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ABSTRACT 
In the past decade, multi-drug resistance of pathogenic bacteria has become a serious problem to public health. 

Finding novel approaches to combat multi-drug resistant bacteria have therefore become increasingly important. 

One promising approach is antimicrobial photodynamic therapy (aPDT) which involves the use of photo-

sensitizer (nontoxic dyes) that are excited by visible light and produce oxygen free radicals in the presence of 

oxygen. Many studies report that curcumin inhibits the growth of both gram-positive and gram-negative bacteria. 

Formulations of curcumin in liposome, nanoparticles, micelles and phospholipids complexes are being 

prospected to decline its hydrophobicity, increase solubility to amplify blood flow time, and its permeability 

through membrane barriers. Among these options nano-formulations of curcumin such as nano-crystals, nano-

emulsions and polymeric nanoparticle encapsulated curcumin got enormous thrust and advance in the recent 

years in the category of natural or herbal drugs.There are evidences that support the enhancement of 

antimicrobial activity and antibiofilm activities of curcumin silica nanoparticles of P.aeruginosa and S.aureus 

cultures  using aPDT. This therapy exhibits significant antimicrobial activity against both bacteria. This review 

provides an updated information regarding the use of natural products to limit or prevent microbial resistance 

through use of photosensitizing agents like curcumin. 
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INTRODUCTION 

Amongst many challenges in the 21st century, 
antimicrobial resistance is at the top of the chart. It 
has posed one of the major threats to public 
health. According to data from the World Health 
Organization (WHO), infections caused by 
resistant bacteria affect more than 2 million people 
and cause more than 20 thousand deaths in the 
United States and the European Union annually. 
Infection by resistant strains drastically reduces the 
probability of an effective treatment and elevates 
not only the morbidity and mortality of common 
infections but also increases the associated health 
costs, which reach billions per year. In the past few 
years the WHO has been warning that the ‘post’-
antibiotic” era, where common infections can kill 
again, is an increasingly real threat(Goel et al., 
2008). And, even though the bacterial resistance 
continues to rise, the rate of new antibiotics 
development decreased in the past three decades, 
with no significant therapeutic class discovered 
since the 1980’s(Elfiky, 2020). 
The widespread use of conventional antimicrobials 
(antibiotics and antifungals) has emerged the 

problem of microbial resistance, which results in 
persistence of infection, treatment failure, and 
side-effects of drugs especially when multiple 
antimicrobials are used(Agel et al., 2019). Due to 
these shortcomings of the currently available drug 
treatments, antimicrobial alternatives have been 
sought1 widely(Garcez et al., 2007). A promising 
therapeutic modality for microbial inactivation is 
antimicrobial Photodynamic Therapy (aPDT), 
which uses the association of a photosensitizing 
agent (PS) [e.g., curcumin (CUR)] with light at a 
suitable wavelength(Trigo Gutierrez et al., 2017). 
The interaction between PS agent light in the 
presence of oxygen results in the production of a 
reactive species, mainly the singlet oxygen and free 
radicals that promote cell damage and 
death.(Santos-Parker et al., 2017) 
Normally, bacteria persist in structured biofilm 
ecosystems and rarely in cultures of single species 
that are traditionally used by microbiologists to 
study the behaviour of micro- organisms in vitro. 
In biofilms, microorganisms are remarkably less 
susceptible towards antimicrobials as compared to 
their planktonic counterparts(Mirzahosseinipour et 
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al., 2020). The mechanisms of tolerance and 
resistance in biofilms include slow penetration of 
antimicrobials through the biofilm matrix, altered 
microenvironment within the biofilm, different 
stress response of bacterial cells, and the 
formation of a sub-population of so-called 
persisted cells(Cieplik et al., 2018). Considering 
that, biofilm infections are caused by a diversity of 
microbial species, potential resistances within the 
biofilm and can easily be transferred among 
different species by horizontal gene transfer(Cas 
and Ghidoni, 2019). It has been estimated that 
more than 60% of all microbial infections are 
caused by biofilms, also with reference to hospital-
acquired infections, where sterile conditions are 
often compromised. Frequent biofilm infections 
include dental infections (caused by dental 
plaque), dermal infections, urinary tract infections, 
middle-ear infections, endocarditis and implant- 
or catheter-associated infections, whereby at least 
the latter potentially can lead to serious, i.e. lethal, 
outcomes for patients(Barros et al., 2020). 
Photodynamic therapy has emerged in recent 
years as a non-invasive therapeutic modality for 
the treatment of various infections by bacteria, 
fungi, and viruses. This therapy is defined as an 
oxygen-dependent photochemical reaction that 
occurs upon light mediated activation of a 
photosensitizing compound leading to the 
generation of cytotoxic reactive oxygen species, 
predominantly singlet oxygen(Pagonis et al., 
2010). It can be applied topically into a 
periodontal pocket avoiding overdoses and side 
effects associated with the systemic antimicrobial 
agent administration(Pal et al., 2020). It also 
minimizes the occurrence of bacterial resistance. 
Photodynamic antimicrobial chemotherapy 
represents an alternate antibacterial, antifungal, 
and antiviral treatment against drug resistant 
organism(Howells et al., 2019). Several studies 
have revealed that curcumin exhibited remarkable 
antioxidant, anti-inflammatory and anticancer 
activities(Mbadiko et al., 2020). More recently, 
researchers have been exploring its activity against 
several bacterial strains(Zorofchian 
Moghadamtousi et al., 2014). Numerous nano 
formulations were prepared to overcome the 
limitations associated with curcumin such as poor 
water solubility, instability at physiological pH and 
low bioavailability. The behaviour and fate of 

nanoparticles in physiological environments is 
heavily affected by their physicochemical 
characteristics(Gupta et al., 2020). Polymeric 
nanoparticles have exhibited an interesting ability 
to encapsulate curcumin and enhance its 
therapeutic effects . Biodegradable polymers like 
poly lactico glycolic acid (PLGA) have been used to 
prepare curcumin loaded nanoparticles to be 
applied in the biopharmaceutical field. Curcumin 
is one such naturally occurring yellow dye extracted 
from the rhizomes of turmeric (Curcuma longa), 
which has been used for more than 4,000 years in 
traditional Asian and African medicine for the 
treatment of a variety of ailments(Sun et al., 2017). 
Here, the authors make an attempt to provide a 
systemic review analysis concerning the use of 
aPDT in reduction of microbial resistance with 
focus on curcumin as the photosensitizing agent.  
 
Antimicrobial Resistance 

Antimicrobial resistance (AMR) is a global crisis 
and potentially a sophisticated threat to public 
health. It has drawn the attention of fitness experts, 
health stakeholders, and medical science due to 
the substantial economic loss that it can cause to 
individuals and nation as a whole. Various cross-
sectional studies and some national surveys in 
developing countries have shown increase in the 
burden of antimicrobial resistance. (Acharya and 
Wilson, 2019) In developing countries 
antimicrobial resistance is driven by the high 
incidence of infectious diseases. An appropriate 
use of antibiotics in treatment, as growth 
promoters and increased implementation of 
herbal therapy can be a ray of hope in treating this 
threat using the natural gold that is turmeric 
without causing with any unwanted effects to the 
body. AMR is, nevertheless, a global issue of public 
health concern. For some 30 years no new 
antibiotics have been discovered whilst existing 
ones fail to suppress or kill the target 
microorganisms. The trend of antibiotic resistance 
development is illustrated by a recent worldwide 
analysis. Figure 1 indicates an emerging group of 
antibiotic resistant bacteria, denominated ESKAPE 
(Enterococcus faecium, Staphylococcus aureus, 
Klebsiella pneumoniae, Acinetobacter baumanni, 
Pseudomonas aeruginosa, and Enterobacter spp.) 
in human. 
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Fig.1: Antibiotic Resistance 
 
As depicted in Figure 2, a designed prisma table is used for the collection of data. As the initiating step, 
a survey was done via data base searching followed by screening of record. These recorded data is 
thoroughly analysed before a conclusion is drawn regarding the collection of data. 
 
 
 



Ashiru Anees Yau et al / Potential of Curcumin Loaded Nanoparticles in Antimicrobial Photodyanamic 
Therapy 

 

47| International Journal of of Pharmacy Research & Technology | Jul- Dec - 2021 | Vol 11 | Issue 2 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Fig.2: Prisma Table depicting the steps required for collecting data 
 
Development of Antimicrobial Photodynamic 

Therapy 

Antimicrobial Photodynamic therapy (aPDT) had 
been recently proposed to combat clinically 
relevant biofilms such as dental biofilms, ventilator 
associated pneumonia, chronic wound infections, 
oral candidiasis, and chronic rhinosinusitis. IN this 
approach, aPDT uses non-toxic dyes called 
photosensitizers (PS), which can be excited by 
harmless visible light to produce reactive oxygen 
species (ROS). It is a multi-stage process including 
topical photosensitizing agent administration, light 
irradiation, and interaction of the excited state with 
ambient oxygen. Yan and his group suggested that 
in order to control clinically relevant biofilm 

infections, which prove to be particularly resistance 
to antibiotic treatment due to embedded microbial 
cells which firmly attached to microbial biofilms. 
According to their study, clinically relevant biofilm 
infections proved to be particularly resistant to 
antibiotic treatment due to embedded microbial 
cells which firmly attached to microbial biofilms. 
This study provide an updated information 
regarding its applicability in wound and ulcer 
infections, dental infections, nasal 
decontamination in addition to Helicobacter pylori 
infection. (Hu et al., 2018) 
To reduce the viability of infected dental caries, 
curcumin mediated antimicrobial photo-dynamic 
module was developed using microcosms. After 
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the development of microcosm biofilms on bovine 
and immersing in McBain medium with 1% sucrose 
at 370° C for a period of 5 days, the lactic acid 
concentration was analysed and curcumin 
condensed the overall effect of the microorganism 
on biofilm after analysing with blue LED (455 nm). 
(Cusicanqui Méndez et al., 2018). In a study to 
decrease multiple resistances of Staphylycoccos 
bacteria,a novel curcumin loaded PLGA 
nanoparticles were used to enhance the 
effectiveness of curcumin, which made it possible 
to deliver much higher amounts of curcumin than 
normally possible due to its poor aqueous 
solubility. The ability to selectively activate 
curcumin nanoparticles with low-energy LED light 
to eradicate Staphylococcus saprophyticus subsp. 
bovis was successfully demonstrated. Furthermore, 
modifying the surface charge of the nanoparticles 
using chitosan drastically increased their photo-
dynamic penetration ability4(Agel et al., 2019). 
After a proposal by the use of aPDT as an 
alternative for oral candidiasis, improvement of 
oral candidiasis was targeted using curcumin 
loaded nanoparticles. The result illustrated that 
there is a multifoldreduction in the number of the 
bacteria Candida albican. Encapsulation in NP 
improved the water solubility of curcumin. Nystatin 
shows the highest reduction of calcium, followed 
by aPDT mediated by free CUR, which resulted in 
immuno-labeling of cytokeratins closer to those 
observed for healthy animals. Anionic CUR-NP 
does not show anti-fungal effect, and cationic 
CUR-NP reduces Ca even in the absence of light 
as reported by Sakima et al. (Sakima et al., 2018) 
 

CONCLUSION 

It could thus be concluded that curcumin mediated 
antimicrobial photodynamic therapy (aPDT) 
reduced variability of microorganism as reported 
by various studies. This provides a substantial 
improvement in the prevention of anti-microbial 
resistance. Despite this, as noticed, a trend of dose 
dependent antimicrobial effect of more is observed 
in all microorganisms when nano particles are 
developed. Moreover, designing the dosage form 
in nano formulation surpassed the water 
insolubility issue of curcumin thereby enhancing 
the bioavailability. Nevertheless, more quantitative 
data needs to be built up for in vivo models to 
further establish the fact that more and more 
herbal drugs can be an alternative to antibiotic 
resistance when antimicrobial photodynamic 
therapy (aPDT) is a mode to act on the microbes. 
 
Future Perspectives 

The research on antimicrobial photodynamic 
therapy (aPDT) should be conducted extensively on 
animal models both in vivo and in vitro. 

Meanwhile, the clinical and pharmacokinetic 
validation of such formulations will pave the way 
for inventing novel drugs effective against 
antibiotic resistance. 
 
ACKNOWLEDGMENT 

This review did not receive any specific grant from 
funding agencies in the public, commercial, or not-
for-profit sectors. 
 
CONFLICT OF INTEREST 

The authors do not hold any conflict of interest. 
 
REFERENCES 
1. Garcez AS, Ribeiro MS, Tegos GP, Núñez SC, 

Jorge AOC, Hamblin MR. Antimicrobial 

photodynamic therapy combined with 

conventional endodontic treatment to eliminate 

root canal biofilm infection. Lasers Surg Med 

2007;39:59–66. 

2. Goel A, Kunnumakkara AB, Aggarwal BB. 

Curcumin as “Curecumin”: From kitchen to clinic. 

Biochem Pharmacol 2008;75:787–809. 

3. Elfiky AA. Anti-HCV, nucleotide inhibitors, 

repurposing against COVID-19. Life Sci. 2020;248.  

4. Agel MR, Baghdan E, Pinnapireddy SR, Lehmann J, 

Schäfer J, Bakowsky U. Curcumin loaded 

nanoparticles as efficient photoactive 

formulations against gram-positive and gram-

negative bacteria. Colloids Surfaces B 

Biointerfaces 2019;178:460–468.  

5. Gutierrez T, Zanatta JK, Ortega GC, Balastegui 

ALM, Sanitá MIC, Pavarina PV, Barbugli AC, 

Oliveira PAD,  Mima EG. Encapsulation of 

curcumin in polymeric nanoparticles for 

antimicrobial Photodynamic Therapy. PLoS ONE, 

2017;12:11. 

6. Santos-Parker JR, Strahler TR, Bassett CJ, 

Bispham NZ, Chonchol MB, Seals DR. Curcumin 

older adults by increasing nitric oxide 

bioavailability and reducing oxidative stress. 

Aging-Us 2017;9:187–208.  

7. Mirzahosseinipour M, Khorsandi K, Hosseinzadeh 

R, Ghazaeian M, Shahidi FK. Antimicrobial 

photodynamic and wound healing activity of 

curcumin encapsulated in silica nanoparticles. 

Photodiagnosis Photodyn. Ther. 2020;29:101639.  

8. Cieplik F, Deng D, Crielaard W, Buchalla W, 

Hellwig E, Al-Ahmad A, Maisch T. Antimicrobial 

photodynamic therapy–what we know and what 

we don’t. Crit. Rev. Microbiol 2018;44:571–589.  

9. Cas MD, Ghidoni R, Dietary curcumin: 

Correlation between bioavailability and health 

potential. Nutrients  2019;11:1–14.  

10. Barros CHN, Devlin H, Hiebner DW, Vitale S, 

Quinn L, Casey E. Enhancing curcumin’s solubility 

and antibiofilm activity: Via silica surface 

modification. Nanoscale Adv. 2020;2:1694–1708.  

https://doi.org/10.1371/journal.pone.0187418


Ashiru Anees Yau et al / Potential of Curcumin Loaded Nanoparticles in Antimicrobial Photodyanamic 
Therapy 

 

49| International Journal of of Pharmacy Research & Technology | Jul- Dec - 2021 | Vol 11 | Issue 2 

11. Pagonis TC, Chen J, Fontana CR, Devalapally H, 

Ruggiero K, Song X, Foschi F, Dunham J, Skobe Z, 

Yamazaki H, Kent R, Tanner ACR, Amiji MM, 

Soukos NS. Nanoparticle-based Endodontic 

Antimicrobial Photodynamic Therapy. J Endod 

2010;36:322–328.  

12. Pal D, Checker R, Kutala, V, Sandur S. In-Silico 

Molecular Docking Show Mitocurcumin can 

Potentially Block Innate Immune Evasion 

Mechanism of SARS-CoV-2 and Enhance Viral 

Load Clearance can Potentially Block Innate 

Immune Evasion Mechanism of SARS-CoV-2 and 

Enhance Viral Load Clearance. ChemRxiv. 2020;  

13. Howells LM, Iwuji COO, Irving GRB, Barber S, 

Walter H, Sidat Z, Griffin-Teall N, Singh R, 

Foreman N, Patel SR, Morgan B, Steward WP, 

Gescher A, Thomas AL, Brown K. Curcumin 

combined with FOLFOX chemotherapy is safe 

and tolerable in patients with metastatic 

colorectal cancer in a randomized phase IIa trial. 

J. Nutr. 2019;149:1133–1139.  

14. Mbadiko CM, Inkoto CL, Gbolo BZ, Lengbiye EM, 

Kilembe JT, Matondo A, Mwanangombo DT, 

Ngoyi EM, Bongo GN, Falanga CM, Tshibangu 

DST, Tshilanda DD, Ngbolua K-N, Mpiana PT. A 

Mini Review on the Phytochemistry, Toxicology 

and Antiviral Activity of Some Medically 

Interesting Zingiberaceae Species. J Complement 

Altern Med Res. 2020;9:44–56.  

15. Zorofchian Moghadamtousi S, Abdul Kadir H, 

Hassandarvish P, Tajik H, Abubakar S, Zandi K. A 

review on antibacterial, antiviral, and antifungal 

activity of curcumin. Biomed Res Int 2014;2014:1-

13. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

16. Gupta H, Gupta M, Bhargava S, Potential use of 

Turmeric in COVID-19. Clin Exp Dermatol 

2020;1:3–5.  

17. Sun W, Wang S, Zhao W, Wu C, Guo S, Gao H, 

Tao H, Lu J, Wang Y, Chen X. Chemical 

constituents and biological research on plants in 

the genus Curcuma. Crit Rev Food Sci Nutr 

2017;57:1451–1523.  

18. Acharya KP, Wilson RT. Antimicrobial Resistance 

in Nepal. Front Med 2019;6:7–9.  

19. Yan LJ, Wang SB, Wang XQ, Cao XM. Protective 

effect and mechanism of curcumin on aorta in rats 

with metabolic syndrome. Zhongguo Zhong Yao 

Za Zhi 2019;44(21):4685-4690.  

20. Hu X, Huang YY, Wang Y, Wang X, Hamblin MR. 

Antimicrobial photodynamic therapy to control 

clinically relevant biofilm infections. Front 

Microbiol 2018;9:1–24.  

21. Cusicanqui Méndez DA, Gutierres E, José 

Dionisio E, Afonso Rabelo Buzalaf M, Cardoso 

Oliveira R, Andrade Moreira Machado MA, 

Cruvinel T. Curcumin-mediated antimicrobial 

photodynamic therapy reduces the viability and 

vitality of infected dentin caries microcosms. 

Photodiagnosis Photodyn Ther 2018; 24:102–108.  

22. Sakima VT, Barbugli PA, Cerri PS, Chorilli M, 

Carmello JC, Pavarina AC, DeOliveira Mima E.G. 

Antimicrobial photodynamic therapy mediated by 

curcumin-loaded polymeric nanoparticles in a 

murine model of oral candidiasis. Molecules 

2018;19:23(8):2075. 


