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ARTICLE INFO ABSTRACT

Keywords: Objective: The aim of this study was to compare the efficacy of multiple antioxidant (Proxeed Plus (PP) with
M‘ﬂtil’l_e antioxidant Carnitine, Selenium, Zinc, Coenzyme Q10, Vitamin C, Folic Acid, Vitamin B12) on local random skin flap healing
Ischemia with the hyperbaric oxygen (HBO) therapy.

:ﬁ:igi:lp Methods: Fourty rats were equally divided into five groups (Control, PP, HBO, HBO -+ PP, PP + HBO + PP). Local
Rat random McFarlane skin flap was applied to all rats.

Following the applications, evaluations were made biochemical (TAS, TOS, OSI, IL-1p, IL-6, TNF-a, TGF-p, VEGF)
and histopathological parameters.

Results: Necrosis percentage was found to be lower in the PP + HBO + PP group than all other groups whereas the
necrosis percentages of PP and HBO groups were similar. Oxidative stress rates were significantly higher in the
control group compared to the other groups whereas it was lower in the PP + HBO + PP group than all other
groups. The inflammation parameters were the highest in the control group and the lowest in the PP + HBO + PP
group. Growth factors were higher in the PP + HBO + PP group than all other groups. Epithelialization and
wound healing were better in the HBO and PP groups than in the control group. The greatest healing, epithe-
lialization and vascularization was seen in the PP + HBO + PP group. The histopathological findings in the PP +
HBO + PP group were better in each inner region than in the other groups.

Conclusion: Biochemical and histopathological parameters have shown that PP reduces ischemia and necrosis and
increases oxygenation in flap healing by providing significant improvement thanks to the multiple molecular
structures in its content.

1. Introduction lead to postischemic tissue injury [3]. Several studies have shown that

superoxide radicals damage the microvascular network after ischemia

Random pattern skin flaps are frequently used for wound repair and
reconstruction. Skin flaps or grafts have a wide application area in
otolaryngology and plastic surgery. They are used after trauma,
congenital diseases, and tumor excisions. In clinical practice, flap ne-
crosis is a serious problem that may be caused by inadequate blood-
nutritional support [1,2]. The most important goals in its treatment
are reducing flap necrosis and increasing the viability of ischemic tissue.

There are several models showing that oxygen-induced free radicals

[4,5]. In particular, the experimental island flap has been reported to
undergo necrosis due to ischemia after reperfusion [6]. Vasoconstriction
occurs upon activation of the sympathetic system following the blood
flow interruption, causing necrosis in the distal part of the flap. Failure
of microvascular anastomosis reperfusion includes ischemia, endothelial
cell swelling, luminal occlusion, soft tissue damage caused by toxic free
radicals, and their release during necrosis. Studies have shown that
reactive oxygen radicals increase in postischemic injury [7]. The
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correlation between flap necrosis and oxygen-derived free radicals has
shown that necrosis in experimental flap model can be reduced with
different free radical absorbers, particularly antioxidants [8].

In the literature, there are studies reporting that hyperbaric oxygen
(HBO) applications slow down the process of hypoxic ischemia and in-
crease tissue healing. Oxidative mediators have been shown to decrease
after HBO therapy and improve healing of the ischemic wounds than
many medical treatments [9]. One of the most important indications for
the use of HBO is to provide the viability of a flap with impaired blood
supply [10].

Proxeed plus (PP) is a dietary supplement that provides sperm pro-
duction, development, and maturation. It contains L-carnitine Fumarate
(1.7 g), Acetyl-L-Carnitine (0.5 g), Selenium (50 mcg), Zinc (10 mg),
Coenzyme Q10 (20 mg), Vitamin C (90 mg), Folic Acid (200 mcg), and
Vitamin B12 (1.5 mcg). The effect of carnitine on the flap viability and
ischemia has been shown in studies [11-13]. Selenium, which is a
powerful antioxidant, has been shown to contribute to the viability of
flap [14]. Studies have shown that zinc superoxide dismutase (SOD) is
also effective in improving flap viability [15]. In a recent study, Coen-
zyme Q10 has been shown to improve the skin flap viability in rats when
given through oral administration [16]. Vitamin C plays a key role in
metabolism and has been shown to have significant contributions to the
flap viability and prevention of ischemia [17-20]. Folic acid is one of the
factors that play a role in cell maturation [21]. Vitamin B12 is also
known to play a key role in cell maturation and DNA synthesis.

The aim of this study was to compare the efficacy of PP and HBO
treatments in the prevention of ischemia and necrosis of local random
McFarlane skin flap.

2. Material and method
2.1. Study design

Local ethics committee approval was obtained before starting the
study. A total of 40 male Sprague-Dawley rats weighing 280-350 g were
included. Rats were housed in an environment of 21 °C + 1 with a
background noise level of <50 dB, where they were given food and
water freely, under the lighting cycles of 12 h of light and 12 h of dark.
Animals were used in accordance with the National Regulation on the
Care and Use of Laboratory Animals. The rats were divided into five
groups, each containing eight rats.

Fig. 1.
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Group 1 (n = 8) (Control): No application was performed except flap.
Group 2 (n = 8) (PP): Oral PP (150 mg/kg/day) was applied for two
weeks after flap.

Group 3 (n = 8) (HBO): Ten sessions of HBO were applied after flap.
Group 4 (n = 8) (HBO + PP): Ten sessions of HBO and two weeks of
oral PP (150 mg/kg/day) were applied after flap.

Group 5 (n = 8) (PP + HBO -+ PP): PP (150 mg/kg/day) was applied
one week before the flap. Ten sessions of HBO and three weeks of
oral PP (150 mg/kg/day) were applied after flap.

2.2. Surgical procedure

The dorsal part of each rat was shaved using a razor under anesthesia
and cleansed with an antiseptic solution (Batticon). After ensuring the
depth of anesthesia, a rectangular-shaped random flap with the 10 x 3
cm base in the caudal part of the animal was raised at the level of the
panniculus carnosus [22]. Then, the flap was repositioned in its original
position with 4-0 polydioxanone (PDS) sutures at 2 cm intervals (Fig. 1a
and b). This procedure was routinely applied to all groups.

2.3. Drug administration

Proxeed Plus (Zinc-10 mg, Coenzyme Q10-20 mg, Vitamin C-90 mg,
Fructose, 1-carnitine fumarate-1.7 g, Acetyl-.-Carnitine, Folic Acid-200
mcg, Vitamin B12-1.5 mcg): Sigma-Tau Pharmaceuticals, Inc. Gai-
thersburg, Maryland.

Ketalar® 50 mg vial, Pfizer.

Rompun® 2% injection Solution, Bayer.

HBO therapy.

In the study, HBO therapy was applied to rats in Groups 3, 4 and 5.
The HBO therapy was performed in the experimental HBO boiler at
Istanbul University, Department of Underwater and Hyperbaric Medi-
cine Department (Fig. 2). The boiler was equipped with a flowmeter and
oxygen saturation devices that control oxygen input and output. The
pressure in the boiler was increased to 2.5 ATA in 15 min, followed by
100% oxygen exposure at the same pressure for 60 min. This procedure
was performed consecutively for 10 days.

2.4. Sample collection

In the study, anesthesia was applied to all groups when the procedure
was finished. The status of the flap was photographed. Intracardiac
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Measurement of flap (a), surgical procedure (b), regions where samples were taken over the flap (c).
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Fig. 2. Experimental HBO boiler.

blood samples were collected and centrifuged at 3000 rpm for 15 min for
biochemical evaluation and then, plasma samples were separated.
Oxidative stress parameters (total antioxidant status [TAS], total
oxidant status [TOS], oxidative stress index [OSI]), inflammation pa-
rameters (interleukin-1 beta [IL-1p], IL-6, tumor necrosis factor-alpha
[TNF-a]), and growth factors (transforming growth factor-beta [TGF-
1, and vascular endothelial growth factor [VEGF]) were examined in
biochemical evaluation.

Distal 1/3 of the flap was marked and samples were taken for
biochemical and histopathological evaluation (Fig. 1c). For histopath-
ological evaluation, flap samples were obtained from the first, second
and third regions marked by the arrow on the distal 1/3 of the flap in the
form of strips including the removed tissue. The samples were fixed with
formalin and stored until the hematoxylin-eosin examination. In the
biochemical evaluation, 0.5 x 0.5 cm samples were taken from the first
and second regions in the midline and stored at —80°. Oxidative stress
parameters (TAS, TOS, OSI), inflammation parameters (IL-14, IL-6, TNF-
a), and growth factors (TGF-f and VEGF) were examined.

2.5. Evaluation parameters

1. Evaluating the percentage of necrotic area: All flaps were photo-
graphed from a distance of 30 cm using a 12.1 Megapixel digital
camera. The necrotic area was scanned and the necrotic percentage
was determined through ImageJ software.

. Biochemical Evaluation:
> Oxidative Stress Parameters: TOS and TAS were detected in serum

and tissue homogenates by using commercially available kits (Rel
Assay, Turkey) with an autoanalyzer (Cobas Integra 800, Roche).
TOS and TAS results were presented in mmol H202 equivalent/L
and mmol Trolox equivalent/L, respectively [23,24]. The ratio of
the TOS to the TAS revealed the OSI, which is used as an indicator
for total oxidative stress [25].

>Inflammation Parameters (IL-1p, IL-6, TNF-a): Tissue samples
of 5 mg from flap tissue and serum were transferred to Eppendorf
tubes and 1 ml of water was added. Samples were, then, ho-
mogenized with ceramic balls. After centrifugation at 3000 rpm
x 10 min at +4 °C, the supernatant was removed and protein
determination was performed via the Bradford method. The
inflammation parameters (IL-6, Rat IL-1p, and Rat TNF-a) were
calculated spectrophotometrically using commercial enzyme-
linked immunosorbent assay (ELISA) kits on a Thermo Scienti-
fic Varioskan multimode microplate reader.

>Growth Factor Parameters (TGF-B, VEGF): Tissue samples of 5
mg from flap tissue and serum were transferred to Eppendorf
tubes and 1 ml of water was added. Samples were, then, ho-
mogenized with ceramic balls. After centrifugation at 3000 rpm
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x 10 min at +4 °C, the supernatant was removed and protein
determination was performed via the Bradford method. The
growth factor parameters used in the study (TGF-p and VEGF)
were calculated photometrically using commercially available
ELISA kits on a Thermo Scientific Varioskan multimode micro-
plate reader. Results were divided into protein levels and
expressed as per protein.

3. Histopathological evaluation

For light microscopic investigation, samples were placed in 10%
formaldehyde, dehydrated in alcohol series (70%, 90%, 96% and 100%;
respectively), cleared in xylene and embedded in paraffin. Sections (5
pm) were stained with hematoxylin and eosin (H&E) and examined with
a video-light microscope (Nikon Eclipse i5, Tokyo, Japan; Nikon, DS-
Filc).

2.6. Statistical analysis

Statistical analysis was performed using Statistical Package for the
Social Sciences (SPSS) for Windows, Version 24.0 (IBM Corporation,
Armonk, NY, USA). Mean, median values and standard distributions of
all quantitative data were calculated. The Kolmogorov-Smirnov test was
used to determine whether the distribution was normal. Kruskal-Wallis
variance analysis was used to compare the biochemical and histological
parameters of the groups. A p value of <0.05 was considered statistically
significant. Mann-Whitney U test was used for intergroup comparison.
Bonferroni correction was conducted. Tukey’s HSD was used as a post
hoc test.

3. Results
3.1. Evaluation of the percentage of the necrotic area

In our study, the necrosis percentage of the control group was found
to be 54.87 + 5.93%, which was significantly higher than all other
groups (p = 0.001) (Fig. 3). There was no significant difference between
the PP group (44.62 + 5.60%) and HBO group (46. 50 + 4.78%) in terms
of necrosis percentage (p = 0.942) (Fig. 3). The necrosis percentage of
the HBO + PP group (37.37 £ 3.73%) was significantly lower than both
the PP group and the HBO group (p = 0.045 and p = 0.007, respectively)
(Fig. 3). Although the necrosis percentage of the PP + HBO + PP group
(30.87 + 4.45%) was lower than those of the HBO + PP group, the
difference was not statistically significant (p = 0.089) (Fig. 3).

3.2. Biochemical examination-plasma

3.2.1. Oxidative Stress Parameters

TOS: There was no significant difference between the control group
and the HBO group in terms of TOS, whereas it was significantly lower in
all other groups than the control group. The TOS value of the HBO + PP
group was significantly lower than both the PP and HBO group. The TOS
value of the PP + HBO + PP group was significantly lower than the HBO
+ PP group (Fig. 4).

TAS: The TAS value of the control group was significantly lower than
all other groups. There was no significant difference between the PP and
HBO groups in terms of TAS values. The TAS value of the HBO + PP
group was significantly higher than the HBO group. The TAS value of the
PP + HBO + PP group was significantly higher than both the PP and
HBO + PP group. There was no significant difference between the PP +
HBO + PP and HBO + PP group (Fig. 4).

OSI: The OSI value of the control group was higher than all other
groups. There was no significant difference between the PP group and
HBO group in terms of OSI values. The OSI value of the HBO + PP group
was significantly lower than both the PP and HBO group. The OSI value
of the PP + HBO + PP group was significantly lower than the HBO + PP
group (Fig. 4).
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Fig. 4. Comparison of plasma oxidative stress parameters of groups.

3.2.2. Inflammation parameters

IL-1B: The values in the control group were significantly lower than
PP, HBO + PP and PP + HBO + PP groups. Although IL-1p levels of the
HBO group were lower than the control group, the difference between
the groups was not significant. Although the IL-1f levels of the HBO +
PP group were significantly lower than the PP group, there was no
statistically significant difference between the HBO + PP group and the
PP + HBO + PP group (Fig. 5).

IL-6: The values in the control group were significantly lower than
PP, HBO + PP and PP + HBO + PP groups. Although IL-6 levels of the
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HBO group were lower than the control group, the difference between
the groups was not significant. Although the IL-6 levels of the HBO + PP
group were significantly lower than the PP group, there was no statis-
tically significant difference between the HBO + PP group and the PP +
HBO + PP group (Fig. 5).

TNF-a: The values in the control group were significantly lower than
PP, HBO + PP and PP + HBO -+ PP groups. Although TNF-« levels of the
HBO group were lower than the control group, the difference between
the groups was not significant. The TNF-a value of the PP + HBO + PP
group was lower than HBO + PP group but the difference was not
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Fig. 5. Comparison of plasma inflammation parameters of groups.

statistically significant (Fig. 5).

3.2.3. Growth Factor Parameters

TGF-f: The TGF-f levels of the control group were significantly lower
than PP, HBO + PP and PP + HBO + PP groups. Although TGF-f levels of
the HBO group were lower than the control group, the difference be-
tween the groups was not significant. The TGF-p levels of the HBO + PP
group were significantly higher than the HBO group. There was no
significant difference between the PP + HBO + PP group and the HBO +
PP group (Fig. 6).

VEGF: The VEGF levels of the control group were significantly lower
than PP, HBO + PP and PP + HBO + PP groups. Although VEGF levels of
the HBO group were higher than the control group, the difference be-
tween the groups was not significant. The VEGF value of the HBO + PP
group was significantly higher than the HBO and PP group. The PP +
HBO + PP group had significantly higher VEGF values than the HBO +
PP group (Fig. 6).

3.3. Biochemical examination-tissue

3.3.1. Oxidative Stress Parameters

TOS: There was no significant difference between the control group
and the HBO group and PP group in terms of TOS, whereas it was
significantly lower in all other groups than the control group. There was
no significant difference between the HBO + PP group and the PP and
HBO groups in terms of TOS values. The TOS value of the PP + HBO +
PP group was significantly lower than the HBO group (Fig. 7).

TAS: The TAS value of the control group was significantly lower than
all other groups except the HBO group. There was no significant dif-
ference between the PP and HBO groups in terms of TAS values. The TAS
value of the HBO + PP group was significantly higher than both PP and
HBO groups. The TAS value of the PP + HBO + PP group was signifi-
cantly higher than both the PP and HBO + PP group. There was no
significant difference between the PP + HBO + PP and HBO + PP group
(Fig. 7).
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OSI: The OSI value of the control group was higher than all other
groups. There was no significant difference between the PP group and
HBO group in terms of OSI values. The OSI value of the HBO + PP group
was significantly lower than the HBO group. Although the OSI value of
PP + HBO + PP group was significantly lower than both PP and HBO
group, there was no significant difference between the PP + HBO + PP
and HBO + PP groups (Fig. 7).

3.3.2. Inflammation Parameters

IL-1B: The IL-1p values of the control group were significantly lower
than all other groups. The IL-1p value of HBO group was significantly
lower than the PP group. Although the IL-1p levels of the HBO + PP
group were significantly lower than the PP group, there was no statis-
tically significant difference between the HBO + PP and HBO groups.
The IL-1p levels of the PP + HBO + PP group were significantly lower
than all other groups (Fig. 8).

IL-6: The values in the control group were significantly lower than
the PP, HBO + PP and PP + HBO -+ PP groups. Although IL-6 levels of
the HBO group were lower than the control group, the difference be-
tween the groups was not significant. Although the IL-6 levels of the
HBO + PP group were significantly lower than the HBO group, there was
no statistically significant difference between the HBO + PP group and
the PP + HBO + PP group (Fig. 8).

TNF-a: The TNF-a values of the control group were significantly
lower than all other groups. The TNF-a values of the HBO group were
significantly lower than the PP group. Although the TNF-a levels of the
HBO + PP group were significantly lower than the PP group, there was
no statistically significant difference between the HBO + PP and HBO
groups. The TNF-a levels of the PP + HBO + PP group were significantly
lower than all other groups (Fig. 8).

3.3.3. Growth Factor Parameters

TGF-f: The TGF- levels of the control group were significantly lower
than PP, HBO + PP and PP + HBO + PP groups. Although TGF-f levels of
the HBO group were higher than the control group, the difference
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Fig. 6. Comparison of plasma growth factor parameters of groups.
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Fig. 8. Comparison of tissue inflammation parameters of groups.

between the groups was not significant. The TGF-p levels of the HBO +
PP group were significantly higher than the HBO group. There was no
significant difference between the PP + HBO + PP group and the HBO +
PP group (Fig. 9).

VEGF: The VEGF value of the control group was lower than all other
groups. The VEGF value of the PP group was significantly higher than
the HBO group. The VEGF value of the HBO + PP group was significantly
higher than the HBO and PP group. The PP + HBO + PP group had a
significantly higher VEGF value than the HBO + PP group (Fig. 9).

3.4. Histopathological examination

In our study, the improvement was observed to decrease from the
third to the first region in all groups. Evaluation by region, respectively;

3.4.1. First region
Grup 1 (CNT): The epithelium, hair follicles, sweat and sebaceous
glands were absent in the wound area. A thick degenerated cellular and

extracellular exfoliated material was observed at the surface (Fig. 10a).

Grup 2 (PP): There was severe degeneration in epidermis and dermis.
Severe leukocyte infiltration was observed (Fig. 10b).

Grup 3(HBO): Severe degeneration was observed within the
epidermis and dermis, hair follicles, sweat and sebaceous glands. A very
thick exfoliated material was observed at the surface of the remaining
narrowed dermis.A severe leukocyte infiltration and edema were
observed. In some places epidermis and dermis was completely degen-
erated. Exfoliated material was just above the striated muscles of the
back (Fig. 10c).

Grup 4 (HBO + PP): Severe epidermal, dermal degeneration,
leukocyte infiltration and edema were observed. Hair follicles sweat and
sebaceous glands were absent. There was a thick exfoliated material
containing degenerated hair follicles and glands (Fig. 10d).

Grup 5 (PP + HBO + PP): the epithelium was somewhat degen-
erated, however still present. Hair follicles, sweat and sebaceous glands
were observed. There was mild leukocyte infiltration. Exfoliated mate-
rial was still present (Fig. 10e).
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Fig. 9. Comparison of tissue growth factor parameters of groups.
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Fig. 10. Histopathological evaluation of the first region of the flaps.

3.4.2. Second region

Grup 1 (CNT): The epithelium, hair follicles, sweat and sebaceous
glands were absent in the wound area. Degenerated hair follicles and
glands were observed within the exfoliated material (Fig. 11a).

Grup 2 (PP): The epidermis and dermis were regenerated. Hair fol-
licles and glands were not present. In some of the slides epidermis was
degenerated. There were leukocyte infiltration and edema (Fig. 11b).

Grup 3 (HBO): Severe epidermal and dermal degeneration, leukocyte
infiltration and edema were observed. Hair follicles and glands were not
present (Fig. 11c).

Grup 4 (HBO + PP): The wound area was smaller than those of the
other slides. The epidermis and dermis were regenerated. Hair follicles
and glands were not present (Fig. 11d).

Grup 5 (PP + HBO + PP): In general epidermis and dermis were
observed. Additionally some hair glands and sebaceous glands were still

present. There was an exfoliated material at the apical surfaces even
though it was thinner than those of the other groups (Fig. 11e).

3.4.3. Third region

Grup 1 (CNT): In a smaller area the epithelium was degenerated.
Hair follicles, sweat and sebaceous glands were absent in the wound area
(Fig. 12a).

Grup 2 (PP): Them both epidermis and dermis were successfully
regenerated. Hair follicles and gland were observed (Fig. 12b).

Grup 3 (HBO): Generally epidermis and dermis were present. In a
few area highly severe degeneration and leukocyte infiltration were
observed. Additionally in those area a very thick exfoliated material was
observed (Fig. 12c¢).

Grup 4 (HBO + PP): In generally epidermis and dermis were re-
generated. Hair follicles and glands were present. In a few small areas,

Fig. 11. Histopathological evaluation of the second region of the flaps.
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Fig. 12. Histopathological evaluation of the third region of the flap.

degeneration was still obvious (Fig. 12d).

Grup 5 (PP + HBO + PP): In generally epidermis and dermis were
regenerated. Thin exfoliated material was present at the apical side. Hair
follicles and gland were observed (Fig. 12e).

4. Discussion

The use of flaps in the restoration of cutaneous losses due to trauma,
tumor resection, infection or ischemic necrosis is increasing in the
practice of otolaryngology and plastic surgery. The use of flap has many
benefits both functionally and cosmetically. However, the most impor-
tant problem caused by flaps is possible partial or total ischemic prob-
lems. Flap viability may be deteriorated due to such reasons as the
general condition of the patient, basal metabolic index, presence of
systemic diseases and previous surgeries, leading to both functional and
serious cosmetic problems.

Ischemia occurs in the last step of the chain of anatomical, hemo-
dynamic and metabolic events that occurred after flap surgery. The
pathophysiology of ischemia sheds light on some theories. In cases
where flap circulation is deteriorated, intracellular metabolism tends to
change from aerobic to anaerobic due to decreased tissue oxygen levels.
This leads to the accumulation of lactate that will disrupt the membrane
transport mechanism, followed by a decrease in the intracellular pH
level and the depletion of adenosine triphosphate (ATP) stores in the
ionic pumps. Free oxygen radicals are produced when the circulation
returns to normal and oxygen re-enters the tissue. These substances are
toxic to all cell structures containing proteins, carbohydrates, and fat.
More importantly, endothelial damage will cause platelet and neutro-
phils to adhere to the vessel wall, which will initiate the coagulation
cascade [26].

The flap distal is the region with the lowest ischemia tolerance.
Cutaneous blood flow is the lowest in this region. Flow increases
significantly 24 h after flap elevation. In skin flaps, this occurs by
microvascular obstruction prior to tissue death (cellular edema, vaso-
constriction of adrenergic origin), lumen obstruction (platelet plugs),
aggregation and activation of leukocytes, or the combinations of all of
them. Increased oxidative stress as a result of all these effects seriously
threatens flap survival. All these steps should be considered in flap
survival and substances developed and being developed must have the
potential to affect one or more of these mechanisms.
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In the literature, insufficient blood flow [27], inflammatory reactions
[28] and oxidative stress [29] have been reported to be three important
factors associated with flap necrosis. Several flap studies have been
conducted to prevent these factors. One of the earliest studies on this
subject has been conducted by Stewart et al. [29] and it has been shown
that hyperbaric oxygen improves survival in random pattern skin flaps.
Hyperbaric oxygenation was show to reduce the area of necrosis and
preserved the morphology and collagen content in skin flaps of rats in a
study by Rech et al. [30]. In the study of Oi et al., HBO was shown to
increase flap viability in ischemia reperfusion rat model [31]. HBO
demonstrates these effects by reducing inflammation and increasing
perfusion [31]. Although HBO is still not used as the first treatment, it is
an application that can be used as an aid in flap and wound healing.
Because HBO therapy is not fully explained under wound healing in
some places [32]. The use of HBO is still continuing, albeit partially, in
cases with flap healing problems. The majority of cases with flap healing
problems are smokers. In a study by Latifoglu et al. [33], calcium
channel blockers were used to prevent necrosis in these patients and
they were found to be effective. Furthermore, vitamin administration
was performed to prevent ischemia-reperfusion in the flap. In the liter-
ature, vitamin C and high doses of vitamin E administration were
evaluated in two different studies and they were found to be partially
successful [33,34]. Superoxide dismutase has been used in studies
aiming at improving survival by balancing and preventing oxidative
damage in flaps [35]. Deferoxamine, an iron-binding and free radical
scavenger, has also been shown to improve the survival of skin flaps
[36]. Nakatsuka et al. [37] investigated the efficacy of glucocorticoids
on capillary blood flow and flap viability in the skin and muscle-skin
flaps in pigs.

There are many studies investigating the efficacy of different phar-
macological agents in preventing and modifying ischemia in the skin
flap. These agents include sympatholytics, vasodilators, prostaglandin
inhibitors, anticoagulants and free radical scavengers [38]. Specific
substances were also investigated. These include superoxide dismutase,
catalase, allopurinol, Vitamin A, dexamethasone, cyclosporine A,
methylprednisolone, azathioprine, heparin, intracellular adhesion
molecule 1 monoclonal antibody (HOIST-1), cromolyn Sodium, vascular
endothelial growth factor, lidocaine and topical prilocaine acid and ni-
tric oxide, ginkgo biloba, aspirin, lidocaine and epinephrine, propofol,
sildenafil, peptide-associated calcitonin gene, nicoboxil/nonivamide,
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terazosin and propranolol, hydralazine, caffeic acid, and clopidogrel
[22,39-52]. Although many agents have been studied, there is still no
widely accepted and common molecule that has been routinely used.
Therefore, in this study, we aimed to investigate the effect of PP (Zinc-10
mg, Coenzyme Q10-20 mg, Vitamin C-90 mg, Fructose, r-carnitine
fumarate-1.7 g, Acetyl-i-Carnitine, Folic Acid-200 mcg, Vitamin
B12-1.5 mcg), a multivitamin-multimineral supplement product, which
has been used safely for a long time in routine clinical practice, on flap
viability. It is a dietary supplement that provides sperm production,
development, and maturation and has been used for about 30 years.
Clinical trials have shown that ingredients contained in PP improve
sperm motility, formation, maturation, number, and quality [53-57].
The interaction of PP with any drug is not known and there are no
known side effects. However, less than 1% of patients have been re-
ported to have mild gastrointestinal complaints.

Many of the substances contained in PP have been shown to be
effective in preventing ischemia and necrosis in different studies. Zinc is
involved in cytokine production and cell membrane stabilization and
thus, prevents inflammatory lesions [58]. In the study by Schein et al.
[59], zinc-containing Hr-CuZnSOD has been shown to have beneficial
effects on flap viability. Coenzyme Q10 exhibits anti-inflammatory
benefits by reducing the release of proinflammatory cytokines that
occur during inflammatory damage [60]. In a recent study by Ozalp
et al. [61], coenzyme Q10 has been shown to help the improvement of
flap viability in venous ischemia-reperfusion injury. Different studies
have shown that coenzyme Q10 eliminates toxic effects through TNF-a
inhibition [62,63]. In our study, the inflammation parameters (IL-1p,
IL-6, and TNF-a) of the PP group were significantly lower than the
control group. Inflammatory parameters of the PP + HBO + PP group
were significantly lower than in other groups. In light of these findings,
it is concluded that PP application is effective in preventing flap necrosis
and its combined use with HBO increases its effectiveness. The TNF-a
value of the PP + HBO + PP group was significantly lower than the HBO
+ PP group. This suggested that the effect would be greater when the PP
application time was increased.

In a study by Kwon et al. [64], it has been reported that vitamin C
administration has improved the flap viability and increased dosage is
correlated with this situation. In a study by Georgopoulos et al. [65],
vitamin C has been shown to have a less protective effect against
ischemia-reperfusion injury compared to cimetidine and hydroxyzine.
Bozkurt et al. [66] have reported in their experimental study that the
antioxidant effect of vitamin C protects
musculo-adipose-fasciocutaneous flaps against ischemia-reperfusion
injury. In a recent study by Mokhimian et al. [67], it has been
concluded that vitamin C used after testicular torsion prevents tissue
damage and oxidative stress in the tunica vaginalis flap. In the present
study, oxidative stress parameters decreased significantly in both tissue
and plasma and antioxidant stress levels were significantly higher in PP
treated groups compared to the control group.

L-carnitine is known to be a potent antioxidant and free radical
scavenger [68]. In a study by Tellioglu et al. [69], .-Carnitine has been
shown to provide a dose-dependent improvement in flap viability. In a
study by Arslan et al. [70], r-carnitine has been reported to have a
curative role in burns and limit necrosis, particularly in full-thickness
burns. In the experimental study by Kargi et al. [71], r-carnitine and
dexamethasone have been shown to have a synergistic effect in
improving flap viability. In another experimental study by Aslan et al.
[72], it has been concluded that the combined use of L-carnitine and
vitamin C in the burned skin flap reduce necrosis. Ozkan et al. [73] have
reported that 1-carnitine administration has decreased the serum fibro-
nectin level and improved flap viability. In a study by Scioli et al. [74],
L-carnitine has been found to eliminate microvascular endothelial
dysfunction and to improve the skin flap viability and to enhance wound
healing and vascular angiogenesis in rats. In this study, 1-carnitine’s role
of increasing VEGF levels has been reported to be effective in increasing
vascular angiogenesis [74]. In our study, the growth factor parameters
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(TGF-p and VEGF) were found to be significantly higher in PP treated
groups than in the control group. We believe that this is due to the
content of r-carnitine. Particularly the finding that the healing was
better in the PP + HBO + PP group supports the literature.

Folic acid regulates many different pathways such as cell growth,
differentiation, DNA repair, apoptosis and carcinogenesis [75]. Vitamin
B12 has serious effects on cellular redox balance and oxidative stress
[76]. Furthermore, it reduces the transcription factor nuclear factor
kappa B (NF-kB) levels, inhibits nitric oxide synthesis and promotes
oxidative phosphorylation [77]. In the present study, OSI levels were
significantly lower in all groups in both tissue and plasma than in the
control group.

Selenium has a significant role in antioxidant defense systems and
shows its most important effect through the active region of GPx sele-
noenzyme. This enzyme not only protects cells against free radicals but
also promotes the repair of membrane lipid molecules via the re-
alkylation mechanism [78]. Single-dose administration of selenium
nanoparticles has been shown to inhibit free oxygen radicals in cell
culture induced by cisplatin and to block apoptosis [79]. In a recent
experimental study by Tenekeci et al. [80], selenium administration has
been shown to prevent ischemia-reperfusion injury in tissue. Selenium
exhibits this preventive effect by reducing oxidative stress, increasing
vascular density, enhancing neutrophil infiltration, and suppressing
inflammation [81].

According to the International Submarine and Hyperbaric Medicine
Association, HBO therapy is applied rather than normal graft or flap
applications, or it is recommended to use perfusion and hypoxia for
other reasons [82]. HBO treatment increases the oxygen carrying ca-
pacity of plasma by 7% [82]. A different mechanism affects flap healing.
The molecules in this message increase flap healing and viability
through different mechanisms. Selenium has an antioxidant effect, Zinc
and Coenzyme Q increase flap viability, Vitamin C prevents ischemia,
increases folic acid cell maturation, and vitamin B12 acts with its role in
DNA synthesis (14-21). Thus, PP flap healing is accelerated in different
steps that may not be affected by HBO. In the present study, epidermis
and dermis regeneration were found to be better in the PP group than in
the control group. The histopathologic findings of the HBO + PP group
were better than the control group but worse than the PP + HBO + PP.
Epithelial and dermis regeneration was found to be better particularly in
the PP + HBO + PP group compared to other groups. When the groups
were evaluated in terms of tissue samples taken from the second and
third regions, the healing status of hair follicles and sebaceous glands
was better in the PP + HBO + PP group compared to the other groups.
These data show that PP improves histopathological parameters. Based
on these parameters, when the groups were compared in terms of flap
necrosis, the highest necrosis percentage was seen to be in the control
group. The necrosis percentage was significantly lower in all other
groups compared to the control group. There was no significant differ-
ence between the PP and HBO groups in terms of necrosis percentage.
The necrosis percentage of the HBO + PP group was significantly lower
than that of both HBO and PP groups. Although the necrosis percentage
of the PP + HBO + PP group was lower than those of the HBO + PP
group, the difference was not statistically significant. In light of these
data, we concluded that PP is as effective as HBO therapy in the pre-
vention of necrosis, its effect is increased when combined with HBO, and
there is a further increase in its effect when applied before and after
surgery.

4.1. Strengths of the study

1. Proxeed plus is a safe combination with long-term clinical use.

2. There are many studies in the literature showing that the molecules
contained in PP contribute individually to improve flap viability and
in the present study, these molecules have been used in combination.

. In the study, oxidative stress, inflammation and growth factor pa-
rameters were evaluated.
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9]

. Biochemical evaluation was performed on both plasma and tissue.
. Histopathological evaluation was performed.
. The applications of PP were grouped into three: alone, combined

used with HBO, and application before and after surgery.

. The study included HBO therapy which is the most commonly used

treatment modality to improve flap viability in clinical practice.

The weakness of our study was the lack of immunohistochemical

evaluation.

5.

Conclusion

This is the first study evaluating the efficacy of PP that contains

combined support molecules in preventing ischemia and necrosis in the

rat

skin flap model. Proxeed Plus has been shown to prevent tissue

ischemia-reperfusion injury and tissue necrosis with the biochemical
and histopathological data. We concluded that PP has similar effects
with HBO, its effect increases when combined with HBO, and it is more
effective when used both before and after the surgery.
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