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Abstract

Aim: The aim of this study was to determine how local dexmedetomidine and sugam-
madex application affect TNF- o IL-15 levels, and histopathological scores, which are
important markers of inflammatory response, in a rat experimental wound model.

Materials and Methods: In Group D, 2 ml of 10 mcg diluted dexmedetomidine (n=8),
2 ml of 10 mg diluted sugammadex (n=8), and 2 ml of saline (n=8) were infiltrated into
the incision lips. Plasma TNF-a, IL1-3 levels was measured. The rats were awakened.
Their survival was continued for 7 days. On the seventh day following the procedure,
a biopsy was taken from the subjects’ incision line, and their histopathological wound
healing scores were evaluated.

Results: There was a difference between the mean values of TNF-a between the groups
(p=0.016). TNF-a was found to have a mean value of 299.59 in the control group, 253.41 in
the dexmedetomidine group, and 249.51 in the sugammadex group. 1L-15 values, chronic
inflammation (CI), granulation (G) and fibrosis (F) scores did not differ between groups (p
values 0.752, 0.118, 0.368, and 0.296, respectively). The active inflammation (AI) scores
of the all groups differed significantly (p=0.007).

Conclusion: Dexmedetomidine and sugammadex have been shown to accelerate the
migration of polymorphous core leukocytes to the wound site. We believe that our research

will shed light for future clinical trials.

@@@@ Copyright (© 2023 The author(s) - Available online at www.annalsmedres.org. This is an Open Access article distributed
el under the terms of Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License.

Introduction

A wound is a loss of function in the tissue caused by an
abnormal anatomical structure of the tissue, which can
be caused by a variety of factors. Wound healing is es-
sential for complete recovery after surgical operations, is
one of the most important issues in clinical practice in
the surgical branches and it can be influenced by a va-
riety of patient related factors. The drugs used by the
patient may also have an impact on this complex process
[1, 2]. Therefore, the question of whether anesthetic drugs
administered to patients during surgery, particularly opi-
oids administered for intraoperative and/or postoperative
pain, play a role in wound healing arises. Proinflamma-
tory cytokines are tumor necrosis factor-alpha (TNF-a),
interleukin-1 beta (IL1/3), interleukin-2 (IL-2), interleukin-
6 (IL-6), interleukin-12 (IL-12), interferon alpha (IFN-
«), and interferon gamma (IFN-v). TNF-«, IL-153, and
IL-6 are mainly produced from macrophages and mono-
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cytes and increase the synthesis of acute phase proteins
such as C-reactive protein (CRP), serum amyloid A, fib-
rinogen, complement, and alpha 1-antitrypsin. Proinflam-
matory cytokines are stimulated by microorganisms, mi-
crobial products, antigens, inflammatory agents, herbal
lectins, lymphokines, and some chemicals [3].

It has been demonstrated that the increase in IL-1a, IL1-
B, IL-6 and TNF-«, which are proinflammatory cytokines
in wound repair, increases significantly as long as the acute
inflammatory healing process continues [4].

Dexmedetomidine has been shown in clinical and experi-
mental studies to inhibit inflammatory cytokines, reduce
oxidative stress, regulate reactive oxygen derivatives and
antioxidation, and play an important role in prevent-
ing reperfusion damage [5]. Simultaneously, there is ev-
idence showing that it reduces mortality by suppressing
the inflammatory response in cases of sepsis.Sugammadex,
a modified gamma-cyclodextrin, antagonizes the curare-
like block induced by steroidal neuromuscular blocking
drugs. Human and animal studies have shown that sugam-
madex can reverse deep neuromuscular blockade caused by
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rocuronium without muscle weakness [6]. Cyclodextrins
have been used to improve the release and bioavailability
of drugs approved for different treatments. There have
been studies showing that they reduce inflammatory re-
sponses such as oxidation and proinflammatory cytokine
expression. On the other hand, cyclodextrins have been
shown to be effective in cholesterol-mediated inflammation
processes [7].

Sugammadex is a reversing agent, so it is used to reverse
curare-like block in any case given general anesthesia. It
has been proven in clinical and experimental studies that
sugammadex has an anti-inflammatory effect as well as a
reverse effect [8,9]. We wanted to investigate the role of
such a commonly used agent in wound healing because the
subject of sugammadex and wound healing is a virgin topic
in the literature.

The aim of this study was to examine the effects of local
dexmedetomidine and sugammadex application on TNF-«
and IL-15 levels, as well as wound healing histopatholog-
ical scores, which are important markers of inflammatory
response, in a rat experimental wound model.

Materials and Methods

Our study was designed as an unblinded experimental
study. This study was approved by the Ordu Univer-
sity Rectorate Animal Experiments Local Ethics Com-
mittee with decision number 15 made at the meeting
dated 22/10/2020 (Decision number:15 Date:22.10.2020)
and was conducted at the Ordu University Experimen-
tal Research Center. The subjects were relocated from
the Samsun Ondokuz May1s University Experimental An-
imals Application and Research Center (DEHAM) to the
Ordu University Experimental Animal Breeding Applica-
tion and Research Center in accordance with the transfer
conditions, after adequate and appropriate conditions were
obtained and the necessary permits were obtained.

During the study, all experimental and surgical applica-
tions were carried out following the Guideto the Care and
Use of Experimental Animals published by the US Na-
tional Health Institutes, and consideringethics principles.

The Ordu University Scientific Research Projects Coor-
dination Unit (ODU-SRPCU) provided funding for this
thesis project (ODU-SRPCU Project Number: B-2018).

The study included 24 male Wistar-Albino rats, 10-12
weeks old and weighing 250-300 g. The number of subjects
required for this study was planned based on the medical
specialty thesis study of Gezer et al.[10]The subjects were
kept in standard plastic cages for 7 days, with 12-hour
day and 12-hour night cycles at 24-26 °C room tempera-
tures and in 50-60% humidity conditions in temperature-
controlled shelters until the experiment. The subjects, di-
vided into groups of four per cage, were monitored. Wound
care was implemented once a day and no antibiotics were
given to the subjects at any point during or after the pro-
cedure. During the seven days, no subjects were lost. On
the 7th day after the procedure, the subjects were sacri-
ficed by cervical dislocation under deep anesthesia.

The experimental animals were divided into 3 (three)
groups of eight rats each. In this study, there are 3 (three)
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study groups: the control group (=Group C), the Sug-
ammadex group (=Group S), and the Dexmetedomidine
group (=Group D). Rats were chosen randomly (n=8) and
identified using a letter and number system with tail tag-
ging to ensure a perfect match.

In group D lower concentrations (5pg/ml) of dexmedeto-
midine were obtained by dissolving one vial of dexmedeto-
midine solution (Precedex 100 png/2 ml vial., Abbott Lab-
oratory, Illinois, USA) in 18 ml of distilled water. 10 ng/kg
(2 ml) of dexmedetomidine was infiltrated into the wound
edges of each rat.

In group S to obtain lower concentrations (5 mg/ml) of
sugammadex, 1 ml (100 mg) of sugammadex solution
(Bridion 200 mg /2 ml vial., MSD,Hospira, Rocky Mount,
NC, USA) was taken from a vial and dissolved with 19
ml of distilled water. For each rat, 10 mg/kg (2 ml) of
sugammadex was infiltrated into the wound edges.

2 ml of saline (n=8) was infiltrated into the incision lips
of each rat in Group C.

In all experimental animals intramuscular 50 mg/kg ke-
tamine (Pfizer Pharma GMBH, Germany) and 10 mg/kg
xylazine hydrochloride (Alfazyne 2%, Alfasan Interna-
tional, Holland) were used to induce anesthesia.

After the loss of extremity-pulling response and corneal re-
flex, the back hairs were shaved and cleaned. The incision
area was wiped with povidone iodine and dried with ster-
ile gauze after 2 minutes. Following the sterile placement
of the perforated cover, a longitudinal surgical incision of
1 cm in the midline in the dorsal region was made with
a scalpel, including the skin and subcutaneous connec-
tive tissue. In Group D, 2 ml of diluted dexmedetomidine
(n=8), in group S 2 ml of diluted Sugammadex (n=8) and
in control group 2 ml of saline (n=8) were infiltrated into
the incision lips. The skin and subcutaneous tissues were
joined together with a 4/0 silk thread.

After the procedure, 1.5 ml of blood was drawn from the
tail vein 30 minutes after anesthesia, centrifuged (3000 g,
15 minutes, 4’°C), and stored at -80 °C until measurement.
TNF-a and IL1S levels in plasma were determined using
the enzyme-linked immunosorbent measurement method
in an ELISA device using commercial rat kits (Boster,
Boster Biological Technology Co., Ltd, USA) in accor-
dance with the package inserts.

All kit standards (TNF-a, IL1-53) were diluted with dis-
tilled water in the amounts specified on the label. Each
diluted standard was rested for 10-30 minutes and was
carefully mixed to ensure that the mixture and solubility
were homogeneous. Dilutions of standards were performed
directly in microwells.

Rats were kept alive for 7 days. A 2 x 2 cm strip biopsy was
taken from the subjects’ incision line on the seventh day
while they were sedated. All the subjects were sacrificed
by cervical dislocation under deep anesthesia.

Following formalin fixation, paraffin blocks from all sam-
ples were prepared using the routine tissue follow-up pro-
cedure, and two 4-51 thick sections were cut from these
paraffin blocks. One section was stained with hema-
toxylinand eosin (HE), while the other was histochem-
ically stained with Masson Trichrom stain (BESLAB,
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HistoMed, Ankara). Active inflammation (PMNL infil-
tration and edema), chronic inflammation (lymphocyte,
plasmocyte infiltration), and granulation tissue formation
(vascularization, giant cells, fibroplasia) were evaluated
in HE sections, while fibrosis (fibroblastic activity in-
crease/collagenization) was assessed in Masson trichrome
sections.  All parameters were scored with the semi-
quantitative method as follows: 0: None, 1: Mild 2: Mod-
erate 3: Severe.

Statistical analysis

Data were analyzed with IBM SPSS v23. The Shapiro-
Wilk test was used to assess conformity to normal distribu-
tion. One-way analysis of variance (ANOVA) was used to
compare TNF-q, IL1-8 values according to groups. Since
the variances in TNF-alpha values were homogeneous for
multiple comparisons, the Tukey HSD test was used. The
Kruskal-Wallis test was used to determine whether the
scores differed by group. Since the scores did not con-
form to normal distribution, the relationship between the
scores and TNF-a, IL13 values was examined using Spear-
man’s rho. Analysis results were presented as mean =+ s.
deviation, median (min-max). Significance level was taken
as p<<0.05.

Results

Table 1 summarizes the severity of active inflamma-
tion (polymorph core leukocyte infiltration and edema),

Table 1. Distribution degree of histopathological scores.

Group Active Chronic Granulation Fibrosis
Inflammation inflammation
(Al score) (Cl score) (G score) (F score)
C1 1 2 2 2
C2 1 1 1 2
C3 1 2 1 1
C4 1 1 1 2
C5 1 1 1 2
Coé 1 2 1 1
C7 1 1 1 1
C8 1 1 1 2
S1 1 2 1 1
S2 1 1 1 1
S3 2 2 1 2
S4 2 1 1 2
S5 3 2 1 2
S6 2 1 1 2
S7 1 1 1 2
S8 1 2 1 1
D1 2 2 1 1
D2 1 1 1 2
D3 1 2 1 2
D4 2 2 1 2
D5 2 2 1 2
D6 1 2 1 3
D7 1 2 1 2
D8 2 2 1 2

C: Control group, S: sugammadex experimental group, D:
Dexmedetomidine experimental group.
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Figure 1. Histopathological examination of inflamma-
tion. Severe leukocyte with polymorphic nuclei infiltration
and edema on the left (left HEx100), and fibrosis on the

right (right HEx40).

Figure 2. Histopathological examination of inflamma-
tion Acute inflammation (HEx400) on the left, angiogene-
sis (HEx200) on the right.
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Figure 3. Illustrates the TNF-« and IL1-3 levels of the
groups graphically.
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Table 2. Comparisons by groups.
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Control Dexmedetomidine Sugammadex p
Mean=S.Deviation Median (min-max) MeantS.Deviation Median (min-max) Mean+S.Deviation Median (min-max)
TNF Alpha (ng/L) 299.59 + 49.2% 293.2 (227.8- 373) 253.41 + 22.16b 255.25 (220.6 - 284.1) 24951+ 27.2° 251.4 (205 - 284.3) 0.016"
IL1 Beta (pg/ml) 113.63 £ 18.78 106.58 (92.98- 147.01) 116.11 £ 20.47 113.61(95.18 - 160.39) 107.2 £ 31.37 96.06 (66.46 - 158.79) 0.7521
Al score 1102 1(1-1) 1384052 1(1-2) 163+0.74° 15(1-3) 0.007%
Cl Score 1.38 + 0.52 1(1-2) 1.88 +0.35 2(1-2) 15+ 053 15(1-2) 0.1182
G score 113035 101-2) 120 10-1) 120 1-1) 0.368>
F score 1.63 + 0.52 2(1-2) 2+0.53 2(1-3) 1.63 + 0.52 2(1-2) 0.2962
a-b

1 One-way analysis of variance; 2Kruskal Wallis;

Table 3.
scores and TNF Alpha and IL1 Beta.

Results of correlation analysis between the

Group Score TNF Alpha IL1 Beta
Al - -
Cl -0.169 0.845*
Control
G -0.247 0.577
F -0.282 -0.169
Al 0.282 0.282
Cl 0.082 0.082
Dexmedetomidine G
F 0.327 -0.218
Al -0.209 0.352
Cl 0.218 0.436
Sugammadex
G _ -
F -0.169 0.394
Al -0.250 0.055
Cl -0.171 0.549*
Total
G 0.136 0.256
F -0.038 -0.075

*Significant correlation value at 1% significance level (Spearman’s

rho).

chronic inflammation (lymphocyte, plasmocyte infiltra-
tion), granulation tissue (increased vascularization, giant
cells, fibroplasia), and fibrosis (fibroblastic activity in-
crease/collagenization) in each of the three groups.
Active Inflammation was indicated as Al,
Chronical Inflammation indicated as CI,
Granulation indicated G and
Fibrosis indicated as F.
Histopathological Scoring was enumerated as 0= None,

1. Mild

2. Moderate

3. Severe

Figures 1 and 2 show histopathological sections of the in-
flammation.

The descriptive statistical values of TNF-«, IL1-8, and
histopathological scores for all three groups (control,

dexmedetomidine, and sugammadex) are presented in Ta-
ble 2.

There is a difference in the mean TNF alpha values be-
tween groups (p=0.016). The mean of the control group

865

No difference between groups with the same letter (Tukey HSD).

was 299.59, while it was 253.41 in the Dexmedetomidine
group and 249.51 in the Sugammadex group. There is a
difference between the Al means according to the groups
(p=0.007). The mean was 1 in the control group, 1.38 in
the Dexmedetomidine group, and 1.63 in the Sugammadex
group. The mean of the control group differed from the
other two groups; however, there was no difference be-
tween the Dexmedetomidine and Sugammadex groups. IL
1 Beta, CI, G and F scores did not differ according to
the groups (p values 0.752; 0.118; 0.368 and 0.296, respec-
tively).

Table 3 shows the results of the correlation analysis be-
tween histopathological scores and TNF-«, IL1-£5.

When the data was examined separately by group, it was
discovered that there was a strong positive correlation be-
tween the CI score and IL1-8 only in the control group
(r=0.845; p<0.001). In the control group, there was no sig-
nificant correlation between other scores and TNF- « lev-
els. Similarly, there was no significant correlation between
the scores and TNF-« and IL15 values in Dexmedetomi-
dine and Sugammadex groups (p>0.05). When the rela-
tionship between the scores and TNF- a and IL15 was
examined across all groups, it was revealed that there was
only a moderate positive correlation between the CI score
and IL 15 (r=0.549; p<0.001).

As the G values in the AI, Dexmedetomidine, and Sug-
ammadex groups were constant in the control group, no
correlation results could be obtained.

Discussion

The significant difference in the means of TNF-a found
in our experimental study suggests that dexmedetomi-
dine and sugammadex both contribute positively to the
acute inflammation process. Consequently, dexmedetomi-
dine and sugammadex accelerate the migration of poly-
morphonuclear leukocytes to the wound site in wound
healing and have positive effects in the acute phase of
wound healing. These outputs are the primary and sec-
ondary endpoints of our results, respectively. Significant
results were obtained in the Al score in the dexmedeto-
midine and sugammadex groups when compared to the
control group in terms of histopathological scores. It
can be concluded that dexmedetomidine and sugammadex
play an active role in the active inflammation phase of
wound healing. Kuru et al. revealed in their experimen-
tal study that dexmedetomidine has antioxidant and anti-
inflammatory effects. Thirty Wistar -Albino rats were di-
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vided into 3 groups in the study. They performed a sham
operation in one group, cecal abrasion and peritoneal dis-
section in one group, and 10 mcg/kg/day dexmedetomi-
dine infusion for 10 days in the other group, in addition
to cecal abrasion and peritoneal dissection. They found
significant differences between the groups in malondialde-
hyde, myeloperoxidase, total sulthydryl, and catalase lev-
els. Plasma malondialdehyde and total sulfhydryl levels
were also statistically different between these groups. Sta-
tistical analyses of mean pathological scores revealed that
the cecal abrasion/peritoneal dissection + dexmedetomi-
dine group had significantly less histopathological damage
than the control group. Dexmedetomidine, according to
the authors, has a significant preventive effect on postop-
erative intra-abdominal adhesions. The researchers con-
cluded that these effects could be attributed to antioxidant
and antiinflammatory properties. Similarly, in our study,
TNF- « levels were significantly lower in the dexmedeto-
midine group compared to the control group, suggest-
ing that they have antiinflammatory properties. In our
study, similar to Kuru et al., our CI scores were lower in
the dexmedetomidine group in terms of histopathological
scores [11]. Deng et al. investigated whether perioperative
administration of dexmedetomidine reduces the incidence
of post-percutaneous nephrolithotomy lithotripsy (PCNL)
systemic inflammatory response syndrome (SIRS) in pa-
tients undergoing percutaneous nephrolithotomy in a clin-
ical randomized controlled study on 190 patients (PCNL).
Systemic inflammatory response syndrome (SIRS) inci-
dence rates were found to be significantly lower in the
dexmedetomidine group compared to the control group
(35.8% vs. 50.5%, p=0.04). This study revealed that
administering dexmedetomidine during PCNL may help
reduce the incidence of SIRS by inhibiting the release of
inflammatory mediators. The authors attributed these
study results to the inhibition of inflammatory responses
and as a result, lower serum levels of IL-6 and TNF-«
induced by dexmedetomidine administration. As a re-
sult of this study, the authors concluded that future re-
search should look into other effects of dexmedetomidine
administration on SIRS [12]. Although our study was
an experimental study, our TNF-a levels were found to
be lower compared to the control group, similar to the
study of Deng et al. Dexmedetomidine decreases TNF-
a level by decreasing the inflammatory response. In our
study, no decrease in IL-153 levels was detected. Our
study results are partially similar to the study results of
Deng et al. In an experimental study on rats, the effects
of dexmedetomidine on TNF-a, IL-6, IL-10, TAS, TOS,
malondialdehyde (MDA), protein carbonyl (PC), super-
oxide dismutase (SOD), catalase and glutathione perox-
ide (GPX) levels in the early treatment of mesenteric is-
chemia reperfusion injury were investigated. The study
found that IL-6, TNF-a, and protein carboxylase lev-
els were lower in the group that received dexmedeto-
midine before the reperfusion injury compared to the
group that only obtained ischemia reperfusion. No sig-
nificant difference was found in the other parameters ex-
amined. In the dexmedetomidine receiving group, there
were no significant protective changes in intestinal mor-
phology when compared to the group that did not receive
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dexmedetomidine. The study concluded that dexmedeto-
midine prevented intestinal ischemia-reperfusion injury in
rats receiving dexmedetomidine without reperfusion dam-
age. Dexmedetomidine is reported to prevent significant
morphological changes in the intestine, as well as decrease
tissue and proinflammatory cytokines and protein oxida-
tion. The results of our experimental study are consistent
with those of Kayacan et al. We also observed low lev-
els of proinflammatory cytokines in our study groups [13].
In an experimental study ( Li F et al.) , dexmedetomi-
dine has been shown to inhibit inflammatory cytokines, re-
duce oxidative stress, regulate reactive oxygen derivatives
and antioxidation, and play an important role in prevent-
ing reperfusion damage [14]. Our study results are com-
patible with the literatiire. Another rat study revealed
that dexmedetomidine administration after acute kidney
injury with sepsis suppressed the production of proinflam-
matory cytokines and reduced kidney tissue damage. Our
study results are consistent with the literature findings
[15]. Despite the fact that dexmedetomidine is commonly
used in clinical and experimental studies today, the num-
ber of studies investigating the effects of local application
on wound healing is very limited. Perioperative inflam-
mation has been linked to a variety of postoperative com-
plications, including infection and organ failure. Likewise,
postoperative surgical pain is primarily caused by inflam-
mation and mediators [16]. As a result, strategies that
limit and control the local inflammatory response during
the perioperative period will benefit the patient’s post-
operative wound healing. Sugammadex is a gamma cy-
clodextrin with a ring structure that contains 8 negatively
charged glucose monomers [17]. Cyclodextrins also show
anti-inflammatory activity on their own. There have been
studies showing that they reduce inflammatory responses
such as oxidation and proinflammatory cytokine expres-
sion. On the other hand, cyclodextrins have been shown to
be effective in cholesterol-mediated inflammation processes
[7]. Sugammadex is a cyclodextrin-derived agent which is
commonly used in modern medicine to reverse neuromus-
cular blockages. There have been no clinical or experi-
mental studies on the anti-inflammatory activity of sugam-
madex on wound healing in the literature. Our study is the
first study to examine the effect of sugammadex on wound
healing. Gu et al. conducted a retrospective study involv-
ing 1615 patients who underwent abdominal surgery for
cancer treatment and 795 of the patients were extubated
after the surgery by administering 2 mg/kg (maximum
200 mg) sugammadex. As a result of the examination,
they reported that sugammadex shortened the extubation
time and accelerated the postoperative recovery in cancer
patients undergoing abdominal surgery [18].

Conclusion

Consequently, dexmedetomidine and sugammadex accel-
erate the migration of polymorphonuclear leukocytes and
lymphocytes to the wound site. Since dexmedetomidine
and sugammadex have positive effects in the active inflam-
mation phase of wound healing due to their immunomod-
ulatory effect, they can be used safely during the perioper-
ative period. We believe that our research will shed light
for future clinical trials.
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