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ABSTRACT

Many patients with hypertension are also suffering from Type II Diabetes Mellitus (TIIDM).
Different studies argued the fact that if these patients can use Hydrochlorothiazide (HCTZ)
group or not to treat hypertension as these diuretics are accused of with diuretic-induced diabetes
especially Chlorthalidone and Bendroflumethiazide. As nothing is definite yet; in this paper, we
are jotting down a new theory. In other words, we are seeking to study HCTZ interactions with
sulfonylurea receptor Kir 6.2\SUR1 considering the chemical fact that HCTZ is also sulfonamide
derivates like sulfonylurea drugs which are hypoglycemic agents used in the treatment of
TIIDM. Therefore, we have studied in-silico 12 HCTZ compounds’ interactions with the binding
site of sulfonylurea in its receptor Kir6.2\SUR1. Then, we compared the results to the
interactions of Glibenclamide (GBM); a sulfonylurea agent, with the named receptor. As a result,
three compounds of this family (Chlorthalidone 1-1, Bendroflumethiazide 4-1, Metolazone 6-1)
had bound to Kir6.2\SUR1 receptor in the same binding site of GBM. The rest members were
almost close to the GBM binding site. These findings may explain the adverse effect that
chlorthalidone and Bendroflumethiazide are accused of with. We suggest that they are agonists
for Kir6.1\SUR1 receptor, which results in decreasing insulin secretion from the pancreas which
consequences with hyper-glycemia. On the other hand, our results confirm that developing new
anti-hyperglycemia agents from HCTZ as a lead compound is also possible and promising.

KEYWORDS: Thiazides, hypertension, hypoglycemic activity, Type II Diabetes Mellitus,
Docking, Kir6.2\SURI.

] FARAH YOUSEF"

Ph.D. Scholar in pharmaceutical sciences\ Faculty of Pharmacy, Damascus, Syria.

Received on: 05-10-2018
Revised and Accepted on: 21.06.2019
DOI: http://dx.doi.org/10.22376/ijpbs/lpr.2019.9.2.P13-25

This article can be downloaded from www.ijlpr.com
P-13



Int. J. Life Sci. Pharma Res. 2019 April; 9(2): (P) 13-25

INTRODUCTION pharmaceutical combinations between them and
other anti-hypertension agents’; however, other
Many patients with hypertension are also suffering papers confirmed that HCTZ initiate the onset of
from Type II Diabetes Mellitus (TIIDM). Different diabetes independently from B-blockers, or other
studies argued the fact if these patients can use anti hypertension agents.® On the other hand, there
Hydrochlorothiazide (HCTZ) group or not treat  are recommendations to use HCTZ with diabetic
hypertension as these diuretics are accused of with ~ patients but in low dose to treat hypertension in
the adverse effect diuretic-induced diabetes.’ these cases.” However, another study proved that
However, this effect is not definite yet as different people taking HCTZs to avoid kidney stones
factors play a role in it.'"> Researchers have incidences did not suffer from diabetes.® As none of
resulted with those patients taking HCTZ who these perspectives is definite yet, and diuretic-
have Angiotensin Converter Enzyme ACE 4656 induced diabetes effect is still in debates; in this
GG genotype will not suffer from diabetes, whereas paper, we are suggesting a new theory for this
patients with ACE 4565 hetero-type will.' Other  adverse effect. This theory is based on in-silico
studies have found a correlation between detecting for HCTZ compounds and their
Hypokalemia and Hypoglycemia induced by interactions with sulfonylurea receptor
HCTZ. Yet, other study casts doubt on it In Kir6.2\SUR1 considering the chemical fact that
addition, though HCTZs play an effective role in HCTZ is also sulfonamide derivates, Fig. 1, like the
hypertension treatment, * and there are many anti-hyperglycemia sulfonylurea drugs.’
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Figure 1

Thiazide diuretics general structure

METHODS mode the isolated GBM from its crystal structure

with its receptor. As four Glibenclamide (GBM)
Thiazide compounds’ structures were obtained molecules located in the chains (E-H) of the
from Pubchem.com database. (Fig 2) Kir 6.2\SURI1 receptor Kir6.2\SUR1, we have worked only on
PDB ID used in this research was 6BAA. It was chain F. The binding site residues were obtained

uploaded from Protein Data Bank database. '*''  from PDB database.'” And,each compound of
Autodock 4.2.1 software was used for the rigid =~ HCTZ was docked with the binding site in the
docking process in default settings. PyMol, named chain. Scoring function used was binding

Chimera, PLIP and LigPlot+ were used for virtual energy in addition to the study of the binding sites’
screening and interactions’ analyzing. Validation of  interactions and the number of complexes indicated
the software was done by re-docking in the rigid in the same pockets out of 10 for each molecule.

Benzthiazide Bindroflumethiazide

This article can be downloaded from www.ijlpr.com
P-14



Int. J. Life Sci. Pharma Res. 2019 April; 9(2): (P) 13-25

Chlorthalidone Chlorothiazide

Diazoxide Clopamide

Hydroflumethiazide Hydrochlorthiazide

Methichlothiazide Indapamide

Xepamide Metholazone
Figure 2

HCTZ chemical structures.

RESULTS AND DISCUSSION

As researchers can see in Table 1, we have studied
the twelve HCTZ compounds’ interactions with
Glibenclamide (GBM) binding site in the
sulfonylurea receptor Kir 6.2\SUR1. Table 2
presents these findings in short. It is clear that
Chlorthalidone, Bendroflumethiazide, Metholazone
with their complex conformations 1-1, 4-1, 6-1
respectively bind to Kir6.2\SUR1 in the same
pocket as Glibenclamide by conforming H-bonds

and hydrophobic bonds. The common bounded
residues are ARG 1246, SER 1238, TRP 430,
THRE 1242, ASN 1245 and PHE 433 shown in
Table 3. This may explain the reason behind being
these drugs especially the first two are not very
recommended for  diabetic  patients  with
hypertension. The new theory that we suggest is
that probably these compounds work as agonists for
Kir6.2\SUR1 receptor. This results in decreasing
Insulin secretion from pancreatic cells which causes
hyperglycemia as a consequence. However, we
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hope this suggestion be undergoing biological
investigations. On the other hand, the rest members
have another preferable binding site than GBM one.
This new binding site is somehow close to GBM
pocket. It includes the residues ILE 585, GLN 444,
GLN 369, ASP 310, ARG 370 and ASN 1293
(Table 3). Superimposing the interacted complexes
for the rest 9 compounds’ conformations with
Kir6.2\SUR1 is presented in Fig 3. There are 8
compounds in one pocket, and the last member
which is Clopamide locates in the different site.

These differences between GBM and HCTZs
bindings are probably because of the thiazide group
which is responsible for the affinity to other
residues than the ones that GBM binds to (Fig 4).
Therefore, The last presented findings in Fig 4 can
be a cornerstone for developers in drug discovery to
use HCTZs as lead compounds to discover new
anti-hyperglycemia agents by applying chemical
modifications like lengthening R moieties from
sulfonylurea group or thiazide group as the pocket
they bind to is too close to GBM one (Fig 5).

Table 1

HCTZ family members’ docking results with Kir6.2\SURI.

Compound Complex: Bindin Notes  Complexes binding energy Interactio
Name conformatio g and conformation chart n with the
ns energy binding
site
Benzthiazide Complex1: Best l-> Close
1-1 707 docked . closer
1-2 -6.83 and ‘
1-3 676  best 11
Complex2: cluster L5 e close
2-1 -6.77 ed
2-2 -6.75
2-3 -6.77
Bindroflumethia Complexl: Best No
zide 1-1 -8.33 docked ‘
Complex3:
31 632 Best o No
3-2 -6.29  cluster
33 -6.27 ed
Complex4: Yes
4-1 -6.01
Chlorothiazide =~ Complexl: Best o s No
1-1 -6.92  docked |7
1-2 -6.91 and
1-3 -6.91 best P
1-4 -6.72 cluster
1-5 -6.70 ed TS fomceiie o
1-6 -6.68
1-7 -6.65
Complex2:
2-1 -6.55 Close
Chlorthalidone = Complexl: Best g yes
1-1 -7.43 docked =
e
Complex2: Best (5%. oo i
2-1 -7.31 cluster 77 Close
2-2 -7.23 ed
Complex3: Close
1-1 -6.86
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Clopamide Complex1: Best s —
1-1 -7.17 docked Close
Complex2: fl |I " |
2-1 -7.08 oo ML D Yes
Complex3: Best R
3-1 -6.97 cluster No
3-2 -6.94 ed
Complex8: No
8-1 -5.96 Best
8-2 -5.76 cluster
ed
Diazoxide Complexl1: Best e No
1-1 -6.27  docked
Best °
Complex2: -6.09 cluster %2 No
2-1 -6.09 ed o 1
2-2 -6.09 i v o
2-3 -6.07
2-4 -6.05
2-5
Complex3: Close
3-1 -5.96
3-2 -5.96
Hydrochlorothia Complex 1: " T
zide 1-1 -6.69  Best No
1-2 -6.69  docked [
1-3 -6.69  and
1-4 6.53 best o,
1-5 618 custer |4 1 1l
1—6 —6.18 ed " BINDING ENERGY’
Hydroflumethiaz Complexl:  Best g e No
ide 1-1 docked -6.56 2|
1-2 and  -6.52 : L
1-3 best  -6.48 SN B ]
1-4 cluster -6.01 R
ed
Indapamide Complexl:  Best i -
1-1 docked -7.79 o Close
and o
Complex4:  best 3
4-1 cluster -7.27 ! Close
ed :
Complex6: [ 50 T8 T T glbicegRey Ot 02
6-1 -7.08 Close
Methychlothiazi Complexl:  Best . —
de 1-1 docked -7.53 A Close
1-2 and  -7.53
1-3 best -7.19 | ”
cluster o BT L
Complex5: ed
5-1 -5.7 Close
5-2 -5.33
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Metolazone Complex1:  Best o - Close
1-1 docked -8.20
Complex2:  Best Close
2-1 cluster  -8.16 S
2. ed 8.01 [ A )
2-3 -7.94
2-4 -7.93
2-5 -7.67
Complex3: Close
3-1 -7.36
Complex4: Close
4-1 -7.27
Complex6:
6-1 -6.79 Yes
Xipamide Complex1: . Close
1-1 Best -7.62
1-2 docked -7.30 &
SO T
best SR B ] .
cluster e
Complex9: ed
9-1 -5.04 Close
Table 2
HCTZ family members’ scoring function
Number Compound name Scoring Notes
function
1 Indapamide 1-1 -7.79 Close+
2 Xipamide -7.62 Close
3 Methyclothiazide 1-1 -7.53 close
4 Chlorthalidone 1-1 -7.43 In*
5 Clopamide 2-1 -7.08 close
6 Benzthiazide 1-2 -6.83 close
7 Metolazone 6-1 -6.79 In
8 Hydrochlorothiazide 1-1 -6.69 close
9 Hydromethiaizde 1-1 -6.56 close
10 Chlorothiazide 2-1 -6.55 close
11 Bendroflumethiazide 4-1 -6.01 In
12 Diazoxide 3-1 -5.96 close

*: In: in the binding site. +: close: close to the binding site.
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Table 3

HCTZ compounds’ interactions with the named GBM binding site study
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Figure 3
Sequence alignment for 9 HCTZ compounds
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Figure 4
Superimposing for 9 HCTZ compounds.

Figure 5
Superimposing between GBM pocket and the 9 HCTZ pockets. GBM is in magenta colour.

CONCLUSION

To encourage developing new HCTZ derivatives
treat not only hypertension but also TIIDM in
patients who are suffering from the two diseases,
we have proved in this manuscript the interaction of
12 HCTZs with Glibenclamide (GBM) receptor
Kir6.2\SURI. Chlorthalidone,
Bendroflumethiazide, and Metolazone bind to the
same pocket as GBM, while the other members
bind to a close binding site to GBM pocket. These
results add a new explanation of why these
Chlorthalidone and Bendroflumethiazide are most
accused of diuretic-induced-diabetes adverse effect
among HCTZs medications. On the other hand, we
have discovered a new preferable binding site for
HCTZs that may be a cornerstone for developing
new anti-hyperglycemia agents starting with
HCTZs as lead compounds.
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