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Abstract

Objective- This study aimed to investigate the effect of topical administration of lintbells oil (LBOC) on
wound contraction as well as healing process.

Design- Experimental study.

Animals- 60 Male Swiss albino mice.

Procedures- Animals were randomly divided into 5 groups (NO=12) including; vehicle-received
negative control, pure oil-received and test group. The animals in treatment group subdivided into two
groups as 2% cream-treated (LBOC 2%) and 4% cream-treated (LBOC 4%).Two circular full thickness
skin defects were made, in both sides of the backbone, 1 cm away from the midline and 2 cm away from
each other with a 5-mm-biopsy punch. Using graph paper, the Percentage of wound contraction measured
at 3, 6™, 9™ and 12™ days after surgery. Tissue samples were obtained at the3™, 6™ and12"days post-
wounding, from all groups and stained with Masson’s trichrome and studied under light microscope.
Results- In LBOC treated groups, the healing process shortened significantly, which was revealed with
rapid reduction of wound area. Histological observations revealed that, LBOC in form of 2%formulation
remarkably reduced inflammatory cells infiltration, enhanced collagen deposition and facilitated the
epithelialization versus other groups.

Conclusion and Clinical Relevance- In conclusion, our data showed that lintbells oil, especially in 2%
doses, promotes wound contraction ratio and facilitated the healing processes by inhibiting the
inflammatory stage and stimulated the prolifrative phase by enhancing the fibroblasts distribution and/or

proliferation.
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Introduction

Wounds are eventually occurring due to physical,
chemical or microbiological infections. Normal wound
healing response begins immediately after the tissue is
injured. Following injury, an inflammatory response
occurs and the cells below the dermis start to increase
synthesis of collagen and in later stages the epithelial
tissue undergoes a significant regeneration.'! The
medicinal plant such as Aleo vera and Calendula
officinal is are widely used in order to facilitated the
healing process as well as shortening the three major
stages of the healing process. However, the herbal
therapy- because of lower costs and better results-
obtained increasing interests.
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lint bells (Linumusitatissimum) is an herb belonging to
the Linaceae family,” and is one of the oldest cultivated
plants in the world which is cultivated for its fiber and
oil *. Lint bells and its derivatives such as lintbells oil or
lintbells are rich sources of the polyunsaturated fatty
acids (PUFA) and essential fatty acids (EFA). For
example the linoleic acid (omega-6 fatty acids), oleic
acid, secoisolariciresinol diglucoside (SDG), flavonoids,
phenolic acids, phenols, lignans and tannins are found in
these plants.*>

In traditional medicine, Linum seed oil is used in heart
disease,” some types of cancer,”® to control
inflammation, for autoimmune disease,’ and wound
healing.” The therapeutic effects of different doses and
pharmaceutical forms of linum seed oil have not been
investigated. Therefore, the present study has been
conducted to evaluate the effect of different therapeutic
dosages and pharmaceutical forms (pure oil and
medicated cream) on wound contraction and healing
process.
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Materials and Methods
Experimental animals

60healthy inbred Male Swiss albino mice of either sex
(six males and six females in each group, weight: 25-30,
age 7-8 weeks) were obtained from the animal house,
veterinary colleges of Urmia University and used in the
present study. All mice were housed in separate
polyethylene cages for five days at standard
experimental conditions of temperature (22 +3°C),
humidity (60 + 5) %, and a 12h light/dark cycle for
acclimatization. The animals were maintained on a
standard pellet diet and tap water ad lib.

Oil material and preparation of the topical creams

Pure linseed oil used in this study, purchased from the
Barij Essence Company (Kashan, Iran), and transferred
to the college of Veterinary Medicine, Azad University
of Urmia, in a glass jar in a dark and closed with no
contact with light and air. All the variants consisted base
formulation comprising syntetic base cream (yellow soft
paraffin; PARS DARUO. Ltd., Tehran. Iran).

Following wound induction, all mice randomly were
labeled by none toxic color and divided into four groups
of six animals each. Group A, negative control group
(Untreated); Group B, vehicle animals, in which base
formulation was administrated. Groups C and D, The
experimental groups was treated with two doses of 2%
and 4% from lintbells oil mixed with base formulation
(LBOC 2% and 4%). Finally, in group E, surface of the
wound was soaked with pure oil. In treatment groups,
0.4 gr of cream was applied topically on the wounded
site, once a day, immediately from the day of operation
until complete re-epithelialization. Daily observation
was performed and any wound fluid or any evidence of
infection or other abnormalities were noted."

Wound healing activity
Circular excisional wound model.

All mice weighed and anesthetized by intraperitoneal
administration of a combination of the ketamine HCL
5% (70 mg/kg/IP/; Alfasan International, Woerden,
Holland) and Xylazine HCL 2% (5 mg/kg/IP/; Alfasan
International, Woerden, Holland). Then the mice were
positioned and secured to surgical table in ventral
recumbency position and the hair on the back of each
animal was shaved and sterilized with 70% alcohol.
Two circular, full thickness wounds, was created on
each side of the thorax, on scapular region of each
mouse, by excising the skin with 5 mm biopsy punch.

Wound area measurement

The surface of the wound during experiment period was
measured and reported in percentage. A transparency
paper and a permanent marker were used in order to

34

measure and record the wound size at the 3, 6, 9, and 12
days after surgery."'

Histopathological study

The full-thickness skin specimens were harvested on the
3" 6™ and 12™ days after surgery, following sacrificing
the animals. Sample excised along with 1 to 2mm
surrounding normal skin. The specimens were then
fixed in 10% formalin. Following tissue processing, 5
um sections were prepared and stained with Masson’s
trichrome staining technique and studied under light

microscope.
Three parallel sections were studied in each slide for the
following  parameters: Cellular infiltration

(Mononuclear cells, polymorph nuclear cells and
Fibroblastic distribution) and new vessels bud were
qualitatively evaluated in five high power fields (HPFs)
(x400). Moreover, the blood congestion, edema,
fibroplasia, collagen deposition and intensity, fibrin and
scar were qualitatively evaluated as absent (-), mild (+),
moderate (++), severe (+++) and extensive (++++) (-
x100). >

Statistical Analysis

Experimental results were expressed as means + SD.
Statistical analyses were performed using PASW 18.0
(SPSS Inc., Chicago, IL, USA). Model assumptions
were evaluated by examining the residual plot. Results
were analyzed using one way ANOVA. Dunnett's test
for pair-wise comparisons was used to examine the
effect of time and treatments. Differences were
considered significant when P < 0.05.

Results
Wound contraction

Observations revealed that administrating the 2% and
4% from LBOC significantly increased wound
contraction ratio versus those in non-treated animals
(P<0.05) (Table 1).

Histopathological evaluation

Histological analyses showed that the LBOC
remarkably reduced the time of inflammatory stage,
accordingly, the animals in LBOC-treated group
manifested significantly lower immune cells infiltration,
edema, blood congestion and rapid generation of
granulation tissue. Moreover, the animals in treated
group exhibited rapid proliferation of fibroblasts and
shortened proliferative phase. Animals in LBOC-
administrated group also revealed a significant
enhancement in collagen deposition and maturation.
However, the animals in 2% LBOC-treated group
showed better results in comparison to those in 4%
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group. In contrast, the animals in non-treated group  (++), neovascularization (++) as well as lower collagen
showed higher immune cells infiltration (++++),  deposition (++) comparing to those in treated groups.
remarkable edema (++++) and considerably higher = The data for histopathological analyses are presented in
congestion (++++) in inflammatory phase. Moreover,  table 2.

these animals presented lower fibroblast distribution

Table 1- Histological evaluation of lint bells oil on wound healing processes in different groups of treatment in mice.

Days Concentrations U Ed PMN MNC NV FP CD
Vehicle +++ +++ +H/+++ +/+++ ++ ++ +
Negative control +++ +++ ++ +++ ++ +[+++ +++
LBOC 2% ++ +++ +/++ ++++ +++ ++++ ++/+++
6 LBOC 4% ++ ++ ++ +++ ++ +++ ++
Pure Lint bells oil +++ +++ ++ +++ ++ +H+++ +++

Hematoxylin and eosin stained sections were scored as absent (—), present (+), mild (++), moderate (+++) and severe (++++)
for Ed: Edema; U: Ulceration; NV: Neovascularization; PMNs: Polymorph nuclear cells; FP: Fibroblast proliferation; MNC:
Mononuclear cells; CD: Collagen Deposit.

Table 2- Effect of lint bells oil (LBOC) on wound area

Wound area imm 2 i + SD.

Negative control 16.05+3.21 12.34+2.28 7.22+2.19 3.50 = 0.87
LBOC 2% 13.95+ 0.23 5.54+0.17* 2914027 0.78 % 0.05°

~ LBOC4% 1495028  681+175  3.69+0.13  101£027°
Pure Oil 1545232 10.17 +3.27 6.24 % 0.39 2.94 +0.22

Results are as standard error mean for 6 rats per group.
*P<0.05 and vs Control

Figure 1- Masson trichrom stained sections of granulation Figure 2- Masson trichrom stained sections of granulation
tissue in the control (A and C), LBOC 4% (C and D) and tissue in the control (A and C), LBOC 4% (C and D) and
LBOC 2% (E and F) group at 6 day after wound creation. LBOC 2% (E and F) group at 12 days after wound creation.
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Moreover, the histological assessments revealed that
LBOC inhibited the wound-induced inflammatory phase
and stimulated the proliferative phase by enhancing the
fibroblasts distribution and/or proliferation. Ultimately,
it promoted the healing process by facilitated the
collagen synthesis, deposition and maturation. However,
all stages of healing process delayed in non-treated
animals significantly.

The wound healing process consists three overlapping
phases such as; inflammation, granulation tissue
formation and remodeling of the extra cellular matrix."
Different studies show that the intake of fatty acid,
which found in soy, corn, sunflower, fish, Lintbells, and
canola oils, have the ability to modify growth factor
activity, cell differentiation, and cell prolifera‘[ion.”’15
Lintbells (Linum usitatissimum) is an herb belonging to
the Linaceae farnily,2 and its derivatives lintbells oil or
lintbells, are rich sources of the PUFA, EFA, fatty acids
(alpha-linolenic acid and linoleic acid)and SDG as an
anti-oxidant component.** According to previous
studies the mentioned chemicals are known to be as
essential agents in provoking the healing process.”'
Therefore, as a preliminary conclusion we cn suggest
that LBOC promoted the healing process because of
high concentration of PUFA, EFA, omega 3, omega 6
and other mentioned agents.

Several studies emphasized that, antioxidants, and
phenolic compounds'” '* exert a promoting impact on
accelerating skin wound healing and are able to enhance
wound contraction ratio. On the other hand, the SDG- as
an antioxidant agent- significantly improves the healing
process. In this regard, it is reported that there is a
positive correlation between controlling the oxidative
stress and shortening the healing process. Thus, it can
be concluded that LBOC in 2% form of administration
stimulated the healing process because of massive
amount of SDG.

Histopathological analyses showed that 2% LBOC
resulted in reducing immune cells infiltration and
enhanced the fibroblasts proliferation. Fibroblasts are
the main cells in synthesis of dermal matrix as well as
collagen fibers, so, we can suggest that LCOB increased
the collagen deposition via elevating the fibroblasts
proliferation. Comparing the 2% and 4% LBOC showed
that the 2% LBOC-treated animals exhibited better
results. It can be attributed to its irritant impact in higher
doses. As shown in table 2, 4% LBOC resulted in longer
inflammatory stage in comparison to those in lower
dose-treated group. On the other hand it is reported that

11, 14
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the antioxidant chemicals are able to reduce the
inflammatory reactions in healing process.'* '®

Morover, the angiogenesis and infiltration of
macrophages in wound area play an essential role in the
healing process via reducing the oxidative stress,
nutrients delivery and promoting the structural cells
(mast cells and fibroblasts) proliferation.'> Our
observations demonstrated that the angiogenesis
increased in 2% LBOC-treated animals associated with
increased fibroblasts distribution. Thus, LBOC induced
angiogenesis, and ultimately provoked the proliferative
phase, which is reported to other plants.'" '*

In fact, administrating the oil formulation naturaly
allows the wound area to keep the optimal humidity
which is necessary for better re-epithelialization.” ' Our
analyses showed that the animals in LBOC-treated
group had much better re-epithelialization. Although the
animals in pure oil-treated group showed improved re-
epithelialization, those in LBOC-treated groups
exhibited better results. Thus, it could be suggested that
the only moisturing of the wound area is not sufficient
and/or appropriate enough to improve the healing
process but the longer maintenance of the cream
preparation over the wound, in comparison with the
pure oil is important.

These results confirm the findings of other researchers
on the effects of lint bells oil to reduce wound area,
amount of inflammatory cells and edema, increase
collagen deposition and accelerated wound healing
process.”

Conclusion

According to our study, topical administration of 2%
LBOC remarkably promoted the healing process.
Moreover, we showed that the LBOC shortened the
inflammatory stage and stimulated the proliferative
phase, cellularity and ultimately improved the
maturation phase by illustrating LBOC-induced
collagen bundling and complete epithelialization.
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