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Abstract

BACKGROUND: Wound healing includes phases such as cell migration, extracellular matrix deposition, remodeling, 
and angiogenesis. There are growing medicines that accelerate wound healing, significantly herbal medications that 
mainly safe and reliable.

AIM: The aim of the study is to examine the histological changes induced by flaxseed oil during wound healing in 
diabetic animal model.

METHODS: Forty-five male white New Zealand rabbits divided into two main groups diabetic and non-diabetic each 
group is divided into three groups (n = 9).Diabetic animal group include: (1) Study group (adding Flaxseed), (2) positive 
control group (adding fucidin 2% cream), and (3) negative control group (no treatment) same distribution of non-diabetic 
animals groups. Four linearshape,full-thickness wounds were made in both sides of the backbone skin in each animal. 
Tissue samples were obtained at days 4th, 7th, and 14th post wounding for microscopical analysis, histopathological 
parameters included inflammation, re-epithelialization, neovascularization, and surface closure rates.

RESULTS: The study groups (using flax seed) in both diabetic and non-diabetic groups show significant reduction in 
inflammatory cells infiltration at day 14 (0.67 ± 0.753) (1.67 ± 0.516), and noticeable increase in wound closure rate 
(4.00+-0.000). Both diabetic and non-diabetic animal groups show high re-epithelialization potential at day 4 and day 
7, respectively (2.00 ± 1.549; 4.00 ± 0.00). Diabetic animal study group using flaxseed shows high neovascularization 
rate at the day 14 (2.17 ± 0.753) compared with positive control diabetic animal group (2.00 ± 0.000).

CONCLUSION: Topical application of flaxseed promoted healing process particularly in diabetic animal model by 
shortening inflammation phase, elevating surface closure rate, promoting re-epithelialization process, and enhancing 
neovascularization, flaxseed is suggested as a potential effective herbal base medication for facilitating wound healing.
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Introduction

The diabetes mellitus is one of the chronic 
diseases that affect more people worldwide [1]. 
This disease leads to severe complications such 
as chronic wounds and diabetic foot ulcer [2]. The 
prevalence of chronic non-healing wounds is around 
15% of all diabetic population, with up to 66% of the 
subjects admitted to the hospital with diabetic foot 
osteomyelitis [4].

Infection with increased inflammatory 
markers is closely related to the pathogenesis 
and complications of diabetes, which, in turn, 
may increase the incidence of diabetic foot ulcer. 
In addition, the balance between pro-and anti-
inflammatory processes is vital in the development 
of wound healing. Diabetic peripheral neuropathy, 
peripheral vascular diseases, impaired angiogenesis, 

and chronic inflammation are multifactor that initiates 
the impaired wound healing [5].

Wound healing is a complex process that 
involves simultaneous action of soluble mediators, blood 
cells, extracellular matrix as well as mesenchymal cells. 
The process is composed of four overlapping phases, 
homeostasis/coagulation, inflammation, proliferation 
(granulation tissue formation), re-epithelialization, and 
remodeling [6]. Molecular and cellular processes during 
the inflammatory stages of skin healing are initiated 
and amplified to a large degree by a group of protein 
mediator known as pro-inflammatory cytokines [7]. 
Pro-inflammatory cytokines synthesis and activity are 
affected by the concentration of omega-3 fatty acids. In 
a study by McDaniel, it was observed that omega-3 fatty 
acids supplementation in a healthy human population 
for 4 weeks resulted in increased production of pro-
inflammatory cytokines, including interleukin-1β (IL-
1β) at wound sites and thus, depending on the clinical 
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content, has non-invasive, therapeutic potential to affect 
cutaneous wound healing. In addition, omega-3 fatty 
acids supplementation in microenvironment of acute 
human wounds improved wound healing [8]. Almost all 
earlier studies have evaluated the effects of omega-3 
fatty acids from fish oil supplements on wound healing 
among patients with diabetic foot ulcer.

Flaxseed oil (FO), a plant-derived omega-3 
(ω-3) polyunsaturated fatty acids (PUFAs), is rich 
in α-linolenic acid (ALA) (40–60%) which has been 
proved to benefit for chronic metabolic disease. 
However, the exact effects of dietary flaxseed oil on 
T2DM remain largely unclear [11]. Furthermore, data 
on the effects of omega-3 fatty acids on wound healing 
are conflicting. Regarding the effect of omega-3 fatty 
acids on inflammatory phase of healing process, a 
meta-analysis study has demonstrated that marine-
derived omega-3 supplementation had a significant 
lowering effect on C-reactive protein (CRP), IL–6, and 
tumor necrosis factors α (TNF-α) level [9]. It has been 
previously shown that taking omega-3 fatty acids from 
flaxseed oil (1g/day) for 12 weeks among diabetic 
neuropathy (DN) patients had favorable effects on 
markers of insulin metabolism, serum triglycerides, 
and VLDL-cholesterol, but did not affect biomarkers 
of inflammation and oxidative stress  [1]. However, no 
significant change in insulin levels was seen following 
supplementation with 3.6 g of omega-3 fatty acid 
among patient with chronic kidney disease for 10 
weeks [10].

Although many synthetic medication and/
or chemical products are used for wound healing, 
complications, side effects of these agents are not 
deniable [12]. Studies have drawn attention to protective 
effects of medicinal plants on wound healing [13], 
herbal medications have special characteristics which 
distinguish them from chemical drugs such as prolonged 
safe usage, lower costs, and less side effects [14]. 
Several plants have been accustomed to investigating 
their therapeutic properties on wound healing; however, 
therapeutic efficacy of those plants is still controversial. 
Flaxseed (Linum Usitatissimum) is known as a rich 
source of the essential fatty acids, unsaturated fatty 
acids, and phenolic compounds, it is reported that high 
antioxidant potential of flaxseed enhances immune 
system, as well as antimicrobial, antioxidant, and anti-
inflammatory properties [15]. The pharmacological 
properties of linseed oil are attributed to the presence 
of poly unsaturated fatty acids (PUFA) and mono 
unsaturated fatty acids (MUFA) in its composition that 
acts stimulating production of growth factors, fibroplasia, 
and neovascularization [16]. Previously authors 
reported that linoleic acid (ω-6) exhibits proinflammatory 
characteristics, whereas linolenic acid (ω-3) and oleic 
acid (ω-9) have an anti-inflammatory effect [17]. During 
a study evaluating the impact of topical administration of 
purified linolenic, linoleic and oleic acid, on the process 
of wound healing in rats, [18] determined that a favorable 

impact of MUFA oleic and PUFA linoleic acids on the 
process of tissue repair, specifically as proinflammatory 
agents throughout the inflammatory phase of the 
healing process [18]. It is noteworthy that linoleic acid 
(ω-6) is the direct precursor of arachidonic acid, which 
prevents transepidermal water loss, provides elasticity, 
skin integrity and fluidity [19], and serves as a substrate 
for the synthesis of eicosanoids such as prostaglandins, 
leukotrienes, and thromboxane, these, in turn, modulate 
immunological and inflammatory responses by altering 
leukocyte functions and accelerating the process of 
tissue granulation [21].

The beneficial effects of flaxseed on wound 
healing may be related to its anti-inflammatory and 
antioxidant action [22]. Moreover, modulating the 
secretion of adipocytokines and inflammatory markers and 
enhancing fatty acids β-oxidation by omega-3 fatty acids 
may improve methanolic profiles in patients with diabetic 
foot ulcer. As there is evidence that taking omega-3 fatty 
acid may accelerate wound healing and has anti-diabetic 
effect [23], we hypothesized that flaxseed oil topical 
application might help subjects with diabetic skin ulcer 
to heal their wound faster and have better biomarkers of 
inflammation and oxidative stress [24].

Materials and Methods

Animals and housing

The Animal Ethics Committee of international 
Islamic university Malaysia (CREAM) approved our 
study protocol [IIUM/ IACUC Approval/2016/(11)(76)]. 
The guidelines for using laboratory animals were 
strictly followed throughout the study [25]. Forty-five 
healthy male local bred white New Zealand rabbits 
weighting 1800 ± 200 g of 6–8 months in age were used 
in this study. Animals were housed in a 12 h light/dark 
environment with a temperature of 23°C. Pellet which 
contains proteins and vitamins with tap water was 
provided ad libitum.

Induction diabetes streptozotocin

The dose used to induce diabetes in rabbit 
using STZ varies from 40 to 60 mg/kg [26]. STZ could 
be injected intravenously or intraperitoneally, rabbits 
injected intraperitoneally with STZ (60 mg/kg) have 
shown a significant increase of fasting blood glucose 
level (299 ± 10 mg/dl) comparing to control rats (49 ± 
6 mg/dl) [27]. STZ was reported to be highly effective 
when injected intraperitoneally in white New Zealand 
rabbit, these rabbits exhibit high blood glucose levels 
following a single STZ injection without the need for 
repeated administration [28], [29].
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Preparation of the animals

Xylazine (Sanofi, France) in a dose of 1.25 ml 
was given as an intramuscular injection to induce 
sedative hypnotic condition; this is followed about 
10 min later by an intramuscular injection of 8.75 ml 
of Ketamine hydrochloride (Claris, India) to obtain 
dissociative anesthesia. After achieving anesthesia, 
rabbit eye was hydrated with normal saline to prevent 
corneal defect due to anesthesia induced eye 
dehydration. The operative fields were properly draped 
by sterilized towels and disinfected by Betadine solution 
(Povidone-iodine 10%).

Surgical procedure and study design

In this study, four full thickness linear wounds 
were made on the skin both sides of interscapular region 
on each rabbit back. Incisions were 15 ± 5 mm in length 
determined by surgical marker and measured using 
digital caliber, 4 mm wound depth was to the full thickness 
of the skin. A surgical blade No.15 (Romed, Holland) 
was used to make skin wounds with separation distance 
between the incisions not <3 cm as recommended by 
Jawad 2013 [30]  as shown in Figure 1.

Figure 1: Surgical technique used to create superficial linear wounds 
on rabbit backbone skin area

After performing incisional wounds, 45 male 
white New Zealand rabbits were divided into two main 
groups diabetic and non-diabetic each group is divided 
into three groups (n = 9). Diabetic animal group include: 
(1) Study group (adding Flaxseed), (2) positive control 
group (adding fucidin cream 2%), (3) negative control 
group (no treatment). The same distribution of non-
diabetic animals groups was followed accordingly, as 
shown in Figure 2. Four linear-shape, full-thickness 
wounds were made in both sides of the backbone skin in 
each animal. Tissue samples were obtained at days 4th, 
7th, and 14th post wounding for microscopical analysis, 
histopathological parameters included inflammation, 
re-epithelialization, neovascularization, and surface 
closure rates as shown in Table 1.

Figure 2: Experimental groups of white New Zealand rabbits for 
wound healing study

Histopathological examination
Semi-quantitative method was used to 

evaluate following histological processes and 
structures: Reepithelization, PMNL (polymorphonuclear 
leukocytes), fibroblasts, new vessels, and new collagen. 
Sections were evaluated according to the scale: 0, 1, 2, 
3, and 4 by two independent observers, parameters for 
histologic assessment of wound healing according to 
Gal et al., 2008, during wound healing of rabbits. H and 
E stain [31] as shown in Table 1. The mean value was 
used for statistical comparison.

Results

Flaxseed extracts reported positive results in 
histopathological assay tested on wounded skin of the 
rabbit. This is crucial to determine cellular changes in 
each treatment and the results would be able to justify 
whether extract did the most effective treatment in 
wound healing. This study examined the chronological 
histology of wound healing to define wound architecture 
and showed the following:

Four days after incisions preparation
The histological findings show a moderate 

to heavy inflammatory cell infiltration from the base 
to the surface. The incision site was clean without 
any remnant necrotic tissue. The reepithelization, 
inflammatory cell infiltration, and surface closure 
rate parameters of flaxseed, fucidin, and non-treated 
groups both diabetic and non-diabetic animals showed 
different histological scores at different intervals, 
presented at (×40 and scale bar 100 µm), as shown 
in Figures 3-6.

Table 1: Explanation of scale used in the semi-quantitative evaluation of histological sections

Scale Epithelization PMNL Fibroblasts New vessels Collagen
0 Thickness of cut edges Absent Absent Absent Absent
1 Migration of cells (<50%) Mild ST Mild-ST Mild-SCT Minimal-GT
2 Migration of cells (≥50%) Mild DL/GT Moderate-GT Moderate-GT Moderate-GT
3 Bridging the excision Moderate DL/GT Moderate-GT Moderate-GT Moderate-GT
4 Keratinization Marked DL/GT Marked-GT Marked-GT Marked-GT
ST: Surrounding tissue, that is, tissue out of GT; DL: Demarcation line, SCT: Subcutaneous tissue, GT: Granulation tissue.
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a. Reepithelization parameter at day 4 shown 
that the mean reepithelization of control 
group was the highest among NDM group 
while flaxseed showed higher mean than 
fucidin and the control group in the DM group. 
Nonetheless, the difference was not sizable 
to achieve statistical significance, (p = 0.273) 
and (p = 0.080), respectively, as shown in 
Table 2. 

b. Inflammatory cell infiltration parameter at 
day 4 of the NDM rabbit group did not show 
statistical significant with the presence of a 
minimal mean difference (p = 0.637), that is, 
the mean of inflammatory cells of NDM rabbits 
was highest among fucidin, flaxseed then, 
and lowest for control group. In regard to DM 
rabbits, the difference reached border line 
statistical significance (p = 0.119) where the 
inflammatory cells mean was highest among 
fucidin group then flaxseed and lowest for 
control by the 4th day (Table 2).

c. Surface closure parameter at day 4 shows that 

mean surface of control group was significantly 
the highest among NDM group followed 
by flaxseed then fucidin group (p = 0.056), 
while among DM group, the flaxseed was the 
highest followed by control then fucidin group 
(p = 0.008) (Table 2).

d. New vessels formation parameter at day 
4 shows that the mean new vessel of control 
group was the highest among NDM followed 
by flaxseed then fucidin. In regard to DM 
group, same distribution was observed. 
Nonetheless, the difference was not sizable to 
achieve statistical significance, (p = 0.328) and 
(p = 0.978), respectively (Table 2).

Summary of non-diabetic groups

The non-treated group showed a highest rate of 
epithelization and surface closure despite sub-cutaneous 
edema followed by flaxseed which showed higher rate 
than fucidin treaded group at day 4, likewise non-treated 

Figure 3: Histopathological photomicrograph of non-diabetic 
rabbits skin tissue stained with H and E. (a) Skin wound section 
of non-diabetic rabbit treated with flaxseed oil (× 500 μm), (b) 
Skin wound section of non-diabetic rabbit treated with flaxseed oil 
(100 µm magnification). (a and b) Photomicrograph showing the 
histological analysis of skin wound healing of non-diabetic animals 
at day 4 interval after H and E staining at 500 µm (Low power) and 
100 µm (High power) magnification. All wounds were covered by 
scabs and there was clear demarcation between the unwounded 
area of epidermis and dermis from the wounded area consisting of 
epithelial tongues and provisional matrices containing inflammatory 
cells

b

a

Figure 4: (a) Skin wound section of Non-diabetic rabbit treated with 
Flaxseed oil (500 µm magnification). (b) Skin wound section of Non-
diabetic rabbit treated with Flaxseed oil. (100 µm magnification). (a 
and b) Photomicrograph showing the histological analysis of skin 
wound healing of non-diabetic animals at day 7 interval after H 
and E staining at 500 µm (Low power) and 100 µm (High power) 
magnification. Flaxseed treated wounds still covered by scabs with 
a clear demarcation between the unwounded area of epidermis and 
dermis from the wounded area consisting of completely connected 
epithelial tongues and provisional matrices containing less 
inflammatory cells as compared to day 4 interval

b

a
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group showed a highest number of fibroblast cells 
proliferation for angiogenesis, followed by flaxseed and 
fucidin treated group. The highest rate of inflammatory 
cells infiltration PMNL was shown in fucidin group. While 
the flaxseed treated group showed a highest rate of 
granulation tissue deposition by the presence of more 
organized collagen tissue compared to non-treated and 
Fucidin group as visible at day 4 interval.

Summary of diabetic groups

Remarkably, the flaxseed treated group showed 
a highest rate of epithelization and surface closure with 

absence of sub-cutaneous edema as compared to 
fucidin and non-treated group, respectively. In regard 
to fibroblast cell proliferation, the non-treated group 
showed a highest rate of proliferation for angiogenesis 
(appear as cherry red), followed by flaxseed then 
fucidin treated group, the cell proliferation in flaxseed 
treated group of diabetic animals showed a higher 
rate as compared to non-diabetic animals. Although a 
highest rate of inflammatory cells infiltration PMNL was 
shown in fucidin treated group, flaxseed treated group 
showed a lower rate of granulation tissue deposition 
which almost equal to fucidin as compared to non-
treated group. However, flaxseed in diabetic animals 
showed a lower rate of granulation tissue deposition 

Table 2: A summary of semi-quantitative analysis of histological parameters mean values of diabetic and non-diabetic studied 
groups at day 4 post-wounding

Groups Day 4: Post wounding
Reepithelialization Inflammatory cells Surface closure rate New vessels 
NDM DM NDM DM NDM DM NDM DM
Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD

I IV 1.33 ± 0.516 2.00 ± 1.549 3.17 ± 0.983 3.17 ± 0.408 1.83 ± 0.983* 2.50 ± 1.225* 3 ± 0.516 3.17 ± 0.516
III VI 2.00 ± 1.265 1.50 ± 0.837 3.00 ± 0.000 3.17 ± 0.408 2.83 ± 0.983* 2.33 ± 1.033* 3.67 ± 0.516 3.67 ± 0.516
II V 1.17 ± 1.472 0.67 ± 0.516 3.17 ± 1.169 3.67 ± 0.516 1.17 ± 1.472* 0.67 ± 0.516* 2.50 ± 0.753 3.00 ± 0.816
p value 0.273 0.080 0.637 0.119 0.056 0.008 0.328 0.978
A summary of semi-quantitative analysis of histological parameters mean values of diabetic (DM) and non-diabetic (NDM) studied groups at day 4 post-wounding. I= flaxseed NDM; II= fucidin NDM; III= non-treated 
NDM; IV= flaxseed DM; V= fucidin DM; VI= Non-treated DM. Values were expressed as mean ± SD (n=9). *Symbol means the statistical difference was significant (p ≤ 0.05).

Figure 5: (a) Skin wound section of non-diabetic rabbit treated with 
Flaxseed oil. (500 µm magnification). (b) Skin wound section of non-
diabetic rabbit treated with Flaxseed oil. (100 µm magnification). 
(a and b) Photomicrograph showing the histological analysis of skin 
wound healing of non-diabetic animals at day 14 interval after H and E 
staining at 500 µm (Low power) and 100 µm (High power) magnification. 
The scabs had been detached on all wounds with an indistinct 
demarcation between the unwounded area of epidermis and dermis 
from the wounded area. The epidermis had been fully regenerated 
forming completely matured epithelial cells covering immature matrices 
with scant inflammatory cells as compared to day 7 interval

b

a

Figure 6: Histopathological photomicrograph of diabetic rabbits 
skin tissue stained with H and E. (a) Skin wound section of diabetic 
rabbit treated with Flaxseed oil. (500 μm magnification). (b) Skin 
wound section of diabetic rabbit treated with flaxseed oil. (100 µm 
magnification). (a and b) Photomicrograph showing the histological 
analysis of skin wound healing of diabetic animals at day 4 interval 
after H and E staining at 500 µm (Low power) and 100 µm (High 
power) magnification. All wounds were covered by scabs and there 
was clear demarcation between the unwounded area of epidermis 
and dermis from the wounded area consisting of epithelial tongues 
and provisional matrices containing inflammatory cells

b

a
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as related to non-diabetic animals. Flaxseed treated 
group showed presence of more oriented, matured and 
organized collagen tissue compared to other groups in 
both diabetic and non-diabetic animals.

Seven days after incisions preparation

The histological findings shows complete 
re-epithelization of the surface, the incision side showed 
the presence of collagen fibbers (abundant), a moderate 
amount of inflammatory cell infiltration are evidence. The 
margins of the wound did not show hyperpigmentation 
of melanin due to absence of melanocyte in the basal 
cell layer of epithelium as shown in Figures 4-7.
a. Reepithelization parameter at day 7 of the NDM 

rabbit group did not show statistical significant 
despite the presence of mean difference 
(p = 0.160) i.e. the mean of reepithelialization 
of NDM rabbits was highest among flaxseed 
group then fucidin and lowest for control. In 
regards to DM rabbits, the difference reached 
border line statistical significance (p = 0.057) 
where the reepithelialization mean was highest 
among flaxseed group then fucidin and lowest 
for control by the 7th day. Table 3.

b. Inflammatory cell infiltration parameter at day 
7 shown that the mean inflammatory cells of 
control group were the highest among NDM 
and DM group. Nonetheless, the difference was 
not sizable to achieve statistical significance, 
(p = 0.487) and (p = 0.489), respectively, (Table 3).

c. Surface closure parameter at day 7 shown 
that the mean surface of flaxseed group was 
the highest among NDM and DM, followed 
by fucidin then control. Nonetheless, the 
difference was not sizable to achieve statistical 
significance, (p = 0.160) and (p = 0.057), 
respectively (Table 3).

d. New vessels formation parameter at day 
7 shown that the mean new vessel of 
control group was the highest among NDM 
and DM, followed by fucidin then flaxseed. 
Nonetheless, the difference was not sizable to 
achieve statistical significance, (p = 0.125) and 
(p = 0.272) respectively, (Table 3).

Summary of non-diabetic groups

The flaxseed treated group showed a highest 
rate of epithelization and surface closure without sub-
cutaneous edema followed by fucidin which showed 
higher rate than non-treaded group at day 4, respectively, 
whereas non-treated group showed a highest number 
of fibroblast cells proliferation for angiogenesis followed 
by fucidin and flaxseed treated group. The lowest rate 
of inflammatory cells infiltration PMNL was shown in 
flaxseed treated group. However, the non-treated group 
showed a highest rate of granulation tissue deposition 
by the presence of more organized collagen tissue 
compared to flaxseed and fucidin treated group as 
visible at day 7 interval.

Summary of diabetic groups

Remarkably and same as in 4th day interval, 
the flaxseed treated group showed the highest rate 
of epithelization and surface closure with absence of 
sub-cutaneous edema as compared to fucidin and non-
treated group, respectively. In regard to fibroblast cell 
proliferation, the non-treated group showed a highest 
rate of proliferation for angiogenesis, followed by fucidin 
then flaxseed treated group which was higher in its 
rate than the non-diabetic animals, although flaxseed 
showed a highest rate of fibroblast cell proliferation, 
non-treated group showed the highest rate of new 
vascularization followed by fucidin and flaxseed treated 
group which showed a higher rate than non-diabetic 
animals. In the 7th day interval, non-treated group 
showed a highest rate of inflammatory cells infiltration 
PMNL followed by flaxseed then fucidin treated group. 
Consequently, the non-treated group showed a highest 
rate of granulation tissue formation followed by flaxseed 
group which showed a higher rate than that of non-
diabetic animals then the fucidin treated group. 

Fourteen day after incisions preparation

The histological findings show relatively thin 
layer of epithelium covering the underling dermis, 
which was highly cellular fibrovascular connective 
tissue stroma with no evidence of skin appendage (hair 
follicle, sweat, and sebaceous gland) (Figure 5-8).
a. Reepithelization parameter at day 14 of the 

NDM rabbit did not show any mean difference 
(p = 1.000). In line with NDM group, the mean of 
DM rabbits was also equal between treatment 

Table 3: A summary of semi-quantitative analysis of histological parameters mean values of diabetic and non-diabetic studied 
groups at day 7 post-wounding

Groups Day 7 Post wounding
Reepithelialization Inflammatory cells Surface closure rate New vessels 
NDM DM NDM DM NDM DM NDM DM
Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD

I IV 4.00 ± 0.000 4.00 ± 0.000 1.67 ± 0.516 2.67 ± 0.816 4.00 ± 0.000 4.00 ± 0.000 2.33 ± 0.894 2.67 ± 0.816
III VI 3.00 ± 1.095 2.67 ± 1.033 2.67 ± 1.506 2.83 ± 1.472 3.00 ± 1.095 2.67 ± 1.033 3.5 ± 1.265 3.5 ± 1.329
II V 3.33 ± 1.033 3.00 ± 1.095 2.00 ± 0.894 2.33 ± 0.816 3.33 ± 1.033 3.00 ± 1.095 2.5 ± 0.516 2.83 ± 0.632
p value 0.160 0.057 0.487 0.489 0.160 0.057 0.125 0.272
A summary of semi-quantitative analysis of histological parameters mean values of diabetic (DM) and non-diabetic (NDM) studied groups at day 7 post-wounding. I = flaxseed NDM; II = fucidin NDM; III = Non-treated 
NDM; IV = flaxseed DM; V = fucidin DM; VI = Non-treated DM. Values were expressed as mean ± SD (n = 9). *Symbol means the statistical difference was significant (p ≤ 0.05).
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groups (p = 1.000) (Table 4).
b. Inflammatory cell infiltration parameter at day 

14 shown that the mean inflammatory cells of 
fucidin group were the highest among NDM 
group, followed by flaxseed then control group 
(p = 0.006), while flaxseed showed lowest mean 
value than fucidin and the negative control 
group in the DM group (p = 0.009) (Table 4).

c. Surface closure parameter at day 14 of the 
NDM rabbit did not show any mean difference 
(p = 1.000). In line with NDM group, the mean of 
DM rabbits was also equal between treatment 
groups (p = 1.000) (Table 4).

d. New vessels formation parameter at day 14 

shown that the mean new vessel of fucidin 
group was significantly the highest among 
NDM group followed by flaxseed then control 
group (p = 0.002) while flaxseed showed 
higher mean than fucidin and the control group 
in the DM group (p = 0.002) (Table 4).

Summary of non-diabetic groups
All wounds showed a highest rate of 

epithelization and surface closure since healing process 
getting advanced through this interval. Altered from the 

Table 4: A summary of semi-quantitative analysis of histological parameters mean values of diabetic and non-diabetic studied 
groups at day 14 post-wounding

Groups Day 14 Post wounding
Reepithelialization Inflammatory cells Surface closure rate New vessels
NDM DM NDM DM NDM DM NDM DM
Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD Mean ± SD

I IV 4.00 ± 0.00 4.00 ± 0.00 1.17 ± 0.983* 0.67 ± 0.753* 4.00 ± 0.00 4.00 ± 0.00 1.67 ± 0.548* 2.17 ± 0.753*
III VI 4.00 ± 0.00 4.00 ± 0.00 0.33 ± 0.516* 2.17 ± 0.816* 4.00 ± 0.00 4.00 ± 0.00 1 ± 0.516* 1.33 ± 0.548*
II V 4.00 ± 0.00 4.00 ± 0.00 2.00 ± 0.000* 2 ± 0.000* 4.00 ± 0.00 4.00 ± 0.00 2.00 ± 0.00* 2.00 ± 0.000*
p value 1.000 1.000 0.006 0.009 1.000 1.000 0.002 0.002
A summary of semi-quantitative analysis of histological parameters mean values of diabetic (DM) and non-diabetic (NDM) studied groups at day 14 post-wounding. I = Flaxseed NDM; II = Fucidin NDM; III = Non-treated 
NDM; IV = Flaxseed DM; V = Fucidin DM; VI = Non-treated DM. Values were expressed as mean ± SD (n = 9). *Symbol means the statistical difference was significant (p ≤ 0.05).

Figure 7: (a) Skin wound section of diabetic rabbit treated with 
Flaxseed oil. (500 μm magnification). (b) Skin wound section of 
diabetic rabbit treated with flaxseed oil. (100 µm magnification). (a 
and b) Photomicrograph showing the histological analysis of skin 
wound healing of diabetic animals at day 7 interval after H and 
E staining at 500 µm (Low power) and 100 µm (High power) 
magnification. All wounds were covered by scabs and there was 
clear demarcation between the unwounded area of epidermis and 
dermis from the wounded area consisting of epithelial tongues and 
provisional matrices containing inflammatory cells

b

a

Figure 8: (a) Skin wound section of diabetic rabbit treated with 
flaxseed oil. (500 μm magnification). (b) Skin wound section of 
diabetic rabbit treated with flaxseed oil. (100 μm magnification). 
(a and b): Photomicrograph showing the histological analysis of 
skin wound healing of diabetic animals at day 14 interval after 
H and E staining at 500 μm (Low power) and 100 μm (High power) 
magnification. The scabs had been detached on all wounds with an 
indistinct demarcation between the unwounded area of epidermis 
and dermis from the wounded area. The epidermis had been fully 
regenerated forming completely matured epithelial cells covering 
immature matrices with scant inflammatory cells as compared to day 
7 interval

b

a
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previous intervals, fucidin treated group showed a highest 
number of fibroblast cells proliferation for angiogenesis, 
followed by flaxseed and non-treated group, respectively. 
Similarly, fucidin treated group showed a highest rate of 
inflammatory cells infiltration PMNL as shown in plates. 
Although mean values of granulation tissue deposition 
were low between all groups in 14 days interval, fucidin 
treated group showed a highest rate of granulation tissue 
deposition, followed by flaxseed then non-treated group 
as visible at day 14 interval.

Summary of diabetic groups

All wounds showed a highest rate of 
epithelization and surface closure since healing process 
getting advanced through this interval as visible in plate. 
Consistent to 7th day intervals, flaxseed treated group 
showed a highest number of fibroblast cells proliferation 
for angiogenesis followed by fucidin then non-treated 
group, respectively. Similarly, flaxseed treated group 
showed a highest rate of inflammatory cells infiltration 
PMNL. Although mean value of granulation tissue 
deposition was low between all groups in 14 days 
interval, fucidin treated group showed a highest rate 
of granulation tissue deposition which was cut higher 
in many folds than the non-diabetic animals for same 
interval, followed by flaxseed then non-treated group as 
visible in plate.

Discussion

The healing of the injured mammalian skin 
is an extremely complicated and dynamic process 
involving a series of sequential and overlapping phases, 
including hemostasis, inflammation, proliferation, and 
remodeling. The process needs interactions between a 
variety of cell types, multiple cytokines, growth factors, 
and ECM [32]. The spontaneous healing of diabetic 
full-thickness skin wounds takes a protracted time 
and regularly end up in scar formation that becomes 
clinically apparent as hypertrophy, poor skin elasticity, 
and undesirable cosmetic appearance. Hence, dermal 
regeneration is important to boost the functional and 
cosmetic outcomes in the healing of full-thickness skin 
defects [32]. Crude flaxseed extract is presently used 
for wound healing and tissue regeneration. Their role in 
tissue regeneration is to produce the microarchitecture 
required for cellular infill and mechanical support 
to keep up tissue integrity throughout regeneration 
process [33].

Topical application of flaxseed extract on the 
full-thickness skin wounds in rabbits had provided better 
epithelization, new vascularization, and collagenization 
in comparison to control groups. The flaxseed oil 
promoted the biological activities that resulted in faster 

healing with significant decrease in the severity of 
inflammation of non-diabetic animals at 7th day interval 
and 14th day interval for STZ-induced diabetic animals, 
This activity might be related to the antigen masking 
activity of the flaxseed on lymphocyte proliferation [31]. 
In flaxseed exposed group both diabetic and non-
diabetic animals, the epithelization and surface closure 
rate were more observable than that of control by days 
4 and 7, respectively. Whereas, the fucidin and non-
treated group performed sub optimally findings in gross 
and histological features of healing process. This was 
in agreement with the finding of Molfino et al. [32].

The significant increase in closure rate of the 
surface area of the flaxseed exposed group at the 7th day 
compared to the control was observed in both diabetic 
and non-diabetic animals for the same interval. This 
finding was not in agreement with Franco et al. 2012, 
who explained the therapeutic impact of petroleum jelly 
as control over flaxseed oil was due to occlusive and 
moisturizing action, through this mechanism, it prevents 
tissue from drying and prevents ischemia of deeper 
tissues, preventing the increase of the lesion [16]. 
Since the flaxseed extract occur in liquid form, it permits 
for faster absorption; however, increased exposure of 
the wound bed to the drying environment which leads 
consequently to the formation of scabs. Contrariwise, 
Demling and Desanti reported that the use of dressings 
has many functions, the primary being the protection of 
the wound to reduce the probabilities of infection and 
loss of water and electrolytes, with resultant dehydration 
of the wound bed [32]. Contrary to what was mentioned 
by Demling and Desanti, all created wounds in the 
current study treated with medication (fucidin) and 
exposed with study material (flaxseed) topically was 
without being dressed and covered showing (flaxseed) 
enhanced therapeutic potential with minimum formation 
of scabs subsequently. 

Current study results were not the same as 
those of Otranto et al., 2010, who evaluated the healing 
activity in rats and found a significant difference in the 
amount of fibrin (slough) in animals that were orally 
supplemented with linseed oil when compared with 
control group, supplemented with water. The same 
authors conjointly recommended that the use of 
linseed and fish oil should be avoided whenever there 
is a tendency to fibrosis, as in hypertrophic scars and 
keloids. Thus, current study findings may lead us to 
conclude that flaxseed oil showed more therapeutic 
potential when applied topically rather than being used 
systematically.

Histological analysis performed in day 4 
intervals disclosed that negative control group showed 
significant reepithelialization compared to flaxseed and 
fucidin treated groups, while the same positive finding 
was observed in flaxseed exposed group of both 
diabetic and non-diabetic animals at day 7 interval. 
One doable explanation for the absence of significant 
reepithelialization in flaxseed group can be attributed 
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to the presence of high concentration of ω-3 poly 
unsaturated fatty acids in relevance to non-treated 
group (negative control), whereas the high molecular 
weight of flaxseed particles may adversely interfere with 
surfaced keratinocytes migration and proliferation. In 
Addition, Altavilla also showed delayed wound healing 
as reflected in the decrease of reepithelialization of skin 
wounds in dogs fed a diet rich in ω-3 poly unsaturated 
fatty acids. According to Altavilla, the delay in the 
healing process may be due to the presence of greater 
numbers of unsaturated bonds in ω-3 poly unsaturated 
fatty acids, which is predisposed to lipid oxidation and 
consequently a delay in wound healing [37].

On the other hand, flaxseed oil significantly 
improved reepithelialization in diabetic animal at the 
early (day 4) and mid (day 7) phase healing interval 
subsequently. However, data on the effects of omega-3 
fatty acids from flaxseed oil on skin wound healing in 
diabetic human studies are scarce (Zahra Soleimani, 
et al., 2017). McDaniel et al. 2008 demonstrated that 
omega-3 fatty acids supplementation in a healthy 
human population for 4 weeks resulted in increased 
production of pro-inflammatory cytokines, including 
IL-1B at wound sites and thus, depending on the clinical 
context have non-invasive, therapeutic potential to 
effect cutaneous wound healing. IL-1 assist in regulation 
of fibroblast proliferation and collagen synthesis (Efron 
and Moldawer, 2004); therefore, it can be posited that 
its initial upregulation at the wound sites, as a result 
of omega-3 fatty acids supplementation could be 
pathway to regulate collagen formation. Moreover, IL-1 
expression increases keratinocytes growth, which is 
important for reepithelialization (Saunder et al., 1990). 

Flaxseed effect on diabetic wound healing of the 
current study species was in agreement with a previous 
study that measured wound healing in dog models 
found a longer time for reepithelialization in surgical 
wounds after omega-3 fatty acids supplementation 
when compared with other dietary alterations (Mooney 
et al., 1998). Angiogenesis is essential to carry oxygen 
and nutrient to newly formed healing tissue [13]. In 
this study, new vascularization was highest in flaxseed 
exposed group of diabetic animals at the 14th day 
interval compared to control groups of both diabetic and 
non-diabetic animals. This finding was in consistent with 
what been mentioned by McDaniel 2011 is that omega-3 
fatty acids intake in microenvironment of acute human 
wounds improved wound healing, flaxseed was found 
to induce the production of IL-6, and has a stimulatory 
effect on angiogenesis process (McDaniel et al., 2011).

Rahimi et al. in 2013 mentioned in his study 
that Flaxseed and genistein inhibit angiogenesis in vitro 
by decreasing proliferation and migration of endothelial 
cells and reducing level of VEGF in tumors [46]. 
Thus, flaxseed may have an effect on angiogenesis 
through VEGF production both by direct cellular 
effects and indirectly by reducing the endogenous 
estrogen production. For instance, in Cardoso study 

it was reported that topical administration of omega-3 
fatty acids to surgical wounds of mice significantly 
delayed wound closure in the first 10 days after surgery 
(Cardoso et al., 2004). Hence, the above-mentioned 
study suggests that the low angiogenesis rate seen 
in the rabbits when flaxseed oil administration may 
additionally be attributed to its result on angiogenesis 
phase of healing process. 

Few studies have done to evaluate the 
effects of flaxseed on wound healing, considering that 
prolonged inflammation as in diabetic wounds can lead 
to delayed healing, administrating the anti-inflammatory 
agents is important for wound healing [43]. Excessive 
PMN activity in the microenvironment of wound 
successively ends up in biosynthesis of protease 
and neutrophilic elastase that finally leads to tissue 
destruction and persistent inflammation [44]. In this 
study, flaxseed exposed group non-diabetic animals 
showed diminished PMN and MNC distribution at the 
day 7 interval (1.67 ± 0.516), whereas diabetic animals 
showed diminished inflammation at the day 14 interval 
(0.67 ± 0.753). It is delineated that high flavonoid and 
phenolic acid contents of flaxseed oil offer a remarkable 
antioxidant and anti-inflammatory activity [43].

Zahra Soleimani study demonstrated that 
omega-3 fatty acids supplementation for 12 weeks 
subjects with diabetic foot ulcer was associated with 
significant decrease in serum inflammatory hs-CRP, and 
significant increase in plasma TAC (Total antioxidant 
capacity) and GSH (Plasma glutathione) levels, but did 
not influence plasma NO and MDA (Malondialdehyde) 
concentration. In addition, supplementation with 
omega-3 fatty acids in women with systemic lupus 
erythematosus for 12 weeks led to significant decrease 
of CRP levels, but did not alter serum concentration 
of IL-6 and IL-10 (Borges et al., 2016). However, 
supplementation with omega-3 fatty acids did not 
change serum CRP concentration among subjects with 
chronic inflammatory periodontitis after 6-weeks and 
12-week treatment (Deore et al., 2014).

Flaxseed is great source of polyunsaturated 
fatty acids. According that flaxseed oil improves 
immune status index and have a tendency to decrease 
the delayed-type hypersensitivity reactivity. Thus, it is 
suggested that suppression of cell-mediated immunity 
by flaxseed oil appear to be helpful in treatment of 
autoimmune disease or inflammatory conditions [45]. 
As noticed, flaxseed oil suppressed PMN and MNC 
distribution particularly in diabetic groups at 7th day 
interval. However, control groups exerted a better 
effect than flaxseed group in 4th day intervals, the direct 
cellular and molecular mechanism for anti-inflammatory 
effect of poly unsaturated fatty acids on PMN regulation 
are still not fully understood [44]. Thus, the different in 
our findings with others might be explained by different 
study designs, and the source of PUFA, dosage and 
method of application of PUFA as well as duration of 
the study.
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Conclusion

Therapeutic analysis for medicinal plants is 
essential due to the growing interest in different therapies 
and the therapeutic application of natural products. 
Thus, synthetic drugs are much more expensive and 
may have side effects whereas plants are not only 
cheap but safe, so they will be used widely to treat 
wounds. Apparently, our results showed that flaxseed 
oil had curative impact on wound healing. Supported on 
that, flaxseed offered a regenerative medicine approach 
of full-thickness skin wound repair in STZ-induced 
diabetic rabbits. Therefore, its clinical application could 
also be potential may be possible to full-thickness skin 
wounds ensuing from varied pathologies, trauma and 
burn, we recommended further researches required to 
clarify potential interaction on wound healing pathways 
and flaxseed.
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