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Abstract

Thiadiazole compounds have versatile activities such as anti-microbial, anti-inflammatory, anticancer, etc. Present
study involves design of thiadiazole compounds as antidiabetic agent using docking studies. The designed molecules
were synthesized and subjected to antidiabetic activity by in vitro and in vivo method. Compound TD7 was found to
show potent antidiabetic activity in alloxan induced diabetes rat model. Molecular docking revealed that synthesized
derivatives and target proteins were actively involved in binding and had significant correlation with biological activity.
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Introduction

Diabetes

Diabetes is a group of diseases characterized by high blood glucose
level. When a person has diabetes, the body either does not produce
enough insulin or is unable to use its own insulin effectively. Glucose
builds up in the blood and causes a condition that, if not controlled,
can lead to serious health complications and even death. The risk of
death for a person with diabetes is twice the risk of a person of similar
age who does not have diabetes. Diabetes mellitus is a heterogeneous
clinical disorder with numerous causes. Two main classifications of
diabetes mellitus exist, idiopathic and secondary. Idiopathic diabetes
is divided into two main types: Insulin dependent and Non-insulin
dependent. Non insulin dependent diabetes mellitus (NIDDM or type
2 diabetes) is characterized by milder hyperglycemia and rarely leads
to ketoacidosis. It leads to nephropathy, neuropathy, and retinopathy.

Diabetes mellitus, long considered a disease of minor significance
to world health, is now taking its place as one of the main threats to
human health in the 21* century. The incidence of the disease currently
is estimated to reach 210 million by the year 2010 and 300 million by
the year 2025 [1]. Most cases will be of type 2 diabetes, which is strongly
associated with a sedentary life style and obesity. Nowadays diabetes is
becoming a leading cause of death in most nations. 1,3,4-thiadiazole
and its derivatives possesses wide range of therapeutic activities like
activities like antimicrobial [2], antifungal, diuretics, antiulcer [3], anti-
mycobacterial [4], antioxidant/radio-protective [5], anti-inflammatory,
anticonvulsant, antidepressant, anticancer, anti-leshmanial [6-7],
carbonic anhydrase inhibitors [8] and antidiabetic [9]. Due to presently
known limitations of liver toxicity in the use of thiazolidinediones, it is
necessary to find new heterocyclic compounds with equivalent potency
as that of thiazolidinedione. Thiadiazole compounds are known to bind
peroxisome proliferator activating receptor (PPAR) effectively [10].
Therefore present study involves design of thiadiazole compounds
on the basis of docking studies on peroxisome proliferator activating
receptor (PPAR) effectively and to find important binding residues.
The knowledge of binding residues would help in design of novel
thiadiazole molecules as antidiabetic agents.

Chemistry

Designing of new molecules was done with help of docking. Virtual
screening has emerged as a reliable, cost-effective and time-saving
technique for the discovery of lead compounds. The virtual screening
approach for docking small molecules into a known protein structure
is a powerful tool for drug design that has become an integral part of
the drug discovery process in recent years. Theoretically the application
of virtual screening is constrained only by the chemical compounds
features that can be calculated and the relation between these features
and the targeted protein can be established. Practical implementation
of virtual screening application requires some considerations. If the site
geometry is not known, as is often the case, the design should be based
on other ligand molecules that bind well to the site. If the molecules
are rigid, the problem becomes one of identifying the substructures or
active groups that contribute to the fit. If the site geometry is known,
molecules with good affinity for the site can be built by joining the
groups with alternative molecular scaffolding. In present study,
thiadiazole scaffold was considered as replacement to thiazolidinedione
while considering its expected interaction with PPARgamma receptor
as per the previous literature reports [9]. Thiazolidinediones belongs
to a chemical class that has a different pharmacological action than
the sulfonylureas, biguanides, or the (alpha)-glucosidase inhibitors.
Synthesized thiadiazole compounds were tested for alpha-glucosidase
inhibition to verify whether these compounds work by mechanism
similar to thiazolidinediones or else.

In vivo study was carried out on alloxan induced diabetes rat
model for all the synthesized molecules using glibenclamide, a second
generation sulphonylurea as standard since it was used as a reference
standard compound in the study of reference analogous compounds
[11,12]. Molecular docking studies were performed by using Glide
v5.6 (Schrodinger, LLC) [13]. The X-ray crystal of peroxisome
proliferator-activated receptor gamma (PPARgamma) in complex with
rosiglitazone (PDB id. 1IFM6) was obtained from the RCSB protein
Data Bank (PDB) and utilized in order to get the detailed insights of
ligand-protein structure in this study.
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Protein structure was added with hydrogens and then only
hydrogens were energetically optimized. In case of docking poses
showing high score, some manual adjustment were done to remove
large steric hindrance and final complex structures were subjected to
energy minimization using OPLS force field in Schrodinger software.
During the energy minimization procedure firstly whole protein
structure was fixed and secondly that amino acid residues within 3.5 A
from the each ligand were relaxed.

N—N

Rosiglitazone was removed from the complex and the reported
thiadiazole compounds were docked in PPARgamma protein and their
binding interaction was validated with previously reported binding
residues. These binding residues were used as reference guide. Several
thiadiazole compounds have been reported for their antidiabetic effect
by acting as agonist at PPAR gamma [11,12]. Docking was performed
selectively on reported thiadiazole analogues Tables 1 and 2 for which
antidiabetic activity is known to be potent and comparable to standard.

AN

Compound Ar R Activity (at sixth hour) Blood glucose level mg/di
/CHZCH3
A1 HoN N 166.4
CH,CH3
A2 HM@* — N 168.6
/CHZCH3
A5 OZN@— N 160.2
CH,CH3
A6 OW—@— N 129.0
A7 02N4®7 —N O 143.2
A8 O,N 103.4
—N
T
[ —
c—¢C
A10 @ N 228.2
Table 1: Thiadiazole compounds A1 to A10 as antidiabetic were used as reference compounds.
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Compound Ar R Activity (at sixth hour) Blood glucose level mg/di

B3 @— —@—N(CHQ,)Z 2003
o)

B5 @— @ 270.8

B8 HZN—@ —@OH 199.0

B10 H2N—<: :>— 4@700H3 265.8
(o)

B12 HZN—@ —@CHE, 2715

OH
B13 F 210.0
HoN
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OH
B14 OH 206.3
HoN
OH
B15 N(CH3), 198.3
HoN
OH
B16 OCHj,4 200.0
H,oN
OH (0)
B17 195.3
HoN /
OH
B18 169.5

HoN

o

Table 2: Thiadiazole compounds B1 to B18 as antidiabetic were used as reference structures.

This study helped in understanding possible orientations and
conformation of thiadiazole compounds and their resulting position
and binding interaction in the pocket. Similar to the thiazolidinedione
group of rosiglitazone, the carboxyl group of reference compound
was found to show hydrogen bonds with Tyr473 as well as Ser289 and
His449.

Gscore

The docking studies were performed using standard precision mode
of Glide. The results of the docking studies were generated in the form
of Gscore. The more negative value of Gscore means, the compound is
more potent and indicates good binding potential. Gscore in Glide has
components such as steric, electrostatic, hydrophobic, charge-charge,
charge-polar, H-bonding and metal-ligand interactions. Besides at the
expense of penalties of freezing rotatable bonds, buried polar bonds
and desolvation interactions are also considered after post-docking
minimization. Apart from Gscore, other parameters like energy and
Emodel were also taken into consideration for the evaluation of the
docking results. Emodel is composed of energy of grid score, the
binding affinity of the ligand and the internal strain energy. The values
of energy and Emodel were found to be significantly closer to the values
of the standard rosiglitazone.

H-Bond interaction

As H-bond is an influential parameter, which governs binding
affinity of the drug compounds, this parameter was also taken into
consideration. The number of H-bond interaction in the standard
compounds rosiglitazone was compared with those of the designed
thiadiazoles.

Experimental Methods

The starting materials were characterized with the help of melting
point in open capillaries using melting point apparatus (VEEGO
VMP-D) and are uncorrected. Progress of the reaction and purity of

the compounds was confirmed by TLC plates by using appropriate
mobile phase and spots were rendered visible by exposing to UV light
and iodine fumes. FTIR spectra were recorded by JASCO FTIR 4100
series in the range of 4000-400 cm™. '"HNMR spectra were recorded
by Varian-NMR-Mercury 300 using DMSO as a solvent and their
chemical shifts are recorded in § parts per million (ppm) units with
respect to tetramethylsilane (TMS) as an internal standard.

Scheme of synthesis

Figure 1 shows scheme 1 [11] of synthesis for compound TD1 to
TDé. Figure 2 shows scheme 2 for synthesis of compound TD7 [12].

General Procedure

The compounds TDI-TD6 were synthesized using similar
procedure [14]. The yield and m.p. of synthesized compounds are listed
in Table 6.

Step 1: (Scheme 1 and 2) Synthesis of 2-amino-5-aryl-1,3,4-
thiadiazole

Thiosemicarbazide (0.01 mole), aryl carboxylic acid (0.01 mole),
and conc. Sulphuric acid (5 ml) were refluxed for 2 hours. The reflux
was continued for further time of span until we get a distinct single
point on TLC. This hot mixture was poured onto crushed ice. The solid
separated was filtered out and washed with water. It was recrystallized
from ethanol to give compound of step 1. This step is common for
compounds TD1-TD7

Step 2: (Scheme 1): Synthesis of 5-aryl-1,3,4-thiadiazol-2-yl)
acetamide (1 -6)

Product of step 1(5-aryl-1,3,4-thiadiazol-2-amine) (0.01 mole)
and acetyl chloride (0.01 mole) were taken in RBF. The mixture was
irradiated in a microwave oven for 3 mins with 40% power, at intervals
of 30s. After the completion of reaction, ice cold water was added to
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Figure 1: Scheme of synthesis for TD1- TD6.
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Compound TD7.

Figure 2: Scheme of synthesis for TD7.

the reaction mixture and solid thus separated was filtered and dried
to get 5-aryl-1,3,4-thiadiazol-2-yl) acetamide, and recrystallized from
ethanol.

Step 2: (Scheme 2): For synthesis of 2-(5-phenyl-1,3,4-
thiadiazol-2-ylamino)-N-p-tolylacetamide

Compounds from Step 1 (0.5 mol) was dissolved in glacial acetic

acid (25 ml) containing 25 ml of saturated solution of sodium acetate.
In case the substance did not dissolve completely, the mixture was
warmed and the solution was cooled in ice bath with stirring. To this
chloroacetyl chloride was added dropwise (0.06 mol) so that, vigorous
reaction did not take place. After half an hour white product was
separated and filtered. The product was washed with 50 % aqueous
acetic acid and finally with water. It was purified by recrystallization
from absolute alcohol.
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Step 3: (Scheme 2): For synthesis of 2-(5-phenyl-1,3,4-
thiadiazol-2-ylamino)-N-p-tolylacetamide (TD7)

A mixture of product from step 2 (0.01 mol) was taken in 25 ml of
absolute alcohol and 0.01 mol of aryl derivative was added and refluxed
for 4 hr. It was purified by recrystallization from aqueous alcohol.

Pharmacology

In vitro activity

Porcine Pancreatic a-amylase (PPA) was used for preliminary
screening of a-amylase inhibitors from the compounds. The inhibition
assay was performed using the chromogenic Dinitro Salicylic Acid
(DNSA) method [15]. The total assay mixture composed of 500 puL
of 0.02M sodium phosphate buffer (pH 6.9 containing 6 mM sodium
chloride), 0.04 units of PPA solution, and compounds at concentration
from 0.1- 1.5 mg/ml (w/v) were incubated at 37°C for 10 min. After
pre-incubation, 500 ul of 1% (v/v) starch solution in the above buffer
was added to each tube and incubated at 37°C for 15 min. The reaction
was terminated with 1.0 ml DNSA reagent, placed in boiling water bath
for 5 min, cooled to room temperature, diluted, and the absorbance
measured at 540 nm. The control reaction representing 100% enzyme
activity did not contain any compound. To eliminate the absorbance
produced by compound, appropriate compound controls were also
included. One unit of enzyme activity is defined as the amount of
enzyme required to release one micromole of maltose from starch per
min under the assay conditions.

For the determination of the inhibitor concentration at which 50
% inhibition of enzyme activity occurs (IC,)), the assay was performed
as above except that the compound concentrations were varied from
0.1-150 pug. Acarbose was used as a positive control at a concentration
range of 6.5 ug-32.8 ug. The IC,  values were determined from plots
of percent inhibition versus log inhibitor concentration and calculated
by logarithmic regression analysis from the mean inhibitory values.
The IC,, values were defined as the concentration of the compound,
containing the a-amylase inhibitor that inhibited 50% of the PPA
activity. The results of in vitro study are presented in Table 7.

In vivo activity

Alloxan induced diabetes model [16] The acclimatized animals
were kept fasting for 24 hrs with water and alloxan monohydrate (90
mg/kg i.p.) in normal saline was administered. After 1 hr of alloxan
administration the animals were given water. The 5% dextrose solution
was given in feeding bottle for a day to overcome the early hypoglycemic
phase. The blood glucose was monitored by Retro orbital flexus method
[17]. The blood was dropped on the dextrostrip reagent pad. The strip
was inserted in one touch simple select glucometer and readings were
noted. After 4* day, rats having blood glucose level beyond 200 mg/dl
of blood were selected for the study and divided in 6 groups (n=6). The
quantity of 1, 3, 4-thiadiazole derivatives equivalent to average human
intake 200 mg/kg at a time was calculated for single dose 35 mg/kg. The
test compounds were administered orally by mixing with CMC (1%)
solution. The blood glucose levels were monitored at different time 0,
1, 3, 6 hr respectively. Glibenclamide was used as standard 10 mg/kg.
The results of in vivo study are presented in Table 8.

Results and Discussion

Docking of thiadiazole compounds

Molecular docking studies were performed in our laboratory
by using Glide v5.6 (Schrodinger, LLC). PDB 1FM6 containing
PPARgamma bound to rosiglitazone was selected for docking. Docking
of literature based reported antidiabetic molecules were performed to

know insights of interaction of thiadiazole compounds with the active
site residues. The information of important amino acid residues was
compared to new designed molecules. The choice of best-docked
structure for each ligand is made using a model energy score (Emodel)
that combines the energy grid score, the binding affinity predicted by
GlideScore, lipophilicity, hydrogen bond, internal energy, van der waals
energy. Newly designed molecules that have comparable docking score
values to literature based reported docked molecules were selected for
synthesis.

Docking studies were performed on reported thiadiazole series.
Docking studies revealed that the reported molecules had typical
interactions. This study shows thiadiazole has different binding mode
as compared to binding interactions of rosiglitazone in crystal structure
1FM6.

Table 1 and 2 shows thiadiazole compounds series Al to A10 [11]
and B1 to B18 [12] as reference antidiabetic compounds obtained from
the literature. Antidiabetic activity has been reported for these series
of compounds on alloxan induced rat model. The activity has been
reported in terms of blood glucose level in mg/dl after the period of sixth
hour. The reported antidiabetic activity values showed that compounds
A6 and A8 have higher activity than B11 and B18 compounds.

Table 3 shows results of docking study of reported thiadiazole
series, which was used as guideline for the study of newly designed
thiadiazole compounds. Table 3 shows the hydrogen bonding distances
of the reported thiadiazole series of compounds. The residues obtained
from these studies were compared with the previous reported docking
study of thiadiazole compounds [9,10]. The compounds were ranked
as per the docking score. This docking study reveals the importance
of amino acid residues found to have significant interactions. From
this study it was observed that compounds that have lowest hydrogen
bonding distances with Ser342 are also higher active amongst the
selected series of thiadiazole compounds (Figure 3).

Docking

In Table 3, compounds A2, A5, A6, A8 and B2, B10, B15, B16, B18
were found to have meaningful hydrogen bonding interaction with the
amino acid residue Ser342. It can be observed in Table 3, that distance
between amino acid residue Ser342 and ligands such as B3, B4, B13,
B10, B12 and A10 were larger than 3.5 A indicating weak binding
interactions. Distances larger than 3.5 A were considered as weak
interactions for attraction between hydogen bond donor and hydrogen
bond acceptor. The lower activity of these compounds may be due to
weaker binding interactions.

Table 4 consists of first seven virtually designed molecules that
were selected based on no steric clash and lower GScore values.

Table 5 shows Gscore and H-bonding distances for designed
compounds TD1 to TD7. TD1 was found to have hydrogen boning
with Cys285 in which sulfer H-bonds with nitrogen of thiadiazole ring
system. TD2, TD3, TD5 and TD7 forms H-bond with Ser342. TD4
shifts away from Ser342 and forms H-bond with Arg288. The molecule
TD7 forms H-bonding with Ser342 and bends towards ILE-281. The
bending is due to absence of double bond linkage in the molecule
TD7. Such interaction is not possible in TD1 to TD6. Electron rich
substitutions on Ar position shifts the molecule towards other side of
the cavity i.e. towards Arg288 residue. TD4 has no H-bonding with
Ser342 and drifts towards Arg288. R group substitutions that vary
from acetyl or methyl group of toluidine showed no steric clashes with
Tle281. Molecules TD3, TD4 and TD5 drift away from I1e281 at their R
end position. Molecule TD6 did not have H-bonding with Ser342 but it
is closer to Ile281 at its R end position (Figure 4).
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N——N N/<
\ NH—CH 9
Ar s N=C-R Ar S 2—C-R
B= H A=
Sr. no Name of Compound Interacting groups No. of Bonds H-bond distance GScore
Group of Comp Group of amino acid
1 B9 2 -9.351
-S -N-H (Arg288) 4.457
-N -N-H (Arg288) 4.250
2 B3 -N -N-H (Glu294) 1 4179 -9.171
3 A10 2 -9.084
-S -N-H (Glu343) 4.843
-N-H -C-0 (Glu291) 4.013
4 A2 -S -N-H (Ser342) 1 3.876 -8.966
B15 3 -8.706
-S -N-H (Ser342) 3.466
-N-H -C=0 (Arg280) 4.168
-N-H -C-0 (Glu259) 2912
6 B4 -N -N-H (Arg288) 1 4.126 -8.518
7 B1 -N -N-H (Arg288) 1 3.724 -8.508
8 B7 -N-H -C=0 (Leu340) 1 2.334 -8.379
9 A8 5 -8.377
-N-H -S-H (Met364) 2.639
-C=0 -N-H (Lys367) 4.710
-N=0 -N-H (Ser342) 3.793
-N-O -N-H (Glu343) 3.640
-O-H -C=0 (Leu340) 1.989
10 A7 3 -8.375
-N=0 -N-H (Glu343) 3.772
-N-O -N-H (Gly344) 3.772
-O-H -C=0 (Leu340) 1.968
11 B6 -N -N-H (Arg288) 1 3.772 -8.286
12 B8 2 -8.246
-O-H -N-H (His323) 2.399
-N-O -C=0 (Leu340) 2.343
13 B14 3 -8.176
-O-H -N-H (His323) 2.396
-O-H -N-H (Ala392) 4.006
-N-O -C=0 (lle341) 2.336
14 A6 -S -N-H (Ser342) 1 3.697 -8.102
15 B2 3 -8.032
-S -N-H (Ser342) 3.902
-O-H -C=0 (Arg280) 4.452
-O-H -C=0 (GIn271) 2.216
16 B13 3 -8.009
-N N-H (Arg288) 4.297
-N -N-H (Ser342) 4.699
-N-H -C-0 (Glu259) 3.158
17 B10 3 -7.897
-N -N-H (Ser342) 4.629
-N -N-H (Arg288) 4.396
-N-H -C-0 (Glu259) 3.399
18 B5 -C-0 -O-H (Tyr473) 1 2.025 -7.893
19 B16 5 -7.819
-S N-H (Ser342) 3.393
-O-H -N-H (Ser342) 3.482
-N-O -C=0 (GIn271) 5.595
-N-O -C-0 (Glu259) 3.013
-N-O -C=0 (Arg280) 3.991
20 B11 2 -7.533
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-N-O -C=0 (Val339) 4.401
-C-0 -O-H (Tyr473) 2.084

21 B12 3 -7.495
N N-H (Arg288) 4587
N N-H (Ser342) 4.663
-N-O -C-O (Glu259) 3.858

22 B18 3 7.444
N -N-H (Ser342) 2.816
-O-H N-H (Glu343) 4.084
-O-H N-H (Arg288) 4.417

23 B17 3 -6.898
N-H -C-O (Glu259) 2.537
N -N-H (Ser342) 4.658
N N-H (Arg288) 4,620

24 A1 2 -6.841
N N-H (Ser342) 4.020
-N-O -C-O (Glu259) 2.557

25 A5 2 8.677
N N-H (Ser342) 3.298
-O-H -C-O (Glu259) 2.178

Table 3: Hydrogen bonding distances for reported thiadiazole series of compounds.

Figure 3: Docking of TD3 showing H-bonding with Ser342 and steric clash of Chlorine group at R position with Met364.

Spectral Data of synthesized compounds

Table 6 gives the characterization data of the synthesized
compounds.

Compound TDI1: N-(5-(4-nitrophenyl)-1,3,4-thiadiazol-2-yl)
acetamide: IR (KBr): 3119 (Ar C-H str), 1606 (C=0 str), 1524 (NO,),
632 (C-S str), 1283 (C-N str): "H NMR (DMSO): & 8.2-8.3 (S, Ar. CH),
1.4 (S, CH,), 4.4 (m, -NH).

Compound TD2:  N-(4-nitrobenzilidene)-5-phenyl-1,3,4-
thiadiazol-2-amine: IR (KBr): 3106 (Ar C-H), 1531 (NO,), 1345 (C-N
str), 626 (C-S str): "H NMR (DMSO): 8 8-9 (S, Ar. CH), 10 (S, -CH).

Compound TD3: N-(4-chlorobenzylidene)-5-(4-aminophenyl)-
1,3,4thiadiazol-2-amine: IR (KBr): 3086 (Ar C-H), 3328 (-NH), 1309
(C-N), 608 (C-S), 590 (Cl): 'H NMR (DMSO): 6 4 (NH,), 8.1 (N=C-H),
6.5-7.5 (Ar C-H),

Compound TD4: N-(5-phenyl-1,3,4-thiadiazol-2-yl) acetamide:
IR (KBr): 1693 (Amide C=0), 3426 (Ar C-H), 1293 (C-N), 634 (C-S):
'"H NMR (DMSO): 8 7-8 (Ar- C-H), 2.4 (-CH,).

Compound TD5: N-(4-chlorobenzylidene)-5-phenyl-1,3,4-
thiadiazol-2-amine: IR (KBr): 1289 (C=N in ring), 1689 (C-N), 708
(C=Cl), 3071 (Ar C-H), 615 (C-S): '"H NMR (DMSO): & 8.0-8.1 (S,
-CH), 7.2-7.6 (Ar- C-H).

Compound TD6: N-(4-fluorobenzylidene)-5-(4-aminophenyl)-
1,3,4-thiadiazol-2-amine: IR (KBr): 3072 (Ar C-H), 3329 (N-H), 677
(C-S), 1626 (C-N), 3081.69 (C-H): '"H NMR (DMSO): 6 7.2-7.6 (Ar
C-H), 8.1 (N=C-H).

Compound TD7: 2-(5-phenyl-1,3,4-thiadiazol-2-ylamino)-N-p-
tolylacetamide: IR (KBr): 3126 (Ar C-H), 1302 (C-N), 616 (C-S), 1616
(C=0): 'H NMR (DMSO): § 7.2 (Ar- C-H), 1.5 (-CH,), 4 (Ar C-NH).

In vitro activity

In vitro studies carried out on porcine alpha amylase showed that
out of all molecules TD1 was found most potent. Acarbose, alpha-
glucosidase inhibitor was used as standard in vitro study. Acarbose
lowers the rate of glucose absorption through delayed carbohydrate
digestion and extended digestion time. It has been determined that
acarbose may have the capability to permanently or temporarily stop
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Table 4: Designed thiadiazole molecules TD1 to TD7.0.

Compound Gscore Interaction H-bond distance
TD1 -8.023 Cys285 2.480
Ser342 2.527
D2 -7.404 Ser342 3.183
TD3 -8.895 Ser342 3.451
TD4 -8.422 Arg288 2.609
TD5 -8.108 Ser342 2.597
TD6 -8.115 - -
TD7 -8.392 Ser342 3.206
Rosiglitazone
(Standard) -9.94 Glu343 2.827

Table 5: Gscore and Hydrogen bonding distances for the designed molecules.

Compound = Mol. Formula | Mol Wt. M.p. °C Rf value® % Yield
(uncorrected)
TD1 C,,H:N,O,S 264.26 58-60 0.76 71.97
TD2 C,H,N,0,S 310.05 108-110 0.68 39.83
TD3 C,H,N,SCI 317.89 198-202 0.84 57.87
TD4 C,H,N,SO 219.6 110-112 0.64 77.89
TD5 C,;H,,N,SCI 299.78 118-120 0.77 32.44
TD6 C,;H,,N,SF 298.34 198-200 0.71 44.96
TD7 C,,H,N, SO 324.40 246-250 0.74 38.58

aChloroform: Ethanol (4:0.2)

Table 6: Characterization data for TD1- TD7.

developing diabetic symptoms [18]. Table 7 shows the results of in vitro
studies based on pancreatic a-amylase inhibition. Only TD7 showed
inhibition comparable to the standard drug acarbose, used in the study.

In vivo activity

In vivo study carried out on alloxan induced diabetes rat model
showed that out of all molecules three compounds were found
most potent. Glibenclamide which belongs to second generation
sulphonylurea class was used as standard at dose 10 mg/kg. Table 8
shows effect of glibenclamide 10 mg/kg p.o and compounds TD1-
TD7 (35 mg/kg, p.o.) on blood glucose level by in vivo study of alloxan
induced diabetic rat model.

Table 8: In vivo antidiabetic activity of thiadiazole compounds
(TD1 -TD7?).

Data expressed as mean + SEM., and analyzed by Boneferroni post
hoc test, using two way ANOVA , n = 6 rats per group; a: P < 0.001, as

Figure 4: Docking of TD5 showing H-bonding with Ser342 and Glu272.
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Compound Antidiabetic activity (a-amylase inhibition) IC,, value (ug ml*)

TD1 -ve ND

TD2 -ve ND

TD3 -ve ND

TD4 -ve ND

TD5 -ve ND

TD6 -ve ND

TD7 +ve 11.61
Acarbose (Positive Control) +ve 10.62

Table 7: Pancreatic a-amylase inhibition.

Blood glucose level mg/dl (Mean + SE)

1hr
90.667 + 1.585

3hr
92.00 £ 1.438

6 hr
91.500 + 1.996

129.333 + 3.169
134.833 £ 2.197
241.833 £2.762
209.167 + 5.958
157.833 + 3.458
165.500 + 3.888
158.500 + 4.780

118.167 £ 4.423
124.833 + 4.206
228.500 + 4.507
214.00 + 6.261
141.667 + 3.062
151.500 + 2.029
140.500 + 5.943

111.667 + 2.906
118.00 £ 3.256
247.667 £ 1.600
214.833 £ 7.059
126.833 £ 2.701
139.500 + 2.884
106.667 + 3.887

Compound
0 hr
Normal 90.667 + 1.585
TD1 207.833 + 8.499
TD2 201.00 + 4.705
TD3 213.00 + 3.406
TD4 204.833 + 5.850
TD5 198.00 + 3.474
TD6 202.167 +4.729
TD7 200.167 + 3.664
Control 191.833 + 1.701
Standard

(Glibenclamide) 201.167 2774

226.333 +1.338
116.333 + 4.937

212.00 + 4.494 229.667 £ 5.942

113.667 + 3.190 109.167 + 1.376

Table 8: In vivo antidiabetic activity of thiadiazole compounds (TD1 -TD7).

compared to diabetic control, @: P<0.001 as compare to normal. The
compounds showed comparable antidiabetic activity to the standard
drug, glibenclimide used in this study. We hereby statement that all
the animal studies have been approved by the institutional ethics
committee and have therefore been performed in accordance with the
ethical standards laid down in the 1964 Declaration of Helsinki and its
later amendments.

In vitro studies shows that compound TD7 showed positive results.
From in vivo study, among the compounds synthesized, compounds
TD1, TD2, TD7 were found more potent while compounds TD5, TD6
were having moderate activity. Compounds TD3 and TD4 were found
less active. The results were calculated by measuring the mean SE +
‘P’ value. Hence from both in vitro and in vivo study compound no.
TD7 was found potent. All animals survived after the activity. Washing
period was given to them so that they could be used for further study.

Conclusion

From the docking studies seven compounds were selected for
synthesis. Antidiabetic activity results showed that out of seven
compounds three were found potent and two were found moderate
active. Compound TD7 showed significant in vivo antidiabetic activity
in alloxan induced diabetes rat model and in vitro pancreatic a-amylase
inhibition.
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