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FLAXSEED OILAPPLICATION FOR WOUND HEALING IN WHITE RATS:
EFFICACY AND HEMATOLOGICAL PROFILE

Actuality. Using of vegetable oils is considered as a promising therapeutical strategy in the treatment of skin wounds, what is
explained by their potential effects on the different phases of the wound-healing process due to their antibacterial, antiinflammatory,
and antioxidative properties as well as ability to promote the set of the cell processes like proliferation, increase of collagen synthesis,
stimulation of the dermal reconstruction, restoration of the skins lipid barrier function etc. The study aimed to analize and to study
of inflammatory processes of different genesis. Here in we present the experimental results of Flaxseed oil wound healing activity
evaluation on planar wounds in rats and studying of hematological profile of wound process with and without treatment, and comparing
with reference hippophae rhamnoides fruit oil.

The aim — to evaluate the wound healing efficacy of flaxseed oil in a rats’ flat wound model.

Materials and methods. The experiment was performed on 55 white male rats weighing 180-220 g. The wounds (size ~ 20x20
mm (400 mm?) and a depth ~ 2 mm) were formed by striking the metal rod of an appropriate diameter in the rat’s lower back (the
planar trafaret wounds model). Measurement of wound surface (S), wound contraction (W, %) and speed of wound healing (V,) was
performed. Level of hemoglobin and blood cells (erythrocytes, platelets, leukocytes) were counted by automatic cell counter ABS-
Micros 60-OT; white blood cell morphology was done after staining by Romanowsky-Giemsa.

Results. Here in we present the experimental results of Flaxseed oil wound healing activity evaluation on planar wounds in rats and
studying of hematological profile of wound process with and without treatment. Obtained experimental data show a positive dynamic
in changes of the red blood system (erythrocytes and hemoglobin levels), platelets level, and level of leukocytes and their morphology
of the experimental animals.

Conclusions. The positive impact on the processes and speed of wound healing was noted, as well as the normalization of indicators
of general clinical blood analysis under using flax oil in rats with planar trafaret wounds. Results of the study give grounds to talk about
the good therapeutic effect in treating wounds with flaxseed oil which is equal/comparable with the activity and effects of hippophae
rhamnoides fruit oil.

Key words: planar wounds, flaxseed oil, hematological profile, in vivo.
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3ACTOCYBAHHSA OJIII HACIHHA JIbOHY JIJIA 3AI'OIOBAHHSI PAH BUIMX IIYPIB:
E®EKTUBHICTDb TA TEMATOJOI'TYHUU ITPOPLIIb

Axmyanvhicms. BukopucmanHs pocauHHUX Onill 66adICAEMbCs NePCNEKMUSHOI0 MEPANesmMUYHOI0 CMPAme2i€io y NKy8aHHi pan
WKIpU, WO NOACHIOEMbCA IX NOMEHYIIHUM BNIUBOM HA PI3HI (hasu npoyecy 3a20€HHA PaH 3A60AKU iX aHMUOAKmepiantbHum, npomu-
3aNanbHUM Ma AHMUOKCUOAHMHUM GIACMUBOCHIAM, d MAKOIC 30AMHOCII CIMUMYTIO8amy Maxi KIimunKi npoyecu, sk npoaigepayis,
NiOBULeHHA CUNMe3Y KOLA2eHY, CIMUMYIAYIA penapayii wKipu, 8i0Hose1eHHs b6ap eproi ynkyii wikipu, enausom Ha ii iinionuil wap ma
in. Jlocniooicenns cnpamosane Ha AHAi3 Ma 6UEUEHHs. 3aNabHUX NPoYecie PizHo2o eenesy. V yitl pobomi Mu npedcmasniemo pesyio-
mamu eKCnepumMeHmanrbHo20 00CII0HCEHHs eeKMUSHOCTI IIAHOT 01T Y 3A20€HHT NAOWUHHUX PAH Y WYDI6 MA GUEUEHHS 2eMAamono2iy-
HO20 npoinio npoyecy 3a20€HHs pan i3 3aCMOCYBANHAM JIKY8AHHS Md 63 Hb0O20, d MAKOIC NOPIGHANHS Pe3VIbmMAamie i3 pepepenmuum
3acobom — oniero niodie ooninuUxU.

Mema 00cnidriceHHs — OYiHUMU PAHO3A20H6ATbHY eheKMUGHICMb O/ HACIHHSA TbOHY HA MOOeI NIOWUHHUX PAH Y Wypie.

Mamepianu ma memoou. Excnepumenm npogoounu Ha 55 6inux wypax-camyax macoio 180-220 e. Panu (posmipom ~ 2020 mm
(400 mM?) i enubunoio ~ 2 Mm) ymeoprosaiu WssXom yoapy MEemaie6uM CMpUudiCHeM GI0N08I0H020 JlamMempy no HUIICHIN YaACMUni CRUHU
wypa (modenb niowunHux mpagapemnux pan). Ilpogoounu eumipioganis nosepxui panu (S), smenwenns panu (We %) ma weuoxocmi
3aeoenns panu (Vk). Pieenv eemoanobiny ma kuimun Kpogi (epumpoyumis, mpomoéoyumis, J1etikoyumis) niopaxo8yeanu asmomamuy-
Hum aivunvrukom kaimun ABC-Mixkpoc 60-OT,; mopghonoeiio netikoyumis susuanu nicia gapoysanns 3a Pomanoscokum-1im3sa.

Pesynomamu oocnidscenns. Pesynemamu excnepumenmanbio2o O00CIONCEHHS NPeOCMABIsAIoNb OYIHKY PAHO3A20I08ATbHOT
akmueHocmi JUIAHOT O HA NAOWUHHUX PAHAX Y WYPI6 MA UBYEHHS 2eMAamoN02iuH020 NPOYIN0 paHo8oeo npoyecy 3 JiKy8aAHHAM
ma 6e3 Hbo2o. OmpumaHi eKkCnepuMeHmanbHi OaHi ceioUaNms NPo NO3UMUEHY OUHAMIKY 3MIH epumpoyumie (pisHie epumpoyumis ma
2eM02NI00IHY), pi6HA MPoMOOYUMI8, A MAKOXHC PIGHS NEUKOYUMIE ma ix MOp@onoaii'y excnepumenmanbHux meapuH.

Bucnoeku. Biosnaueno nosumugnuii 6naue Ha npoyecu ma WeuoKicms 3a20€HHs pan ma HOPMAi3ayilo NOKA3HUKIE 3a2a1bHO20
aManizy Kposi y pasi 3acmocy8anHs InAHOL onii y wypie i3 niowuHHuMU mpagapemuumu panamu. Pesynomamu docnioxcenna oarome
niocmasu 2060pumu PO OOCMAMHIN MmepanesmuyHull epexm JHOL o1l y NIKY8AHHI paH, KUl OOPIGHIOE/NPUPIGHIOEMbCSL 00 OIi ol
nnooie ooninuxu.

Knrouosi cnosa: nnowunni panu, iisna onis, cemamonociunuil npoghine, in vivo.
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Actuality. Wound healing is a complex process
aimed at restoring the extracellular matrix and a func-
tionally active coating with or without scar formation
(Flanagan, 2000; Li 2007). The issues of wounds healing
pathogenesis are studied intensively, currently (Demido-
va-Rice, 2012; Young, 2011). The treatment results of
patients with non-healing wounds are improved a lot
thanks using in practice of the obtained scientific data
in this area in recent years (Murphy PS, 2012; Da LC,
2017). The optimal conditions creation for the full-
est tissue regeneration is one of the main tasks in the
various genesis skin wounds treatment (Lepow, 2011).
Numerous research has been conducted in medicine and
pharmacy field for search of effective pharmacological
agents purposefully affecting the completeness of skin
regeneration. Various pharmacological groups of sub-
stances: proteolytic enzymes, anabolic hormones, syn-
thetic antiseptics, adsorbents and other active molecules
that stimulate metabolic processes have been studied
(Norman, 2016).

The most convenient and promising for treatment
skin defects are soft dosage forms as creams, gels and
o0ils (Qi C, 2018). The main advantages of these drugs are
uniform distribution of the active substance and ease of
use (Pereira, 2016; Sood, 2014). The plants oils as a natu-
ral sources of useful biologically active components that
show a diverse spectrum of health-promoting properties
are very interesting for wound treatment (Rekik, 2016;
Sabale, 2012). Flaxseed oil (Linumusitatissimum L),
also known as linseed oil or flax oil, is characterized by
a high content of unsaturated fatty acids (in%): 44—61%
alpha-linolenic (Omega-3), 15-30% linoleic (Omega-6),
13-29% oleic (Omega-9) and vitamin E (Bernacchia,
2014; Lewinska, 2015). Numerous studies demonstrated
potential ability of unsaturated fatty acids (especially
Omega-3 and Omega-3) (Hankenson, 2000; Lania,
2019) to affect epidermal wound healing because of
their influence on proinflammatory cytokine levels and
other cell molecules that are important for the healing
process (Farahpour, 2011; Soleimani, 2017).

Aim — to evaluate the wound healing efficacy of flax-
seed oil in a rats flat wound model.

Material and methods. Animals. The experiment
was performed on 55 white male rats weighing 180-220
g. All animals used for this study were kept in standard
cages and maintained under controlled laboratory con-
ditions of temperature (22+3°C), humidity and 12 hours
day—12 hours night and had free access to food (stand-
ard pellet diet) and water ad libitum. The animals were
treated humanely throughout the study period, experi-
ments were conducted in accordance with the EU Direc-
tive 2010/63 / EU on the protection of animals used for
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scientific purposes. The experiment design and study
protocol were approved by the Ethics Committee of the
Danylo Halytsky Lviv National Medical University,
protocol No. 8, May 15, 2018.

The planar trafaret wounds model. All the animals
were shaved, cleaned and anaesthetized with 65 mg/kg
BW ketamine and 15 mg/kg BW xylazin administered
intraperitoneally. The wounds (size ~ 2020 mm (400
mm?) and a depth ~ 2 mm) were formed by striking the
metal rod of an appropriate diameter in the rat’s lower
back. The animals were randomly divided into 4 groups:
Group I (intact control group, n=10) without wounds and
without treatment; Group II (pathology model, n=15)
with wounds and without treatment; Group III (flaxseed
oil treatment, experimental group, n=15) with wounds
and treatment with flaxseed oil; Group IV (hippophaer-
hamnoides fruit oil treatment, experimental group,
n=15) with wounds and with hippophaerhamnoides fruit
oil treatment. After 24 h of the wound formation, the ani-
mals of III and IV groups were treated topically once a
day throughout 20 days with flaxseed oil treatment and
hippophaerhamnoides fruit oil were applied with A thin
layer of oil was applied on the surface of the wound and
its contour in a dose of 20 mg/cm?, which is sufficient for
the complete absorption and wetting of the surface of the
wound. On the 21* day, all the animals were sacrificed
under anesthesia.

Measurement of wound surface (S), wound contrac-
tion (W, %) and speed of wound healing (V). The pro-
gressive changes in wounds area were monitored on 1,
5, 10, 15 and 20 days by a digital camera (Canon Power
Shot, Japan). The images were then transferred to a
computer where they were processed in the GIMP2 free
software. The Fiji (ImageJ®, NIH, USA) (Schindelin J,
2012) free software was used for measurement of wound
surface size (S) in mm?. The wound contraction (Wc¢)
was calculated using the following equation (expressed
as a percentage) (Shivhare Y, 2010):

Sdayl — SdayN

Sdayl (1)

We represents the wound contraction, Sday ! — wound
surface size at the 1% day of experiment and SdayN the
specific day wound size.

The speed of wound healing (Vk) was calculated
using the following equation:

%Wc = * 100%, where

Sdayl — SdayN
—SdN 2)
Vkrepresents speed of wound healing, Sday ! —wound
surface size at the 1** day of experiment and SdayN the
specific day wound size.
Hematological Studies. Sampling blood into vacuum
tubes with solution Na,EDTA from the lateral tail vein of

%Vk = * 100%, where
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the rats was carried out for hematological studies in the
1, 5, 10 and 20 day of experiment (Lee, 2015). Level of
hemoglobin and blood cells (erythrocytes, plates, leuko-
cytes) were counted by automatic cell counter ABS-Mi-
cros 60-OT (Horiba Medical, Montpellier, France) in
certified clinical laboratory of Danylo Halytsky Lviv
National Medical University. White blood cell morphol-
ogy was done (after staining by Romanowsky-Giemsa)
by an experienced clinical laboratory specialist.

Statistical Analysis. All data were processed using
the statistical package Statistica 10.0 (Statsoft/Dell,
Tulsa, OK, USA). The descriptive statistics of the data in
tables include mean + standard error of the mean (SEM)
or mean + standard deviation. Significance was assessed
by using the one-way ANOVA followed by t-test. Values
were considered statistically significant when P value is
less than 0.05.

Research results. After modeling of stencil wounds
in the area of 403,7-411,2 mm? (Table 1) in animals
developed inflammation of the skin, characterized by
hyperemia and swelling of the edges of the wound, which
acquired a roller-shaped form (Sorg, 2017). In day 1,
the wounds of all groups were covered by a dehydrated
wound crust or scab. Subsequently, the wound gradually
covered with thick brown crusts. In the treated group of
animals (III and IV), the macroscopic signs were less
pronounced: hyperemia and swelling decreased rap-
idly, the exudate did not separate already in 5 days of
treatment, and in the “pathology model” (group II) the
wound surface was dry only in 9 days.

Animals with flaxseed oil and hippophaerhamnoides
fruit oil treatment were more active and had better appe-
tite. The crusts removal, under which there was noticeable
granulation tissue, was observed in animals treated with
flaxseed oil (group III) and hippophaerhamnoides fruit
oil (group IV) already in 89 days. For untreated animals
(group II) the same results were observed only in 12 days.
The complete healing based on the macroscopic closure of
the wound and restoration of the epithelial cover occurred
in 17 days with the flaxseed oil treatment (group III) and
in 18 days for the animals treated with the reference drug
(group IV). For the untreated group, the wound persisted
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even after 20 days showing a red scaly surface with no
epidermal coverage and the full (100%) epithelization of
wounds was observed only in 24 days.

The wound surface (S, mm?) actively have already
decreased almost twice in 5 days in groups treated with
plants oil in comparison with 1 day of experiment and
with untreated group as well (P < 0.001) (table 2). The
similar tendency was observed for the 10 and 15 day of
experiment for all groups (P < 0.001).

The rate of wound contraction (Wc, %) in untreared
control rats was 29,1% to 62,8% from day 5 to day 10
and 85,7% to 91,2% from day 15 to day 20, while com-
plete epithelization and healing were observed on day
24. The percent rate of wound contraction in rats, treated
with hippophaerhamnoides fruit oil (in a dose of 20 mg/
cm?), was statistically significant from 46,2% on day 5
to 67,3% on day 10 and 91,3% to 100% from day 15
to day 20, respectively, while flaxseed oil (in a dose of
20 mg/cm?) treated rats showed statistically significant
increase in wound contraction, from 46,2% on day 5 to
69,6% on day 10 and 92.1% to 100% from day 15 to day
20 respectively. The analysis of speed of wound healing
(Vk) showed that the best statistically significant results
were in the flaxseed oil treated rats’ group.

The morphological blood analysis is a recognized
informative test that reflects the general condition of ani-
mals and allows evaluating the reactivity of the organism.
The study of the red blood system of animals showed
that the level of erythrocytes in the 1st day after wound
formation was statistically significantly decreased in
experimental animals groups II (at 17%) and III, IV (at
~11% in each one) in comparison with intact animals but
was within the physiological norms (Table 3).

A similar pattern was observed for hemoglobin level
which was 25% less in the group 11, 19% less in the group
11 and 21% less in the group IV on the 1st day compared
to the group I animals. This can be explained by blood
loss and related processes during the wound formation.
However, starting from 5th day in groups III and IV
there was an increase in red blood cells and hemoglo-
bin levels in comparison with untreated group II. So, the
erythrocytes levels on the 5th day in the groups III, IV

Table 1
Wound healing activity in dynamic (values were expressed as mean+SD)
Pathology model, Flaxseed oil Hippophaerhamnoides fruit oil
Groups/ Parameters n=15 treatment, n=15 treatment, n=15
The disappearance of inflammation 11,2409 8.8+0.6 9.4+0.4
symptoms, day
Granulation, day 11,9£1,7 8,7+0,7 9,1+1,3
The beginning of the wound edges 18,2418 132+1,5 14,813
epithelialization, day
The full epithelialization, day 23,4+1,1 16,6+1,8 18,1+1,4
®itorepanis. Yaconuc Ne 1, 2025 49 ==
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Table 2
Wound healing activity parameters (values were expressed as mean+SD)
PGroup s/ Pathology model, n=15 Flaxseed oil treatment, n=15 Hip pophaerhamnoi(ies Lt
arameters treatment, n=15
1 day
S, mm? 411,2+14,6 403,7+17,4 408,5+13,4
5 day
S , mm? 291,3+10,8 217,0+14,5* 220,2+12,4*
V. 0,41+0,09 0,86+0,11% 0,86+0,107
W, % 29,1+1,9 46,2+1,8 46,041 4%
10 day
S, mm? 153,0+6,2 122,4+5,4% 133,9+4,9*
v, 1,69+0,13 2,28+0,18* 2,06+0,12%
W, % 62,8+2.9 69,61, 1% 67,342.8
15 day
S, mm? 58,7434 31,742,3 35,742.8°
V. 6,01+0,53 11,70+0,94* 10,52+0,89*
W, % 85,7+1,7 92,1+£2,2% 91,3+£2,1%*
20 day
S, mm? 36,2444 0,0+0,0 0,0+0,0
v, 10,35+0,76
W, % 91,2+2,7 100,0 100,0

*p <0,05;%p<0,001 as compared with pathology model group in the appropriate day

were 5% higher and on the 10th day 10% higher com-
pared to the first day of experiment and almost reached
the level of intact control (group I). The hemoglobin
level also changed in a similar way and its normalization
was observed approximately in the region of the 12th
day of the experiment. Whereas in group 11, the increase
in the levels of erythrocytes and hemoglobin was not so
rapid and normalization was observed only in 20 days
of the experiment. The platelets level was significantly
higher compared to intact control in all experimental
animals from the 1st day and remained high throughout
the experiment. It should be noted that the platelets level
in groups III and IV was statistically significantly higher
by 35% on day 1 as compared with group II, but already
only by 24% and 9% on days 5 and 10, respectively.
Such changes can be explained by the termination of
blood loss and wound healing dynamic (Chicharro-Al-
cantara, 2018). The white blood cells play a major role
in the specific and non-specific protection of the body
from external and internal impacts, as well as in typical
pathological processes. The total number of leukocytes
was statistically significantly increased on the Ist day
after wounding by 51% in group II, by 37% in group
IIT and by 39% in group IV compared with intact group
1. But already on 5th experiment day there was a general
tendency to decrease the leukocytes level in all experi-
mental groups. The levels in groups 3 and 4 were only
on 20.5 and 21.5% exceeding the intact control value,
while in group 2 it was 41.1%, in comparison with intact
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animals. On the 10th and 20th day of the experiment the
number of white blood cells in rats continued to decrease
and exceeded the values in group I only by 11,6 % and
7,0% (group II) and 13,2% and 10,0% (group IV)
respectively. Whereas in group I, the number of leuko-
cytes was 24,3% and 11,3% higher than that of group I at
similar time points. This circumstance gives grounds to
talk about the best therapeutic effect in treating wounds
with flaxseed and hippophaerhamnoides fruit oils. The
increase in the number of neutrophils and decrease in the
number of lymphocytes was observed in II, III and IV
animals’ groups by white blood cell morphology analysis
at 1st day after the application of model wounds. During
the experiment in group II, the number of stab neutro-
phils exceeded the level in the group of intact animals
by 100% in the st day, by 77% on day 5, by 32.5% on
10 day and only on day 20 it became equal to the value
of intact control group L. In animals III and IV groups
treated with flaxseed and hippophaerhamnoides fruit
oils, the number of stab neutrophils exceeded the level in
the group of intact animals by 60 and 65% on 1 day, by
50 and 45% on day 5, by 16% on day 10, but already on
day 20 the level of stab neutrophils was 14% and 10%
less than in group 1. A similar tendency was observed for
the segment neutrophils level and its number in group II
exceeded the level in the intact animals’ group by 48%
on 1 day, by 15.6% on day 5, by 12.5% on day 10 and
approached the level of intact animals only on day 20.
At the same time, in groups III and IV treated with oils,
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Table 3

Hematological profile of male rats with wounds treated with flaxseed oil and hippophaerhamnoides fruit oil

rGoups/ Blood parameters
StLEU | SegLEU LYMPH MON
Days RBC,M/pL | HGB, g/dL. | PLT, K/uL | WBC, K/uL | EOS (%) | BAS (%)
(%) (%) (%) (%)
1 day
1C 7,82+0,23 14,91+0,38 053+64 8,96+1,63 2,34+0,6 1,0+0,2 2,3+0,6 |23,0£1,7 |66,7+1,6 4,7+0,5
PM 6,52+0,18% 11,2+ 0,25* 1284+73* | 13,57+2,49 | 3,3+0,5 1,240,3 3,840,4% |34,241,6" |54,2+3,4% |3+0,4%
FO 6,98+0,17* | 12,10+0,27% 1734489% |12,35+2,08 |2,9+0,6 1,3£0,3 3,7+0,3% | 31,3+1,8% |57,5+2,8% 3,3+0,5
HO 7,03+0,15*% | 11,92+0,21* 1793+94% | 12,48+2,15 | 3,0+0,6 1,3+0,3 3,8+0,4% |30,9+1,7% |57,8+3,1* 2+0,5*
5 day
C 7,87+0,29 15,31+0,41 987+53 9,08+1,79 2,0+0,5 1,0+0,2 2,240,7 |24,3%1,3 | 65,5+1,9 4,6+0,6
PM 6,86+0,19* | 12,07+0,28" 1521+66* | 12,75+2,07 | 3,7+0,7 1,340,2 3,9+0,4* |28,1+1,5 |60,3+£2,9 2,7+0,5%
FO 7,23+0,20 13,34+0,30* 1891+90% |10,91x1,79 |3,1+0,5 1,3£0,3 3,3+0,3 24,6+1,4 |63,9+1,9 3,8+0,6
HO 7,31+0,21 13,82+0,27* 1874+87% | 11,03+1,93 | 3,1+0,6 1,3+0,2 3,240,4 |25,5+1,8 |63,1£2,2 3,8+0,4
10 day
C 7,84+0,27 14,40+0,40 1011+67 | 9,03+1,58 2,240,5 1,0+0,3 2,5+0,5 23,9+1,5 | 65,9+1,8 4,5+0,5
PM 7,36+0,29 12,31+0,27* 1543+£57% | 11,23+1,51 | 3,5+0,5 1,240,2 3,3£0,4 |26,9+1,7 |62,0+1,9 3,0+0,5*
FO 7,63+0,31 13,92+0,29 1687+64* |10,08+1,12 |2,7+0,4 1,1£0,2 2,94+0,3 21,7+1,4 | 67,7+1,6 3,9+0,5
HO 7,71£0,34 14,03+0,27 1653+70¢ |10,23+1,20 | 2,8+0,5 1,240,2 2,9+0,4 |21,3%1,8 |67,9£1,5 3,9+0,5
20 day
IC 7,80+0,25 14,30+0,33 1028+63 | 8,94+1,53 2,1£0,6 1,1+0,3 2,940,6 |22,6£1,2 |66,4+1,7 4,94+0,6
PM 7,75+0,33 13,20+0,27 12434+50* | 10,14£1,79 | 3,120,5 1,1+0,1 2,9+0,4 |232+1,3 |65,3%1,6 3,4+0,5*
FO 7,87+0,28 14,24+0,28 1153+59  |9,56+1,42 2,4+0,5 1,0+0,1 2,540,4 |229+1,3 |67,0£1,5 4,240,6
HO 7,90+0,34 14,12+0,28 1091+65 | 9,86+1,53 2,3+0,4 1,1£0,2 2,6+0,5 22,5+1,4 | 67,4+1,6 4,1+0,5
LNMU
Male [6,3-38,6 11,8-16,1 537-1455 |5,7-13,9 0,3-4,0 0-1,3 1,2-5,3 17,1-40,5 |48,7-78,1 1,0-6,5
Vivarim

Values were expressed as mean+SD, * p < 0,05; # p < 0,001

as compared with intact control group (IC) in the appropriate day;

IC — intact control (n=10); PM — pathology model (n=15); FO — flaxseed oil treatment (n=15); HO — hippophaerhamnoides fruit oil
treatment (n=15), LNMU — Lviv National Medical University; RBC: red blood cells; HGB: hemoglobin; PLT: platelet counts; WBC:

white blood cells; EOS: eosinophils; BAS: basophils; StLEU: stab
MON: monocytes.

the segment neutrophils level exceeded the level in the
intact animals group by 35 and 34% on day 1, but was
already at the level of intact animals on day 5, but was
below the level of intact animals by 10,0 and 12,0% on
day 10 and was again at the intact animals level on day
20. The neutrophils level decreases on the 10th day of
wounding and may indicate the end of the inflammatory
process. Data analysis of the lymphocytes level revealed
their decrease in all experimental groups of animals in
comparison with the group I at the 1st day after wound
formation. The dynamics of changes in the lymphocytes
level is characterized by a decrease by 23,0, 14,0 and
13,4% in groups 11, III and IV, respectively, on the 1st
day compared to the intact animals. But already on day
5, level is normalized in groups III and IV and retains
a value equal to the intact control until the experiment
end. Whereas in the 11 group without treatment the lym-
phocyte level reached normal values only after 10 days
of study. It should also be noted a slight increase in the
level of eosinophils and a more significant decrease in
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leukocytes; SegLEU: segmental leukocytes; LY MPH: lymphocytes;

the level of monocytes, which was observed in animals
IL, IIT and IV groups throughout the experiment.
Natural wound healing is a complex physiological
process and, in general, without any external interven-
tions depends on a variety of factors that occur sequen-
tially in a particular order (Nayak, 2006). However, in
a real life, many factors, such as bacterial infections,
humidity etc., can delay and complicate wound healing
without additional treatment/therapy (Albayrak, 2013).
Using of vegetable oils is considered as a promising
therapeutical strategy in the treatment of skin wounds,
what is explained by their potential effects on the dif-
ferent phases of the wound-healing process due to their
antibacterial, anti-inflammatory, and antioxidative prop-
erties as well as ability to promote the set of the cell pro-
cesses like proliferation, increase of collagen synthesis,
stimulation of the dermal reconstruction, restoration of
the skin’s lipid barrier function etc. (PoljSak, 2020). Due
to obtained until nowadays theoretical and experimental
data the fatty-acid components of vegetable oils play a
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key role in the wound-healing process, and polyunsatu-
rated fatty acids such as linoleic acid is the main object
of focus regarding this issue. Flaxseed oil is a known
rich source of essential fatty acids with high content
of a-linolenic acid which level depending on the seeds
growing places and a row of the other factors is about
60% (Bardaa, 2016).

Visually observed changes on the rats’ skin under
treatment conditions by both plant oils used in the study
were similar to those reported in the work (Bardaa, 2016).
Whereas herein reported data were mainly focused on
the evaluation of the dynamics of the wound healing pro-
cess under treatment with flaxseed oil by using simple
routine tests like blood analysis. Obtained experimental
data provided in the “Results” section shows a positive
dynamic in changes of the red blood system (erythro-
cytes and hemoglobin levels), platelets level, and level
of leukocytes and their morphology in the experimental
animals under flaxseed oil treatment, which effectturned
out to be equal/comparable to the activity of hippophaer-
hamnoides fruit oil (Stawinska, 2022).

Above-mentioned blood changes can be explained
by an increase in the leukocyte formation in the organs

of the hematopoiesis that occurs during infection and
necrosis of tissues. On the other hand, also it is possi-
ble that leukocytes are mobilized from the basal pool
to the circulatory, which occurs during stress with the
release of adrenaline and glucocorticoids, in the case
of severe emotions, pain, overheating, overcooling, in
the case of the action of endotoxins of microorgan-
isms, as a result of redistribution of blood in case of
shock or collapse.

Conclusions

An experimental in vivo study of the healing
effects of topically administered flaxseed oil in
white rats with the planar trafaret wounds model
was performed. Flaxseed oil components possess
valuable healing properties and its use in a dose of
20 mg/cm? demonstrates potent and excellent heal-
ing activity which was equivalent and comparable
with hippophaerhamnoides fruit oil effect in the
same dose. The positive impact offlax oil flaxseed
oil in rats with planar trafaret wounds on the pro-
cesses and speed of wound healing was revealed, as
well as its positive influence on the indicators of the
complete blood count.
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