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Fluoroquinolones (FQs) are the most common and widely prescribed antibiotics while having broad 
spectrum used for the treatment of various diseases caused by bacteria’s. Various clinical reports 
reveals that fluoroquinolones causes significant dysglycemic affects. This work was designed to 
investigate the mechanism of hypoglycemic effect of Moxifloxacin on molecular docking level. From the 
results it is revealed Moxifloxacin showing hypoglycemic effects supporting the literature by interacting 
with glycogen synthase kinase-3 enzymes by serine and threonine active sites of target with ligand. It is 
the need of the day to properly understand the exact mechanism of hypoglycemia induced by 
Moxifloxacin by performing further preclinical and clinical trials so that to identify various methodologies 
to get rid of harmful effects of Moxifloxacin in disease conditions specially in diabetes mellitus.  
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INTRODUCTION 

The Fluoroquinolones are of much scientific 
and clinical attention in its premature development 
stage since 1960s. They were attributed as an 
ideal antibiotic group due to its broad spectrum, 
high potency, better availability in blood, multiple 
dosage formulations and low potentials of side-
effects (Aspinall, Good et al. 2009). However, 
several recent events have raised questions about 
their safety and they shows some mild CNS and 
GIT disturbances (Mandell and Tillotson 
2002).The most commonly used fluoroquinolones 
includes Ciprofloxacin, Levofloxacin, Gatifloxacin, 
Moxifloxacin and Gemifloxacin. In United State, 
several of the fluoroquinolones have been 
withdrawn from the market due to severity of their 
induced adverse drug events. These include 

Temofloxacin that were causing haemolysis, renal 
failure and hypoglycemia (Ambadasu and 
Naikawadi 2017).Similarly, Trovofloxacin were 
causing hepatotoxicity and liver failure. 
Grefafloxacin causing Q-T interval prolongation,” 
torsade de pointes” cardiac arrhythmias. (Chen, 
Bloch et al. 2000).whereas Sparfloxacin produces 
photo toxicity and torsade de pointes (Tokura, 
Iwamoto et al. 1996) . Levofloxacin because of its 
phototoxicity and CNS adverse effects is used to 
the limited extent (Tokura, Iwamoto et al. 
1996).Fluoroquinolones have been associated 
with increased risk of blood sugar abnormalities in 
diabetic patients (Liu 2010)  Increase in the 
incidence of type-II diabetes in the United States 
of America from   1990 is attributed due to the use 
of fluoroquinolones. Diabetics on oral 
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fluoroquinolones have been shown to have 
greater risk of severe dysglycemia, and that 
hypoglycemic risk varied according to the type of 
fluoroquinolones used.Moxifloxacin been the most 
common culprit  (Telfer 2014),(Maeda, Tamagawa 
et al. 1996. ) FQs also show some neurotoxic 
manifestations that includes psychosis, seizures, 
encephalopathy, myoclonus, ataxia, dysarthria, 

chorea and oral facial dyskinesia (Stahlmann 
and Lode 2010), (Lode 1999, Grill and Maganti 
2011). 

Comparative Interaction study of various 
Fluoroquinolones with GSK-3 and other 
Enzymes  

From the Swiss target prediction models of 
Levofloxacin, Moxifloxacin, Gemifloxacin, 
Gatifloxacin,  Ciprofloxacin and Ofloxacin it is 
evident that these FQs are showing interactions 
with various enzymes including GSK-3 that  
stands for Glycogen Synthase Kinase-3  having 
alpha isoform and beta isoforms, DPP-4 stands 
for DiPeptyl Peptidase-4, and MBNL-1 Stands for 
Muscle Blind like protein-1 having three isoforms 
including MBNL-1-3 as shown in the Figure-1.The 
interactions of these FQs with these enzymes  
leads to various effects one of the ours target 
effect in ours this studies is the hypoglycemia 
induced by Moxifloxacin  by interacting with 
Glycogen synthase kinase-3 alpha and beta 
isoforms. 

 
Figure 1: A comparative Interaction of various 
FQs with various Enzymes/Ligands derived 
from their respective swiss target predication 
models 

Key. GSK-3 alpha stands for glycogen 
synthase kinase-3 alpha isoform, GSK-3 beta 

stands for glycogen synthase kinase-3 beta 
isoform,DPP-4 stands for Dipeptyl peptidase-
4,MBNL-1 Stands for muscle blind like protein-1, 
MBNL-2 Stands for muscle blind like protein-2, 
MBNL-3 Stands for muscle blind like protein-3,H3 
receptors stands for Histamine-3 receptors. 

As the dysglycemia is induced by the GSK-3 
and playing a vital role in resistance of insulin and 
glucose homeostasis. This (GSK-3) is a serine 
threonine kinase comprising of two encoded 
different genes isoforms GSK3a and GSK3b with 
molecular weights 51 kDa and 46 kDa, 
respectively in mammals. These two isoforms 
have similar kinase domains sequences and they 
showing 85% homology at the level of amino 
acids with each other’s (Bijur and Jope 2003) . 

GSK-3 is known for wide regulatory activities and 
cell functioning and has a lot of substrates and 
showing a great relationship toward glycogen 
synthase and thus involved in glycogen 
metabolism (Welsh and Proud 1993). Besides its 
functions in the glycogen regulation, (GSK-3),is 
also involved in some other biological activities 
including tumorigenesis, cell survival, and 
developmental patterning, and thus used for 
various therapeutic purposes including treatment 
of cancer, bipolar disorders, neurological 
diseases, stroke, diabetes and various 
inflammatory disease (Jope and Johnson 2004) .The 

various substrates that are responsible for GSK3 
function includes glycogen synthase (GS), beta 
catenin proteins and tau protein (Eldar-Finkelman 
2002, Patel, Doble et al. 2004). Based upon the 
above various functions of GSK-3 the 
development of GSK-3 inhibitors will be 
successful to treat diabetes mellitus and cancer 
(Jope and Johnson 2004, Henriksen and Dokken 2006) 

[18, 19].From the Swiss target prediction model of 
various fluoroquinolones it is evident that the FQs 
inhibits GSK-3 both their alpha and beta isoforms 
(Gorrell 2005, Berman, Henrick et al. 2007, 
Gfeller, Michielin et al. 2013, Khalaf, Sheikha et 
al. 2013) . 

Molecular Docking  
The Target Glycogen synthase kinase-3 

(GSK-3) was obtained from the Protein Data Bank 
(PDB) which is a repository for the 3-D structural 
data of large biological molecules(Berman, 
Henrick et al. 2007). This protein was selected as 
target because the observation of the open 
conformation for the Swiss docking with ligand in 
the Swiss target predication model (ChemIDplus)  
The Ligand Moxifloxacin was screened from   
ZINC database on the basis of structural similarity 
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(ChemID plus)   [24]. The active sites of   this FQ   
contains two main amino acids residues for GSK-
3 interaction in top ranked docked molecule A and 
B  threonine-232 THR-232 and SER-369 were 
interacting with the hydroxyl substituents of the  
substrate,. All the molecules of the Moxifloxacin 
were screened from  ZINC database were docked 
within the binding pocket of GSK-3 enzyme with 
the help of online Swiss dock software (Thomsen 

and Christensen 2006) Only those compounds were 

selected after screening that showed positive 
result from all the various docking patterns having 
similar repeatable amino acids and were having 
better binding affinity, similarity with the ligand. 

 
 
 
 
A 

 

 
 

Figure 2 :(A–B) The docked poses of Moxifloxacin within the binding pocket of Glycogen synthase 
kinase-3 showing their different interactions (hydrogen bonds, electrostatic and steric 

interactions are shown in yellow, green and purple dotted lines respectively). 
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CONCLUSION 
In conclusion, our Swiss target prediction 

models and online Swiss dock results showed that 
the Moxifloxacin showing hypoglycemic effects 
supporting the literature by interacting with 
glycogen synthase kinase-3. Thus, the Clinicians 
should consider this risk when treating patients 
with antidiabetic drugs and using commonly 
prescribed FQs specially Moxifloxacin patients in 
cautions. Further research work is required to 
determine the exact mechanism of hypoglycemic 
effect of that fluoroquinolones in Euglycemics 
animal model and in healthy volunteers. 
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