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Abstract

Background: Alnus glutinosa (L) is a widespread medicinal plant on the territory of the Republic of Belarus. Alnus
glutinosa (L) leaves tincture has an anti-inflammatory effect on the diseases of the throat, intestines, in rheumatism
and gout. Water extracts from collective fruit, leaves and bark are used for gargling in stomatitis and gum bleeding.
The purpose of the research was to establish wound healing activity of gels based on alcohol extracts from Alnus
glutinosa (L) leaves on the model of a surface full flap skin wound on laboratory animals.

Methods: Regenerating action of new drugs (gels) based on tinctures of Alnus glutinosa (L) leaves was studied on a
model of planar full-layer skin wound in laboratory animals. Wounds were treated daily with gels applied to
complete healing. The wound area was measured planometrically to assess the effectiveness of drugs and then the
percentage of area reduction was calculated. Regenerative action of the gels developed was compared to widely
used in medical practice 4% Dexpanthenol Gel and Reparef-2 Ointment. 15 g of Reparef-2 Ointment contains 1200
mg of bien and 75 mg of dioxidine.

Results: Wound healing activity of gels containing tinctures of Alnus glutinosa (L) leaves based on 30% and 60%
alcohol as to the rate of healing and the area of wounds epithelialization has been proved. Wound area treated
with the gel based on Alnus glutinosa (L) extract containing 60% alcohol on day 13 of the experiment decreased by
95.59% ± 0.9% (p ≤ 0.05); based on the tincture containing 30% alcohol - by 92.93% ± 1.11%. Medicinal preparations
with proved wound healing activity were compared: Reparef-2 Ointment (reduction percentage of wound area on
day 13 of the experiment made 92.24% ± 2.21%) and Dexpanthenol Gel (reduction percentage of wound area on
day 13 of the experiment made 83.09% ± 3.41%).
Compared with the control group the gel based on 60% tincture of Alnus glutinosa (L) leaves showed a decrease in
the epithelialization period by 29.5%; based on 30% tincture - by 24.6%; Reparef-2 Ointment - by 23.6% and
Dexpanthenol Gel - by 13.8%.

Conclusions: The results of this study showed that the developed gels based on Alnus glutinosa (L) have a
regenerating action and can be used to treat wound processes taking into account previously established
antimicrobial activity.
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Introduction
Alnus glutinosa (L) Gaertn. is a deciduous tree up to 20–
25m high of the Birch family (Betulaceae). It is spread
in the Western part of Asia, almost throughout Europe
and in the Northern countries of Africa. Alnus glutinosa
(L) grows on peat-bog and humic gley soils having high
water cut running water and lives up to 80–100 years. It
is frost-resistant, relatively photophilous and requires
moist and rich soils. It forms forests at foot slopes, in
overflow lands and swampy lowlands [1, 2].
The leaves of Alnus glutinosa (L) contain flavonoid

glycosides - hyperoside and quercetin, caffeic acid,
chlorogenic and pyrocatechine acids, up to 20% protein,
6% fat, ascorbic acid and carotene. The chemical com-
position of collective fruit is presented by tannins, flavo-
noids, phenolcarboxylic acids and triterpenoids [3].
In medicine tinctures and infusions of Alnus glutinosa

(L) collective fruit are used to treat acute and chronic
enteritis, colitis, dysentery, colds, in gargling the throat
and oral cavity. The drug Altan obtained from Alnus
glutinosa (L) fruit is used to treat gastric and duodenal
ulcers, gastritis, gastroduodenitis [4]. The drug Altabor
containing dry Alnus glutinosa (L) and Alnus incana (L.)
collective fruit extract exerts an antiviral action on influ-
enza viruses and herpes simplex.
Other types of this plant raw material are also used in

traditional medicine: bark, leaves and aments. A decoc-
tion of fresh leaves and bark is used for gargling in sto-
matitis and ulemorrhagia [5, 6].
Alnus glutinosa (L) leaves tinctures have expressed

antimicrobial activity on gram-negative enterobacteria of
the intestinal group (Escherichia coli) and have a slight
effect on gram-positive microorganisms such as
Staphylococcus aureus. In recent years the interest of sci-
entists has been attracted to the antitumor activity ob-
tained from bark, collective fruit and Alnus glutinousa
(L) leaves. Bark and leaf extracts inhibit the growth of
adenocarcinoma [7–9]. To prove the wound healing ef-
fect of Alnus glutinosa (L) leaves we used gels based on
alcohol tinctures to treat a superficial full-bodied skin
wound of laboratory animals.

Materials and methods
Plant collection, preparation and extraction
Fresh leaves of Alnus glutinosa (L) (IPNI Life Sciences
Identifier (LSID) urn:lsid:ipni.org:names:30036759–2)
[10] were collected from Minsk region of the Republic
of Belarus in June, 2018. The collected plant samples
were identified by Doctor of Biological Sciences Natalia
Gurina, professor from Belarusian State Medical
University. Voucher specimen has been deposited in
Herbarium of the World Flora of the Central Botanical
Garden of the National Academy of Sciences of Belarus
with a number MSKH:16512 for further references.

They were dried at room temperature (20–25°С) in
well-ventilated rooms without direct sunlight.

Preparation of plant extracts
Dried leaves were crushed to rough powder. Two types
of tinctures were prepared: using 30% and 60% ethyl al-
cohol. Extraction from the powder of Alnus glutinosa (L)
leaves was made at room temperature. Alnus glutinosa
(L) leaves were mixed with ethyl alcohol in a ratio of 1: 5
and kept for 7 days stirring daily for 15 min. Then it was
filtered using filter paper.
For making the gel containing 30% tincture, tylopur

was used as a gelatinizing agent. 97.0 g of tincture was
poured into an open-mouthed vessel and 3.0 g of tylopur
was added through double layer cheesecloth by slow
layering at constant and intensive mixing to ensure uni-
form gelling.
Water, EDTA, carbomer, macrogol, propylene glycol

and diethanolamine were added to make 100 g of gel
containing 60% tincture from Alnus glutinosa (L) leaves.
The content of tincture in the gel made 50%.
0,01 g of EDTA and 1 g of carbomer were added to 29

ml of water, mixed properly and left for 24 h. After 24 h
diethanolamine was added to pH 7 (approximately 40
drops, control was made with a pH-meter). Then 10 g of
macrogol, 10 g of propylene glycol and 50 g of Alnus glu-
tinosa (L) leaves tincture based on 60% of ethyl alcohol
were mixed, the resulting mixture was added to the gel
and mixed thoroughly.

Experimental animals
White wistar rats of both sexes weighing 200–250 g were
kept under standard conditions of temperature (20–
22 °C), air humidity (45–50%) and under natural illumin-
ation. Standard food for rodents and the required
amount of water daily were provided. All studies were
conducted in accordance with the ethical principles of
the Convention for the Protection of Animals used in
the experiment and for other scientific purposes adopted
by the Council of Europe in 1986 [11].
The studies were conducted by the permission of the

Biomedical Ethics Committee of Belarusian State Med-
ical University, organized by the order No. 309 dated
June 15, 2012, proceedings № 4 dated 09.01.2018.

Wound healing activity
Wound healing activity of Alnus glutinosa (L) leaf gels
was studied on the model of a planar full-thickness cuta-
neous wound [12–15].
Round wounds with an area 100–150mm2 were mod-

eled on the animals under anesthesia. The skin with
hypoderm was excised with surgical scissors on a shaved
area of the back in nonsterile conditions. The wounds
were left open and after 24 h treatment was started once
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a day till complete healing. Animals were divided into 5
groups of 6 animals per group. Group 1 – the control
one (wounds were treated with 0.9% NaCl solution),
group 2 - wounds were treated with the gel containing
tincture of Alnus glutinosa (L) leaves based on 30% ethyl
alcohol, group 3 – wounds were treated with Reparef-2
Ointment, group 4 – wounds were treated with the gel
containing Alnus glutinosa (L) leaves tincture based on
60% ethyl alcohol, group 5 - wounds were treated with
Dexpanthenol.
Active ingredients of Reparef-2 Ointment are bien and

hydroxymethylquinoxalindioxide (dioxidine) with excipi-
ents: essential oil of geranium, polysorbate, macrogol
1500, macrogol 400. Bien is a complex of ethyl esters of
polyunsaturated fatty acids, stabilized with alpha-
tocopherol acetate (vitamin E). It contains essential fatty
acids - arachidonic (a precursor of prostaglandins and
leukotrienes), oleic, linoleic and linolenic (vitamin F)
ones.
Dexpanthenol Gel contains active substance dex-

panthenol and excipients: 96% of ethyl alcohol, gly-
cerin, carbomer, dimethyl sulfoxide, povidone,
benzalkonium chloride, diethanolamine, benzyl alco-
hol, purified water [16].
Starting from the second day of the experiment (the

first day of measurement - S1) formation the wounded
area was planometrically measured daily. Transparent
film onto which the wound was contoured with a
marker was applied to the wound. Wound area calcula-
tion was made using linear graph paper.
To assess the effectiveness of drug regenerating prop-

erties the percentage of wound closure was calculated
with the formula (1) [13, 17]:

PWC ¼ S1−Snð Þ � 100
S1

ð1Þ

PWC – percentage of wound closure; S1– the
wounded area per day 1 of measurement; Sn – the
wounded area per day of measurement (days 2–13 of
measurement) To find epithelization period, the day of
the experiment, on which complete wound healing oc-
curred, was recorded. Then the percentage of epitheliza-
tion periods reduction (X) of the experimental groups
relating to the control group was calculated with the for-
mula (2) [15]:

X ¼ Nc−N� 100
Nc

ð2Þ

Nc – day of complete healing in the control group and
N –day of complete healing in the experimental groups.

Statistical analysis
Statistical analysis of the results obtained was made
using “Statistica 10.0” in compliance with general recom-
mendations for biological research. Distribution-free
methods of research that met the criteria of the experi-
ment conducted were used in the analysis (a small sam-
ple group n ≤ 6, the standard distribution kind was
unknown and the values were considered significant at
p < 0.05).

Results
Wound contraction
The percentage of wound contraction (PWC) was com-
pared in all groups on day 5, 9 and 13, the results are
presented in Figs. 1, 2 and 3.

Fig. 1 Percentage of wound closure per day 5. * p < 0.05 vs control group
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The PWC index treated with the gel containing 60%
tincture on day 5 had the value of 39.32 ± 2.47% which
significantly differed from the PWC index in the control
group of animals (27. 39 ± 2.46%) (p < 0.05) as well as it
differed from the PWC index - 31.08 ± 4.02% in the
group of animals where the wounds were treated with
Dexpanthenol Gel. PWC of wounds in Group 5 of ani-
mals didn’t statistically differ from the control group
(р > 0,05) (Fig. 1).
PWC treated with the gel containing 30% tincture of

Alnus glutinosa (L) leaves made 32.71 ± 5.50% that statis-
tically did not differ from the control group (p > 0.05).

PWC in group 3 of animals where wounds were
treated with Reparef-2 Ointment had the value of −
38.17 ± 3.88% (Fig. 1).
PWC on day 9 under the action of the gel containing

60% tincture was 74.12 ± 1.18%; under the action of the
gel containing 30% tincture - 69.62 ± 2.77%; under the
action of Reparef-2 Ointment - 72.8 ± 1.16%; under the
action of Dexpanthenol Gel - 62.51 ± 5.13%, in the con-
trol group - 58.70 ± 5.46%. PWC in the groups of ani-
mals treated with the gels containing tinctures from
Alnus glutinosa (L) leaves statistically significantly dif-
fered from PWC in the control group (p < 0.05) and the

Fig. 2 Percentage of wound closure per day 9. * p < 0.05 vs control group

Fig. 3 Percentage of wound closure per day 13. * p < 0.05 vs control group
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PWC treated with Dexpanthenol Gel (p < 0.05). PWC of
wounds on day 9 in Group 5 of animals didn’t statisti-
cally differ from the control group (р > 0.05) (Fig. 2).
PWC on day 13 of the experiment under the action of

the gel containing 60% tincture was 95.59 + 0.9%; under
the action of the gel containing 30% tincture – 92.93 +
1.11%; under the action of Reparef-2 Ointment - –
92.24 + 2.21%; under the action of Dexpanthenol Gel –
83.09 + 3.41%; in the control group – 78.78 + 2.65%.
PWC in the groups of animals treated with the gels con-
taining tinctures from Alnus glutinosa (L) leaves and
Reparef-2 Ointment statistically significantly differed
(p < 0.05) from PWC in the control group and PWC
treated with Dexpanthenol Gel (Fig. 3).

Epithelialization period
Epithelialization period of the wounds treated with the
gel containing 60% tincture of Alnus glutinosa (L) leaves
on the average was 14.3 days; treated with the gel con-
taining 30% tincture of Alnus glutinosa (L) leaves - 15.3
days, in the control group - 20.3 days. The rate of wound
epithelization in the groups of animals where plant gels
were used was statistically different from the control
group (p < 0.05) and the group of animals in which
wounds were treated with Dexpanthenol Gel (p < 0.05).
Compared with the control group the gel based on

60% tincture of Alnus glutinosa (L) leaves showed a re-
duction in the epithelization period by 29.5%, based on
30% tincture - by 24.6%, Reparef-2 Ointment - by 23.6%,
Dexpanthenol Gel - by 13.8% (Table 1).

Discussion
According to the results above it was found that Alnus
glutinosa (L) leaves tincture-based gels had an expressed
wound healing effect. But the gel, containing tincture
based on 60% ethyl alcohol turned out more efficient
than the gel containing tincture based on 30% ethyl
alcohol.
On day 5 only gel based on 60% tincture of Alnus glu-

tinosa (L) leaves showed a pronounced wound healing
effect. On day 5 the PWC index treated with the gel was
significantly higher than PWC of the control group of
animals (p ≤ 0.05) and PWC treated with Dexpanthenol

gel (p ≤ 0.05). PWC on day 5 treated with the gel con-
taining 30% tincture of Alnus glutinosa (L) leaves was
slightly higher than in the control group but the differ-
ences did not reach statistical significance. There was no
significant difference in wound healing activity between
the gel based on 30% tincture, Reparef − 2 Ointment
and Dexpanthenol gel which indicates the compatibility
of their therapeutic effects.
On day 9 and 13 of the experiment the area of

wound healing under the action of gels based on tinc-
tures from Alnus glutinosa (L) leaves is significantly
higher than in the control group of animals and in
the group of animals in which the wounds were
treated with Dexpanthenol.
Reduction percentage of the wound area treated

with the gel containing Alnus glutinosa (L) leaves
tincture based on 60% alcohol was statistically signifi-
cantly different from the control group during the
whole epithelialization period. On day 5 PWC was
higher than in the control group by 11.93% (p < 0.05),
on day 9 - higher by 15.42% (p < 0.05), on day 13 -
higher by 16.81% (p < 0.05).
PWC of wounds applying the gel containing tincture

based on 30% alcohol exceeded the PWC of wounds in
the control group by 10.92% on day 9, and by 14.15% on
day 13 (p < 0.05).
Medicinal plants show wound healing effects by dif-

ferent mechanisms, such as modulation in wound
healing, reduction in bacterial count, improvement in
collagen deposition, increase in fibroblasts and fibro-
cytes, etc. [18]. Alnus glutinosa (L) leaves contain a
unique polyphenolic complex including flavonoids,
tannins, phenolic acids allowing to use them for the
preparation of wound healing drugs [2, 19]. It has
been previously stated that a polyphenolic complex of
Alnus glutinosa (L) leaves extracts has anti-
inflammatory and antimicrobial effects [8, 20] and
also contains antioxidants [19].
In the first phase of inflammation the target for flavo-

noids from Alnus glutinosa (L) leaves is enzymes indu-
cing the synthesis of active inflammatory inducers -
prostaglandins, thromboxanes, prostacyclins, leukotri-
enes and others.

Table 1 The period of complete healing in rats of different groups

The drug used for wound treatment Recording date of full healing Percent reduction of epithelialization periods

0.9% NaCl 20.3 + 0.9

Gel based on 30% tincture of European alder leaves 15.3 + 0.7* 24.6

Gel based on 60% tincture of European alder leaves 14.3 + 0.4 * 29.5

Reparef −2 Ointment 15.5 + 0.7* 23.6

Dexpanthenol Gel 17.5 + 0.8* 13.8

*- significantly different compared to the control group p < 0.05
As observed from the table the gel based on 60% tincture of Alnus glutinosa (L) leaves has the highest healing rate
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A malfunctioning antioxidant system causes increased
oxidative stress, which damages proteins, nucleotides,
lipid levels and slows down wound healing [21]. The
presence of reactive oxygen species and microbes at the
wound site has synergetic effects causing delay in healing
[22]. Consequently, the antioxidants of Alnus glutinosa
(L) alcohol extracts remove free radicals and enhance
the proliferative properties of cells. Antimicrobial effect
of biologically active substances of Alnus glutinosa (L)
also helps to accelerate the healing process.
Tannins from Alnus glutinosa (L) could promote cica-

trisation of wounds through several cellular mechanisms
such as promoting contraction of the wound, and in-
creasing formation of capillary vessels and fibroblasts
[23]. It can also decrease the permeability of capillaries
in the wound and alleviate tissue edema and exudation
resulting in rapid scab formation [24].
The use of the developed gels led to the reduction in

the epithelialization period compared to the control
group by 6 days (the gel containing tincture based on
60% alcohol) and by 5 days (the gel containing tincture
based on 30% alcohol).
Thus, a preliminary study of the component compos-

ition and pharmacological activity of Alnus glutinosa (L)
leaves extracts made it possible to predict the wound-
healing effect of the gels based on them. The research
results proved the pronounced wound-healing effect of
the developed plant gels compared to the animals in the
control group.

Conclusion
The gels based on alcohol extracts from Alnus glutinosa
(L) leaves have proved wound healing effect for the first
time. These gels significantly reduce epithelization
period compared to the effect of Dexpanthenol Gel and
Reparef-2 Ointment. Thus, the developed gels can be
used as a medicine for the treatment of skin wounds or
in combination with modern wound healing medicines.
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