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Introduction

Cardiovascular infections are one of the leading causes of mortality 
and morbidity in developed as well as developing countries and 
have become a critical medical issue for all countries because of 
the unstoppable trend of aging and obesity in the population 
[1]. Thus, although there are systemic medications for some 
cardiovascular diseases, the available approaches of drug therapy 
face a critical problem of a variety of side effects due to the 
presence of the target for a drug at various organs and systems. 
Few of them also create other pathological complications. Hence, 
it is much needed to address the issue by reducing side effects 
and improving drug delivery specific to the ideal site of activity. 
Hence, exploration of approaches for targeted drug delivery can 
be utilized to increase the specificity of biological action without 
the side effects. This can also cause a reduction in doses further 
improving the safety of the drug therapy [2-6].

Monosaccharide and polysaccharide polymers obtained from the 
natural origin are non-toxic, biocompatible, and biodegradable. 
Additionally, polysaccharides are more thermally stable than other 
biopolymers, like lipids and proteins [7]. According to Manandhar 
S, et al. (2021) [8], incorporation of the drug into a chemically 
modified polymeric matrix might protect the biologically 
active compound from improving absorption, degradation; 
enhance the therapeutic efficacy, control drug release, and so 
lead to the decrease in the frequency of administration. The 
monosaccharide, Galactose is an aldohexose that naturally occurs 
in D-form in lactose and also C4 epimer of glucose [2, 9]. As per 
the literature [10, 11], the polysaccharide, Pectin’s are made of 
several sugar derivatives, the most significant of which are the 
rhamnogalacturonan and homogalacturonan locales. They are 
frequently depicted in worked-on terms as the furry and smooth 
districts individually. Chitosan the polysaccharide is a molecule 
having a similar structure to cellulose with a carbohydrate 
backbone. It comprises two kinds of rehashing units, N-acetyl-d-
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Abstract:
The sugar-macromolecule conjugates-based drug delivery systems are discovered to be more successful targeted drug delivery systems needed for targeting 
the particularity of cardiovascular medications. The planned medication transporter biomolecules complex surface will comprise of saccharide layer to 
minimize nonspecific interactions, and to mediate selective receptor focusing on.  

Use of glycoconjugates in particular drug delivery to limit drug loss by degradation, prevent harmful side effects, and increase bioavailability is affirmed 
and aftereffects of cell line studies may yield evidence for specific heart delivery. This methodology of upgrading delivery and pharmacological impact of 
medication by conjugating it with the biodegradable and biocompatible polymeric system is relied upon to improve the selectivity of medication delivery 
for the treatment of cardiovascular diseases. 

The main purpose of the article was to conjugate the cardiovascular drug with the modified Saccharide for cardiovascular targeting. Drug release 
analysis and cellular uptake study were carried out using H9c2 cell lines. Brine shrimp lethality bioassay was carried out to investigate the cytotoxicity 
of synthesized complex and conjugates. In silico analysis was performed to assess the possible binding of the developed conjugates with the GLUT-4, 
Homology model of the GLUT-4 was developed using the SWISS-MODEL server.
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glucosamine and d-glucosamine, which are connected by β (1-4) 
glycosidic linkage [12-14].

Recently many researchers have taken interest in using saccharides 
and derivatives in the designing of TDDS [15, 16]. Cardiovascular 
cells are enriched with carbohydrate transporters like GLUT4 
(Human Solute carrier family 2) which normally regulate glucose 
transportation across the cardiac cell. GLUT-4 is the fundamental 
iso-structure that is answerable for about 70% glucose transport 
across the heart cell. 

Chemical grafting is a cycle by which at least one type of block is 
associated as a side chain to the principle chain, bringing about 
the development of macromolecular copolymers with changed 
physicochemical properties. The newly formed copolymer can be 
distinguished on the basis of the number, length, and molecular 
structure of the side chains [17].

The aim of the current study is to chemically modify the selected 
saccharides and then develop conjugates of Atenolol and 
Metoprolol with the modified saccharides for targeted delivery 
to the β1-receptors. These medications are generally utilized 
in cardiovascular arrhythmias, the executives of hypertension, 
myocardial dead tissue, and angina pectoris. It is expected that 
the targeted drug delivery of these β-blockers may increase the 
effectiveness of the treatment of various diseases as well as a 
reduction in the results of the medication.

Conclusion

Summarizing, the work of Kumbhar ST, et al. (2021) demonstrates 
that, the approach to enhance delivery and therapeutic outcomes 
of Atenolol by forming with the biodegradable and biocompatible 
polymeric framework is promising to improve the selectivity of 
medication conveyance for treatment of cardiovascular illnesses. 

The current project was attempted with the primary spotlight 
on the advancement of active or passive targeted drug delivery 
systems for the better treatment of cardiovascular diseases by 
developing drug conjugates with the most extreme and focused 
on biodistribution to heart cells. The creation focused on targeted 
drug delivery systems include therapeutic agents, biomolecules, 
and carrier systems. It is needed in the future that the developed 
conjugates should be tested in vivo for confirmation of safety and 
efficacy in the biosystem. So the exertion taken will be valuable 
in the training as a possible methodology in the management of 
cardiovascular diseases.

References

1.	 Fan C, Joshi J, Li F, et al. (2020) Nanoparticle-mediated 
drug delivery for treatment of ischemic heart. Nanotechnol 
Cardiovasc Reg Med 8: 687. https://doi.org/10.3389/
fbioe.2020.00687

2.	 Ding F, Zhang Y (2018) Biomedical applications of 

glycoconjugates. Mini Rev Medi Chem 18: 1508-1523. 
https://doi.org/10.2174/1389557518666180518083427

3.	 Ben-Mordechai T, Kain D, Holbova R, et al. (2017) Targeting 
and modulating infarct macrophages with hemin formulated 
in designed lipid-based particles improves cardiac remodeling 
and function. J Control Release 257: 21-31. https://doi.
org/10.1016/j.jconrel.2017.01.001

4.	 Sztandera K, Dzialak P, Marcinkowska M, et al. (2019) 
Sugar modification enhances cytotoxic activity of PAMAM-
doxorubicin conjugate in glucose-deprived MCF-7 cells–
possible role of GLUT1 transporter. Pharm Res 36: 140. 
https://doi.org/10.1007/s11095-019-2673-9

5.	 Thomas B, Yan KC, Hu XL, et al. (2020) Fluorescent 
glycoconjugates and their applications. Chem Soc Rev 49: 
593-641. https://doi.org/10.1039/c8cs00118a

6.	 Kou L, Yao Q, Zhang H, et al. (2020) Transporter-targeted 
nano-sized vehicles for enhanced and site-specific drug 
delivery. Cancers 12: 2837. https://doi.org/10.3390/
cancers12102837

7.	 Cheraghi M, Negahdari B, Daraee H, et al. (2017) Heart 
targeted nanoliposomal/nanoparticles drug delivery: An 
updated review. Biomed Pharmacother 86: 316-323. https://
doi.org/10.1016/j.biopha.2016.12.009

8.	 Manandhar S, Sjöholm E, Bobacka J, et al. (2021) Polymer-drug 
conjugates as nanotheranostic agents.  J Nanotheranostics 2: 
63-81. https://doi.org/10.3390/jnt2010005

9.	 Ding Y, Zhao AS, Liu T, et al. (2020) An injectable 
nanocomposite hydrogel for potential application of 
vascularization and tissue repair. Ann Biomed Eng 48: 1511-
1523. https://doi.org/10.1007/s10439-020-02471-7

10.	 Kumbhar ST, Patil SS, Bhatia MS (2021) In silico design and 
pharmacological evaluation of conjugates of atenolol with 
modified saccharide for cardiovascular targeting. Glycoconj 
J 38: 261-271. https://doi.org/10.1007/s10719-021-09983-x

11.	 Kumbhar ST, Patil SS, Bhatia MS (2021) Synthesis, 
characterization, in silico analysis and pharmacological 
evaluation of metoprolol-modified saccharide conjugates for 
cardiovascular targeting. J  Pharm Innov 1-11. https://doi.
org/10.1007/s12247-021-09574-1

12.	 Varela R, Rauschert I, Romanelli G, et al. (2021) Hyperglycemia 
and hyperlipidemia can induce morphophysiological changes 
in rat cardiac cell line. Biochem Biophys Rep 26: 100983. 
https://doi.org/10.1016/j.bbrep.2021.100983

13.	 Lomis N, Westfall S, Shum-Tim D, et al. (2021) Synthesis 
and characterization of peptide conjugated human serum 
albumin nanoparticles for targeted cardiac uptake and drug 
delivery. PLoS One 16: e0254305. https://doi.org/10.1371/
journal.pone.0254305

https://doi.org/10.3389/fbioe.2020.00687
https://doi.org/10.3389/fbioe.2020.00687
https://doi.org/10.2174/1389557518666180518083427
https://doi.org/10.1016/j.jconrel.2017.01.001
https://doi.org/10.1016/j.jconrel.2017.01.001
https://doi.org/10.1007/s11095-019-2673-9
https://doi.org/10.1039/c8cs00118a
https://doi.org/10.3390/cancers12102837
https://doi.org/10.3390/cancers12102837
https://doi.org/10.1016/j.biopha.2016.12.009
https://doi.org/10.1016/j.biopha.2016.12.009
https://doi.org/10.3390/jnt2010005
https://doi.org/10.1007/s10439-020-02471-7
https://doi.org/10.1007/s10719-021-09983-x
https://doi.org/10.1007/s12247-021-09574-1
https://doi.org/10.1007/s12247-021-09574-1
https://doi.org/10.1016/j.bbrep.2021.100983
https://doi.org/10.1371/journal.pone.0254305
https://doi.org/10.1371/journal.pone.0254305


21st Century Cardiol-2-115 | Page 3 of 3Volume 2, Issue 1Kumbhar ST, et al.

Citation: Kumbhar ST, Patil SS, Bhatia MS (2022) Commentary on: In Silico Design and Pharmacological Evaluation of Conjugates of
Atenolol with Modified Saccharides for Cardiovascular Targeting. 21st Century Cardiol, Volume 2 (1): 115

14.	 Andrey VK, Sabzali J, Stephan S, et al. (2015) H9c2 
and HL-1 cells demonstrate distinct features of energy 
metabolism, mitochondrial function and sensitivity to 
hypoxia-reoxygenation. Biochim Biophys Acta 1853: 276-284. 
https://doi.org/10.1016/j.bbamcr.2014.11.015

15.	 Miao J, Zhang L, Gao P, et al. (2021) Chitosan-based 
glycolipid conjugated siRNA delivery system for improving 
radiosensitivity of laryngocarcinoma. Polymers 13: 2929. 
https://doi.org/10.3390/polym13172929

16.	 Jadhav SD, Choudhari PB, Bhatia MS (2019) In silico design, 
synthesis, characterization and pharmacological evaluation of 
captopril conjugates in the treatment of renal fibrosis. New J 
Chem 43: 504-513. https://doi.org/10.1039/C8NJ03836H

17.	 Pala R, Pattnaik S, Busi S, Nauli SM (2021) Nanomaterials 
as novel cardiovascular theranostics. Pharmaceutic 13: 348. 
https://doi.org/10.3390/pharmaceutics13030348

https://doi.org/10.1016/j.bbamcr.2014.11.015
https://doi.org/10.3390/polym13172929
https://doi.org/10.1039/C8NJ03836H
https://doi.org/10.3390/pharmaceutics13030348

