylase enzyme (orange column), respectively. Data analyzed by one-way ANOVA followed

by LSD test and expressed as mean ± SEM from five observations; stars represent change as compared to control; **

indicates p < 0.01 and * shows p < 0.05.

4.2. The In Vitro Antioxidant Activity

The antioxidant compounds can protect β-cells from reactive oxygen species (ROS) and, therefore, can prevent diabetes-

induced by ROS . In addition, ROS induces oxidative stress that leads to lipid peroxidation, protein glycation/oxidation

and nitration, enzyme inactivation and DNA damage, which leads to the development of various pathological conditions

such as diabetes mellitus (DM) and neurodegenerative diseases, which in turn can be neutralized by the presence of

endogenous or exogenous antioxidant systems .

4.3. Lipid Profile

The serious side effect related to diabetes is hyperlipidemia . The insulin deficiency promotes adipocytes to generate

fatty acids, hepatic phospholipids and cholesterol . Thus, the levels of cholesterol (CH), triglyceride (TG), high

(HDL), low (LDL) and very low (VLDL) density lipoproteins, in serum for alloxan-loaded diabetes have been measured at

50 mg/Kg concentration (Figure 5). All lipid parameters for all tested compounds have (p < 0.05) compared to the diabetic

control group (Figure 5).
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Figure 5. The level of (A) CH (Cholesterol); (B) TG (Triglyceride); (C) HDL (High-density lipoprotein); (D) LDL (Low-

density lipoprotein) and (E) VLDL (Very low-density lipoprotein) in serum of hyperglycemic loaded rats. 50 (mg/Kg) at 0th

day (pre-drug values), 2nd and 4th days (post-drug values) for each group of compounds 4–7 and compared to diabetic

control (DC). Data were analyzed by one-way ANOVA followed by LSD test and expressed as mean ± SEM from five

observations.

5. Conclusions

An antihyperglycemic compound, based on the thiazolidinedione scaffold, was synthesized and characterized. The FMOs

and global reactivity data indicated that the intramolecular charge transfer takes place between the thiazolidine-2,4-dione

and benzodioxole corner in two directions. The MEP for these compounds represented that they have promising

electrophilicity, that may enhance the attacking chance over a polar active site of the receptor. The molecular docking into

the PPAR-γ and α-amylase showed a high binding affinity for the synthesized compounds and maybe a suitable regulator

for both kinases. The in vitro inhibition potency via the α-amylase and scavenging radical was evaluated and represented

that the parent compound bearing these corners ester 4, hydrazide 5 and benzodioxole 6 are more efficient than

reference drugs. This efficacy decreased in the presence of methoxyphenyl group 7 in the molecular skeleton. The anti-

diabetic and anti-hyperlipidemic activities in vitro showed that all of the used concentrations for compounds 4–7 didn’t

show an obvious reduction in the BGL during pre-and post-treatment compared to DC, while after the 30th days of

treatment, they decreased the BGL at all concentrations. The ester 5 hybrid was the most potent regarding the regulation

of BGL at different concentrations on the 30th day. All compounds didn’t exhibit any mortality at 50 mg/Kg concentration

during the whole experiment. Moreover, all compounds enhanced hyperlipidemic levels nearly to the normal level.
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