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ABSTRACT

This study examines the components of shiitake mushroom extract that have cosmetological
applications. The research includes the Lentinula edodes ethanolic extract's tyrosine inhibition abilities,
phytochemical screening, and anti-oxidant, anti-inflammatory, and anti-bacterial activity evaluation. The
infusion extraction process was employed with the help of 70% ethanol as an extraction solvent to
extract all the phytochemicals of the shiitake mushroom. Twenty compounds were identified due to
GCMS analysis of an ethanolic extract of Lentinula edodes. It has been revealed that 1,2-benzene
dicarboxylic acid and Isophthalic acid, monoamide, N-(3-methyl phenyl)-ethyl ester are the two
compounds that are identified as potential tyrosinase inhibitor compounds. We also found high anti-
oxidant activity at 8 mg/mL and a low to moderate sun protection factor of 10.89 at 20,000 ppm
concentration. This mushroom has a potent ability to inhibit the growth of microbes that cause skin
infections. The formulated sunscreen lotion with Lentinula edodes as a primary ingredient has an SPF
value of 20.87 and is used to treat sunburns caused by UV radiation.

Keywords :Mushroom, UV filter, Tyrosinase inhibition, Sun protection factor, Anti-oxidant activity,
Anti-inflammatory activity, Topical cream formulation

INTRODUCTION

UV, visible light, and IR rays are all types of solar radiation that reach the earth's surface. All
electromagnetic radiation has a spectrum that ranges from 100 nm to 1 mm, with UV radiation having a
shorter wavelength than visible light (400-740 nm) at 200400 nm. Infrared (IR; 760-1,000,000 nm).
10% of the sun’'s total light output is made up of UV rays. The three suggested UVA, UVB, and UVC
ranges are separated within the broad spectrum ofUV radiation. There, UVB wavelength is in the
intermediate range (280-320 nm), UVCwavelength is in the short range (100-280 nm), and UV A has the
longest wavelength (320-400 nm) but the lowest energy photon. Moderate sun exposure has been linked
to a range of positive outcomes, including vitamin D generation, antibacterial activity, and enhanced
cardiovascular health. However, chronic eye damage and skin cancer are thought to bepotential risks of
long-term UV exposure.

JNRID2405001 | JOURNAL OF NOVEL RESEARCH AND INNOVATIVE DEVELOPMENT | JNRID.ORG | al



JNRID || ISSN 2984-8687 || © May 2024, Volume 2, Issue 5
One of the most prevalent issues in the globe is skin damage brought on by UV radiation. Undoubtedly,

exposure to UVA increases the risk of skin cancer, ageing, dryness, and dermatological photosensitivity.
Reactive oxygen species (ROS) are produced, which lead to DNA strand breakage and oxidative DNA
base alterations, damaging DNA, and the creation of mutations in mammalian cells. On the other hand,
UVB can directly harm DNA by forming pyrimidine dimers, which can then lead to apoptosis or
mistakes in DNA replication, which can result in mutation and cancer. UVC is the most harmful type of
UV radiation despite having the shortest and most powerful wavelength because it can have a number of
negative effects, including being mutagenic and carcinogenic. UVC rays, however, do not pass through

the atmospheric layer.

MATERIALS AND METHODS

Samples
Shiitake (Lentinula edodes) was brought from Flipkart

SAMPLE COLLECTION& EXTRACTION OF PHYTOCHEMICALS

Shiitake mushroom (Lentinula edodes) was brought from online store and chopped into fine pieces. 1g of
sample was weighed and sonicated with 50ml of 70% ethanol.Macerationwas left to sit for 24 hours at
room temperature. Supernatant was filtered throughWhatman No.1 filter paper. Recovered supernatant
after the filter process were combined and ethanolwas removed by evaporation. The obtained extraction

was stored in a falcon tube at 4/C.
PHYTOCHEMICAL SCREENING

The ethanolic extract of Lentinula edodes was subjected to established procedures for qualitative
phytochemical screening. (Harbone, 1973 and Trease GE, Evans WC, 1989).

Flavonoids, phenolic compounds, tannins, glycosides, alkaloids, carbohydrates, and proteinswere all

confirmed for in the extracts. (Lakshmibali, et al.,2015)
QUALITATIVE ANALYSIS
Test for Phenols

2 mL of the gathered mushroom extract was mixed with a few drops of a 10% ferric chloride

solution. The appearance of a greenish-blue or violet tint can identify a phenolic hydroxyl group.
Test for Carbohydrates

1 mL of mushroom extract was added with 1 mL of Benedict's reagent, and the solution was
heated for a few minutes. The colour change was observed. Based on the colour change, the

presence of carbohydrates was determined.
Test for Proteins

1 mL of mushroom extract was added with a few drops of 4% sodium hydroxide and thenwith

1% copper sulphate (Biuret's reagent). The appearance of violet or pink colour confirms the
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presence of proteins.

Test for Glycosides

1 mL of mushroom extract was added with a few drops of aqueous sodium hydroxide. The
appearance of yellow colour confirms the presence of glycosides.

Test for Flavonoids

1 mL of mushroom extract was added with 2% sodium hydroxide, and it was mixed. Thendiluted
hydrochloric acid was mixed with the reaction mixture. The disappearance ofthe yellow colour

upon the addition of dilute hydrochloric acid confirms the presence of flavonoids.
Test for Alkaloids

A few drops of Mayer's reagent were added to 3 mL of the mushroom extract mixed with dilute
hydrochloric acid and kept undisturbed for 5 minutes. The formation of a precipitateindicates the

presence of an alkaloid.

Test for Tannins

5 ml of mushroom extract was taken in a test tube and 2 ml of 5% of ferric chloride solutionwere

added. Greenish black colour formation indicates the presence of tannins.

QUANTITATIVE ANALYSIS

Determination of Total Flavonoids

Total flavonoids were measured using a colorimetric test with aluminium chloride. A mixture of
0.3 mL of the mushroom extract and 3.4 mL of distilled water was added to 0.15mL of 0.5 M
sodium nitrite solution. 0.15 mL of 0.3 M aluminium chloride was added to the reaction mixture.
The reaction mixture was incubated at room temperature for five minutes. ImL of 1M sodium
hydroxide was added to the reaction mixture after incubation. In the same way, a series of
reference standard solutions of rutin (0.2, 0.4, 0.6, and 0.8 mg/mL) were prepared. A UV-Visible
spectrophotometer was used to measure the absorbance at 510 nm forsamples and reference

solutions.

Determination of Total Phenolics

The Folin-Ciocalteau analysis method was used to estimate the total phenolics. Then, 0.25mL of
Folin-Ciocalteau phenol reagent was added to 0.25 mL of the mushroom extract. The mixture
was thoroughly mixed and incubated at room temperature for 5 - 8 minutes. The mixture was then
topped off to a volume of 4 mL with distilled water after adding 1 mL of a 7.5% sodium
carbonate solution. The solution was allowed to keep in dark incubation for 120minutes. In the
same way, as described earlier, a series of standard solutions of gallic acid (5, 10, 15, 20, 25

png/mL) was prepared. A UV-Visible spectrophotometer was used to measure the absorbance at
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725 nm for samples and standardsolutions.

GC-MS ANALYSIS OF LENTINULA EDODES EXTRACT

The methanolic extract obtained from the Lentinula edodes extraction was subjected to GC —
MS analysis, and the phytochemicals present in the Lentinula edodes extract were identified.
GC-MS analysis was carried out on a SHIMADZU/ QP2020 GC system comprising an AOC-20i
autosampler and gas chromatograph interfaced to a mass spectrometer (GC - MS) instrument
employing the following conditions: An injection system of sample flow rate 1 mL\min and the

source temperature 200°C.

Mass spectra were taken at a scanning interval of 0.3 s and fragments from 50 to 500 Da.
Interpretation on the mass spectrum of GC — MS was made using the database of the onlineWiley
library named WILEY8LIB. The mass spectrum of the unknown componentwas compared with
the spectrum of the known compounds stored in the WILEYS8LIB library. The name, molecular
weight, and structure of the components of the test materials were ascertained and tabulated in the

results section.

ANTIMICROBIAL SUSCEPTIBILITY
3.5.1 ANTIBACTERIAL ACTIVITY

* The nutrient agar medium was prepared for 50 ml with distilled water and autoclaved for20

mins.

« The agar medium was allowed to solidify in the clean, sterile petri plates inside the laminar

airflow chamber.

» The test organisms Escherichia coli, Staphylococcus aureus, Pseudomonas aeruginosa and
Klebsiella was spread over the nutrient agar medium, and different concentrations of iron

nanoparticles were added to the Petri dish.

« The well diffusion method was performed with the help of a gel puncher in the plates.

. The plates were added with 50 pL volume of a working solution having a concentrationof
(10mg/ml1,200mg/ml) to the respective wells of E. c oli, Staphylococcus, Pseudomonas
aeruginosa and Klebsiella cultured plates, respectively. Ampicillin was used as the control, and
the plates were incubated for 24 hrs at37°C.

ANTIOXIDANT ACTIVITY

Anti-oxidant activity denotes the ability of a bioactive compound to maintain cell structure and
function by effectively clearing free radicals, inhibiting lipid peroxidation reactions, and
preventing other oxidative damage. It is also a foundation of many other biological processes,
such as anti-cancer, anti-inflammation, and anti-aging. The free radical scavenging activity ofthe

flower extract of Lentinula edodes was studied using FRAP (Ferric ion Reducing Anti- oxidant
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Power) assay method.

3.6.1 FRAP ASSAY REAGENT PREPARATION:

1. Ferric chloride stock solution — 20 mM of FeClI3 solution was prepared by adding0.135g of
anhydrous ferric chloride in 25 mL of distilled water.

2. Acetate Buffer — 0.16 g of sodium acetate was added in 100 mL of 0.28 M aceticacid,and
the pH was maintained at 3.6.

3. TPTZ (2,4,6-Tripyridyl-S-triazine) stock solution — 40 mM of TPTZ solution

wasprepared by adding 0.03 g of TPTZ in 10 mL of HCI.

FRAP Reagent: The reagent was prepared by adding the above three components intheratio

1:10:1 and used for further analysis.

Control preparation: 1 % of ferrous ammonium sulphate (FAS) solution was prepared
byadding 1000 mg of anhydrous ferrous ammonium sulphate in 100 mL of distilled water. The

reaction components were added to the 96-well microtiter plate as per thevalues in table 3.1.

Table 3.1 Protocol for FRAP assay
Components| S1 (nL) | S2 (uL) | S3 (nL) | S4(nL) | S5(uL) | PC NC
(uL) | (L)
FRAP 200 200 200 200 200 200 200
reagent
Sample 10 20 30 40 50 50 (1% |-
FAS)
75% 40 30 20 10 - - 50
Ethanol

MOLECULAR DOCKING

Analyzing molecular docking interactions between protein-ligand becomes an emerging tool in
drug design. The molecular Docking technique was used to prove how a enzyme (tyrosinase)
interacts with small molecules (ligands) or phytochemicals of mushroomextract. The molecular
docking studies were performed into the crystal structure of A.bisporus tyrosinase (PDB code:
2Y9X) to observe themode of interaction between the identified phytochemicals in the ethanolic
extract of Lentinula edodes and tyrosinase enzyme. Since the active site amino acids were
unknown, the blind way of docking was preferred (whole enzyme was docked against the

phytochemicals).
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The structure-based molecular docking was performed using the CB DOCK dockingtool. The

crystal structure of the A.bisporus tyrosinase enzyme was downloaded from

the Protein Data Bank. In contrast, the structural data file of the identified phytochemicals was
downloaded from the PubChem database. The default docking and scoring parameters were used
for docking calculations, and the bestconformations were retained for further analysis. The top 5
predicted docking posesgenerated by the CB DOCK docking tool were retained to analyze the

binding modes of phytochemicals with the receptor enzyme.

RESULTS AND DISCUSSION

PHYTOCHEMICAL ANALYSIS OF ETHANOLIC EXTRACT OF
LENTINULAEDODES

QUALITATIVE ANALYSIS OF ETHANOLIC EXTRACT OF LENTINULA

EDODES
The phytochemical analysis of Lentinula edodes was conducted, and the results are tabulated as
follows in table 4.1 & figure 4.3.

l*i

z u_J ) e

Figure 4.3: Qualitati lysis of ph
Table 4.1 Qualitative analysis of Solvent (DMSO) extract of Lentinula edodes
QUALITATIVE TESTS OBSERVATION RESULTS
Phenol test Dark violet color +

Benedict’s carbohydratel  Green color +

test

Biuret’s protein test Green ring layer at the top +
Glycosides test Yellow color +
Flavonoids test Disappearance of the yellowcolor | -
Alkaloids test White creamy precipitate +
Tannins test Dark violet color +

Based on the qualitative analysis of the mushroom extract, the phytochemicals present in the
extract were identified. The significant phytochemicals were quantified.

QUANTITATIVE ANALYSIS OF ETHANOLIC EXTRACT OF

LENTINULA EDODES

Determination of Total Flavonoids

The total content of flavonoids presents in the ethanolic extract of Lentinula edodes was
determined as mentioned in the procedure. The results obtained are shown in figure 4.4. The

standard graph was plotted with different concentrations of rutin, as shown in figure4.5, and the
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total flavonoid content of Lentinula edodes was calculated. The absorbance values for different

concentrations of rutin and the test sample were tabulated in table 4.2.

Rutin standards Test sample

Figure 4.4: Total Flavanoids detection
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Figure 4.5 Calibration Curve of Rutin

Table 4.2 Quantitative Analysis of Total Flavonoid Content
Concentratio
nof rutin OD1 OD2 OD3 Mean OD
(mg/mL)
0.2 0.255 0.259 0.248 0.254
0.4 0.309 0.299 0.311 0.306
0.6 0.34 0.347 0.339 0.342
0.8 0.421 0.425 0.422 0.422
1 0.451 0.458 0.449 0.452
Test 0.315 0.295 0.309 0.306

From the rutin calibration curve, the unknown total flavonoid concentration in the Lentinula
edodes extract was obtained as 0.4mg of flavonoids (expressed using Rutin Equivalence) per mL

of ethanolic extract of Lentinula edodes.

Determination of Total Phenolic Content
As mentioned in the procedure, the total content of phenolic compounds presents in the ethanolic
extract of Lentinula edodes was determined. The results obtained are shown In figure 4.6. The

standard graph was plotted with different concentrations of gallic acid, asshown in figure 4.7, and
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the total phenolic content of Lentinula edodes extract was calculated. The absorbance values for

different concentrations of gallic acid were tabulated intable 4.3.

‘!'1'!'”41?’

Gallic Acid standasds Test sample

Figure 4.6 Total phenolics detection of Shiitake mushroom exitract

Table 4.3 Quantitative Analysis of Total Phenolic Content
Concentration
of Gallic acid OD1 OD2 OD3 Mean OD
(mg/mL)
0.005 0.261 0.269 0.259 0.263
0.01 0.27 0.265 0.272 0.269
0.015 0.28 0.283 0.288 0.283
0.02 0.3 0.31 0.312 0.307
0.025 0.32 0.315 0.324 0.319
Test 0.631 0.672 0.611 0.638

GALLIC ACID CALIBRATION CURVE
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Figure 4.7 Gallic acid Calibration Curve

From the gallic acid calibration curve, the total phenolic concentration in the Lentinula edodes

extract was obtained as 0.13mg/mL (expressed as Gallic acid Equivalence).

GC — MS ANALYSIS OF LENTINULA EDODES EXTRACT
The GCMS spectrum of the ethanolic extract of Lentinula edodes was obtained as in figure 4.8.

The compounds in the ethanolic extract of Lentinula edodes are tabulated below intable 4.4.
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X

Figure 4.8 GC-MS Spectra of ethanolic extract of Lentinula edodes

Table 4.4 GC — MS Analysis of ethanolic extract of Lentinula edodes
Molecular Molecul | peak
S.No| Compound Name RT | Formula ar Area
Weight %
(9/mol)
1 Benzoic Acid, 2,6- 10.001| C16H300Si3 370 3.37
Bis(Trimethylsiloxy)-,
Trimethylsilyl Ester
2 2,3,4,4-Tretrapropyl-1- 13.928| C18H44B2N2 [382 3.6
(Trimethylsilyl)-1- 0Si2
(Trimethylsilyloxy)-1,3-Diaza-
2,4-
Diborabutane
3 1,2-Benzene Dicarboxylic Acid | 34.868| C24H3804  [390 14.4
4 3,4-Dihydroxymandelic acid, 35.81 | C20H4005S14 472 2.45
ATMS derivative
5 Cyclododecasiloxane, 37.389| C24H72012Si (888 5.35
Tetracosamethyl- 12
6 Hexane, 2,3-dimethyl- 37.487| CgH18 114 4.09
7 1,1,3,3,5,5,7,7,9,9,11,11,13,13- | 38.905] C14H4406517 504 8.39
Tetradecamethyl-Heptasiloxane
8 2,4-Dihydroxybenzaldehyde, 38.935| C13H2203Si2 282 3.69
2TMS derivative
9 ?(H-l-Benzothiopyran-4-0ne, 3- 38.972| C16H13NO2S 283 7.8
4-
methyl phenyl)Amino]-, 1-Oxide
10 4-Tert-Butyl-3,4-Dihydro-2,4- | 39.061] C24H24N2 340 1.5
Diphenylquinazoline
11 Isophthalic acid, monoamide| 39.085 C17H17NO3 [283 3.89
N-(3-
methyl phenyl)-, ethyl ester
12 Arenarol 39.136| C21H3002 314 2.15
13 2,7-Dimethyl-4- 39.217| C28H540S1 434 3.12
trihexylsilyloxyoct-
7-en-5-yne
14 9,10-Anthracenedione, 1,8- 39.26 | C17H1404 [282 2.3
Dimethoxy-3-Methyl-
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15 N-(1,1,2-Trimethyl)-2- 39.29 | C12H12F5NO2281 591
Propenylpentafluorophenylhydr
OXy
lamine

16 1H-Indole, 5-methyl-2,3- 39.36 | C21H17N 283 7.71
diphenyl-

17 2-(Bromomethyl)-2-Tert-Butyl-| 39.465] C10H17BrO3 264 3.07
6-
Methyl-1,3-Dioxan-4-One

18 Pregn-5-En-3-ol, 20-lodo-| 39.505| C23H35102 (470 3.09
Acetate,
(3.Beta.,20R)-

19 2-Chloro-8-Hydroxy-7- 39.545| C14H13CIO4 280 2.86
Isopropyl-

6-Methoxy-1,4-
Naphthoquinone

20 [ Bis(  Trifluoromethyl) 39.771] C14H27F602 428 11.23
(Trimethylsilyl)Methoxy]- PSi2
[2,2- Dimethyl-1-

(Trimethylsiloxy)
Propylidene] Phosphane

Based on the GC-MS analysis data, 20 phytochemicals were identified, and the results are shown
in table 4.4. Among the 20 identified compounds, 1,2 - Benzene dicarboxylicacid (14.4%), 4H-1-

Benzothiopyran-4-One, 3-[(4-methyl phenyl)Amino]-, 1-Oxide (7.8%),
1,1,3,3,5,5,7,7,9,9,11,11,13,13-Tetradecamethyl-Heptasiloxane (8.39%), 1H-Indole, 5-methyl-
2,3- diphenyl- (7.71%), [Bis(Trifluoromethyl)(Trimethylsilyl)Methoxy]-[2,2Dimethyl-

1- (Trimethylsiloxy) Propylidene] Phosphane (11.23%), N-(1,1,2- Trimethyl)-

2- Propenylpentafluorophenylhydroxylamine (5.91%), Cyclododecasiloxane, Tetracosamethyl-
(5.35%) were present in higher concentrations (Peak area more than 5%). These identified

compoundswere subjected to molecular docking analysis against the tyrosinase enzyme.

ANTI - BACTERIAL ACTIVITY
The Lentinula edodes extract was analyzed for anti-bacterial activity against themicrobial isolates
E.coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, Staphylococcus aureus, and
Streptococcus. The results are shown in figures 4.9 & 4.10, and the diameter of the zone of

inhibition is mentioned in table 4.5. It shows maximum inhibition towards

the growth of Staphylococcus aureus. Amoxicillin (2 mg/mL) was used as a positivecontrol,

whereas distilled water was used as a negative control.

Table 4.5 Anti-microbial activity of Lentinula edodes
Test Zone of Inhibition (in millimeters)
Organism 500 mg/ml | 1200 mg/ml | Positive Negative
control control
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Gram-positive

aphylococcus 35 39 45 Nil
aureus)
Gram-negative

scherichiacoli) Nil 14 17 Nil

Gram-negative
(Klebsiella 10 12 Nil Nil
pneumoniae)

Gram-positive

(Streptococcus| 20 23 25 Nil
)
Gram-negative

(Pseudomonas Nil 18 30 Nil

aeruginosa)
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(d) Streptococcus spp., (e) Pseudomonas aeruginosa

Figure 4.9 Anti-bacterial activity of Lentinula edodes extract against the test organisms (a)
Staphlococcus aureus (b) Escherichia coli (c) Klebsiella pneumoniae (d) Streptococcus spp.,

(e) Pseudomonas aeruginosa

Anti-bacterial activity of Lentinula edodes extract
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Figure 4.10 Anti-bacterial activity of Lentinula edodes extract against the test organisms (a)
Staphlococcus aureus (b) Escherichia coli (c) Klebsiella pneumoniae (d) Streptococcus spp.,

(e) Pseudomonas aeruginosa
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EVALUATION OF ANTI-OXIDANT ACTIVITY OF LENTINULA EDODES
EXTRACT
The absorbance values for different concentrations of Lentinula edodes extract were tabulated in
table 4.6. The bar chart in figure 4.12 reveals the influence of Lentinula edodes extracts in anti-
oxidant activity. It is shown in figure 4.11, and the anti-oxidant activity of Lentinula edodes was

calculated.

Figure 4.11 Anti-oxidant activity of Lentinula edodes

Table 4.6 Determination of Anti-oxidant activity of Lentinula edodes
Concentration| OD1 OD2 OD3 Mean OD P6 Anti-oxidant
(mg/mL) activity
8 0.155 0.145 0.157 0.152 93.58

16 0.261 0.259 0.251 0.257 89.17
24 0.285 0.278 0.283 0.282 88.11
32 0.507 0.495 0.501 0.501 78.89
40 0.691 0.681 0.685 0.685 71.10
(PC)10 2.41 2.39 287 2.373 100
NC 0.069 0.065 0.059 0.064 Nil

Based on the results, the percentage of anti-oxidant activity of shiitake mushroom extract was
found to be maximum at 93.58% at 8 mg/mL concentration. The percentage activitydecreases as
the concentration of extract increases. Maximum anti-oxidant activity is achieved at even lower
concentrations of Lentinula edodes extraction.

EVALUATION OF ANTI-INFLAMMATORY ACTIVITY OF EXTRACT OF
LENTINULA EDODES

INHIBITION OF PROTEIN DENATURATION ASSAY

As mentioned in the procedure, the anti-inflammatory activity of the Lentinula edodes extraction
was evaluated by determining the percentage inhibition of protein denaturationandhaemolysis. The

results obtained are shown in figure 4.13.
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Inhizhition of Protein Denaturaiion

Inkibition of Hacmiolysis
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Figure 4.13 Anti-Inflammatory activity of Lentinula edodes extract

The absorbance values for different Lentinula edodes extraction concentrations that inhibit the
protein denaturation process were tabulated in table 4.7. The bar chart in figure 4.14 reveals the
influence of Lentinula edodes extraction concentration in the percentage inhibition of protein

denaturation.

Table 4.7 Absorbance and % Inhibition Values of Protein Denaturation Assay
Concentration OD1 OD2 OD3 ODMean| %lnhibition
(in mg/mL)

1.33 0.183 |0.179 0.18 0.180 89.36

2.66 0.216 |0.212 0.209 0.212 87.49
4 0.178 |0.168 0.174 0.173 89.79

5.33 0.228 |0.223 0.221 0.224 86.81

6.66 0.18 0.175 0.174 0.176 89.61

PC 1.703  1.693 1.699 1.698 100

NC 0.466  |0.461 0.459 0.462 Nil

Inhibition of Protein Denaturation

u % Inhibition

80

40

20

0
133 2.66 4 6.66 PC

533
Concentration (mg/mL)

% Inhibition
Z

Figure 4.14 Evaluation of Anti-Inflammatory activity of Lentinula edodes extract by
inhibition of protein denaturation process

Based on the results, the percentage of inhibition of protein denaturation was found to be
maximum at 89.79 % at 4 mg/mL shiitake mushroom extract concentration.
INHIBITION OF HAEMOLYSIS
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The anti-inflammatory activity of the Lentinula edodes was determined by determining the

percentage inhibition of haemolysis induced by hyposaline solution, as mentioned in the
procedure. The results obtained are shown in figure 4.13. The absorbance values for different
concentrations of Lentinula edodes were tabulated in table 4.8. The bar chart infigure 4.15
reveals the influence of Lentinula edodes concentration in the percentage inhibition of the

haemolysis process.

Table 4.8 Absorbance and % Inhibition Values of Haemolysis Assay
Concentration OD1 OD2 OD3 ODMea | %lInhibition

(in mg/mL) n

0.8 0.357 0.35 0.349 0.352 41.65

1.6 0.403 0.406 0.396 0.401 33.42

2.4 0.445 0.441 0.43 0.438 27.29

2.4 0.463 0.462 0.459 0.461 23.53
4 0.391 0.392 0.386 0.389 35.41

PC 0.62 0.6 0.59 0.603 100

NC 0.308 0.299 0.284 0.297 Nil

Inhibition of Haemolysis
120

100 u % Inhibition

0.8 1.6 24 32 4 PC

Concentration (mg/mL)

80

60

% Inhibition

4

(=]
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Figure 4.15 Evaluation of Anti-Inflammatory activity of Lentinula edodes extract by

inhibition of haemolysis process

Based on the results, the percentage of inhibition of haemolysis was found to bemaximum at
41.65% at 0.8 mg/mL Lentinula edodes concentration. The percentage activitydecreases as the

concentration of Lentinula edodes increases

MOLECULAR DOCKING STUDIES

The phytochemicals identified from the GCMS analysis were docked against the receptor
mushroom tyrosinase enzyme (PDB ID: 2Y9X). The type of ligands, docking parameters,and the
amino acids in the mushroom tyrosinase enzyme in contact with the ligand molecules are shown
in table 4.10. Only two identified phytochemicals bind with the amino acids present in the active
site of the mushroom tyrosinase enzyme. In contrast, other amino acids bind with the amino acids
present near the active site region of the tyrosinase enzyme. 1,2-Benzenedicarboxylic Acid and
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Isophthalic acid, monoamide, N-(3- methyl phenyl)- ethyl ester are the compounds that interact

with the active site amino acids present in the central domain of the tyrosinase enzyme.

Of the 20 identified compounds, only 13 were subjected to docking against the tyrosinaseenzyme
isolated from Agaricus bisorpus due to their lower concentration and structural complexity. The
docking scores varied from -3.6 to -7.8 kcal/mol, given in table 4.9. The docking results showed
that only two compounds interacted with the residues of the central domain of the tyrosinase
enzyme, where the active catalytic site was located. Theremaining compounds interacted with the
amino acid residues located near the active siteof an enzyme. The docking scores corresponding to

the phytochemicals are shown in table4.9.

Table 4.9: Binding Energies for Tyrosinase and Phytochemicals Interaction Reaction
Code Compound Name Binding Energy
(Kcal/mol)
C6 Hexane, 2,3-dimethyl- 3.6
Cc7 1,1,3,3,5,5,7,7.9,9,11.11,13,13-Tetradecamethyl- 40
Heptasiloxane

C1 Benzoic Acid, 2,6-Bis(Trimethylsiloxy)-, TrimethylsilylEster -5.6
C13 2,7-Dimethyl-4-trihexylsilyloxyoct-7-en-5-yne 56
C4 3.4-Dihydroxymandelic acid, 4TMS derivative 57
C3 1,2-Benzenedicarboxylic Acid -6

C8 2.4-Dihydroxybenzaldehyde, 2TMS derivative -6

C17 2-(Bromomethyl)-2-Tert-Butyl-6-Methyl-1,3-Dioxan-4-One 6.1
C5 Cyclododecasiloxane, Tetracosamethyl- -6.0
C12 Arenarol 27

Cl4 9.10-Anthracenedione, 1,8-Dimethoxy-3-Methyl- 75
C16 1H-Indole, 5-methyl-2,3-diphenyl- 76
C11 Isophthalic acid, monoamide, N-(3-methyl phenyl)- ethyl ester 78

The C11 ligand - (Isophthalic acid, monoamide, N-(3-methyl phenyl)-, ethyl ester) forms a
hydrogen bond with the GLN307 & ASP312 of the receptor. GLN307 residue is presentnear the
active center, whereas the ASP312 is present in the active site region of the tyrosinase enzyme.
The ligand hydrophobically interacts with the TRP358, TYR314, THR344 & GLN307 residues
near the active site region of the mushroom tyrosinase enzyme. Other ligands in the ethanolic
mushroom extract interact with the amino acid residuesof the tyrosinase enzyme, which occur
in the vicinity of the active catalytic center of the mushroom tyrosinase enzyme. These ligand-

receptor interactions influence the catalytic activity of the mushroom tyrosinase enzyme.

FORMULATION OF SUNSCREEN LOTION
Based on the composition of ingredients mentioned in Chapter 3, the sunscreen lotion was
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formulated. The formulated sunscreen lotion was subjected to UV spectrum analysis,andthe SPF of

the sunscreen was computed. The formulated sunscreen is shown in figure4.18.

Figure 4.18 Sunscreen Formulation

SPFANALYSIS
The sun protection factor (SPF) of the mushroom extract, sunscreen without mushroom extract, and
sunscreen with mushroom extract was obtained using a UV-Visible spectrophotometer (Labman, India).
The UV spectrum was acquired in the 200 - 800 nmwavelength range. The UV spectrum of all three
solutions mentioned above is shown infigure 4.19.

Based on the UV spectrum obtained in figure 4.19, the sun protection factor was calculated using
equation 3.4. The SPF values are calculated based on the absorbance values obtained at the UVB

UV Spectrum of SPF analysis

th

£oN

v
8
s 3
3 e
ke \\ —
; . :
200 400 600 800
Wavelength (nm)

e Absorbance Mushroom Extract = Absorbance Sample W7o Extract

-Absorbance Sunscreen

Figure 4.19 UV spectrum Analysis of mushroom extract and formulated sunscreen lotion

wavelength range, shown in Tables 4.11, 4.12 & 4.13.

Table 4.11: SPF of mushroom extract
CF

Wavelength | OD [EE*I OD*EE*l | Total SPF
290 2.027 {0.015 0.030405
295 1.707 10.0817 0.1394619
300 1.235 |0.2874 0.354939
305 0.988 |0.3278 0.3238664 | 1.089 | 10 | 10.89
310 0.871 |0.1864 0.1623544
315 0.781 |0.0837 0.0653697
320 0.707 0.018 0.012726

Table 4.12: SPF of sunscreen without mushroom extract
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C
Wavelength | OD EE*I OD*EE*I Total | F | SPF
290 2.1347| 0.015 | 0.0320205
295 2.1737| 0.0817 | 0.17759129
300 2.1771| 0.2874 | 0.62569854
305 2.1701| 0.3278 | 0.71135878 [2.165 | 10| 21.65
310 2.1576| 0.1864 | 0.40217664
315 2.1273| 0.0837 | 0.17805501
320 2.1054| 0.018 | 0.0378972

Table 4.13: SPF of sunscreen Lotion

CF
Wavelength | OD EE*I | OD*EE*I Total SPF
290 2.0715| 0.015 |0.0310725
295 2.1114| 0.0817 |0.17250138
300 2.1055| 0.2874 10.6051207
305 2.0916 | 0.3278 |0.68562648 2.087 | 10 | 20.87
310 2.0724 | 0.1864 |0.38629536
315 2.0314 | 0.0837 |0.17002818
320 1.9969 | 0.018 [0.0359442

The sun protection factor obtained for mushroom extract, sunscreen without mushroom extract,

and sunscreen with mushroom extract is shown in figure 4.20.

SPF Analysis
25
-~
§ 20
k -
3 15
g
S 10
&
5 °
0
Mushroom extract Sample Wlo extract Sunscreen
Figure 4.20 SPF Analysis

The sun protection factor of the mushroom extract alone is 10.89, whereas the sunscreen lotion
without mushroom extract is 21.65. The SPF of formulated sunscreen lotion is obtained as 20.87.
Although the SPF value is decreased by 1, after adding mushroom extract, it is better for

protection from UVB rays

DISCUSSION
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Shiitake mushrooms are well-known edible ones with a lot of nutrition. The healing properties of

shiitake mushrooms in their raw or dried forms are legendary. Using ethanol, the bioactive
compounds from L. edodes were extracted. Utilising GC-MS, the phytochemicalsof L. edodes
were studied. It was discovered that there were 0.13 mg REand 0.4 mg GAE of flavanoids and
phenolics per gram of mushroom extract, respectively. Flavonoids in the ethanolic extract of L.
edodes were obtained with a lower extraction yield than those reported by Eun-Ju Choi et al.
(1.76 mg/g) and Rigoberto Gaitan- Hernandez et al. (1.59 mg GAE).

In our work, the FRAP assay's free radical scavenging activity demonstrated 93.58% antioxidant
activity at 8 mg/mL. This range closely matches the findings of Kitzberg et al.'s investigation,
however at a lower concentration (92.93% at 250 pg/ml). L. edodes extract has been shown to

have anti-inflammatory properties in numerous investigations.

In our work, we used two techniques to assess the anti-inflammatory capabilities of L. edodes,
namely the Protein Denaturation Inhibition Test and the Haemolysis Inhibition Test. According to
Ibrahima Diallo et al.'s (2020) research, a cell viability test employing

L. edodes extract on the macrophage cell line J774 Al showed no harmful effects on the cells.
The outcome of this investigation suggests that Shiitake mushrooms have in vitro anti-

inflammatory activity.

Shiitake mushrooms may possess some anti-microbial qualities, according to someresearch thus
far. At concentrations of 500 mg/ml and 1200 mg/ml, the antibacterial properties of the Shiitake
mushrooms ethanolic extract against five highly significant bacterial pathogens that cause skin
infections—Streptococcus aureus, Streptococcus spp., Klebsiella pneumoniae, Escherichia coli,
and Pseudomonas aeruginosa—showed significantly excellent inhibition. The ethanolic extract of
Shiitake mushrooms can be quite effective at inhibiting S. aureus, which makes it a crucial weapon

in the fight againstskin diseases brought on by this pathogen.

S.aureus is frequently linked to purulent skin lesions called pyoderma. Many S.aureus strains
produce leukocidins, which are known to destroy white blood cells and promote pus production.
Another superficial illness brought on by S. aureus, Staphylococcal Scalded Skin Syndrome

(SSSS), is most frequently observed in young children, particularly babies.

Impetigo is extremely contagious and is particularly prevalent in youngsters, making it aserious
concern. Streptococcus aureus, Streptococcus pyogenes, or a combination of the three can all

result in impetigo.

At a concentration of 20,000 ppm, the sun protection factor of the mushroom extract aloneis 10.89,
but research by Chae Yeon Hwang et al. indicated that an ethanolic extract at aconcentration of
5,000 ppm had an SPF value of 5.355. The data set's extrapolation tells us toanticipate an SPF
value of 21.4. This is greater than the SPF value determined by our research. The copper-
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containing enzyme known as tyrosinase catalyses the formation of melanin. Only13 of the 20

chemicals discovered by GC-MS were docked against the tyrosinase enzyme purified from
Agaricus bisorpus. The substances that interact with theactive site amino acids found in the core
domain of the tyrosinase enzyme are 1,2- benzenedicarboxylic acid and isophthalic acid,

monoamide, N-(3-methyl phenyl)-, ethylester

CONCLUSION

We are able to recognise the potential of L. edodes due to its cosmetological features from
theaforementioned study. Since many people today choose products that are chemical- free and
shouldn't contain those components that can negatively affect our face and body, natural and
chemical-free sunscreens are in high demand. Shiitake-based sunscreen formulations are an

excellent choice because they block 95% of UV radiation.

Anti-inflammatory and antioxidant chemicals abound in shiitake mushrooms. Importantly, they
are a high source of kojic acid and the potent antioxidant I- ergothioneine, which is present in
them. For clear, even-toned skin, kojic acid is an effective treatment for melasma and

hyperpigmentation
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