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ABSTRACT. Coprinus comatus (O.F. Mull.) is an edible mushroom that is used as an anti-inflammatory agent. Therefore, this
study aims to determine the effect of inflammation treatment on symptoms alleviating, function maintenance, and inhibiting
the process of tissue damage due to an increase in free radicals using drug formulations with high antioxidant compounds.
This is a true experiment conducted using a Completely Randomized Design (CRD) with a post-test and a control group. The
rats were divided into 6 categories, which include 1 healthy and 5 groups induced with 1% carrageenan. Out of the treatment
groups, 3 were freated with ethanol extract of C. comatus fruiting body at doses of 250 (T1), 500 (T2), and 750 mg/kg BW
(T3), 1 received diclofenac sodium (PC) and the other as a negative control (NC), were given extract for 14 days and induced
with 0.5 mL carrageenan in paw of rats at day 15. The qualitative identification showed the extracts contains flavonoid,
polyphenol, alkaloid, triterpenoid, steroids and saponins, and GC-MS analysis showed 10 putative metabolites compound.
T2 group significantly decreased the levels of IL-1B (70.63%), IgE (59.04%), total leukocyte count (31.24%), plantar thickness
(12.5%), edema volume (33.3%), and increased endothelial NO levels (48.2%).
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INTRODUCTION
Inflammation in  vascular disease involves
circulating  inflammatory/immune cells such as

neutrophils, lymphocytes, monocytes, macrophages,
and constitutive cells of vascular tissue, namely smooth
muscle, endothelial cells, and fibroblasts. This cellular
inferaction  produces  inflammatory  mediators
including cytokines, interleukins (IL, IL-1B, IL-6), and
tumor necrosis factor (TNF-a) that activate the
production of prostaglandin (PG) E2 (Gomez et al.,
2013). In an inflammatory state, the increase in IL-18,
TNF-a, the number and migration of leukocytes and
neutrophils, as well as edema occur after 3 hours of
being induced by carrageenan (Silva et al., 2013). The
reactive oxygen species (ROS), which are highly
reactive radicals interact molecularly with the results of
protein oxidation in form of aminoacyl residues,
leading to mutations in DNA. They also react with
endothelial cell lipids which cause peroxidation chain
reactions and produce more free radicals reactive.
Excess ROS production in cells causes oxidative stress,
leading to inflammation and cell or tissue damage
(Arief & Widodo, 2018). Meanwhile, the ROS is
formed in large quantities more than the endogenous
antioxidant capacity and causes necrosis (Husen et al.,

2021) or damages the endothelial cells, leading to
impaired vasodilation (Rodriguez et al., 2020).
Mushrooms are among the ingredients that are
developed as herbal medicine because they contain
therapeutic compounds with anti-inflammatory and
minimum toxic effects compared to synthetic drugs
(Yuan et al., 2006). One of the potential bioactive
compounds, which is wusually used as anti-
inflammatory agents is derived from the fungus
Coprinus comatus (OF Mull.) Pers. (Agaricaceae,
Agaricomycetes) (Husen et al., 2021). The C. comatus
grows in tropical forests using decomposed forest
organic waste as substrate and available nutrients
(Gupta et al., 2005). These bioactive metabolites
include phenolic, terpenoids, polysaccharides, lectins,
steroids, glycoproteins, and some lipid components as
well as special compounds possessed by fungi such as
C. comatus in suppressing the inflammatory process
(Reis et al., 2012). Although the extract of C. comatus
has been investigated, the identification of bioactive
compounds as anti-inflammatory and antioxidant was

only limited to qualitative and quantitative
characterization using  high-performance  liquid
chromatography (HPLC) and thin-layer

chromatography (TLC) (Ratnaningtyas et al., 2021). It
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was also discovered that ethanol and ethyl acetate
extracts of C. comatus contained rutin, vitamins C and
E, as well as flavonoids and saponins. (Husen et al.,
2021; Ratnaningtyas et al., 2022).

In this study, the identification and characterization
of C. comatus compounds were carried out using
qualitative identification and quantitative analysis
using gas chromatography-mass spectrometry (GC-
MS) to obtain putative metabolites compound that may
role as an anti-inflammatory effect. Meanwhile, anti-
inflammatory with 1% carrageenan induction and
evaluation of nitric oxide (NO-) levels after the
administration of C. comatus exiract have not been
widely investigated, where only the levels of enzymatic
antioxidants and malondialdehyde (MDA) were
evaluated (Zhao et al., 2018). The novelty is to use the
C. comatus mushroom as an anti-inflammatory drug
in rats induced by carrageenan in form of ethanol
extract, tested on rats with edema/ inflammation, and
also evaluate their plantar thickness.

EXPERIMENTAL SECTION
Mushroom and Chemical Materials

The materials used were the C. comatus mushroom
fruiting body from CV. Asa Agro Corporation, Cianjur,
30 male Wistar rats, 1% carrageenan, 0.9%
physiological NaCl, 0.012 ¢g/200 g BW sodium
diclofenac, ethanol (PA), Alcohol 70%,
carboxymethylcellulose (CMC) 5%, Rat ELISA Kit BT-
Laboratory (IgE, IL-1B) nitric oxide (Kit of BioVision),
ether, distilled water, feed pellets, and rice husks. The
tools used were a 50 x 30 x 20 cm rearing cage,
analytical balance, vacuum rotary evaporator, ELISA
reader and washer, water bath, plethysmometer,
microscope, hemocytometer, and caliper.

Animal Treatment Design

Before the treatment, the rats were acclimatized for
10 days. The rats were given food and drink od
libitum, food was given twice in the morning (07.00)
and afternoon (16.30). A number of 24 Male Wistar
rats were used and divided into six groups: healthy
control/HC  (without any treatment), negative
control/NC (with 0.5 mL carrageenan induction),
positive control/PC (given diclofenac sodium 0.012
9/200 g), treatment group 1/T1 (given 250 mg of
ethanol extract), treatment group 2/ T2 (given 500 mg
of ethanol extract), and treatment group 3/ T3 (given
750 mg of ethanol extract). C. comatus ethanol extract
and metformin were given orally for 14 days, and the
induction of carrageenan conducted in day 15, after 6
hours the paw edema and blood of the rats were taken
as a sample. All animal after the treatment was done
were eliminated with diethyl ether and neck
dislocation.

Coprinus comatus Extraction

A total of 1.5 kg C. comatus mushroom fruiting
body was prepared and cut into thin slices in
preparation of the creating the extract. The samples
then oven-dried at a temperature of 40-45°C until the

dried fruit bodies of the mushrooms were obtained.
The dried mushrooms obtained were crushed using a
blender and weighed 200 g with an analytical
balance. Subsequently, Pro-Analyst (PA) ethanol
solvent was added in a ratio of 1:5, 1:3, and 1:2 and
macerated (Ratnaningtyas et al., 2019).
C. comatus Phytochemicals  Screening
Identification

Qualitative  identification;  identification  of
flavonoids was carried out using amyl alcohol reagent,
powdered magnesium (Mg) or zinc (Zn), and
hydrochloric acid (HCI) (positive sign is orange,
reddish-orange, or reddish yellow). Alkaloids test was
carried out using Mayer's solution, and Dragendorff-
bouchardat reagent (positive sign is dark brown or
blackish brown). Triterpenoids and steroids were
tested using a solution of acetic anhydride
(CH3COOH) and concentrated sulfuric acid (H2SO4)
(the positive sign is purple-black). Testing of
polyphenols using 1 mL of 10% Fe(lll) chloride (FeCls)
solution (positive sign is dark blue, blackish blue, or
blackish green). The saponin test was carried out by
boiling the sample extract with distilled water and
shaking and adding methanol (CH3OH), a positive
sign for the formation of a stable foam for 30 seconds.

GC-MS quantitative identification; The C. comatus
mushrooms fruiting body were analyzed using GCMS
Agilent 6980N Network GC System with Agilent 5973
inert MSD detector (70eV direct inlet). Subsequently,
approximately 2 uL of C. comatus mushroom ethanol
extract solution was injected into GC-MS with J&W
Scientific, HP-5MS capillary column (Mohan et al.,
2016).

Carrageenan Induction

The rats were anesthetized with diethyl ether (DE),
placed on a surgical board in a supine position, and
induced sub-plantarly with 0.5 mL of 1% carrageenan
in 0.9% physiological NaCl. The inflammatory state
can be detected immediately on the first day (6-7
hours after induction) to obtain the blood sample.

and

Measurement of Edema Volume and Plantar Thickness
The volume of edema was measured 6 hours after
carrageenan induction using a plethysmometer
(Chakraborty & Yolmo, 2019), while plantar thickness
measurements were carried out with o caliper
(Nigrovic & Shin, 2015).
Measurement of Immunoglobulin E (IgE)
Approximately 50 pL of the solution was added to
the standard well, 40 uL of the sample and 10 pL of
anti-lgE antibody to the sample well, followed by 50
uL of streptavidin-HRP respectively. 50 L of substrate
solution A was added to each well, followed by 50 pL
of solution B. Optical density value was determined at
450 nm for 10 minutes (Waner et al., 2003).

Measurement of Nitric Oxide (NO7) Levels (Griess
Method)

Griess solution was made by preparing solution |,
where 0.5 g of sulfanilic acid was dissolved in 150 mL
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of 30% v/v acetic acid. Meanwhile, solution Il was
prepared by boiling 0.1 g of naphthyl ethylenediamine
in 20 mL of aqua-bidest until dissolved and poured
hot into the 150 mL of 30% v/v acetic acid and mixed
in a brown bottle. The absorbance was read using a
UV-Vis spectrophotometer.

Measurement of Interleukin 1B (IL-1B)

A total of 50 plL antibody was added to each well.
The well plate was washed with 3x350 pL 1X Wash
Buffer by aspirating or decanting from wells and
dispensing 350 uL 1X Wash Buffer to each well. The
optical density value was measured at a wavelength of
450 nm (AbCAM, 2016).

Research Ethics

Experiments and treatment of experimental
animals have received ethical approval from the
health research ethics committee of the regional
general hospital (RSUD) Dr. Moerwadi, Solo with
number 515/IV/HREC/2021. The experimental
animals were terminated using diethyl ether, put in a
glass beaker with ether, closed, and allowed to stand.
Subsequently, neck decapitation was carried out a few
moments after the rat appeared weak and the dead
ones were buried in the ground. The termination
process was carried out by minimizing or eliminating
the suffering of the animals based on the institutional
animal care and use committee (IACUC).

Statistical Analysis

All the data parameters were expressed as
mean=standard error (SE) and independent sample
groups. One-way analysis of variance (ANOVA),
Duncan’s multiple-range, and correlation test were
carried out using SPSS statistical package (v.25.0) to
compare the main parameters. Moreover, the P values
were indicative of statistical significance.

RESULTS AND DISCUSSION
Phytochemicals Screening and
Ethanol Extract of C. comatus

The screening and identification compounds of C.
comatus mushroom ethanol extract with their retention

Identification of

Nuniek Ina Ratnaningtyas, et al.

time, the molecular formula and weight, as well as
groups are shown in Table 2. Meanwhile, the putative
metabolites compounds were identified using GC-MS
to know the types of compounds in the extracts. This
process provided an overview of variations and types
of the compounds that are more diverse (Roy et al.,
2018). The qualitative results identification of extracts
was presented in Table 1.

Phytochemical screening in the extract showed the
content of flavonoids, polyphenols, alkaloids,
saponins, triterpenoids and steroids. Qualitative
identification shows that the content of flavonoids and
polyphenols is the highest with a very strong indication
(+++). Previous research also showed that qualitative
identification of C. comatus ethyl acetate extract
contained strong flavonoids (++), and medium (+) of
alkaloids (Husen et al.,, 2021). Meanwhile, the
compounds were identified using GC-MS to obtain
more diverse types with the potential as anti-
inflammatory agents, antioxidants, and
immunomodulatory effects. This process provided an
overview of variations and types of the compounds
that are more diverse (Roy et al., 2018).

Furthermore, GC-MS is an ideal technique for
qualitative and quantitative analysis of volatile and
semi-volatile compounds due to the combination of
the separation techniqgue (GC) and the best
identification technique (MS) (Adeoye-Isijola et al.,
2018). Due to the polarity of ethanol, which can
capture compounds with high polarity and/or those
with semi-polar properties, it is used as a solvent in
extraction to obtain a variety of compounds with a high
polarity level (Hussain et al., 2020). Based on the
results in Table 1, the compound with the highest
molecular weight was cholestan-3-ol, trifluoroacetate,
(3-beta, 5-alpha)-(CAS) with 484.70 g.mol™',
retention time 20.645, and belongs to the group of
alkaloids. Meanwhile, previous reports identified the
ethyl acetate extract of C. comatus fruiting body using
a UV-Vis spectrophotometer showed that the alkaloid
content was 2.97 mg.L™" or 5.94% (Husen et al.,,
2021).

Table 1. Qualitative screening results of phytochemical compounds of C. comatus ethanol extract

Phytochemicals Reagent Test Results
Flavonoids Zn/Mg + amyl alcohol + HCI +++
(reddish yellow)
Polyphenols FeCl; 10% +++
(dark blue)
Saponins Boiled aquades + methanol ++
(CH;OH) (formed stable foam)
Alkaloids Mayer's, Dragendroff- ++
Bouchardat's reagents (reddish orange)
Triterpenoids + Steroids Acetic acid (CH;COOH) + ++

sulfuric acid (H2SO4)

(brownish purple)

Note: The positive sign indicates the presence of the target compound in the extract; + (medium

level), ++ (strong), +++ (very strong).
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Table 2. Putative metabolites compound profiling and identification using GC-MS analysis

Retention Molgcule
Compound Name - Molecule Formula Wight %Area
Time .
(g.mol )

(4,6-Diphenyl-pyrimidin-2- 2.805 Ci3H12N204 260.24 9.6
ylsulfanyl) acetic acid
benzylcarbamoyl-methyl ester
Stannane 7.305 H4Sn 203.81 8.9
Piperazine, 2,5-dimethyl-3-(2- 11.225 CoH20N, 156.27 11.44
methylpropyl)- (CAS)
3-Diethylamino-4-methyl-5- 11.549 CsHsOS, 128.19 12.53
methylthio-2-(trifluoracetyl)furan
Bis(ethylmercury)-cyanamide 11.935 CnHi7NO 179.26 9.37
Methyl 6-deoxy-3,4-O- 12.76 Ci2H2004 260.28 8.41
isopropylidene-2-O-(dimethyl-1-
butylsilyl)-beta-D-
galactopyranoside
N-(4-Cyanomethyl-phenyl)-2- 4.315 Ci5H18N2O, 294.34 17.64
(3,5-dimethyl-phenoxy)-acetamide
2-Hydroxy-3,5,5-trimethyl-2- 19.145 CoH140, 154.21 9.5
cyclohexenone
Cholestan-3-ol, trifluoroacetate, 20.645 Ca9H47F30, 484.70 9.76
(3-beta,5-alpha.)- (CAS)
Trisulfide, dipropyl (CAS) 21.28 CeH14S3 182.37 16.91

The results also showed that there were 10 kinds of
compounds identified with the lowest retention time
(4,6-diphenyl-pyrimidine-2-ylsulfanyl)-acetic acid with
2.805 and molecular weight of 260.24 g.mol ™', which
belongs to the acetic acid group. Although 2-oxanone
has the highest retention time, it has the lowest
molecular weight of 142.20 g.mol™'. The retention
time is the duration of sample analysis and in the
reverse phase, the more polar substances will elute
first and faster than non-polar substances (Jandera &
Hajek, 2018). Several compounds in the ethanol
extract of C. comatus (Table 1 and Table 2) have
various biological and biochemical activities. In
addition to phenolic compounds that can act as
antioxidants, others also have anti-inflammatory and
immunomodulatory roles. Previous studies on clinical
applications  reported that the compound 2-
oxonanone (CAS) plays a role in inhibiting cancer
development by suppressing HIF-1a (Cheng et al.,
2019). The qualitative identification of C. comatus
contains alkaloids, saponins, flavonoids, polyphenal,
and phenolic. The phenolic compounds act as
antioxidant agents (Gomathi et al., 2015), while
monoterpenoids and triterpenoids function as an anti-
inflammatory (Wang et al., 2016). Methyl 6-deoxy-
3,4-O-isopropylidene-2-O-(dimethyl-t-butylsilyl)-
beta-D-galactopyranoside compounds which are
included in isopropylidene derivatives exhibit
immunomodulatory function (Catelani et al., 2003).

Inflammatory Effects of Carrageenan

This study used the principle of a 1% carrageenan-
induced rat paw edema model to evaluate the
effectiveness of drugs as well as the anti-inflammatory

extracts and assess their anti-edema effect (Amdekar
et al., 2012). The inflammatory conditions can be
exacerbated by the increase of free radicals. The
induction of carrageenan increases the formation of
nitric oxide free radicals (NO), whose formation is
mediated by inducible nitric oxide synthase (iINOS),
and NO modulates the immune response and the
process of inflammation (Sareila et al., 2008).

Immunoglobulin E (IgE) Levels

The effectiveness of the ethanol extract C. comatus
fruiting body on decreasing levels of Immunoglobulin-
E (IgE) showed significant results (p<0.05) after 14
days of treatment (Figure 1). The highest IgE level was
in the NC group at 37.65+3.50 g/mL, while the HC
(healthy rats) was 18.63+3.26 g/mL. Furthermore,
the IgE levels in the T1, T2, and T3 groups showed a
significant decrease (p<0.05) with an average of
19.03 g/mL, where T1 has 22.87+2.52 g/mL, T2
which was the lowest has 15.42+5.33 g/mL, and
while the T3 was 18.81+3.27 g/mL.

Generally, the IgE levels of the rats that received
the ethanol extract of C. comatus were close to the HC
group. The levels in the PC group were also below the
NC, with 25.69+4.12 g/mL, which indicated that the
effect of the administration of diclofenac sodium is the
same as the ethanol extract of C. comatus fruiting body
in reducing IgE levels in inflammatory rats. The highest
percentage decrease in IgE levels compared to the NC
group was the T2 group with a value of 59.04%, while
the T1 group experienced a decrease of 39.25% and
the T3 group 50.09%. The induction of 1%
carrageenan in the previous study increased the
formation of free radicals, which were evaluated from

338


https://pubchem.ncbi.nlm.nih.gov/#query=C13H12N2O4
https://pubchem.ncbi.nlm.nih.gov/#query=C6H8OS
https://pubchem.ncbi.nlm.nih.gov/#query=C6H8OS
https://pubchem.ncbi.nlm.nih.gov/#query=C11H17NO
https://pubchem.ncbi.nlm.nih.gov/#query=C29H47F3O2

Anti-inflammatory and immunosuppressant activity

Nuniek Ina Ratnaningtyas, et al.

50.00 -
d
40.00
" )
3 § C
,g 30.00 ab I ; . ab
e 20.00 I I I
10.00 -
0.00 . . . .
HC NC PC Tl T2 T3
IgE Levels

Figure 1. Immunoglobulin-E (Ig-E) levels after treatment. Note: The different letters on the
bars represent the significant differences (p < 0.05)

the level of malondialdehyde (MDA), where the
carrageenan-induced rats were 233.3 mmol/L while
the healthy group was 207.5 mmol/L (Dinanti &
Handajani, 2020). It was also discovered that the
subcutaneous induction of 1% carrageenan in 190-
200 g Wistar rats showed that the paw edema of those
in the negative control group was very high, with 1.36
mL 3 hours after induction. Meanwhile, the
administration of 0.9 mL of diclofenac sodium
inhibited the inflammatory reaction by 13.79% (Yusuf
et al., 2014).

Interleukin-1B (IL-1B) Levels

The results of the measurement of Interleukin-18
(IL-1B) levels were significant between the rats that
received the ethanol extract of the C. comatus and the
NC group (p<0.05). The highest level of IL-1B was in
the NC group with 24.79+5.41 g/mL, which was
three times higher compared to the HC (healthy
control) with 8.91+2.42 g/mL (Figure 2).

The IL-1B levels in the experimental group treated
with the ethanol exiract of the fruiting body of C.
comatus and diclofenac sodium showed a very
significant decrease compared to the NC after 14 days
of the experiment. The levels of IL-1B in the PC were
8.86+3.65 g/mL, which is almost the same as the HC
group, while the extract T1 had 9.51£2.09 g/mL, the
T2 was 7.40+£2.20 g/mL, and T3 had 7.28+1.07
g/mL which was the group with the lowest levels

35.00
30.00
25.00 - w
20.00

15.00

10.00
5.00 -

pg/mL

(Figure 2). The highest percentage decrease
compared to the NC group was the T3 group with
70.63%, while the T2 was 70.1% and the T1 was
61.63%.

Induction of carrageenan led to the formation of
inflammation which consisted of two phases, namely
1-2 hours after injection, which caused trauma. In the
first phase, there is a release of serotonin and
histamine to the site of inflammation and an increase
in prostaglandin synthesis in the domaged tissue. The
second phase is the release of prostaglandins, which
is mediated by bradykinins and leukotrienes
(Ramadhani & Sumiwi, 2016). These prostaglandins
are inflammatory mediators that can cause tissue
swelling (tumor) and pain (dolor), causing an increase
in TNF-a, IL-1B, and nitric oxide (NO) from iNOS
(Andriyono, 2019).

Previous studies showed that sub-plantar induction
of carrageenan caused an increase in IL-6 levels of
70.45 pg/mL, TNF-a of 669.23 pg/mL, and «a
decrease in IL-10 of 14.15 pg/mL compared the
healthy rats with IL-6 levels. Moreover, 54.42 pg/mlL,
TNF-a 530.75 pg/mL and IL-10 25.075 pg/mL were
measured 24 hours after induction (Amdekar et al.,
2012). Acute rat paw inflammation occurs after
carrageenan induction which is characterized by the
migration of inflammatory cells into the microvascular
system and fluid that enters the interstitial tissue.

0.00
HC NC

PC T1 T2 T3

IL-1P Levels

Figure 2. Interleukin-1B (IL-1B) levels after treatment. Note: The different letters on the bars

represent the significant differences (p < 0.05)
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Figure 3. Nitric oxide levels of eNOS after treatment. Note: The different letters on the bars

represent the significant differences (p < 0.05)

These events are induced by mediators that bind to
specific receptors on inflammatory and endothelial
cells (Albertini et al., 2007). C. comatus mushroom
contains various compounds that play a role in
counteracting and reducing free radicals by
stimulating the formation of endogenous antioxidants,
which act as an immunomodulator (Husen et al.,
2021). The steroid compounds have anti-
inflammatory activity by activating glucocorticoid
receptors by increasing or decreasing the transcription
process of genes involved in the inflammatory process
and inhibiting the production of cytokines such as IL-
6, IL-12, and TNF-a (Luliana et al., 2017).

Nitric Oxide of eNOS Levels

The measurement of nitric oxide (NO) levels from
eNOS showed significant results at the level (p<0.05).
The highest NO level after 14 days of treatment and 6
hours was in the T2 group, while the lowest level was
in the NC with 5.35=0.47 mmol/L (Figure 3).

The NO levels in the PC, T1, T2, and T3 groups
which were given anti-inflammatory drugs and
ethanol extract of C. comatus mushroom fruiting body
significantly increased after 6 hours of carrageenan
induction. The values of NO levels in the PC, T1, T2,
and T3 were 7.18+0.55 mmol/L, 7.55+0.55
mmol/L, 7.93+0.35 mmol/L, and 7.66+0.49
mmol/L, respectively. The average levels in the three
groups treated with the ethanol extract of C. comatus
were 7.7 1 mmol/L, while the healthy or HC group had
7.98+0.32 mmol/L, which is almost the same value
as the T2 group. The highest increase in NO eNOS
levels was in the T2 group with 48.2% compared to
the NC, while T1 and T3 had an increase of 41.1%
and 43.2%, respectively.

The decrease in the levels of IgE, IL-1B, and
increased levels of NO expressed in eNOS occurs due
to the role of bioactive compounds including
flavonoids contained in the ethanol extract of the C.
comatus fruiting body (Ratnaningtyas et al., 2019).
The content of flavonoids (quercetin) in C. comatus is
30.1 ug P/g DW and 1.46 ug P/g DW rutin (TeSanovié
et al.,, 2017), while ethyl acetate exiract contains
132.342 mg/L of vitamin C, 102.32 g/L of vitamin E,
and 351.133 ppm of rutin (Husen et al., 2021). The

flavonoid content in the fruiting body C. comatus in a
previous study was 16.40 mg/L (Husen et al., 2021).
This significant value can prevent the activity of COX
and lipoxygenase enzymes directly, inhibiting the
biosynthesis of prostaglandins and leukotrienes which
are the end products of the COX and lipoxygenase
pathways. Flavonoids can also reduce the number of
leukocytes and complement activation, thereby
decreasing leukocyte adhesion to the endothelium and
the inflammatory response (Wardani, 2020).
Furthermore, the ethanol extract of the fruiting body of
C. comatus also contains terpenoids (Ratnaningtyas et
al., 2019), which provide anti-inflammatory activity.
This is because the compounds can inhibit the
production of TNF-a which is a pro-inflammatory
cytokine. Flavonoids act as an anti-inflammatory by
decreasing the main cytokines that are important in
the process, namely TNF-a and IL-1B (Lee et al.,
2013).

Leukocyte Counts

The results of the number of blood leukocytes
measured 24 hours after carrageenan induction
showed that the highest count was in the NC group
with 14362.5+2192.2 mm?, while the lowest was in
the T3 group (Figure 4). Based on the results of
Duncan's further test analysis, it was discovered that
each treatment group, except NC, was not significantly
different at the level (p <0.05).

In this study, the number of leukocytes showed that
the group treated with the extract and diclofenac
sodium decreased compared to the negative control
(p<0.05). Although it was not significantly different
from the treatment group compared to the NC group.
The administration of ethanol extract of C. comatus
can reduce the number of leukocytes compared to the
NC group without treatment. The PC group treated
with diclofenac sodium had a leukocyte count of
11,250+973.8 mm3, which is slightly higher than the
T1, T2, and T3 with 10,956.25+1,665.13 mm?,
10,050+1,206.92 mm3, and 9,875+1,097.4 mm?,
respectively. The mean leukocyte counts in the three
groups treated with the ethanol extract of C. comatus
was 10,293.75 mm?3, slightly below the PC and
above the HC groups. The decrease in the number of
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Figure 4. Leukocyte counts of the rats after treatment. Note: The different letters on the bars

represent the significant differences (p < 0.05)

leukocytes in the treatment group with the highest
extract was the T3 group with a decrease of 31.24%,
while PC had 21.67% compared to the NC group.
Leukocytes in the group treated with extract
significantly decreased compared to the NC group.
This is in line with previous investigation, where 180-
200 g Wistar rats induced with 1% of 0.1 mlL
carrageenan gave an inflammatory response with
total leukocyte count of 4.18 x 10%/mL in the negative
control group. Meanwhile, the group given
indomethacin 10 mg decreased by 48.1% to 2.7 x
10°/mL and inhibited peritoneal leukocyte migration
by 60.81% (p<0.05) (Gupta et al., 2005). In this study,
the results of the calculation of the number of
leukocytes were also directly proportional to the
increased levels of IL-1B and IgE, especially in the NC
group, and the decrease in leukocytes was directly
related to the decrease in the levels of IL-1B and IgE.

Plantar Thickness

Moreover, 6 hours after induction of carrageenan
1%, the plantar thickness was measured using a
caliper. The results of the analysis showed that the
treatment group induced and treated with the ethanol
extract of C. comatus fruiting body was not significantly
different in Duncan's follow-up test with a level
(p<0.05). The plantar thickness which represents the

1.00

0.80
0.60 -
8
040 -

0.20

effect of carrageenan induction, and the process of
inflammation gave different responses between test
groups. The NC group had the highest mean plantar
thickness with 0.72+0.07 cm (Figure 5). The group of
rats treated with the extract showed a decrease in
plantar thickness, where the T1 was the smallest
compared to other groups.

The decrease in plantar thickness within 6 hours
before inflammation showed that ethanol extract of C.
comatus fruiting body can suppress the inflammatory
response. Based on the results, the plantar thickness
of the PC, T3, T2, and T1 groups were 0.68+0.06 cm,
0.70%+0.05 cm, 0.65+0.10 cm, and 0.63+0.05 cm,
respectively. Although the follow-up test analysis
showed no significant difference for each treatment
group, it was discovered that the group without extract
and diclofenac sodium gave the highest plantar
thickness response (Figure 5). The highest percentage
decrease in plantar thickness in the group treated with
the extract was the T1 group at 12.5% compared to
the NC group. A high ROS in inflammatory conditions
can cause a decrease in NO bioavailability due to the
redox reaction (O%) that catalyzes ONOO-. This is
because NO plays an important role in several
vascular functions, including the regulation of
vasomotor tone and maintenance of vascular health
(Laursen et al., 2001).

0.00 .
NC PC

T1 T2 T

(8]

Thickness of Plantar Rats

Figure 5. Plantar thickness of the rats' paws after treatment. Note: The different letters on
the bars represent the significant differences (p < 0.05)
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The fruiting body of C. comatus mushroom shows
antioxidant activity that can reduce ROS due to the
content of vitamins C and E. They synergize together
in breaking lipid peroxidation reactions (Husen et al.,
2021; Ratnaningtyas et al., 2022), where vitamin E
breaks the lipid peroxidation chain propagation
efficiently. Furthermore, their synergistic interaction is
effective in increasing the antioxidant capacity of
vitamin E and recovered by vitamin C which previously
reacted with superoxide anions to form tocopherol
radicals (Niki, 2014).

Edema Volume

The results of the volume of inflammation/edema
measurement in rat paws after intraplantar injection of
1% carrageenan within 6 hours showed that each
group gave a different response and was statistically
significantly different in Duncan's follow-up test
(p<0.05) (Figure 6).

The measurement of the volume of edema in rat
paws indicated the occurrence of an inflammatory
process after carrageenan induction with reddish
swelling characteristics. The group treated with
diclofenac sodium (PC) showed a decrease with
edema volume of 1.80+0.46 mL, while the NC was
1.92+0.38 mL. Furthermore, the effectiveness of the
fruiting body of C. comatus ethanol extract was also
indicated by the decrease in edema volume in the T1,
T2, and T3 groups. The highest decrease was in the
T3 group with extract 750 mg/kg BW with 33.3% and

edema volume. The edema volume of the T1 group
was 1.56+0.54 mL with a decrease of 18.8%, while
T2 was 1.58+0.33 mL with a decrease of 17.7%
compared to NC (Figure 6).

The results also showed that the volume of edema
and plantar thickness of the rats' feet in the NC group
had the highest value compared to others. This is in
line with a previous study that induced 100 plL of 1%
carrageenan sub-plantar in Wistar rats, where 4 hours
after injection the negative control group had plantar
thickness >1.2 mm, while the group treated with
indomethacin 10 mg was <0.6 mm (Sadeghi et al.,
2014). It was also stated that 100 ulL induction of 1%
carrageenan in Wistar rats caused edema with an
increase in plantar foot thickness, where the healthy
group was 3.023 cm, the sick was 4.01 cm, and the
group with diclofenac sodium was 3.17 cm for 24
hours after induction (Amdekar et al., 2012).

Body Weight of The Rats

The measurements of body weight before and after
treatment showed mixed results, where the analysis
showed that the extract was not significantly different
in Duncan's follow-up test (p>0.05). The highest initial
body weight was in the HC group with 278.8+11.28
g, while the lowest was in the T1 with a value of
209.6+10.88 g. The highest final body weight was in
the HC with 300.8+6.50 g, and the lowest was
217.4+11.44 g in the T1 group (Figure 7).
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Figure 6. Edema volume of the rats after treatment. Note: The different letters on the bars

represent the significant differences (p < 0.05)
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Figure 7. Body weight of the rats before and after treatment. Note: The different letters on
the bars represent the significant differences (p < 0.05)
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The initial and final body weight as supportive data
was measured to determine whether inflammation in
rats induced by 1% carrageenan affected weight loss
due to inflammatory reactions and decreased
appetite. However, there was no significant effect on
weight loss, especially in the NC group. Based on the
results, the HC, NC, PC, T1, T2, and T3 increased by
7.3%, 3.6%, 5.5%, 3.6%, 1.42%, and 3.1%,
respectively (Figure 7). Furthermore, 0.5 mL of 1%
carrageenan induction after 24 hours did not affect
weight loss, while changes in body weight in the group
treated with the extract showed an increase between 1
and 3.6%. The relatively fast inflammatory time of
carrageenan which is less than 24 hours to cause an
inflammatory reaction did not affect the appetite of
experimental animals, therefore, changes (weight loss)
that can occur because inflammation were not proven
in this study.

CONCLUSIONS

The ethanol extract of the fruiting body of C.
comatus has the potential as an herbal medicine with
its activity in increasing NO eNOS levels, reducing IL-
1B and IgE levels as well as total leukocyte count, as
shown by a decrease in edema and plantar thickness
of the rats' feet. The administration of the extract to the
inflammatory model rats did not have a significant
effect on changes in body weight. A dose of 250 g of
extract was effective in reducing plantar thickness, 500
mg reduced IgE levels and increased NO eNOS, while
750 mg decreased the volume of rat paw edema
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