
Citation: Gollavelli, G.; Ghule, A.V.;

Ling, Y.-C. Multimodal Imaging and

Phototherapy of Cancer and Bacterial

Infection by Graphene and Related

Nanocomposites. Molecules 2022, 27,

5588. https://doi.org/10.3390/

molecules27175588

Academic Editors: Wansong Chen

and Jianhua Zhang

Received: 6 August 2022

Accepted: 26 August 2022

Published: 30 August 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

molecules

Review

Multimodal Imaging and Phototherapy of Cancer and Bacterial
Infection by Graphene and Related Nanocomposites
Ganesh Gollavelli 1, Anil V. Ghule 2 and Yong-Chien Ling 3,*

1 Department of Humanities and Basic Sciences, Aditya Engineering College, Surampalem,
Jawaharlal Nehru Technological University Kakinada, Kakinada 533437, Andhra Pradesh, India

2 Department of Chemistry, Shivaji University, Kolhapur 416004, Maharashtra, India
3 Department of Chemistry, National Tsing Hua University, Hsinchu 30013, Taiwan
* Correspondence: ycling@mx.nthu.edu.tw

Abstract: The advancements in nanotechnology and nanomedicine are projected to solve many
glitches in medicine, especially in the fields of cancer and infectious diseases, which are ranked in the
top five most dangerous deadly diseases worldwide by the WHO. There is great concern to eradicate
these problems with accurate diagnosis and therapies. Among many developed therapeutic models,
near infra-red mediated phototherapy is a non-invasive technique used to invade many persistent
tumors and bacterial infections with less inflammation compared with traditional therapeutic models
such as radiation therapy, chemotherapy, and surgeries. Herein, we firstly summarize the up-to-date
research on graphene phototheranostics for a better understanding of this field of research. We
discuss the preparation and functionalization of graphene nanomaterials with various biocompatible
components, such as metals, metal oxides, polymers, photosensitizers, and drugs, through covalent
and noncovalent approaches. The multifunctional nanographene is used to diagnose the disease with
confocal laser scanning microscopy, magnetic resonance imaging computed tomography, positron
emission tomography, photoacoustic imaging, Raman, and ToF-SMIS to visualize inside the biological
system for imaging-guided therapy are discussed. Further, treatment of disease by photothermal
and photodynamic therapies against different cancers and bacterial infections are carefully conferred
herein along with challenges and future perspectives.
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1. Introduction

Humankind have faced many threats, especially from cancer and infectious diseases,
in the past and in the current times. These problems have remained persistent for many
decades. Science has provided remedies alongside many religious beliefs, especially during
the pandemic times. This scenario increased the need for non-invasive, economic, therapeu-
tic models to fight cancer, Alzheimer’s disease, cardiovascular disease, influenza, COVID-19,
and other microbial infections, and existing diseases [1–4]. Scientific advancements are
required to find solutions to these problems. Innovations in science have provided many
therapeutic models, such as chemotherapy and surgeries, after traditional treatment meth-
ods such as Chinese medicine and Indian. Innovations in nanotechnology and nanomedicine
aim to provide better solutions in medicine [5–8]. Nanotechnology offers small size delivery
systems inside cellular and subcellular levels owing to high surface area to carry many
therapeutic drugs with biocompatibility and inherent theranostic properties [9].

Theranostics is an emerging field in nanomedicine which may provide simple, eco-
nomic diagnoses and therapy solutions to many cancers and infectious diseases. Rather
than rely on single diagnosis and therapy models, multiple practices are important to
provide accurate results of disease confirmation and cure. Nanomaterials with multiple
diagnosis and therapeutic characteristics are highly desired in nanomedicine [10,11]. The
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