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ABSTRACT

Aim. To evaluate the wound-healing effect of substances based on lanolin and Ganoderma applanatum and
Fomitopsis pinicola extracts.

Materials and methods. The experiment used 20 white laboratory rats. The study included 3"-degree burn
modeling with wound exposure to an ointment containing Ganoderma applanatum and Fomitopsis pinicola
extracts. A morphological investigation of skin was carried out with an assessment of the following parameters:
epidermis thickness, fibroblast count, number of blood vessels, vessel area, and number of vessels with erythrocyte
stasis, leukocyte stasis, and leukocyte diapedesis.

Results. Ganoderma applanatum and Fomitopsis pinicola extracts intensified regenerative processes. By day 14 of
the experiment, epithelialization of the defect and scar formation took place. Application of the extract-containing
ointments reduced exudation, microcirculatory disorders, and inflammatory infiltration.

Conclusion. The results suggested the beneficial effect of the Ganoderma applanatum and Fomitopsis pinicola
extracts on the wound-healing process and demonstrated their potential for skin regeneration.

Keywords: skin regeneration, burn wounds, wound-healing agents, xylotrophic basidiomycetes, Ganoderma
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N SKCTPAKTOB KCunoTpodHbix 6asngnomuuetoB Ganoderma applanatum

n Fomitopsis pinicola
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PE3IOME

Ienb: OUEHUTH PaHO3AKMBIIAIONIEE JeiicTBUE CyOCTaHIMII HA OCHOBE JIAHOJIMHA M HKCTPAKTOB KCHIOTPO(DHBIX
GasunnomunetoB Ganoderma applanatum u Fomitopsis pinicola.

MatepuaJbl H MeTOIbI. DKCIICPUMEHT MPOBOIIH Ha 20 OesbIX TabopaTOpHBIX Kpbicax. JKMBOTHBIM MOJCIHPO-
Bayu TepMudeckuii oxor Il crenenu ¢ mocneayommM Bo3ICHCTBUEM Ha PaHbl Ma3blo, COAEPIKALICH IKCTPAKTHI
TpyTOBBIX Iprib0OB. [IpoBoarIN MOPdOIOrHUECKOE OMMCAHUE MPENApPaTOB KOKH C OLICHKOMN CIICAYIOIINX MOKa3aTe-
JICH: TOJIIUHA SIHICPMHECA, KOTUIECTBO (HUOPOOIACTOB, KOJHUECTBO KPOBEHOCHBIX COCYJIOB, ILIONIA/b COCY/IOB,
KOJIMYECTBO COCYJIOB C SIBJICHUSIMH dPUTPOCTA3a, JeHKocTasa v Jieiikouaneesa.

Pe3yanTatsl. [Ipy BO3AEHCTBHH AKCTPAKTOB TPYTOBBIX TPHOOB OTMEUACTCSl MHTCHCHU(UKAINSI PereHepaTOPHBIX
nporeccoB. K 14-M cyT sxcnepuMeHTa nMena MeCTo ITOJTHas SITUTENN3ANNs, a Ha MecTe AedeKTa hopMupoBacs
pyOer1 ¢ pa3BUTHIM BOJOKHHCTBIM KOMIIOHEHTOM. Vcrons3oBaHne Ma3el CriocOOCTBYET YMEHBIIEHHIO 3KCCyHAa-
TUBHBIX SIBJICHUH, MUKPOIMPKYIATOPHBIX PACCTPOICTB M BOCTIAMTUTEILHOW HH(HUILTPAIINHL.

3axiouyenue. [loka3aHo, 4To UCMONB30BaHUE SKCTPAaKTOB Ganoderma applanatum n Fomitopsis pinicola npn
JICYCHUH 0’KOTOBOM PaHbl ONIArONPUATHO CKa3bIBACTCs HA TEUCHUH PaHEBOro npouecca. [TosrydeHHbIe pe3yIbTaThl
MO3BOJISIOT OCYILIECTBIATh JaIbHEilIIee N3yUYeHHE SKCTPAKTOB TPYTOBBIX I'PUOOB B KAYECTBE PAHO3KHUBIIAIONINX
areHTOB.

KonroueBble c10Ba: pereHeparyst KOXKH1, 0KOTOBBIE PaHbI, PAHO3XKUBIISIONINE CPEACTBA, KCIIIOTPO(DHBIE 6a3uIu-
OMHIIETHL, 3KCTpakT Ganoderma, S5KCTpaKT Fomitopsis

Kondaukr wuHTEepecoB. ABTOPHI JCKIAPUPYIOT OTCYTCTBHUE SBHBIX U MOTCHIHMAIbHBIX KOH(PJIUKTOB HHTEPE-
COB, CBSI3aHHBIX C IMyOJIHMKAIUCH HACTOSIICH CTAaThU.

Hcrounuk punancupoBaHus. ABTOPHI JEKIAPUPYIOT OTCYTCTBHE BHEITHETO (PMHAHCHPOBAHMS JUIS TPOBEICHHS
HCCIIE0BAHYS 1 My OINKauK CTAaThU.

CooTBeTcTBHE NPUHIMIAM ITUKH. MccnenoBanue onoOpeHo stuueckoit komuccueir MEHUM Yp®@YVY (mpoTokon
Ne 1 ot 13.03.2023).

Jnsa uutupoBanus: [letposa M.M., Epmommu A.A., Xanko C.JI. OueHka paHO3aKUBIISIONICTO JICHCTBUS
cyOCTaHIIMI Ha OCHOBE JIAHOJIMHA U DKCTPAKTOB KCHIOTPOQHBIX OGaszumuomunetoB Ganoderma applanatum wm
Fomitopsis pinicola. Bonremens cubupcroii meouyunwi. 2025;24(3):89-96. https://doi.org/10.20538/1682-0363-
2025-3-89-96.

INTRODUCTION

In recent years, researchers have increasingly
focused on discovering natural medicinal compounds.
In particular, studies demonstrating the wound-healing
effects of preparations derived from polypores have
emerged [1]. Xylotrophic basidiomycetes (wood-
decaying polypores) represent a vast but largely
untapped source of novel pharmaceutical products.
The most frequently cited polypore in traditional
medicine, Ganoderma lucidum, has been used as

a therapeutic agent in China for over two millennia
[2]. Modern studies confirm that preparations derived
from Ganoderma lucidum exhibit hypoglycemic, anti-
inflammatory, antitumor, and immunomodulatory
properties [3, 4]. For another, less-studied species of
the Ganoderma genus — G. applanatum, the presence
of similar effects has been confirmed by more recent
research [5, 6].

The long-standing use of Ganoderma fungi and
current scientific interest in them stem from their rich

90 BionneTteHb cMbupckon megmumHbl. 2025; 24 (3): 89-96



Original artick s

content of metabolites: polysaccharides, phenolic
compounds, alkaloids, sterols, flavonoids, amino
acids, and others [7, 8]. The activity spectrum of
these compounds is broad [9, 10] but occasionally
contradictory. For instance, certain terpenes of G.
applanatum exhibit anti-angiogenic effects [11], while
lanostane triterpenoids demonstrate opposing pro-
angiogenic effects [12].

In addition to polypores of the Ganoderma genus,
fungi from the Fomitopsis genus have been widely
used in traditional medicine, with Fomitopsis pinicola
being one of its species [13]. However, Fomitopsis
remains significantly understudied compared to the
more extensively researched Ganoderma. Recent
studies have identified new potential anti-inflammatory
agents in F. pinicola fruiting bodies [14, 15].

In summary, both G. applanatum and F. pinicola
are strong candidates for evaluating their effects on
regeneration processes. The feasibility and safety
of using xylotrophic macromycetes for developing
wound-healing agents are further supported by the
growing demand for raw materials from these fungi
in cosmetology [16]. Thus, this study is aimed at
assessing the wound-healing effects of substances
based on lanolin and xylotrophic basidiomycetes
Ganoderma applanatum and Fomitopsis pinicola
extracts.

MATERIALS AND METHODS

The study was conducted on 20 outbred white
laboratory rats (males, aged 6 months). All experiments
were approved by the Bioethics Committee at the
Institute of Natural Sciences and Mathematics, Ural
Federal University. A third-degree burn was modeled
by applying a medical steel weight (2 cm diameter,
20 g) heated to 100 °C to the interscapular skin area
for 30 seconds. Prior to this, the animals received
an intramuscular injection of Analgin (0.2 ml). The
animals were randomly divided into 4 groups (n = 5):

CONTR, Control - rats with untreated wounds;

LAN, Lanolin — rats with wounds treated with
lanolin;

LAN+extGND - rats with wounds treated with an
ointment based on lanolin and a condensed alcoholic
and aqueous Ganoderma applanatum extract;

LAN-+extFP — rats with wounds treated with an
ointment based on lanolin and a condensed alcoholic
and aqueous Fomitopsis pinicola extract.

Ointments were applied to the wound area once
daily (0.2 g) for 14 days. The animals were removed
from the experiment on day 14 via diethyl ether

overdose. Wounds were photographed with a Nikon
D3000 camera on days 1, 3, 7, and 14. Wound areas
were evaluated using the ImageJ software.

Fruiting bodies of G. applanatum and F. pinicola
were collected in summer in a mixed forest in the
vicinity of the Ural Federal University biological
station (Russia, Sverdlovsk Region, the village
of Klyuchi, 30 km south of Yekaterinburg). The
specimens were dried in a shaded ventilated room for
up to one week. Then the material was fixed by heating
at 105 °C for 15 minutes to eliminate insect eggs and
larvae and dried to constant mass at 50 °C. Extracts
were prepared via sequential extraction with 95%,
70%, and 40% ethanol and distilled water (biomass
> solvent ratio of 1:10; extraction time — 90 minutes
at 50 °C). Combined extracts were evaporated on a
rotary evaporator to aqueous residue, then adjusted
with hydroalcoholic mixture. To prepare the 5%
ointment, 7.5 ml of the extract (equivalent to 750
mg fungal biomass) was added at vigorous stirring
to 7.5 g lanolin melted at 50 °C in a water bath until
homogeneous consistency was achieved.

The chemical composition of the extracts was
assessed by diluting stock suspension 20-fold with
distilled water. Spectrophotometric methods were
used to determine the content of phenolic compounds
(via Folin — Ciocalteu’s phenol reagent and 7.5 %
sodium carbonate aqueous solution, with gallic acid
as the standard), flavonoids (as complexes with
aluminum chloride, with rutin as the standard), and
free amino acids (with the ninhydrin reagent and
glycine as the standard). The methods were adapted
for the microplate immune-assay [17].

Extracted mass was determined gravimetrically
by evaporating aliquots of stock suspension and
recalculating the obtained value to ointment
content. The qualitative analysis followed standard
pharmacognostic methods. Saponins were determined
by the foam formation in the aqueous solution and
precipitation with lead acetate. Tannins were detected
by the ferric (1) chloride test and precipitation
test with potassium dichromate or lead acetate.
Anthraquinones were determined in the color reaction
with magnesium acetate. Dragendorft’s, Marme’s,
Marquis, and Bouchardat’s reagents were used for
detecting alkaloids. Individual amino acids were
identified by thin-layer chromatography (TLC) in
n-butanol:acetic acid:water (4:1:1) [18]. All tests were
performed in 4 analytical replicates.

For the histological analysis, standard procedures
were employed. Tissue specimens (3 pm) were
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stained with hematoxylin and eosin and Van Gieson’s
picrofuchsin. The ToupView software was applied
for the histological analysis. The epidermal thickness,
fibroblast count, and vessel area and number
(including some that exhibit stasis or diapedesis) were
analyzed according to 10 randomly selected fields
with conversion to 1 mm?.

The statistical analysis was performed using
Microsoft Excel, Mathematica 12.0, and Statistica 12.0

packages. Data sets were compared by the Kruskal —
Wallistestwiththe Dunn’spost-hocanalysis. Theresults
were presented as the medianand the interquartile range
Me [Q,; Q,]. The values of p < 0.05 were considered
statistically significant.

RESULTS

The table below summarizes the chemical
composition of the tested extracts.

Table

Chemical Composition of the Ganoderma Applanatum and Fomitopsis Pinicola Extracts, Me [Q ; Q.]

Bioactive substances in 1 g ointments containing Ganoderma applanatum and Fomitopsis pinicola extracts

Free amino acids Qualitative composition

Fungi species Extractives, Phenolics, mg / mi Flavonoids, ? é = g B 2

o mg /mi | mg /i mg /mi s|3|8|f5] g

S|T| 85|~

G. applanatum 4.5 0.403 0.008 0.018 6 ] ]

-app [45:4.9] [0.398 ; 0.420] [0.007 ; 0.009] [0.015; 0.023]

F pinicola 55 0.42 0.016 0.014 6 + + _ )
P [5.5;6.3] [0.373 ; 0.432] [0.015 ; 0.016]* [0.013 ; 0.017]

* significant differences compared to the G. applanatum group (p < 0.05).

The comparative analysis revealed higher
extractability for F. pinicola. Both extracts contained
negligible free amino acids and carbohydrates (below
detection limit via TLC or anthrone colorimetry).
Phenolics accounted for no more than 10 % of
total extracted substances, with similar levels in
both extracts. Flavonoids were detected at higher
concentrations than free amino acids. F. pinicola
exhibited twice the flavonoid content of G. applanatum.
Notably, flavonoids comprised a larger proportion of

phenalics in F. pinicola. Alkaloids and saponins were
also present in F. pinicola extracts, indicating their
greater metabolic diversity.

Wound-healing dynamics (Fig. 1) showed
accelerated healing in fungal extract-treated groups,
with earlier crust formation and sloughing as well as
wound closure. Thus, by the end of the experiment, a
decrease in wound area in the LAN+extGND group
significantly exceeded that of not only the control
group, but also of the LAN group.
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4 e significant differences compared
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The histological analysis on day 14 revealed
persistent leukocyte necrotic layers with fibrin clusters
and damaged tissue in the CONTR and LAN groups.
Epithelialization was limited to wound margins.
Dermal infiltration and dilated vessels with stasis
and diapedesis were observed (Fig. 2). Van Gieson’s
staining showed thin and disorganized pale crimson
collagen bundles (Fig. 3).

In the LAN+extGND and LAN+extFP groups,
the defect was closed by neo-epidermis with
marked acanthosis, so that epidermis thickness

increased compared to the control group (Fig.
4, a). Subjacent granulation tissue contained a
large number of fibroblasts and neovessels. In the
LAN+extGND group, inflammation was absent
in most regenerated skin areas (Fig. 2). Massive
twisted bundles of collagen fibers were detected
deep in the regenerated skin, indicating intensive
fibrous component development (Fig. 3). In the
LAN+extFP group, moderate perivascular leukocyte
infiltration persisted (Fig. 2) with less pronounced
fiber formation (Fig. 3).

Fig. 2. Morphological structure of
the skin in the experimental groups:
I - CONTR, Il - LAN,

111 - LAN+extGND,

IV — LAN+extFP;

hematoxylin and eosin staining;
x100

Fig. 3. Morphological structure of
the skin in the experimental groups:
| - CONTR, Il - LAN,

11l - LAN+extGND,

IV — LAN+extFP;

Van Gieson’s staining; X100
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The CONTR and LAN groups exhibited
microcirculatory disfunction, such as vasodilation,
leukocyte stasis and diapedesis, and vascular
congestion. Both fungal extract groups showed
reduced vascular reactions. The LAN+extFP
group demonstrated smaller vessel area (Fig. 4, b).
Despite a comparable vessel number (Fig. 4, ¢), the
LAN+extGND group showed a decreased vessel
number with leukocyte stasis and diapedesis (Fig. 4,

800
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d). Both groups also had a reduced number of vessels
with blood stasis (Fig. 4, e).

Inflammation hindered scar formation in the
CONTR and LAN groups, therefore it comprised
mainly hematogenous cells. By contrast, in the fungal
extract groups, a large number of fibroblasts were
found (Fig. 4, f). Moreover, for the LAN+extGND
group, the differences were noted compared to not
only the control group, but also to the LAN group.
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Fig. 4. Results of the morphological and quantitative assessment of the regenerated skin: * significant differences compared to the
CONTR group, p < 0.05; e significant differences compared to the LAN group, p < 0.05

DISCUSSION

Accelerated wound healing in the experimental
fungal extract groups correlated with reduced
exudation, improved microcirculation, and diminished
inflammation, promoting faster tissue restoration and
smaller wound areas. Acanthosis in the LAN+extGND
group signaled active re-epithelialization, while
mature collagen bundles indicated scar maturation.
Nevertheless, a high vascularization degree
characterized the scar as normal rather than fibrous.
Reduced leukocyte stasis and diapedesis in the
LAN-+extGND group aligned with anti-inflammatory
effects of the G. applanatum extract compounds.

In the LAN+extFP group, epithelialization was
also pronounced, however, the fibrous component
formation was not as intense. In addition, the infiltrate
presence indicated a slight anti-inflammatory effect.

Despite weaker anti-inflammatory effects, the F.
pinicola extract modulated vascular reactions. It
can be assumed that disparate bioactivity of extracts
apparently stemed from alkaloids and saponins
identified in F. pinicola, as well as higher flavonoid
content. Both extracts likely owed their anti-
inflammatory effects to phenolic compounds with
antioxidant activity. Moreover, phenolic content was
the same in both fungi extracts. According to numerous
studies, the most potent effect of G. applanatum
extract may be related to triterpene compounds [7].

In both fungal extract groups, a large number of
fibroblasts was observed, probably associated with the
inflammation and microcirculation modulation. An
enhanced fibroblast count might suggest stimulating
effects of fungal metabolites on cell proliferation. This
is also supported by enhanced re-epithelialization,
caused by proliferative activity of keratinocytes.
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Greater collagen deposition under G. applanatum
extract treatment implied a potential impact on
the synthetic activity of fibroblasts. However, a
detailed extract composition and effects of extractive
compounds require further study.

CONCLUSION

Burn injury regeneration under fungi extract
treatment proceeds through classical stages but with
shortened duration and neo-tissue formation by
day 14 of the experiment. Both extracts accelerated
epithelialization and scar maturation probably via
cell proliferation stimulation. Anti-inflammatory
effects and vascular modulation were evident for G.
applanatum and F. pinicola, which increased the
regeneration efficiency.
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