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ABSTRACT

ound healing is a complex and dynamic process that includes multiple biological
W pathways and has some successive healing periods. Most growth factor is responsible
for wound healing. Fibroblast growth factor has a positive effect on wound healing prob-
lems that can be caused by diabetes. In the present study, we aimed to investigate the effect
of bFGF applied to dorsolateral incision wounds in hyperglycemic rats on time-dependent
serum oxidative events by measuring serum TBARS, NOx and RSH. Experiments were
performed on 30 male Wistar albino rats (weight range:170-250 g ). Rats were hyperglyce-
mic with streptozotocin (ip, 60 mg/kg). Experimental groups were divided into subgroups
with and without treatment according to the days. bGF was applied locally to the dor-
salateral wounds of rats (10 ng/ml). After these administrations, on the 3th and 7th days
of wound healing, the animals were sacrificed. Serum TBARS, RSH and NOx levels were
recorded spectrophotometrically. The results were expressed as mean + Standard deviation
and the mean differences were compared by Anova Variance Analysis (p<0,05). When
compared with the treatment group, on the 7th day and the 3rd day, it was found that the
serum TBARS levels increased statistically in hyperglycemic rats(p<0,05). Both in the 3rd
day of the untreated and 3rd day of the rats treated with bFGF may significant decrease in
the serum RSH levels. bFGF application was found both enhancing and reducing effects
on oxidative stres. In subsequent studies, the effect of bEGF, which has positive effects on

diabetic wound healing, on oxidative events can be investigated in detail using different
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doses and different treatment periods.
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INTRODUCTION

Repair of tissue damage, loss or deterioration in
tissue continuity is one of the most important
functions of the organism. The purpose of this repair
is to ensure tissue integrity and the function of the
damaged organ [1]. The healing of damaged tissue is
provided by a regular, in-line of cellular and bioche-
mical chain of events [2, 3].

Wound healing is an evolutionarily preserved
complex process aimed at tissue restoration. The wound
healing process includes separate but intertwined stages
of inflammation, cellular proliferation and maturation
and remodeling[4, 5]. Each step; It takes place through
the integration of a series of events controlled by endo-
genous and exogenous factors. This process is regulated
by growth factors, cytokines and chemokines [6].

Growth factors are molecules with polypeptide
structure that stimulate the growth, differentiation and

proliferation of cells [7, 8]. Studies conducted in recent
years have shown that Fibroblast Growth Factor is a lar-
ge family consisting of 28 members. FGFs produced by
keratinocytes, fibroblasts, endothelium, smooth muscle
ant mast cells have characteristically high binding affi-
nity for both heparin ant fibroblast growth factor recep-
tors. Endothelial cells have the ability to both express
ant respond to FGF [9-11] . bFGF is often used clinically;
it has been emphasized that it has a significant effect on
wound healing in the skin, cornea, eardrum ant salivary
glands[12, 13].

Diabetes mellitus (DM) is a metabolic disease that
occurs as a result of disorders in insulin secretion as a
result of the interaction of genetic, environmental fac-
tors, lifestyle changes and events caused by the immune
system. It is characterized by hyperglycemia([14, 15]. Inf-
lammation, angiogenesis and collagen synthesis are im-
paired in diabetes. Blood circulation in the wound area
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is negatively affected by the angiopathy and neuropathic
effects of diabetes. Diabetes is a disease involving peripheral
tissue injuries caused by oxidative stress caused by chronic
hyperglycemia. Diabetes is known to cause an increase in
oxidative stress and inflammatory response. Delayed wo-
und healing is associated with an inflammatory response
induced by hyperglycemia. This suggests that the effect of
oxidative stress ant inflammatory response on wound he-
aling may be positively affected by antioxidant supplemen-
tation. Diabetic scar; characterized by a disturbance in the
wound healing process, according to animal experiments, a
significant decrease in tensile strength was observed, parti-
cularly in inflammatory and proliferative phases, patholo-
gical angiogenesis and wound healing. Diabetes increases
apoptosis of lymphocytes and increases the production of
reactive oxygen species, also stimulating the signaling path-
way of apoptosis [15-17].

Free radicals affect cellular structures and affect im-
portant components such as lipids, proteins, carbohydrates,
DNA and enzymes(18]. There are many studies emphasi-
zing the importance of reactive oxygen species in diabetic
vascular pathogenesis and showing that diabetic complica-
tions are associated with oxidative stress[19].

Oxidative stress, which is one of the causes of diabetes,
causes biological problems in wound healing. Considering
that the mechanism of action of free radicals on wound
healing is not clear, reducing the resulting products will af-
fect the healing process. Many growth factors are effective
against free radicals in wound healing.There are studies in
which bFGF plays an important role in accelerating healing
and biochemically.It is known that bFGF activity is high
in the first 3 days of the healing process. However, studies
showing the time-dependent effects of bFGF are insuffici-
ent. We aimed to measure the positive effect of bFGF, which
is used in wound healing and whose doses are tried to be
determined, against oxidative stress in the healing process
in diabetic rats with biochemical parameters. Therefore, se-
rum TBARS, RSH and NOx levels were measured spectrop-
hotometrically in this study.

MATERIAL AND METHODS

The studies were initiated with the permission of Gazi
University Experimental Animals Ethics Committee
(G.U. ET-15.032) and all stages until the tissue samples
were taken in Gazi University Laboratory Animal Bree-
ding and Experimental Research Center (GUDAM) la-
boratory. In the experiments, 30 Wistar albino male rats,
170-250 grams, obtained from GUDAM were used. Be-
fore animals fed with free feed and water and during the
experiment were looked after in individual cages during
the experiment, in an environment illuminated in pa-

rallel with the daylight cycle. Tissue samples taken were
analyzed in Gazi University Faculty of Science, Physio-
logy-Biochemistry research laboratory.

bFGF Preparation

In previous studies conduced in our laboratory, the dosa-
ge was determined as 10ng / ml, since it was determined
histologically that the contribution of bFGF to wound
healing at a dosage of 10ng / ml was high. bFGF (10 ng /
ml) was applied locally to the wounds of rats in the bFGF
applied groups once a day at approximately the same
time[20-22].

Diabetes Model

In groups formed to compare wound healing in healthy
and diabetic animals, streptozotocin (STZ)(ip, 60 mg /
kg) dissolved in 0.1 M citrate buffer (pH 4.5) buffer was
administered to diabetic animals[23]. One week later,
blood glucose levels were measured with a glucometer
and those above 300 mg / dl were considered as having
diabetes. In contrast to the experimental animals that
were resistant to diabetes, STZ administration was made
in a second dose and made diabetic.

Wound Model

In order to prevent infection before the experiment, the
dorsal parts of the animals were made ready by applying
batticon before the wound was created.

General anesthesia was provided by weighing the expe-
rimental animals on a standard scale and injecting ketami-
ne (Alfamanine 50mg / kg) and xylazine (Alfazyne 5mg / kg)
intramuscularly according to their weight.

Dorsolateral excisional incision wounds were made on
the dorsal of the animals, approximately 4 cm long on both
sides of the spine [24-26]. Later, the wound lips were adapted
with suture. In order to provide postoperative analgesia, pa-
racetamol, a pharmacological agent, was used as 2 mg / ml
into drinking water.

Diabetic Experimental Groups
5 separate experimental groups were formed, 6 in each
group, and the following procedures were applied to the

groups.

Hyperglycemic control group: In order to compare the

values of the groups formed, only STZ and diabetic control
group (n = 6)
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Dorsolateral incisional wound

Figure 1. Incisional wound model

Hyperglycemic untreated groups: After being diabetic

with STZ, only the wounded group (3rd day of healing was
sacrificed) (n = 6) After being diabetic with STZ, only the
wounded group (7th day of healing was sacrificed) (n = 6)

Hyperglycemic bFGEF treated groups: The group that

was wounded after being diabetic with STZ and applied
bFGF (3rd day of recovery was sacrificed) (n = 6) The group
that was wounded after being diabetic with STZ and applied
bFGF (7th day of recovery was sacrificed) (n = 6)

After the applications, the rats were sacrificed by taking
blood from their hearts on the 3rd and 7th days in accor-
dance with the chronobiological order. The blood samples
taken were centrifuged at 3000 rpm for 15 minutes and the
serums were taken into ependof tubes and stored at -30°C
until analyzed.

Biochemical Analyses
Determination of TBARs Levels

The determination of MDA, which is the indicator of lipid
peroxidation, was made by the method of thiobarbituric
acid reactive substance (TBARS) formation using Kur-
tel method [27]. The solutions used are 15% TCA, 0.02%
BHT (in 95% ethanol), 0.375% TBA and 0.25 N HCI. 400
uL of TBA-TCA-HCI mixture (in equal amounts) was ad-
ded onto 200 pL of plasma and vortexed. After being kept
at room temperature for 5 minutes, it was centrifuged at
10000 rpm for 5 minutes. The entire supernatant obtai-
ned was placed in glass tubes. After adding 4 uL of BHT
to the supernatants, the tubes were boiled for 15 minutes.
After cooling in tap water, it was placed in an ELISA plate
and read at a wavelength of 532 nm.

Determination of RSH Levels

Determination of plasma total sulfhydryl groups (RSH),
which is an indicator of antioxidant capacity, was made

by spectrophotometric method [27]. The solutions used
are the mixture containing 10 m M DTNB, 100 mM Tris-
HCI (pH 8.2), 1% SDS-2 mM EDTA in 0.1 M potassium
phosphate buffer (pH: 7). 1 mL of Tris-SDS-EDTA mix-
ture was added to 500 pL sample. It was incubated for
5 minutes at room temperature, and then centrifuged at
10000 rpm for 5 minutes. 40 uL DTNB was added to the
obtained supernatant. After being kept at 37 ° C for 20
minutes, it was read at 412 nm wavelength on the ELISA
reader.

Determination of Total NOx Levels

The modified Griess method was used for the determi-
nation of NOx, which is the sum of plasma nitrite and
nitrate[28]. 0-50 uM dilutions of sodium nitrate (NaNOs)
prepared with deionized water were used as standard. 0.3
N NaOH was completed to 100 ml by adding deionized
water to 1.2 g of NaOH. 10% ZnSOs is completed to 100
ml by adding deionized water on 10 g of ZnSOa. VaCls 4.2
ml HCI was added to 0.4 g VaCls and this mixture was
completed to 50 ml with deionized water. Sulfanolami-
de 2 gr sulfanolamide 13.6 ml HCI was added and this
mixture was completed to 100 ml with deionized water.
-NEDD (N- (1-naphtyl) ethylenediamide dihyrochloride)
was completed to 100 ml by adding deionized water on
0.1 gr NEDD. 100 pL 0.3 M NaOH was added to 100 pL
plasma and incubated for 5 minutes at room temperatu-
re. 100 puL of 10% ZnSOs was added to this mixture and
vortexed. The resulting mixture was centrifuged at +4°C
at 14000 rpm. 100 pL of each of the supernatants obtai-
ned after centrifugation was placed on a 96-well ELISA
plate. The samples were placed on the plate in duplicate
with the same volume of standard solutions. 100 uL of
VaCls was added to all samples and standard solutions,
followed by 50 uL of sulfanolamide and 50 pL of NEDD.
The plate was incubated at 37°C for 30 minutes. At the
end of the incubation it was read on an ELISA reader at a
wavelength of 540 nm.

Statistical Evaluation

All values are expressed as arithmetic mean + standard
error. The values obtained were evaluated using Anova
analysis of variance (one-way ANOVA) and Tukey mul-
tiple comparison test (SPSS 16.0 for Windows (SPSS, Inc.,
Chicago, USA). P value of <0.05 was considered statisti-
cally significant.

RESULTS

Morphological images of the wounds belonging to the
untreated and treated groups of hyperglycemic rats and
their changes depending on the days, blood samples ta-
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ken are shown in Figures 2, 3, 4 and 5.

Figure 2. Dorsolateral incisional wound

A ~ ;!

Figure 4. Morphological image of hyperglycemic 7-day
untreated and 7-day bFGF-treated wounds

Figure 3. Morphological image of hyperglycemic 3-day untreated and
bFGF 3-day treated wounds

Findings of the oxidative parameters of TBARS, RSH
and NOx in the control group, treated and untreated groups

in hyperglycemic rats are shown in Table 1.

Figure 5. Taking blood samples

Serum TBARS Levels in Hyperglycemic Rats Serum RSH Levels in Hyperglycemic Rats

TBARS level is measured to determine malondialdehy-  \hen the 7th day of the bEGF applied rats and the 7th
de, the final product of lipid peroxidation. When the 7 day of the untreated group were compared, a significant
days untreated and treated groups were compared with  jecrease was detected (p <0.05) (Table 1 and Figure 7)
the control group, a significant increase was observed (p

<0.05) (Table 1 and Figure 6).Serum TBARS levels statis- It was observed that the RSH levels in rats treated with
tically increased on the 7th day compared to the 3rd day  bFGF decreased compared to the 3rd and 7th days. (p <0.05)

in hyperglycemic rats treated with bFGF (p <0.05) (Table  (Table 1 and Figure 7). Both in the 3rd day of the untreated
1 and Figure 6).
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Table 1. Serum TBARS, RSH and NOx levels in hyperglycemic rats

Groups T B A RS RSH (nmol/ NOx(umol/L)
up (nmol/mL) mL)

Control (n=6) 3,12£0,56 13543 +28,28 180,24 £ 9,95
3D

Unt- (n_;’;/ S 34:007  18321+34 121,92 +14,21*

reated d

12 7

(n=12) (n_;’)y S 503+1,15% 152,88+14,38° 92,68 642"
3D

bFGF S 4355012 128,65+6,06 173,87 % 6,02°

trea- (n=6)

ted 7 d

(n=12) (n_z)y 8,84 +1,15% 123,79%776% 151,22 + 23,95

*: p <0.05: Compared with the control group

a: p <0.05: Comparison of 3 days untreated group and 7 days untreated group
b: p <0.05: 3 days treatment group compared to 7 days treatment group

¢: p <0.05: Comparison of 7 days untreated group and 7 days treated group

12

TBARS Level ( nmol/mL)

04
Control  Untreated 3 Untreated 7 Treated 3 Treated 7

*p <0.05 When compared with the control group
a p <0.05 3-day untreated group compared
b p <0.05 3-day treatment group compared
¢ p <0.05 7 days without treatment group compared

Figure 6. Serum TBARS (nmol / mL) levels in hypergl-
ycemic rats

200

180

160

T 12
b,c

140
120
100
80
60
40
20
0

Control Untreated 3 Untreated 7 Treated3 Treated 7

RSH(nmol/mL)

*p <0.05 When compared with the control group
a p <0.05 3-day untreated group compared
b p <0.05 3-day treatment group compared
¢ p <0.05 7 days without treatment group compared

Figure 7. Serum RSH (nmol / mL) levels in hyperglycemic
rats

and 3rd day of the rats treated with bFGF may significant
decrease in the serum RSH levels.

Serum NOx Levels in Hyperglycemic Rats

A statistically significant increase was found in rats tre-
ated with hyperglycemic bFGF when compared with the
NOx levels of the 3rd day of wound healing and the same
day of the untreated group (p <0.05). Nitric oxide levels
increased with the bFGF treatment we applied. When all
groups were compared with the control, a statistically
significant difference was found (p <0.05) (Table 1 and
Figure 8).

200
* *
180 +—— I
l I
P_} 160 +——
*
=) 140 +— 1
2 120 +— I
= *
3 100 —
C I
X 80
O 60
z
40
20
0
Control Untreated 3 Untreated 7 Treated3  Treated 7

*p <0.05 When compared with the control group
a p <0.05 3-day untreated group compared
b p <0.05 3-day treatment group compared
¢ p <0.05 7 days without treatment group compared

Figure 8. Serum levels of NOx (umol / L) Levels in
hyperglycemic rats

DISCUSSION

Free radicals affect organic compounds as a result of oxi-
dative reactions and cause various biological problems
[29] . The oxidative balance is disturbed when an increase
in the rate of radical formation or a decrease in the rate
of their removal is observed. Oxidative stress may reduce
the effect of antioxidants and cause tissue damage. With
the oxidative stress that occurs, the effect of antioxidants
may decrease, resulting in tissue damage [30].

It can be said that bFGF significantly reduces oxidative
stress and plays an important role in suppressing this da-
mage.

The research is limited to the bFGF treatment applied
to rats by the researchers and the data obtained biochemi-
cally. Cetin et al. (2004) pointed out that bFGF has a sca-
venging effect on free radicals that occur with respiratory
burst, which is effective in the inflammatory phase of wo-
und healing [31]. The production of H,O, and ROS in the
inflammatory process in the wound area causes increases
in the TBARS level. Inflammatory responses are required
for wound repair following injury [32].In our current fin-
dings, the negative effect of diabetes, lipid peroxidation in
hyperglycemic rats with bFGF application could not be
eliminated. The reason for this can be shown as increased
oxidative stress due to diabetes.bFGF has a very short biolo-
gical half-life (2-3 min). It can be rapidly removed from the
blood when injected. For this reason, suitable systems such
as controlled release systems should be used to increase the
release time and eliminate its undesirable effects[31] Wei et
al. (2009) emphasized in their research that the FGF family
shows antioxidant properties in conditions related to oxida-
tive stress [33]. In our experiment, the high TBARS levels in
the treated 7-day group indicate that bFGF in serum did not
have an antioxidant effect. Due to the strong link between
diabetes and free radicals in the studies, it can be said that
bFGF application against free radicals should be done at a
more appropriate dose. In addition, it is necessary to provide
long-term release of bFGF to increase the in vivo efficacy.
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There are antioxidant systems that protect the body
against free radical damage at many stages. Antioxidants
are negatively affected by the oxidative stress caused of free
radicals. Antioxidants used to prevent the effect of free ra-
dicals, especially thiol groups, can't protect the plasma and
tissue levels due to interactions [34]. All plasma -SH groups
are associated with proteins. With the increasing oxidati-
ve stress, —SH groups found in plasma and membranes are
oxidized by free radical effect and a decrease in their redu-
ced form is detected. GSH is required for the oxidized thiol
groups to become reduced again and to be used in oxida-
tive damage. While GSH neutralizes thiol groups affected
by oxidative stress, it falls short[34, 35]. Both in the 3rd day
of the untreated and 3rd day of the rats treated with bFGF
may significant decrease in the serum RSH levels. The dec-
rease in RSH levels of treated diabetes groups compared to
untreated diabetes groups is that plasma proteins may be
sensitive to bFGF, especially due to free sulthydryl groups
in the serum albumin structure. The molecular structure
of bFGF could not positively affect the oxidative stress that
increases with diabetes.

Nitric oxide levels increased with the bFGF treatment
we applied. Topical application of bFGF decreased NOx le-
vels and nitrite oxide synthase enzyme was suppressed. In
the light of this information, bFGF application in diabetic
rats contributed to wound healing systemically. NO is an
endothelium-derived vasodilator agent and plays an active
role in lowering blood pressure. It is one of the important
molecules in the wound healing process. While it has a pro-
tective effect at physiological doses, it can show a cytotoxic
effect at high levels [30]. NO is rapidly metabolized to nitrite
and nitrate by interacting with the Hem group of hemoglo-
bin in the blood. NO also reacts with heme and other iron-
containing molecules, and with thiol (- SH) groups of prote-
ins [36]. A statistically significant increase was found in rats
treated with hyperglycemic bFGF when compared with the
NOx levels of the 3rd day of wound healing and the same
day of the untreated group (p <0.05). In hyperglycemic rats,
there was an increase in NO production due to the increa-
sed leukocyte activation during the inflammation phase of
wound healing and its effect preventing leukocyte outflow.
The decrease in nitrite oxide production in the endothelium
has been blamed for the disorders of endothelial functions
seen in diabetes, although controversial [37]. However, there
are also studies showing that NO is increased in diabetes
[38].

CONCLUSION

It can be said that bFGF significantly reduces oxidative
stress and plays an important role in suppressing this da-
mage. In this study, information about how bFGEF, which
is known to have an effect on wound healing, mana-

ges oxidative events was tried to be clarified. When all
the information is evaluated, our study has shown that
bFGF applied to dorsolateral incision wounds created in
hyperglycemic rats has a regulatory effect on serum le-
vels of oxidative events. It has been shown that this effect
may vary depending on the days, the stages of wound he-
aling and the dose administered. In subsequent studies,
the effect of bFGF, which has positive effects on diabetic
wound healing, on oxidative events can be investigated
in detail by using different doses and different treatment
times.
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