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Highlights:

e Propolis-benzofuran A obeyed all the criteria of Lipinski’s rule of five and exhibited
drug-likeness.

e The molecular docking exhibited a good binding affinity (-7.84 kcal/mol) between
Monkeypox virus A48R protein and propolis-benzofuran A ligand.

e Propolis-benzofuran A-mediated aPDT can be proposed as an adjuvant treatment against
Monkeypox virus.

Abstract

Background: Monkeypox is a viral zoonotic disease and there are no available treatments that
specifically target the monkeypox virus. Antimicrobial photodynamic therapy (aPDT) is a non-
invasive approach that has been introduced as a targeted adjuvant treatment against various
microbial infections. In this study, we used a computational strategy to investigate the potential of
aPDT using propolis-benzofuran A against the Monkeypox virus.

Methods: In this in silico study, the evaluation of drug-likeness, molecular properties, and
bioactivity of propolis-benzofuran A was carried out using SwissADME. Pro-Tox Il and OSIRIS
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servers were used to identify the organ toxicities and toxicological endpoints of propolis-
benzofuran A. Molecular docking approach was employed to screen the potential binding modes
of propolis-benzofuran A ligand with the Monkeypox virus A48R protein (PDB ID: 2V54).

Results: The results of the computational investigation revealed that propolis-benzofuran A
obeyed all the criteria of Lipinski’s rule of five and exhibited drug-likeness. The photosensitizing
agent tested was categorized as toxicity class-5 and was found to be non-hepatotoxic, non-
carcinogenic, non-mutagenic, and non-cytotoxic. The docking studies employing a predicted
three-dimensional model of Monkeypox virus A48R protein with propolis-benzofuran A ligand
exhibited good binding affinity (-7.84 kcal/mol).

Discussion: The computational simulation revealed that propolis-benzofuran A had a strong
binding affinity with the Monkeypox virus A48R protein. Hence, aPDT based on this natural
photosensitizer can be proposed as an adjuvant treatment against the Monkeypox virus.

Keywords: Antimicrobial photodynamic therapy, In silico, Monkeypox, Propolis

1 Introduction

Monkeypox is a zoonotic contagious disease with multiple reservoirs that the World Health
Organization (WHO) announced its re-emergence in July 2022 [1]. Monkeypox virus belongs to
the Orthopoxvirus genus of the Poxviridae family, which encompasses human-associated
pathogens such as the variola virus, the causative agent of smallpox, the cowpox virus, the
camelpox virus, as well as the vaccinia virus [2]. In the current outbreak, either the disease
appearing mildly or asymptomatically, and sustained human-to-human transmission seen in this
outbreak has not been previously observed [3]. According to Prichard et al., A48R, A50R, D13L
protein trimer complex, F13L, and 17L have been proposed as useful interventions for poxvirus
targets by other studies and reviews. Among them, A48R has been identified to be a good potential
drug target [4]. A48R as a thymidylate kinase is a novel target and is currently not targeted by any
known drugs. A48R phosphorylates thymidine monophosphate (TMP), also known as thymidylic
acid, to its diphosphate (DP) and also to phosphorylate 50 halogenated deoxyuridine
monophosphate (dUMP) analogs [4].

One to three days after the onset of flu-like prodromal symptoms (e.g., fever, malaise, chills,
headache, weakness, lymphadenopathy), rash and lesions appear on the face and extremities, and
oral mucous membranes, genitalia, conjunctivae, and cornea are affected [1]. Due to the lack of an
effective treatment that eliminates the virus, there is an urgent need to develop an appropriate
strategy to control the pathogenicity of the Monkeypox virus. One of the approaches used to
control the Monkeypox virus can be antimicrobial photodynamic therapy (aPDT). According to
the literature, there are several in vitro studies and clinical trials of systemic and topical aPDT as
a treatment approach and adjuvant therapy for various viral infections [6-10].

aPDT involves a synergic association of a non-toxic dye called a photosensitizer, visible light with
a specific wavelength, and oxygen, which can produce reactive oxygen species (ROS), causing
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irreversible damage to the lipid or protein-membrane structures of the viral envelope, even nucleic
acid, without damaging the surrounding tissue [11-13]. Natural products have received a lot of
attention among photosensitizers made from various chemical compounds commonly employed
in aPDT.

Propolis is one of the honeybee's products that has a wide range of medical effects [14]. Many
studies documented various biological properties of propolis such as antimicrobial, antioxidant,
antitumor, and anti-inflammatory [15-18]. Propolis benzofuran A and B are two main important
chemical compounds in the propolis that their biological activity is a topic of main interest for
organic chemists and biologists [14]. However, the association of aPDT with propolis has not been
widely studied.

It is important to identify the viral-relevant molecular targets with appropriate sensitivity to aPDT.
As the previous studies revealed the computational analysis enhances our knowledge of the target
site for increasing the efficiency of targeted aPDT [19-22]. In this study, we used a number of
biological databases and bioinformatics tools to predict the potential of aPDT using propolis-
benzofuran A to control of Monkeypox virus.

2 Methods

2.1. Preparation of target

Monkeypox virus A48R protein was used as the selected target protein for this study. Complete
sequences of A48R were downloaded from the NCBI Nucleotide database (GenBank accession:
AGR38144.1). The Protein Basic Local Alignment Search Tool (BLAST-P) was used for the
identification of the most similar template in the PDB database, and then the template with the best
score was selected for model generation.

2.2. Validation of homology model

The physicochemical properties and functional characterization of predicted protein such as
protein molecular weight, extinction coefficient, isoelectric point, instability index, aliphatic
index, and grand average of hydropathicities were predicted using the ProtParam ExPASYy tool.
The helices, sheets, and turns of amino acid sequences related to the secondary structure of the
Monkeypox virus A48R protein were predicted by SOPMA-based secondary structure prediction.
The crystal structure of thymidylate kinase (PDB ID: 2VV54) was used as a template for the
Monkeypox virus A48R protein. The three-dimensional structure of the target protein was modeled
using the Swiss-MODEL. The authenticity of the model was evaluated by Ramachandran scores
using the PROCHECK server, and the quality of the model structure was validated using ERRAT,
Verify_3D, and ProSA-web servers.

2.3. Ligand’s retrieval and preparation
The three-dimensional structure of propolis-benzofuran A, as a natural photosensitizer, was
achieved from PubChem (www.pubchem.com) in .sdf format.
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2.4. In silico pharmacokinetics (ADME) and toxicological properties

According to the previous studies [22], in silico prediction of ADME via the SwissADME and
admetSAR programs was conducted to confirm whether the physicochemical properties of
propolis-benzofuran A as the ligand follows Lipinski’s rule of five or not. Lipinski’s rule of five
displays that the candidate should obey the five-parameter rule, which states that hydrogen-bond
donors (HBDs) should be less than 5, hydrogen-bond acceptors (HBAS) should be less than 10,
the molecular mass should be less than 500 Da, lipophilicity (expressed as Log P) should not be
less than 5, and total polar surface area (TPSA) should not be greater than 140A [244]. The organ
toxicities and toxicological endpoints of propolis-benzofuran A were predicted using Pro-Tox Il
and OSIRIS servers.

2.5. Structure-based pharmacological activity and metabolism prediction

The biological activity of propolis-benzofuran A molecule concerriing the probability of activity
(Pa) and inactivity (Pi) was predicted using the PASS server as follows:

Pa>0.7: The compound is very likely to exhibit the activity,

0.7>Pa>0.5: The compound is likely to exhibit the activity,

Pa<0.5: The compound is less likely to exhibit activity.

2.6. Molecular docking analysis

Molecular docking analysis was performed to check the binding sites and interactions that occur
between the candidates and the proteins. Herein, the potential binding modes of ligand (propolis-
benzofuran A) to receptor (Monkeypox virus A48R protein) in its respective PDB structure (ID:
2VV54) was assessed via the SwissDock server. A protein-ligand complex with the lowest binding
energy (kcal/mol) was then selected as the most favored confirmation to explain the interaction.

3 Results

3.1. Sequence retrieval analysis

As previously mentioned, thymidylate kinase (PDB ID: 2V54) was utilized as a template model
for the prediction of the Monkeypox virus A48R protein structure. Basic information obtained
from 2V54 showed that it had 204 amino acids with a molecular weight of 23377.77 Da. The
amino acid compositions of 2V54 were as follows: Alanine (Ala) 4.9%; Arginine (Arg) 2.9%;
Asparagine (Asn) 4.4%; Aspartic acid (Asp) 4.4%; Cysteine (Cys) 1.0%; Glutamine (GIn) 4.9%;
Glutamic acid (Glu) 9.8%; Glycine (Gly) 6.3%; Histidine (His) 1.5%; Isoleucine (lle) 9.8%;
Leucine (Leu) 7.3%; Lysine (Lys) 7.8%; Methionine (Met) 3.4%; Phenylalanine (Phe) 4.4%;
Proline (Pro) 2.4%; Serine (Ser) 6.8%; Threonine (Thr) 6.3%; Tryptophan (Trp) 1.5%; Tyrosine
(Tyr) 3.9%; and Valine (Val) 6.3%. Moreover, the number of positively (Arg + Lys) and negatively
(Asp + Glu) charged residues of 254 were 22 and 29, respectively. The results of the ProtParam
ExPASYy tool showed that the extinction coefficient of 254 in water at 280 nm was found to be
28545 Mt cmL. Also, the isoelectric point, instability index, aliphatic index, and grand average of
hydropathicities were computed to be 5.11, 48.18, 89.85, and -0.246, respectively.
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3.2. Model evaluation

The secondary structure of protein chains was analyzed by SOPMA which predicted the alpha
helix, random coil, extended strand, and beta-turn. In the designed secondary structure of 254,
alpha helices showed 46.34%. It is followed by random coils (30.24%), extended strands (15.61%),
and beta-turn (7.80%), respectively. According to the results, the 254 revealed the predominant
nature of helices.

The predicted three-dimensional structure for the Monkeypox virus A48R protein is presented in
Figure 1. As seen in Figure 1, 2V54 consists of 2 chains A and B, and 3 ligands named TYD
(Thymidine-5'-diphosphate), POP (Pyrophosphate 2-), and magnesium ion (Mg?"). Some
properties of chains and ligands are listed in Table 1.

Multiple methods were employed for the validation of the three-dimensional models. The modeled
tertiary structure was validated by PROCHECK’s Ramachandran plot analysis, Verify 3D,
ERRAT, and ProSA-web servers. The Ramachandran plot analysis (Fig. 2a) displayed that the
number of residues in the most favored region was 88.8%, which is an indicator of a valid model.
Also, 10.4% of residues were in additional allowed regions. Anoverall quality factor of 94.615 by
ERRAT verified the model as good quality (Fig. 2b). Quality assessment of the homology-
predicted structure is made by the ProSA-web algorithm, according to which the final structure
obtained a Z-score of -6.1, nested within other proteins of similar size (Fig. 2c). VERIFY_3D
result showed that 86.49% of residues had averaged 3D-1D score >= 0.2 and at least 80% of the
amino acids had scored >= 0.2 in the 3D/1D profile (Fig. 2d). Hence, the findings indicate that the
modeled structure of Monkeypox virus A48R protein is reasonable and reliable as a target for
propolis-benzofuran A.

3.3. Drug-likeness prediction

The drug-likeliness of propolis-benzofuran A was performed using Lipinski’s rule of five. As
shown in Table 2, the photosensitizing agent screened for the study was found to obey all the
criteria of Lipinski’s rule. According to this rule, the molecular weight was 452.45 g/mol
(acceptable range: < 500), the number of hydrogen bond donors was 2 (acceptable range: < 5), the
number of hydrogen bond acceptors was 8 (acceptable range: < 10), Log P was 3.96 (acceptable
range: < 5), and TPSA was 115.43 A2 (acceptable range: < 140). The computational study suggests
the molecules can act as excellent orally active drugs.

3.4. ADME analysis

The parameters of SwissADME prediction showed that propolis-benzofuran A had high
gastrointestinal (GI) absorption without blood-brain barrier (BBB) permeation (Table 3).
Moreover, propolis-benzofuran A inhibited cytochromes CYP2C9 and CYP3A4, as well as the
substrate of permeability glycoprotein (P-gp). Also, the skin permeation value (log Kp) of the
photosensitizing compound was found to be in the range of -4.5 to - 7.2 cm/s. This clearly shows
the low skin permeability of propolis-benzofuran A.
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3.5. Toxicity prediction

Propolis-benzofuran A was computed by Pro-Tox Il and OSIRIS servers to assess its toxicity such
as hepatotoxicity, carcinogenicity, immunotoxicity, mutagenicity, and cytotoxicity. The findings
of toxicological prediction indicated that propolis-benzofuran A is non-hepatotoxic, non-
carcinogenic, immunogenic and non-cytotoxic suggesting this this photosensitizing compound as
may be good candidates in this investigation (Table 4).

3.6. Pharmacological activity and metabolism prediction

The results of the pharmacological activity prediction of propolis-benzofuran A are presented in
Table 5. It was found that there were three pharmacological activities with a Pa score greater than
0.7. In addition, half of the metabolic activity of this photosensitizer compound is at the prediction
threshold of 0.7>Pa>0.5.

3.7. Molecular docking analysis

Asn65, Asp92, Lys105, Alal07, Leulll, Tyr143, Alal90, and Thr195 were the important residues
and the active binding regions of the Monkeypox virus A48R protein that were predominantly
engaged in ligand-protein interaction (Fig. 3). According to the in silico molecular docking
analysis, the propolis-benzofuran A showed the binding affinity value of -7.84 kcal/mol in relation
to the A48R protein.

4 Discussion

As WHO reported, the fatality ratio of monkeypox is around 3 to 6% [23]. Although the smallpox
vaccine may prevent monkeypox in some people, there is no appropriate treatment protocol for
monkeypox [24]. In recent years, new treatment methods have been proposed to deal with viral
infections. aPDT has advantages that make its use more efficient than other methods, including a
broad spectrum of action, the efficient inactivation of antibiotic-resistant microorganisms, the lack
of selection of photo-resistant microbial cells, and the minimal mutagenic potential [25].

The effect of aPDT as adjunct therapy on viral infections such as Middle East Respiratory
Syndrome (MERS), influenza, and coronavirus was previously reported [26-29]. Jin et al. [26]
showed that aPDT with 1, 2, and 4 uM of methylene blue with light irradiation at a wavelength of
630 nm for 2 min could be effective against severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) in plasma without any side effects. In other studies, Eickmann et al. [27,28]
displayed methylene blue plus visible light at the light doses as low as 30 J/cm? reduced SARS-
CoV and MERS-CoV more than 3.1 and 3.3 log10 TCID50/mL in plasma, respectively. Also, the
ability of aPDT as a treatment approach and adjuvant therapy using curcumin-poly (lactic-co-
glycolic acid) nanoparticles (Cur@PLGA-NPs) to inactivate COVID-19 in plasma was
investigated by Pourhajibagher et al. [29]. Their findings showed that aPDT using 10% wt.
Cur@PLGA-NPs and a blue laser at an energy density of 522.8 J/cm? exhibited in vitro anti-
COVID-19 activities in the treated plasma containing SARS-COV-2 without Vero cell apoptosis
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and any adverse effects on plasma quality in aPDT-exposed plasma. Hence, the use of aPDT can
be an adjunct approach against the Monkeypox virus that deserves to be explored.

The specific binding of photosensitizer to the target site causes effective phototoxicity against
microorganisms and site-specific accumulation of the photosensitizer in microorganisms after
systemic administration, which is correlated with microorganisms’ eradication following light
irradiation. The disparate effectiveness of aPDT can be due to variations in the target sites of the
photosensitizer. On the other hand, it is unknown which structure of the microorganism can bind
to the photosensitizer. In this study, we introduced the A48R as a target site in the Monkeypox
virus using molecular modeling and simulation analysis through several data banks.

Various physicochemical properties of 254 as a template for the Monkeypox virus A48R protein
were assessed by the ProtParam ExPASYy tool, which indicated that the predicted protein would be
stable (index value of 48.18); the isoelectric point was found to be 5.11; and the aliphatic index of
the protein was estimated at 89.85, which is an indication of a thermostable protein. In addition,
the GRAVY value was estimated to be -0.246, which indicates that the protein may interact with
water.

After the prediction of a three-dimensional structure, the stereachemical quality of the predicted
model structure, the compatibility of the atomic model (3D) of the predicted protein with its amino
acid sequence (1D), non-bonded atomic interactions, and the refinement and validation of the
predicted protein model were assessed using PROCHECK, Verify 3D, ERRAT, and ProSA-web
servers, respectively [30-34]. As per the results, the predicted model is of good quality.

In the present study, the SwisSADME server was used to analyze various ADME descriptors like,
physiochemical properties, pharmacokinetics, solubility, lipophilicity, and drug-likeness based on
violation of Lipinski’s. The in silico ADME prediction of propolis-benzofuran A established drug-
likeness as evidenced by no violation to its Lipinski’s rule of five and the bioavailability score of
0.55. Moreover, the drug metabolism is regulated by a range of cytochromes (CYP), in which
CYP1A2, CYP2C9, CYP2C19, CYP2D6, and CYP3A4 are vital for the biotransformation of drug
molecules [35]. According to the results, propolis-benzofuran A can inhibit CYP2C9 and
CYP3AA4. To investigate the in silico toxicity parameters, Pro-Tox Il and OSIRIS were used. The
predicted LD50 (mg/kg) for propolis-benzofuran A was 2160; hence was categorized as toxicity
class-5, indicating that the propolis-benzofuran A is not harmful if swallowed (LD50>2000).
Further, propolis-benzofuran A was found to be non-hepatotoxic, non-carcinogenic, non-
mutagenic, and non-cytotoxic.

To achieve the topical properties of propolis, active compounds of propolis should penetrate the
epidermis and into the dermis. This is mainly important if topical skin products containing propolis
are considered for use as a photosensitizer in aPDT. It has been found that the biologically active
components of propolis are mainly phenolic compounds including cinnamic acid and benzoic acid
derivatives [36,37]. Cinnamic acid derivatives including coumaric acid, caffeic acid, and ferulic
acid, induced a more significant increase in membrane permeation than benzoic acid derivatives
such as vanillic acid and this effect was attributed to differences in structural features of these
phenolic acids [38].
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The parameters of ADME prediction in the current study showed that the skin permeation value
(log Kp) of the propolis-benzofuran A was found to be in the range of -4.5 to -7.2 cm/s, which
shows the low skin permeability of propolis-benzofuran A. However, Ramanauskiene et al.
[https://doi.org/10.2478/acph-2021-0044], in a study on full-thickness undamaged human skin,
showed that the phenolic compounds of propolis can penetrate the epidermis and dermis from all
formulations of ointment, cream, and emulsion. However, the largest quantity of active compounds
is absorbed from ointment than the emulsion system. This could have been due to fatty acids
contained in beeswax and sunflower oil, which are described previously as effective enhancers of
penetration [39].

It has been revealed that the quantity of penetrated coumaric and ferulic acids found in the
epidermis was significantly greater than in the dermis. While the quantities of penetrated vanillic
acid found in the dermis area were significantly higher than those found in the epidermis. Caffeic
acid does not penetrate the epidermis or the dermis. In a recent study, Oliveira et al. [38] found
that coumaric acid, caffeic acid, and ferulic acid exhibit antimicrobial synergism with light,
however, coumaric acid did not present antimicrobial synergism with light.

In cutaneous monkeypox lesions, the basal layer seems to be the site of the initial infection.
Immunohistochemical staining of cutaneous biopsies revealed that viral antigens are found within
keratinocytes and a few Langerhans cells of the epidermis. Electron microscopy also showed
abundant virions at various stages of assembly, immature and mature orthopoxvirus particles,
within the keratinocyte cytoplasm in the epidermis [40].

Overall, since cutaneous monkeypox miainly affects the epidermis and to a lesser extent the dermis
and active compounds of propolis can penetrate the epidermis and dermis and be activated by the
light there, it seems that nano-propolis and light have a synergistic effect in removing the
monkeypox viruses. This hypothesis, which is based on the available evidence should be evaluated
by in vitro and clinical trial studies toward efforts to manage and also reduce the severity of
monkeypox infections using targeted nano-propolis mediated aPDT.

It has been found from Monte Carlo simulations that maximum penetration depths using the
Intense pulsed light system were found to be 0.5 mm and 1 mm for light with 300 nm and 400 nm
wavelength, respectively using the 1% criterion [41]. Since the diameter of the epidermis is about
70 um and the highest virus load is found in this area [40], and active compounds of propolis also
penetrate in this depth, therefore it is possible to activate the active compounds of propolis by light
in the epidermis and inactivate the monkeypox viruses in this area. To inactivate monkeypox
viruses in the deeper area of the skin, i.e. dermis, it is necessary to use increasing spot size and
longer wavelengths of light. Studies have shown that an increase in penetration depth can be
achieved using increasing spot size employed by the device and longer wavelengths of light.
With an increasing spot size, of at least 10 mm in width, there is a decrease in the amount of lateral
scattering; this results in higher penetration light [41]. As a result, a device with at least 10 mm in
spot size can be applied to achieve a greater penetration depth for the treatment of cutaneous
monkeypox lesions. Another way to increase the penetration depth of light is to use light with a
higher wavelength [41]. It is clear that when using light with higher wavelengths, photosensitizers
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that absorb light at higher wavelengths should be used. It has shown that by changing the structure
of photosensitizers, they may be activated by lights with higher wavelengths.

It has been shown that the complexation of rutin with metal ions in aluminum chloride and thorium
solution can lead to a shift in its absorption spectrum from the UVA range (355 nm) to the visible
spectrum (425 nm) [42,43]. This change makes greater penetration of light and activation of rutin
in the deeper area of tissue in the clinical setting. In this regard, recently Halevas et al. [44],
introduce the curcumin-gallium complex as a novel photosensitizer in PDT against breast cancer
cells with a significant red-shift in the absorption spectrum and comparable ROS generation
compared to plain curcumin, which they are highly desirable properties for a photosensitizer.
Considering all these aspects, it may be possible to obtain a photosensitizer with the ability to be
activated at higher wavelengths of light by changing the structure of propolis, which is more
effective in the treatment of monkeypox infections.

Molecular docking is an approach to mimic intermolecular binding modes and the interaction of
key residues with the ligand. In this study, a molecular docking experiment provides the docking
model of interactions between the Monkeypox virus A48R protein and propolis-benzofuran A.
The findings revealed that propolis-benzofuran A and A48R had a strong bond with the lowest
binding energy value of -6.2 kcal/mol. According to the results of this in silico study, it can be
concluded that aPDT using propolis-benzofuran A can target purposefully Monkeypox virus A48R
protein. Eventually, aPDT at a wavelength in the region between 250 and 400 nm [45] can collapse
the structure of the viral cells through the generation of ROS and prevent the attachment of viruses
to the host cell surface.

This in silico study might be a valuable contribution to the field of bioinformatics research in in
the control of the Monkeypox virus. In addition, it may help other researchers to get an idea about
the protein structure and its physicochemical properties to perform extensive examinations on the
design and manufacture of drugs and/or vaccines against the Monkeypox disease, as well as define
the therapeutic protocols for patients with Monkeypox who present rash and lesions on their face
and extremities.

5 Conclusion

In summary, the computational simulation analysis indicated Monkeypox virus A48R protein is a
stable protein. According to the biological databases and bioinformatics tools, propolis benzofuran
A not only had acceptable pharmacokinetic and pharmacodynamic properties but also interacted
with A48R with high affinity. Hence, targeted aPDT using propolis-benzofuran A can be
considered a potential treatment to control Monkeypox.
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Figure legends:
Figure 1. The predicted three-dimensional structure for the Monkeypox virus A48R protein.
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Figure 2. Validation of the Monkeypox virus A48R protein-predicted structure using a. the
Ramachandran plot, b. ERRAT, c. Verify_3D, and d. ProSA-web servers.

Error value*

Pul (degrees)

Rl e 0
LU E LT ]

Tworw
3D-1D average seore

¢ m e g - o Residue number

15




Journal Pre-proof

Figure 3. Representation of docked ligand-protein complex: Interaction of propolis-benzofuran A
with amino acid residues of the Monkeypox virus A48R protein.
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Table 2. Drug likeness property analysis of the natural photosensitizer.

Drug likeness properties Propolis-benzofuran A
Formula C25H2408
Molecular weight 452.45 g/mol
Number of heavy atoms 33
Number of aromatic heavy atoms 15
Fraction Csp3 0.28
Number of rotatable bonds 7
Number of H-bond acceptor 8
Number of H-bond donor 2
Molar refractivity 120.62
LogP 3.27
TPSA 93.06 A2
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Table 3. ADME properties of the natural photosensitizer.

Properties Propolis-benzofuran A
Gl absorption High

BBB permeant No

P-gp substrate Yes
CYP2C19 inhibitor No

CYP2C9 inhibitor Yes

CYP2D6 inhibitor No

CYP3A4 inhibitor Yes

Skin Permeation Value (log Kp) cm/s -6.51

Abbreviations: G, gastro-intestinal; BBB, blood brain barrier; P-gp, P-glycoprotein; CYP, cytochrome-P.
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Table 4. Toxicity prediction of the natural photosensitizer.

Properties Prediction Probability
LD50 (mg/kg) 2160 -
Toxicity class 5 -
Hepatotoxicity Inactive 0.75
Carcinogenicity  Inactive 0.63
Organ Toxicity Immunotoxicity — Active 0.55
Mutagenicity Inactive 0.65
Cytotoxicity Inactive 0.79
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Table 5. Pharmacological activities of the natural photosensitizer.

Propolis-benzofuran A

Properties _
Pa Pi

Membrane integrity agonist 0,846 0,025
HIF1A expression inhibitor 0,821 0,010
Hepatoprotectant 0,739 0,006
Chemopreventive 0,666 0,008
Membrane permeability inhibitor 0,645 0,064
Antiprotozoal (Leishmania) 0,639 0,012
Histidine kinase inhibitor 0,598 0,016
Anti-carcinogenic 0,549 0,015
Apoptosis agonist 0,547 0,033
Proliferative diseases treatment 0,520 0,017
Free radical scavenger 0,510 0,010
Anti-inflammatory 0,509 0,054
Antipruritic, allergic 0,434 0,067
Antiviral 0,422 0,070
Caspase 3 stimulant 0,402 0,050
Anti-mycobacterial 0,386 0,043
Anti-septic 0,242 0,054
Anti-mutagenic 0,230 0,065
Vasoprotector 0,282 0,184
Severe acute respiratory syndrome treatment 0,163 0,138
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