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Curcumin, as a natural product, is inexpensive, without side effects, and can stimulate very well certain areas of

the human immune system. The cytotoxicity of curcumin as photosensitizer could be expanded by the intravenous

blue laser blood irradiation (IVBLBI) or photobiomodulation in patients with chronic hepatitis B infection, Hepatitis B

e-antigen (HBeAg)-positive, noncirrhotic, but nonresponsive to classical therapy. 
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1. Chronic Hepatitis B Infection

Hepatitis B is a DNA virus that infects liver cells and can cause both acute and chronic disease. Hepatic infection is

one of the main causes of cirrhosis, hepatic decompensation, and hepatocellular carcinoma and, even in this third

millennium of modern medicine, there are no satisfactory therapies for chronic hepatitis B virus. All up-to-date

treatments are limited. There is still a gap in the scientific knowledge and a sterilization cure may not yet be

possible with the removal of both covalently closed circular DNA (cccDNA) and the embedded HBV DNA.

2. Antiviral Properties of Curcumin and Applications

Antibacterial, antiviral, and anti-inflammatory properties of curcumin as a highly polyphenolic molecule were

discovered many years ago and, since then, its strong antioxidative, antiproliferative, and apoptosis-promoting

effects have been studied in many different cells. Safe and well tolerated even at higher doses, curcumin has been

used for treating hyperproliferative diseases . There are studies that have demonstrated the valuable

pharmacological impact of curcumin in hepatitis B , diabetic microangiopathy, immune-mediated inflammatory

diseases, and even cancer .

Very recently, it has been shown that phytosomal curcumin with higher bioavailability blocks the formation of HCC,

improves hepatic histopathology, reduces lipid accumulation and leukocyte infiltration, and diminishes total tumor

volume in transgenic mice. Thus, there is a chance of HCC chemoprevention in chronic HBV infection . With a

maximum light absorption at 420 nm , the cytotoxicity of curcumin as photosensitizer could be expanded by the

intravenous blue laser blood irradiation (IVBLBI) .
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It is widely known that photobiomodulation is a highly effective method for treating patients with various diseases.

Low-intensity (low-energy) laser light used today is safe and may even increase the effectiveness of biological

agents in some unresponsive cases . It does not have teratogenic, mutagenic, or carcinogenic properties  but,

on the contrary, it ensures the protection of organisms against the most different pathogenic factors of biological,

chemical, or physical nature, triggering the processes of repair and regeneration inside the living cells .

How to kill a virus with laser? Blue laser blood illumination should be preferably used for the correction of immune

disorders of various etiologies and as an antimicrobial therapy. For example, in a recently published article by Zhu

et al. it was proven by ex vivo and in vivo studies that antimicrobial blue light is a potential alternative or adjunctive

therapeutic for infectious keratitis . The mechanism of action of antimicrobial blue light is still not fully understood.

A common hypothesis is that antimicrobial blue light excites the naturally occurring endogenous porphyrins or/and

flavins in microbial cells and subsequently leads to the production of cytotoxic reactive oxygen species (ROS) .

Host–virus interactions in recent literature include the vital role played by host metabolism on viral replication and

the proactive participation of mitochondria in this process. Different viruses use distinctive strategies to modulate

mitochondrial bioenergetics and enhance viral replication. As a result, energy-yielding metabolic pathways are

programmed to provide both energy and biosynthetic resources to drive viral protein synthesis and produce

infectious particles. Therefore, metabolic antagonists may prove important not only to outline efficient therapy

strategies but also to shed light on the pathogenesis of viral infections .

Low-level laser therapy allows the consideration of photobiomodulation as an active therapeutic factor, potentiating

the curcumin effect . Curcumin features many of the attributes of an ideal photosensitizer for photokilling of

pathogens: It is small, can form singlet oxygen in an aprotic environment, and features excellent biocompatibility

. UltraCur, a curcumin–whey complex with a 15,000-fold bioavailability and patented in the USA, has a

bioavailability equal to 240,000 mg standard curcumin and could be successfully used in connection with the blue

laser for treating chronic infectious and age-related diseases .

4. Curcumin and the Preventive Role in Hepatocellular
Carcinoma

Turmeric is the flowering plant Curcuma longa of the ginger family, Zingiberaceae. Curcumin (bis-α, β-unsaturated

β-dietone) is a polyphenol extracted from the plant Curcuma longa that has proven its chemopreventive capacity in

carcinogenesis by targeting signaling pathways, regulating the expression of cell adhesion and inhibition of cell

proliferation, migration, invasion, angiogenesis, and tumor metastases .

Curcumin is known as a powerful oxidant, which can stabilize the systems of anti-oxidant enzymes of the liver,

reduce the level of superoxide anions (O ), hydroxyl radicals (OH ), and increase the level of antioxidants by

activating superoxide dismutase (SOD), glutathione peroxidase (GPx), and glutathione S-transferase (GST) .

Through its polyphenolic action, curcumin works competitively with an inhibitory role on the two isoforms of the

enzyme inosine monophosphate dehydrogenase (IMPDH), which is a regulator of intracellular guanine nucleotides.
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It also plays a particularly important role in signal transduction, energy transfer, glycoprotein synthesis, DNA, RNA,

and other multiple processes for cell vitality and proliferation .

Its properties as an anti-inflammatory agent, along with its strong antioxidant capacity, have increased interest in

curcumin as a therapy for chronic liver disease. Several studies report that curcumin is a potent anti-inflammatory

agent and can modulate nuclear factor kappa beta (NF-κB); inhibit phospholipases, cyclooxygenase-2 (COX-2),

and 5-lipoxygenase (5-LOX); and decrease the concentrations of TNF alpha, IL-1, IL-6, and agonist of peroxisome

proliferator-activated receptor gamma (PPARγ), which has an important role in inhibiting pro-inflammatory

pathways .

Phytosomal curcumin has been shown experimentally to have effects on peroxisome proliferator-activated receptor

gamma (PPARγ) anti-inflammatory activation, pro-inflammatory NF-κB inhibition, suppression of mammalian target

of rapamycin (mTOR) deactivation oncogene, improvement of hepatic histopathology (steatosis and

necroinflammation), and reduction in volume HCC .

Another hypothesis is that curcumin inhibitory activity in HBV infection is achieved by inhibiting the function of

histone acetyltransferase p300 (multifunctional transcriptional coactivator that interacts with numerous transcription

factors and protein/histone acetyltransferase activity) that will lead to histone deacetylation related to cccDNA 

.

This hypothesis was the basis of an experimental study on a HepG2.2.15 cell line stably transfected with HBV and

curcumin treated, after which the ELISA technique assessed the expression levels of HBV surface antigen HBsAg,

and HBeAg antigen. Depending on the dose and time, curcumin decreased the expression of HBsAg and HBeAg

and played a significant role in remarkably reducing the replication of the intracellular HBV DNA intermediates and

HBV cccDNA. In the end, the study proved that curcumin would inhibit HBV gene replication by reducing cccDNA-

bound histone acetylation processes and would have a cccDNA-targeted antiviral agent perspective in chronic

HBV infection .

Curcumin, the polyphenolic compound  with antioxidant, anti-inflammatory, antiviral, and chemoprotective

properties alone or in combination with other agents or even with the blue laser , could be an effective drug for

therapy and cancer prevention .

5. Photodynamic Therapy with Blue Laser and Curcumin in
Hepatic Viral Infections

Photodynamic therapy (PDT) is a modern treatment that uses light (phototherapy) together with a light-sensitive

chemical that, in the presence of molecular oxygen, causes cell death in the target tissue by phototoxicity. The

purpose of PDT is to induce various cellular responses, from the inactivation of bacteria and viruses to the necrosis

or apoptosis of pathological cells, using the three absolutely necessary elements: Laser light, molecular oxygen,

and a nontoxic, light-sensitive substance, named photosensitizer (PS). PDT has been extensively investigated and
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applied in the last decades, proving to be an effective method of treatment. As a two-step procedure, PDT begins

with the administration of the photosensitizer, followed by exposure to light, in order to obliterate the pathogens or

the malignant structures .

Due to the fact that curcumin is a potent inhibitor of NF-κB signaling and of the expression of viral oncogenes E6

and E7, in decreasing the integrase and viral protease of HIV-1, in the intracellular accumulation of p53, and,

consequently, in decreasing the RNA level of intracellular HBV, several studies have been performed in an attempt

to use it as a photosensitizer in photodynamic therapy . PDT as a state-of-the-art medical technology, using blue

light (400–470 nm), can effectively fight bacterial, fungal, and viral infections. Photoreceptors, which are specific

cellular structures, can absorb only specific wavelengths of light. Light interaction with these photoreceptors will

trigger a cascading cellular signal, which will affect the chemical behavior, the metabolism, the movement, and the

expression of genes inside the cell. All associated enzymes and/or proteins will be affected .

Blue light releases nitric oxide (NO), known to be a growth, immune, and neuro-modulator, as well as a stimulator

of stem cell proliferation, playing critical roles in pain reduction, vasodilation, and angiogenesis through c-GMP

(cyclic guanosine monophosphate) pathway. The blue laser has a strong anti-inflammatory effect by reducing

proinflammatory cytokines (for example, IL2, IL6, TNF-alpha) and acts on cellular signaling pathways (e.g., NF-kB)

and other factors that contribute to a variety of diseases (CRP, leptin, chemokines, etc.). Blue light is effective in

treating infections by producing ROS (especially in combination with photosensitive substances such as riboflavin

or curcumin) . Great efforts are currently being made to explore the clinical value of blue light in the fight

against viral infections, an example being the current COVID-19 pandemic . Another possible mechanism would

be the action of blue light on the integrity of the cell membrane, with the decrease of the transmembrane potential

and, consequently, the rapid disturbance of cellular functions .
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