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ABSTRACT

The purpose of this study was to determine the effects of boron on wound healing and further evaluate some
antioxidant and oxidant characteristics. A total of 32 adult male Wistar rats were divided into four groups; control
group, local boron (LB) group, oral boron (OB) group, and oral+local boron (OLB) group. Under general
anesthesia, a circular full-thickness skin defect with a diameter of 1.5 cm was created on the dorsal region of the
rats. Boron (10 mg/kg) was administered per oral in OB group and 3% boric acid was administered topically in
LB group, and 10 mg/kg boron was administered per oral and 3% boric acid was applied topically in OLB group.
Control group did not receive any medication. In histopathological examination, re-epithelialization, granulation
tissue formation, collagen formation, inflammatory cell formation, and neovascularization were found to be more
superior in LB and OLB groups as compared to the control and OB groups. Blood and wound tissue MDA levels
in OB and OLB groups were lower with respect to the control and LB groups (p<<0.05). In conclusion, oral
administration of boron in addition to topical treatment contributes the wound healing due to the antioxidant
property of boron in wound healing process.
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Ratlarda Oral veya Topikal Olarak Uygulanan Borun Yara Iyilesmesi ve Oksidatif Stres Uzerine
Etkilerinin Karsilagtirilmasi

(074

Bu ¢alismanin amaci, borun yara iyilesmesi ve bazi antioksidan ve oksidan parametreler Uzerine olan etkisinin
belirlenmesidir. Calismada, toplam 32 adet eriskin erkek Wistar rat1, kontrol grubu, lokal bor (LB) grubu, oral bor
(OB) grubu ve oral+lokal bor (OLB) grubu olmak tzere ratgele dort gruba ayrildi. Genel anestezi altinda,
ratlarin sirt bélgesinde 1,5 cm ¢apinda dairesel tam kat bir deri defekti olusturuldu. OB grubunda bulunan ratlara
oral olarak 10 mg/kg bor, LB grubunda bulunan ratlara topikal % 3’lik borik asit, OLB grubunda bulunan ratlara
oral 10 mg/kg bor ile bitlikte topikal olarak % 3’lik borik asit uygulandi. Kontrol grubuna ise herhangi bir ilag
uygulanmad:. Histopatalojik inceleme i¢in yara dokusu Ornekleri alindi. Histopatolojik olarak; repitelizasyon,
granulasyon dokusu olusumu, kollagen formasyonu, yangtsal hiicre olusumu ve neovaskiilarizasyonun LB ve OLB
gruplarinda kontrol ve OB grubuna gére daha iyi oldugu belitlendi. OB ve OLB gruplarinda kan ve yara dokusu
MDA duzeylerinin kontrol ve LB grubuna gore dusiik oldugu belirlendi (p<0,05). Sonug olarak; yara sagaltiminda,
lokal olarak borik asit kullanima ek olarak antioksidan Ozelliklerinden dolayt oral bor kullaniminin yara
iyilesmesine katki sagladigt sGylenebilir
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INTRODUCTION

Wound healing is a complex physiological process
involving interrelated stages and affected by many
factors. To understand the fundamental principles of
wound healing, it is necessary to know the physiology
of the process of wound healing including the stages
such as hemostasis, inflammation, proliferation, and
remodeling (Keast and Orsted 1998, Beckert et al.
2007, Singh et al. 2017). The basic approach for
ensuring wound healing in a shorter period of time
and ideal scar formation is affected by inflammatory
cells, platelets, and some mediators that play a key
role in this process. Besides the factors such as
collagen synthesis, angiogenesis and extracellular
matrix formation are also effective in wound healing
(Werner and Grose 2003, Kapan et al. 2008, Ozler et
al. 2010).

Boron is an essential element and it is generally used
in industrial, agricultural and cosmetic applications as
well as in the field of healthcare (Murray 1998).
Boron has very important role in mineral and
hormone metabolism, bone development, antioxidant
defense system, wound healing, energy metabolism,
and immune system (Kuru and Yarat, 2018). It is an
element essential for maintaining the balance and
amount of magnesium, phosphorus, and calcium,
exclusively in the bone (Wilson and Ruszler 1998). In
various studies, it has been demonstrated that boron
has antioxidant (Ince et al. 2010, Uckun 2013, Coban
et al. 2015), hepatoprotective (Ince et al. 2012), and
anti-genotoxic effects ((Ince et al. 2014). Boron is a
wound healing material, and it has been reported that
3% boric acid solution can cure deep wounds (Blech
et al. 1990a). Nowadays, borates are used in wound
treatment at very low concentrations. Although action
mechanism of boron in wound healing is not
completely known, however some experiments have
revealed that it may be associated with protein,
collagen and proteoglycan synthesis (Benderdour et
al. 1998, Nzietchueng et al. 2002). Boron regulates the
production of the extracellular matrix that plays a
significant role in providing protein, collagen, and
proteoglycans to the environment in wound healing.
Boron hydrogel formulation has also been shown to
yield successful results in the healing of burns. This
borate formulation is thought to positively affect the
healing of burns through complex mechanisms such
as stimulation of cell migration, immune response,
vascularization and growth factor expression
(Demirci et al. 2015).

The purpose of this study was to determine the effect
of oral or topical administered borax decahydrate on
experimentally induced wound healing and to
evaluate some antioxidant and oxidant parameters in
wound tissue and blood.

MATERIAL and METHOD

The study was approved by the Local Animal Ethical
Committee (07.09.2019/117). A total of 32 adult male
Wistar rats having weight between 200-250 g were
randomly divided into four groups as control group
(n=8), local boron (LB) group (n=8), oral boron
(OB) group, and oral+local boron (OLB) group
(n=8). Animals were fed with standard rat feed and
water ad /ibitum. Furthermore, boron level of drinking
water of all rats was determined by ICP-MS (7700x,
Agilent, USA) (Gultepe et al. 2018).

Surgical procedure

The intramuscular route of 10 mg/kg xylazine
(Alfazine 2%®, Egevet) and 100 mg/kg ketamine
hydrochloride (Alfamine 10%®, Egevet) were used
for general anesthesia.

The hair on the dorsal region of the rats were shaved
by a razor blade without damaging the skin and the
dorsal region was cleaned with povidone-iodine. Two
circular full-thickness skin defects with a diameter of
1.5 cm were performed on the dorsal region of the
rats under general anesthesia. After performing the
skin defect, the wounds were cleaned only with
physiological saline solution. Control group did not
receive any medication during the study period. 10
mg/kg borax decahydrate (Na;B4O-:10H,O, Ed
Mine Institute, Kirka, Eskisehir) was administered by
oral gavage to the rats in OB group, 3% boric acid
(HsBOs, Eti Mine Institute, Kirka, Eskischir) was
administered topically to the rats in LB group, 10
mg/kg borax decahydrate was administered orally and
3% boric acid was administered topically by spraying
to the rats in the oral+local boron group. The course
of wound healing was monitored by plotting wound
sizes on acetate paper on days 0, 1, 3, 5,7, 9, 11, 13,
15, 17,19 and 21.

Collection of blood samples

The whole blood samples in EDTA were used for
the measurement of concentrations of MDA and
GSH, whereas SOD and CAT were measured in the
rest of the samples following the separation for
erythrocyte preparation.

Preparation of erythrocytes and wound tissue
homogenate

Erythrocyte lysate was prepared by the method
described by Winterbourn et al. (1975). The lysate
was stored at 4°C until analysis within three days.
Under general anaesthesia, 1 g of skin tissues were
removed from wound sites. Wound tissue
homogenate was prepared by the method described
by Bolcal et al. (2007). Tissue supernatants were
stored in a deep freezer at -70°C until analysed.
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Measurement of Oxidant and Antioxidant
Enzyme Levels

The levels of MDA in blood and tissue homogenates
were assayed by Draper and Hadley (1990) and
Ohkawa et al. (1979) respectively. Both blood and
tissue homogenates GSH concentrations were
determined by using a spectrophotometer (Shimadzu
1601 UV-VIS, Tokyo, Japan) (Beutler et al. 1963).
The antioxidant enzyme activity of SOD was
measured as described by Sun et al. (1988). CAT
activity in erythrocyte lysate and tissue homogenate
was measured by the method described by Luck
(1955) and Aebi (1983).

Measurement of Hemoglobin (Hb) and Protein
Concentrations

The concentration of Hb was determined by the
method according to Drabkin and Austin (1935) and
tissue protein content was measured according to the
colorimetric method of Lowry et al. (1951).

Histopathological Examination

After obtaining blood and wound tissue samples, the
animals were euthanized by administering a high dose
of anaesthetic. Skin samples were placed in 10%
formaldehyde for histopathological examination.
They were processed and embedded in paraffin
blocks and were cut into 5 um thickness with a
microtome. After deparaffinisation, these sections
were stained with the hematoxylin-eosin and
evaluated according to the wound healing scale (Table

1).

Statistical Analysis

The ANOVA test was performed to determine the
differences between the concentrations of MDA,
GSH, SOD and CAT in blood samples and wound
tissue. The wound healing scores between the groups
were evaluated by the Kruskal-Wallis test. Data were
presented as meantstandard deviation and p<0.05
and 0.01 were considered statistically significant.

RESULTS

The level of boron supplemented in drinking water of
rats was 0.324 ppb. Histopathologically, when all
wound scores were taken into consideration,
Reepithelialization, granulation tissue formation,
collagen formation, inflammatory cell formation, and
neovascularization were higher in LB and OLB
groups. Although no ulcer formation was observed in
all animals in OLB group (p<0.05), ulcer formation
was lower in LB group than control and OB groups
(Table 2) (Figure 1). Reepithelization, granulation
tissue formation, inflammatory cell formation, and
neovascularization scores were highest particulatly in
OLB group. The reepithelization score was
significantly higher in LB and OLB groups than
control and OB groups (p<0.05). There was a
statistically significant difference between the control

and LB, OB and OLB groups in terms of granulation
tissue formation (p<<0.05). While the least collagen
formation was observed in the control group, the
highest level of collagen formation was noted in LB
group. Collagen formation was significantly higher in
the LB, OB and OLB groups compared to the
control group (p<0.05). The presence of
inflammatory cells and neovascularization score were
significantly higher in LB, OB and OLB groups than
control group (p<0.05).

When the wound surface areas were compared, the
wound areas shrank more rapidly in LB and OLB
groups when compared with the control group. It was
determined that the wounds shrank more rapidly in
LB group and more than half of the wound areas
shrank on the 7th day (Table 3). A statistically
significant difference was observed between LB
group and the control and OLB groups in terms of
the wound area on the 7th day (p<<0.05). In the inter-
group comparison, the wound areas were observed to
be significantly smaller on days 7, 9, 11, 13, 17, 19 and
21 in the LB, OB and OLB groups than control

group (p<0.05).

Changes in GSH, MDA, SOD and CAT levels in all
groups are given in Table 4. While the blood GSH
level was determined to be higher in OB group
compared to other groups, the lowest blood GSH
level was observed in the control group. Changes in
the blood GSH level were not statistically significant
between the groups (p>0.05). The blood and tissue
MDA levels were lower in OB and LB groups than
control and OLB groups. The blood MDA levels in
the OB group were significantly lower than those in
the OB and OLB groups (p<0.05). Especially the
blood SOD level in LB group had more
concentration as compared to other groups. A
statistically ~significant difference was determined
between the control and LB groups in terms of the
blood SOD level (p<0.05). While the highest blood
CAT level was found in the LB group, there was a
statistically significant difference in blood CAT levels
between the control and LB groups (p<0.05).

The wound tissue GSH, MDA, SOD and CAT levels
in the control, LB, OB and OLB groups are given in
Table 5. While the highest wound tissue GSH level
was determined in the OB group, no statistically
significant difference was determined between the
groups in terms of wound tissue GSH levels
(p>0.05). Wound tissue MDA levels were
significantly lower in the OB and OLB groups in
comparison with the control and LB groups (p<0.05).
There was a statistically significant difference between
the control and LB group and between the control
group and OLB group in terms of wound tissue SOD
levels (p<0.05). There was no statistically significant
difference between the groups in terms of wound
tissue catalase levels (p>0.05).
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Figure 1. Histopathological sections in control (A), oral boron (B), local boron (C) and
oral+local boron groups (H&E staining)
(c: collagen, s: scab, nv: neovascularization, u: ulcer, re: reepithelization)

Table 1. Wound healing score evaluation criteria

Presence of

Score Reepithelization Grar.lulatlon Collager} inflammatory Neovascularization Ulcer
tissue accumulation
cells
Wide, deep
0 No . No or No No No ulcer,
immature
abscess
1 Partial Little Little Little Less than S blood w0 ey
vessels
2 Complieted but thin Modergte Moderate Moderate 6-10 blood vessels None or
or immature maturation very small
3 Completed and Mature Abundant Abundant More than 10 blood None
mature vessels

Table 2. Wound healing scores in the control (n = 8), local boron (LB) (n = 8), oral boron (OB) (n = 8) and oral +
local boron (OLB) (n = 8) groups (mean * SD)

Presence of

Reepithelization Grar.lulanon Collager.l inflammatory =~ Neovascularization Ulcer
tissue accumulation
cells
Control 0,37+0,5b 0,37+0,5¢ 0,50+0,5> 0,6240,5¢ 0,62+0,5¢ 0,6240,5%
group
LB 1,6140,5 1,62+0,5% 1,50+0,5° 1,5+0,5% 1,62+0,5b 0’12:0’33
group
OB 0,5+0,5> 1,37+0,5¢ 1,25+0,42 1,25+0,4b 1,1240,6b 0,37:0,9
group
OLB 20400 2,0+0¢ 1,040 2,0+00 2,0+00 0
group
P 0,0001 0,0001 0,001 0,0001 0,0001 0,02

abe Different letters in same column indicate significant differences (p < 0.05)
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Table 3. Changes of wound surface areas in the control (n = 8), local boron (LB) (n = 8), oral boron

(OB) (n = 8) and oral + local boron (OLB) (n = 8) groups at measurement days (mean * SD)

Days Control group LB group OB group OLB group
0 1,77£0 1,77£0 1,77£0 1,77£0
1 1,77£0 1,68£0,12 1,74£0,08 1,71£0,11
3 1,68+0,12 1,41£022 1,55£0,27 1,65£0,17
5 1,44+0,22 1,22%0,3 1,32%+0,28 1,41£0,25
7 1,11£0,35# 0,722029b 1,07£0,192b 1,12%0,21~
9 0,72%0,30¢ 0,35%0,23b 0,59£0,17: 0,70£0,32>
1 0,39%0,122 0,18%0,08b 0,330,110 0,36%0,15=
13 0,31%0,092 0,16x0,07° 0,20%0,07° 0,2410,05%
15 0,16%0,07 0,10%0,05 0,12%0,04 0,13%0,03
17 0,19%0,10¢ 0,08%0,03b 0,09%0,04> 0,11%0,04
19 0,14%0,042 0,02%0,02¢ 0,08%0,05b 0,05%0,03<
21 0,06%0,03# 0,003£0,004< 0,03%0,03> 0,008%0,01<

abe Different letters in same line indicate significant differences (p < 0.05) between groups.

Table 4. Blood GSH, MDA, SOD and CAT values in the control (n = 8), local boron (LB) (n = 8), oral
boron (OB) (n = 8) and oral + local boron (OLB) (n = §) groups (mean * SD)

GROUPS GSH MDA SOD CATALASE
(nmol/ml) (nmol/ml) (U/mgHb) (k/mgHDb)
Control group 35,43+4.,80 12,25+1,93» 18,41+2,61b 762,11+184,33b
LB group 37.94+6,39 9.97+1,73 26,31+6,38 1393 33+556,68
OB group 39,56+6,08 6,87+2,80p 19,38+1,94b 849,56+143,24>
OLB group 37,01+4,97 10,69+2,752 21,10+5,3020 964,93+219,172b
P 0,524 0,001 0,009 0,003

abe Different letters in same collumn indicate significant differences (p < 0.05) between groups.

Table 5. Wound tissue GSH, MDA, SOD and CAT values in the control (n = 8), local boron (LB) (n=8),

oral boron (OB) (n = 8) and oral + local boron (OLB) (n = 8) groups (mean + SD)

GSH MDA SOD CATALASE
GROUPS (nmol/gr tissue) (nmol/gt (U/pg (&/pg protein)
tissue) protein)
Control 10,84£0,52 3,3410,28¢ 1,68%0,34b 0,02£0,007
group
LB group 10,87£0,77 3,160,134 3,41£0,972 0,03£0,01
OB group 11,18£2,56 3,08%0,15> 2,530,492 0,02£0,004
OLB group 11,01£1,42 3,09£0,17> 3,41£0,98¢ 0,04£0,05
P 0,848 0,044 0,0001 0,386

b Different letters in same collumn indicate significant differences (p < 0.05) between groups.



DISCUSSION

It is emphasized that the administration of 3% boric
acid accelerates especially deep wound healing and
reduces two-thirds of the time needed to be spent in
intensive care (Blech et al. 1990a). Boron plays an
important role in the wound repair process by
affecting extracellular matrix synthesis that increases
the release of proteoglycans, collagen, and proteins
(Benderdour et al. 1997, Benderdour et al. 1998).
Demirci et al. (2015) reported that the application of
boron-containing hydrogel supports more rapid
wound healing by stimulating epithelization, cell
migration, and angiogenesis in burn injuries in rats. It
has been shown that the application of boron-
containing hydrogel to wounds in diabetic rats
contributes to wound healing positively (Demirci et
al. 2016). In our study, 3% boric acid among boron
compounds was administered topically to rats, and
borax decahydrate was administered per oral at a dose
of 10 mg/kg for 21 days. In LB and OLB groups,
wound healing scores, such as reepithelization,
granulation tissue formation, collagen formation,
inflammatory cell formation, and neovascularization
were higher than those in the control and OB groups.
The highest wound healing scores were determined in
the OLB group in comparison with other groups. In
this study, our results were consistent with above
mentioned studies (Benderdour et al. 1998,
Nzietchueng et al. 2002, Demirci et al. 2016, Blech et
al. 1990b) that the wound healing process by affecting
TNF-o release, extracellular matrix synthesis and
stimulating angiogenesis and epithelization increased
the release of proteoglycans, collagen and proteins.

Demirci et al. (2016) applied boron-containing
hydrogel to the wounds formed in diabetic rats and
stated that the application of boron-containing
hydrogel made wound areas shrink faster on the 8th
day of wound healing in comparison with the control
group. In another study, it was reported that
antioxidant agents vitamin E and a-tocopherol added
to the diet in rats made the wound area close more
rapidly compared to the control group (Musalmah et
al. 2005). Uyar et al. (2017) applied asiatic acid and
yarrow cream to the wounds they formed in rats and
reported that wound areas shrank more rapidly in
both applications in comparison with the control
group. In this study, wound areas were observed to
shrink faster, especially in LB and OLB groups, than
in the control group. In LB group, the wounds were
significantly smaller on the 7th day compared to the
control and OLB groups (p<0.05). Furthermore,
wound areas were significantly smaller in LB, OB and
OLB groups on days 7, 9, 11, 13, 17, 19 and 21 than
in the control group (p<0.05). In this respect, it can
be said that boron that stands out with its antioxidant
properties accelerates wound healing macroscopically.

MDA is one of the most important parameter of lipid
peroxidation. It is reported that antioxidant agents,
raxofelast and taurine, significantly reduce lipid
peroxidation as a direct effective antioxidant and
stabilize the plasma membrane as an indirect
antioxidant (Degim et al. 2002). Moreover, the
addition of 200 mg/kg vitamin E and 200 mg/kg a-
tocopherol significantly reduces the wound tissue
MDA levels in diabetic rats (Musalmah et al. 2005). It
is indicated the routine wound application such as
asiatic acid and yarrow cream to the wounds reduces
wound tissue MDA levels compared to the control
group in rats (Uyar et al., 2017). In another study, it
has been reported that the application of curcumin,
which is an antioxidant agent, significantly reduces
MDA levels in wound tissue in rats (Panchatcharam
et al. 2006). Korkmaz et al. (2019) stated that intra-
articularly administered borax decahydrate reduces
the articular cartilage MDA levels with experimentally
induced osteochondral defect in rats. Several studies
have investigated the effects of boron on some
antioxidant or oxidant enzymes in various tissues
(such as cartilage tissue, liver, kidney, brain, and heart)
(Coban et al. 2015, Ince et al. 2014, Kucukkurt et al.
2015; Korkmaz et al. 2019). However, there have
been no reports regarding the effects of boron on
wound tissues either topical or oral administrations as
well as the wound tissue MDA levels that were
significantly lower in OB and OLB groups than
control group in this study. These findings are similar
to the data with the above mentioned reports. It is
suggested that boron positively increases the wound
healing process due to inhibition of lipid peroxidation
and removing free oxygen radicals causing the tissue
damage in wound tissue.

It was reported that the wound tissue GSH levels
were lower in the wounds compared to normal skin
on days 2, 4, 7 and 14 in rats (Shukla et al. 1997). On
the other hand, it was emphasized that wound tissue
GSH peroxidase levels were higher in rats treated
with curcumin than in the control group. Similarly,
Musalmah et al. (2005) reported that vitamin E and -
tocopherol increased wound tissue GSH peroxidase
enzyme levels in diabetic rats. It is stated that the
intra-articular boron administration increases the
cartilage tissue GSH level statistically significantly in
the rats with an osteochondral defect (Korkmaz et al.
2019). In this study, it was determined that GSH level
was higher especially in the OB and OLB groups than
in other groups. In this study, it can be stated that
boron probably helps to clean the free oxygen
radicals in the damaged tissue, thus preventing the
depletion of GSH and as a result helping to maintain
the integrity of the cellular membranes in the wound
tissue.

SOD and CAT are the basic antioxidant cellular
defense system enzymes involved in the elimination
of free oxygen radicals from the body and their
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detoxification. CAT also prevents the tissue from
highly reactive hydroxyl radicals by decomposing
hydrogen peroxide into water and oxygen (Ince et al.
2010). In a study conducted on rats, wound tissue
SOD and CAT levels are reported to be lower than
those of normal skin tissue (Shukla et al. 1997). It is
stated that the administration of vitamin E in rats
increases the wound tissue SOD level (Musalmah et
al. 2005), while curcumin application increases both
wound tissue SOD and CAT levels (Panchatcharam
et al. 2000). Korkmaz et al. (2019), reported that
intra-articular boron administration increased the
concentration of cartilage tissue SOD and catalase
levels more in rats in which they created an
osteochondral defect compared to the control group.
In the present study, while the lowest wound tissue
SOD level was observed in the control group, the
highest SOD level was observed in the OLB and LB
groups. Moreover, wound tissue CAT levels were
determined to be higher in the LB, OB and OLB
groups in comparison with the control group. In this
respect, the fact that boron increases the levels of
SOD and catalase that are antioxidant enzymes in the
wound tissue shows that these two agents contribute
to the antioxidant defense system. This study is the
first study that evaluates the effects of orally and
topically administered boron on both blood and
wound tissue MDA, GSH, SOD and CAT levels in
rats.

As a result, it can be said that oral administration of
boron in addition to topical treatment contributes the
wound healing due to the antioxidant property of
boron in wound healing process.
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