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DOCTORAL RESEARCH SUMMARY

The thesis entitled “Development of Artificial Anion Transport Systems and
Evaluation of Their Biological Activity” comprises of four chapters.

CHAPTER 1

The main objective of this thesis is to develop artificial ion transport systems and explore their
potential applications in the field of biomedicine. During my doctoral research, I focused on
designing, synthesizing, and characterizing biomimetic artificial ion channels and ion carriers
that have shown promising biological applications for future therapeutics. Specifically, this
thesis primarily focuses on the supramolecular architecture of artificial ion channels that can
selectively transport chloride ions across cell membranes. 
Chapter 1 introduces isophthalic acid-based small molecules that self-assemble to form chloride
ion channels, which are non-toxic to cells even at elevated concentrations. Such non-toxic
chloride channels hold realistic potential for their application in the treatment of
“channelopathies”. In chapter 2, we present a benzohydrazide-based artificial chloride channel
which is capable of inducing apoptosis as well as disrupting autophagy, a combination seldom
seen in cancer-targeting drugs.  As an important contribution to the field, chapter 3 of the
thesis reports the highest active artificial HCl symporter hithertho reported in literature. 
 Chapter 4 presents a rare example of HCl channel which is highly toxic toward cancer cells
while remaining relatively non-toxic to healthy cells. The compound also shows better efficacy
when compared to the commercially available anticancer drug, Doxorubicin, in inhibiting the
growth of MCF-7 3D spheroid cultures, indicating that it may be a promising candidate for
combating cancer in due course.

Artificial channels that are capable of facilitating chloride ion
transport across cell membranes, while remaining non-toxic
to cells, are a rarity. They have the potential to replace
defective ion channels and treat channelopathies, by
mimicking the functions of membrane transport proteins. In
this study, we developed a series of isophthalic acid-based
small molecules, which self-assemble into supramolecular
nanochannels that  enable selective transport of chloride ions.
Our findings revealed that intermolecular hydrogen bonding
and π-π stacking interactions govern the self-assembly, as
confirmed by single-crystal X-ray diffraction analysis. 
Electrophysiological studies, in addition to Molecular dynamics simulation, demonstrated the
formation of stable chloride channel assembly in the lipid membrane and efficient chloride
transport through them. The efficacy of the compounds in delivering chloride ions into cells was
demonstrated through the MQAE assay, while the MTT assays confirmed that the compounds
are non-toxic to cells, even at a concentration of 100 µM.

Mondal. A., et. al., Chem. Eur. J. 2023, 29, e202202887.
CHAPTER 2

Previous research has shown that changes in the concentration of chloride ions within cells,
induced by synthetic ion transporters, can cause cell death by disrupting the balance of ions
within the cell. However, the effects of these transporters on autophagy, the process by which
cells break down and recycle their own components, have not been extensively studied. 

Nontoxic Artificial Chloride Channel Formation in Epithelial Cells by Isophthalic Acid-

Based Small Molecules

A Benzohydrazide-based Artificial Ion Channel that Modulates Chloride Ion

Concentration in Cancer Cells and Induces Apoptosis by Disruption of Autophagy



CHAPTER 3

In this chapter, we introduced a
benzoylbenzohydrazide molecule that can
assemble into a supramolecular
nanochannel within cell membranes. This
nanochannel selectively transports chloride
ions, disrupting the balance of ions within
cancer cells and causing them to undergo
programmed cell death (apoptosis).
Importantly, this transporter did not cause 
significant harm to non-cancerous cells. We also found that the transporter disrupts autophagy
in cancer cells by causing lysosomes (organelles involved in autophagy) to become less acidic.
These results demonstrate a novel approach for specifically targeting cancer cells by disrupting
autophagy and inducing apoptosis using an artificial ion channel.

Mondal. A., et. al., J. Am. Chem. Soc.  Accepted.

CHAPTER 4

In this chapter, we introduced two pyridyl-linked
benzimidazolyl hydrazones that exhibit superior HCl
cotransporting ability compared to prodigiosin, a
natural product whose synthetic counterparts have
never achieved such high transport efficiency. These
hydrazones possess a cooperative protonation and
chloride ion recognition mechanism that facilitates the
binding of HCl. The transport of HCl by the most potent
compound results in the deacidification of lysosomes.
Viability assays indicated that these compounds induce
cytotoxicity in human breast cancer MCF-7 cells while
exhibiting relatively low toxicity towards noncancerous
HEK293T cells. These findings suggest that these
hydrazone-based HCl transporters hold promise as
potential therapeutic agents for cancer treatment.

Mondal. A., et. al., Org. Lett. 2021, 23, 6131-6136.

Modulation of intracellular chloride ion
concentration by artificially developed ion
transporters has been known to cause
apoptosis in cancer cells. However, most of
these transporters cause harm to healthy
cells as well, limiting their applicability in
real systems. In this chapter, we report a
pyrrole-linked heterohydrazone that self-
assembles to form a nanochannel assembly

A Pyridyl-Linked Benzimidazolyl Tautomer Facilitates Prodigious HCl Symport through

a Cooperative Protonation and Chloride Ion Recognition

A Pyrrole-linked Benzimidazolyl Hydrazone Self-Assembles to Form HCl Channel and

Induces Apoptosis in Cancer Cells

across the membrane for the selective translocation of HCl; a system which is rarely reported in
the literature. We also demonstrate solid-state evidence that the compound self-assembles in
the presence of HCl to produce organized arrays that include chloride-filled and water-filled



channels. When tested on cellular systems, the compound showed extremely high toxicity
toward cancerous cell lines while remaining relatively nontoxic to cell lines of non-cancerous
origin. The compound also showed better efficacy when compared with the commercially
available anticancer drug, Doxorubicin, in inhibiting the growth of MCF-7 3D spheroid cultures.

Manuscript under preparation
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