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Abstract

Obijective: In this study, we aimed to compare the anti-adhesive effects of contractubex and dicalcium phosphate dihydrate
(DCPD) patrticles in rats treated with the uterine horn adhesion model. Materials and methods: Newly adult, 60 Wistar albino
rats were used as experimental animals. The modified rat uterine horn adhesion model was used to induce intra-abdominal
adhesion. Tumor necrosis factor (TNF)-o,, interleukin (IL)-1, vascular endothelial growth factor (VEGF) and transforming growth
factor (TGF)-B1 were studied for biochemical and immunohistochemical examination. Results: TNF-o. decreased in each group,
while it decreased more in G2 and G3 than in G1. IL-1p decreased in each group, while it decreased the most in G3. TGF-31
and VEGF localization was less in the G2 compared to G1, the least TGF-$1 and VEGF immunolocalization was detected in
the G3 and G4. For both antibodies, the least localization among all groups belonged to G3. From day 7 to day 21, the high-
est TGF-B1 immunolocalization was observed in G1, lesser localization in G2 and lowest in G3. Conclusion: DCPD nanopar-
ticles show promise as a clinical antiadhesive agent and should be further evaluated in experimental animal models and human
trials.
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Resumen

Objetivo: En este estudio, nuestro objetivo fue comparar los efectos antiadhesivos de las particulas de contractubex (CTX)
y fosfato dicalcico dihidratado (DCPD) en ratas tratadas con el modelo de adhesion del cuerno uterino. Materiales y métodos: Como
animales de experimentacion se utilizaron 60 ratas Wistar albinas, recién adultas. Se usé el modelo de adhesién del cuerno
uterino de rata modificado para inducir la adhesion intraabdominal. Se estudiaron TNF-o, IL-1, VEGF y TGF-B1 para examen
bioquimico e inmunohistoquimico. Resultados: el TNF-o. disminuyé en cada grupo, mientras que disminuyé mas en G2 y G3
que en G1. IL-18 disminuyé en cada grupo, mientras que disminuyé mas en G3. La localizacién de TGF-$1 y VEGF fue
menor en G2 en comparacion con G1, la menor inmunolocalizaciéon de TGF-p1 y VEGF se detecté en G3 y G4. Para ambos
anticuerpos, la localizacién minima entre todos los grupos pertenecia a G3. Desde el dia 7 hasta el dia 21, la mayor inmuno-
localizacion de TGF-B1 se observé en G1, menor localizacién en G2 y menor en G3. Conclusion: las nanoparticulas de DCPD
se muestran prometedoras como agentes antiadhesivos clinicos y deben evaluarse mas en modelos animales experimentales
y ensayos en humanos.
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Adhesions are the results of the inflammatory re-
sponse to tissue trauma, infection, bleeding, or foreign
matter in the peritoneal space™®. There are many stud-
ies on the development of barrier materials, hormones
and their agonists/antagonists, hyaluronic acid, fibrino-
lytic agents, nonsteroidal anti-inflammatory drugs, and
antioxidants to prevent postoperative adhesion forma-
tion*®. The vast majority of them could not enter surgical
practice, and a significant part could not gain applicabil-
ity in our surgical technique because of the high cost®#®.

CTX gel (Merz Pharma GmbH and Co., Frankfurt, Ger-
many) is applicated to reduce inflammation and fibroblast
proliferation that occurs in the early stages of wound heal-
ing’®. Studies have shown that CTX application causes a
decrease in the immunoreactivity of transforming growth
factor-B (TGF-p), laminin, and fibronectin. It has been
shown in previous studies that there is no adhesion, toxic
effect or granuloma when applied intra-abdominal®. Due
to its known antioxidant, anti-inflammatory, and fibroblast-
inhibiting effects, it reduces histopathological damage
scores when applied to extracutaneous tissues™.

DCPD nanopowders calcium phosphate, orthophos-
phates (PO43-), metaphosphates or pyrophosphates
(P2074-), and especially hydrogen or hydroxide ions
together with calcium ions are mineral groups. In animal
and clinical experiments, it has been observed that the
in-vivo solubility of biocompatible tissue-healing bioma-
terials with DCPD as the main phase after crystallization
and curing or containing DCPD particles is high. It is
completely dissolved in 3-4 months at the latest, and
very positive effects on the new tissue formation pro-
cess in the applied areas have been reported' 2, It has
been proven by characterization studies that naturally
obtained DCPD nanoparticles have the potential to be
used as an adhesion inhibitor'®',

This study aimed to compare the anti-adhesion effects
of contractubex (CTX) and dicalcium phosphate dihydrate
(DCPD) particles in rats treated with the uterine horn ad-
hesion model, with histological and immunohistochemical
tests and biochemical measurements.

Material and methods

Synthesis of nanocrystalline dicalcium
phosphate dihydrate from eggshells

The collected white chicken eggshells were washed
with distilled water to remove impurity and then boiled

in distilled water for 60 min to remove the membrane.
Cleaned eggshell materials were dried in the oven at
60°C for 24 h. Afterward, they were manually crushed
with agate mortar and pestle and calcined at 900°C
for two hours with a heating-cooling rate of 5°C/min.
The decomposition of eggshell powder (CaCO,) to
CaO occurs according to the equation (1).

CaC0, —%* ;a0 + Ca0, (1)

To obtain the purified form of calcium hydroxide
Ca(OH)2, CaO were ball milled in the stoichiometric
amount of distilled water for 6 h.

PRECIPITATION PROCESS

To obtain DCPD crystals was done by direct synthesis in
solution. All chemicals were of analytical grade, purchased
from Merck, and used as received in the experimental
study. A solution (200 mL) containing Ca(OH), (0.5 M)
and H,PO, (0.3 M) were prepared with the appropriate
dilutions. The 0.5 M Ca(OH), suspension was vigorously
stirred at 70°C for one hour, and the H,PO, (0.3 M) solu-
tion was added dropwise and stirred for about 30 min.
The pH of the solution was adjusted to 10 by adding 30%
NH, solution. After the complete edition of the H,PO,
solution, an additional vigorous stirring was carried out
for one hour at 90°C to activate the chemical reaction.
The obtained slurry was left at room temperature over-
night for the aging process. During aging at room tem-
perature, the DCPD was precipitated. The excess NH,
solution obtained over the white precipitate powder was
removed, and the precipitate powder was washed sev-
eral times with distilled water to remove the NH* ions.
The residue was dried at 60°C for 48 h. The chemical
reaction between Ca(OH), and H,PO, is equation (2)

Ca(OH), + H,PO, » CaHPO,.2H,0 )
Cell culture

In this study, L929 (mouse fibroblast cell line) cells
were purchased from American Type Culture Collec-
tion. The medium used in our research was DMEM
containing 10% fetal bovine serum, 1% L-glutamine,
and 1% penicillin-streptomycin. L929 cells were cul-
tured in DMEM in an incubator with 5% CO, at 37 ° C.

Cell culture, tissue and organ cultures are used in in-vitro
cytotoxicity tests, the most used systems are cell cultures®.
The use of L929 or Balb/3T3 mouse fibroblast cell line is
recommended for the evaluation of cytotoxicity'®'”. These
cells are cell types that can be found easily, reproduce
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rapidly and have a homogeneous morphology. With their
growth characteristics, they ensure that the experiment can
be repeated in cytotoxicity evaluations'®.

The cytotoxicity of DCPD and CTX were compared in
the study. In the study performed at different concentra-
tions, it was observed that both substances were not
cytotoxic, and DCPD had a more negligible effect on
cell viability when counting cells (Fig. 1A and B).

Test animals

In the study, 60 Wistar albino rats, newly adult,
16 weeks old, unmated, female, 200-220 g, were used
as experimental animals®'%2. All experimental proce-
dures applied in this study were examined by Sivas
Cumbhuriyet University Experimental Animal Research
Ethics Committee and approved on 25 December 2020

DCPD

Figure 1. A: % viability values of DCPD. B: cell viability of DCPD and CTX in L929 cells. DCPD: dicalcium phosphate dihydrate; CTX: contractubex.

with the number 469. Minimal numbers of animals were
used and every efforts were made to minimize their
suffering. Wistar albino rats were chosen because of
their robustness and low cost compared to large ani-
mals®. After the rats were purchased, they were kept
for one week to acclimate to the laboratory conditions.
Rats were kept as two individuals in a cage with stan-
dard animal housing conditions in the laboratory, 12 h
of light-darkness, 21°C temperature, 50-60% humidity,
and standard pellet rat chow and water35222,

ANIMAL MODEL
EXPERIMENTAL GROUPS

G1: Control group, G2: DCPD powder 0.25 g. admin-
istration group, G3: DCPD powder 0,5 g. application

459



460

Cirugia y Cirujanos. 2023;91(4)

group, G4: CTX 1 g application group?. A total of 60
rats were randomly divided into four groups. Each
group was divided into 7", 14", and 21t day groups
among themselves. There were 5 rats in subgroups.

The modified rat uterine horn adhesion model to
induce intra-abdominal adhesion was chosen because
it is a standardized qualitative and quantitative model,
mimics reproductive surgery and provides reproduc-
ible results and consistent adhesion formation32+26,

All rats have fasted for 12 h before surgery. Anes-
thesia was administered through intraperitoneal injec-
tion of 10 mg/kg xylazine (Rompun; Bayer, Turkey)
and 50 mg/kg ketamine (Ketalar; Parke Davis, Turkey,
Istanbul), and spontaneous breathing was achieved.
All surgical procedures were performed by the same
surgeon. The rats were fixed in the supine position;
the midline lower abdomen of each rat was shaved
and disinfected with iodine solution. The abdomen
was entered with a midline vertical incision of approxi-
mately 3 cm in length. Five standard lesions were
created with 10 W unipolar cautery on the antimesen-
teric face of the right uterine horns of the rats. The
two layers of abdominal wall were closed with 4/0
prolene sutures after the surgery. Second laparotomy
was performed in the 7%, 14" and 21s' day groups.
Intracardiac blood was taken from the animals accord-
ing to the groups, and the animals were euthanized
by the neck dislocation method.

ADHESION SCORING

Adhesions formed after laparotomy was evaluated
macroscopically by two independent researchers un-
aware of the applications. The mean score of both
researchers was used for that rat. Grading of adhe-
sions was evaluated in terms of adhesion prevalence
and severity, with scores from 0 to 4?7. Adhesion prev-
alence and severity scores for each rat were added
to give the respective rat’s total adhesion score.

Biochemical examination

After the animals were sacrificed, 5cc of blood was
taken into a tube with EDTA by intracardiac route®®2°.
The collected blood was centrifuged at 3000 rpm for
15 minutes and then separated into the serum. Tumor
necrosis factor (TNF)-o. (Cat No: E0764Ra) and inter-
leukin (IL)-1 (Cat No: EO10Ra) from cytokines and vas-
cular endothelial growth factor (VEGF, Cat No: E065Ra)
from the growth factor were studied in serum samples

taken following the guide of the kit for the enzyme-
linked immunosorbent assay (ELISA) method.

Histopathological studies

Uterine horns were removed from sacrificed rats
and fixed in 10% neutral buffered formalin for 48 hours
for histological examination. Tissues washed in tap
water were embedded in paraffin blocks after tissue
follow-up processes according to standard protocol.
3-5 um sections were taken from paraffin blocks, and
routine hematoxylin-eosin (H&E) staining was per-
formed to evaluate the layers of the organ and the
healing rates in the wound.

For immunohistochemical evaluation, tissue blocks
were re-sectioned, deparaffinized, passed through a
decreasing series of ethyl alcohol (100-90-96-80-70%),
and washed in buffered phosphate solution (PBS) for
5 min. At the end of the period, the sections were boiled
in buffered citrate at pH 6 for 20 min in the microwave
for antigen retrieval. Sections cooled at room tempera-
ture were washed in PBS for 5 min and kept in a 3%
hydrogen peroxide (H202) solution prepared with dis-
tilled water for 10 min to suppress endogenous peroxi-
dase activity. At the end of the time, the sections were
washed with PBS for 3 x 5 min and then kept at room
temperature for 20 min by dripping ultra V block (Ther-
mo Scientific, USA) to prevent non-specific binding.
With the help of blotting paper, the block solution was
removed without washing, and the primary antibodies
VEGF (monoclonal antibody, JH121, ThermoFisher,
USA) and TGF-p1 (ThermoFisher, USA) were kept in a
humid and dark environment for 1.5 h at 36°C.

After the primary antibody application, the sections
were washed with PBS for 3 x 5 min, and the first Bio-
tinylated Goat Anti Polyvalent was dripped, washed
with PBS, then Streptavidin peroxidase (Thermo Sci-
entific, USA) was dropped and kept in a humid and dark
environment at 36°C for 20 min. At the end of the time,
the sections were washed with PBS, and chromogen
(Thermo Scientific, USA) was dripped onto 3,3’Diami-
nobenzidine (DAB) and waited for 5 min. Colored sec-
tions were washed with PBS, treated with Mayer’s
hematoxylin for 1 min, ground dyed, rewashed, covered
with a particular concealer, examined under a micro-
scope, and photographed (Olympus BX51, Japan)®.

Statistical analyzes

The mean (standard deviation/standard error) or
median (25-75% interquartile range) of the data were



calculated. In the analysis of the data, correlational
tests such as ANOVA or Kruskal-Wallis (followed by
post hoc tests such as Tukey or Mann—Whitney when
significant) and correlation tests were used. A p < 0.05
was considered statistically significant. The sample
size for each group was calculated with the online
program “StatsToDo: Sample Size for Measurement
Differences Between Unpaired Groups” module.
(http://www.statstodo.com/SSizUnpairedDiff_Pgm.
php) power was taken as 80% (1-b = 0.80) and 5%
significance level (a < 0.05) with the desired statistical
data.

Results
Adhesion scoring

Adhesion was observed most in G1. The results of
G3 and G4 were similar but less than G2 (Table 1). It
was observed that the amount of adhesion decreased
as the DCPD dose increased, and the amount of ad-
hesion was the least compared to the CTX group
when high doses were used. It was determined that
adhesion decreased within days in both CTX and
DCPD groups (Table 2).

Biochemical examination

TNF-alpha, IL-1B, and VEGF levels in intracardiac
blood taken from animals were measured by the ELI-
SA method.

TNF-a was found in G1 at 121.8889 ng/mL + 13.7400
on day 7, 77.4444 ng/mL + 15.7300 on day 14, and
60.7778 ng/mL + 15.9300 on day 21. In G3, it was found
93.0000 ng/mL + 10.4626 on day 7, 68.0741 ng/mL =
20.0890 on day 14, and 53.3704 ng/mL + 11.4156 on
day 21. While the amount of TNF-o decreased as the
number of days increased within the groups, the
amount of TNF-a decreased more in G2 and G3 com-
pared to G1 (Fig. 2A).

IL-1B was found in G1 to be 22.5397 ng/mL + 0.8900
at day 7, 20.1587 ng/mL + 0.8600 at day 14, and
14.9206 ng/mL + 0.5590 at day 21, while G3 It was
found to be 15.7143 ng/mL + 0.7800 on day 7,
11.9841 ng/mL + 0.6500 on day 14, and 11.9048 ng/
mL + 0.7400 on day 21. While the amount of IL-1f
decreased as the number of days increased within the
groups, the amount of IL-1f decreased even more in
G3 compared to the control group (Fig. 2B).

VEGF was found to be 454.000 ng/mL + 10.6483
on day 7, 334.6667 ng/mL + 15.7380 on day 14, and
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Table 1. Adhesion scoring

Total adhesion score 7t day 14t day 21t day

G1 7,8,8,7,8 6,7,7,6,7 6,7,7,56

G2 6,6,555 55433 54433

G3 3,3,3,3,2 32332 222272

G4 55,443 55433 44333

Table 2. Adhesion score statistics

Groups Adhesion p
7t day 14t day 21t day

G1 8+1 7+1 61 0.010%

G2 51 42 4+1 0.009°

G3 30 3+1 2+0 0.039°

G4 4+1 42 31 0.039¢

p 0.001¢ 0.002 0.0019

In italics: statistically significant

dp‘ydama day = 0.025; P a2t day = 0.038.

P7 dey-1a0ay = 0.038; p, Gey-21day = 0.038

Cp7day—21day =0.046

P7 oyt day = 0.046.

*Dg,0 = 0.007; Py, oy = 0.006; Py, o, = 0.008; Py 5 = 0.006; Py g, = 0.033; Py, = 0018,
g;.c0 = 0.008: Py, g, = 0.007; P, o, = 0.008; P ey = 0.033; Py, = 0.033
9D, 6 = 0011 Py, o, = 0.005; pg, o, = 0.008; P, ¢, = 0.005; pg 5, = 0.005.

270.0000 ng/mL + 12.8469 on day 21 in G1. In G3, it
was found to be 298.6667 ng/mL + 32.0740 on the
7" day, 242.0000 ng/mL + 19.6186 on the 14" day,
and 107.3333 ng/mL + 31.6287 on the 21¢ day. The
amount of VEGF decreased with days in G2 and G3
more than the other groups (Fig. 2C).

Histopathological evaluation

For general light microscope evaluation, H&E stain-
ing and post-incision healing sites were evaluated for
the integrity of the uterine layers and inflammatory cell
density. G2 and G3 recovered faster than G4. The
integrity of the tissue layer was quickly preserved,
with less inflammatory cell density in G3 than G4 in
the healing areas. In G4, inflammatory cells were less
than in the control group but more than in the experi-
mental groups (Fig. 3).

Immunohistochemical localization evaluation was
made by including the perimetrium layer, the adjacent
border of the uterus with the peritoneum. Accordingly,
TGF-p1 and VEGF localization gradually increased in
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Figure 2. A: amounts of TNF-o. on days 7, 14 and 21 between groups. B: amounts of IL-13 between the groups on days 7, 14 and 21. C: VEGF
amounts on days 7, 14 and 21 between groups. TNF-o:: tumor necrosis factor alpha; IL-18: interleukin-15; VEGF: vascular endothelial growth factor.

G1 on the 7", 14" and 21 days, and it was evaluated
as having the highest localization degree when com-
pared to all groups (Tables 3 and 4).

Although TGF-f1 and VEGF localization were less in the
G2 group compared to G1, the least TGF-pf1 and VEGF
immunolocalization were detected in the G3 and G4
groups. For both antibodies, the least localization among
all groups belonged to G3. The highest TGF-B1 immuno-
localization was observed from day 7 to day 21 in G1, with
less localization in G2 and lowest localization in G3 (Fig. 4).

When TGF-f1 immune localization score statistics
were compared, on the 14" day, the TGF-p1 level was
found to be higher between G1 and G3. When G1 and
G4 were compared, it was observed that the TGF-p1
level in G1 was higher. TGF-B1 level was higher in G2
than in G3 (Table 3). As DCPD dose increased in G2
and G3, TGF level decreased and the highest de-
crease was observed in G4 (Table 5).

The highest VEGF immune localization was ob-
served in G1 from day 7 to day 21, with lesser local-
ization in G2 and the lowest localization in G3 (Fig. 5).

As the number of days increased, while the most
VEGF immune localization score statistics were in G1
and G2, it was found at least in G3 (Table 6).

Discussion

Intra-abdominal adhesions resulting from a surgical
procedure can cause complications even decades lat-
er. Patient symptoms include chronic abdominal pain,
infertility, and intestinal obstruction and often cannot be
attributed to their cause. Chronic lower abdominal pain
severely impairs the quality of life of those affected and
is an indication for 30-50% of all laparoscopies and 5%
of hysterectomies®!. With a better understanding of the
morbidity and mortality associated with pelvic adhe-
sions, the development of models to help prevent adhe-
sions remains an important research topic. In this
context, researches are carried out in which the anti-
adhesive properties of various agents applied as
nanoparticles are also tested'®. Anti-adhesion prophy-
lactic agents should provide an anti-adhesive action
that is highly biocompatible and absorbable, protecting
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Figure 3. In the G1, G2, G3, G4 groups, the general histological image of the adhesion areas of the uterus with the perimetrium layer on days
7, 14 and 21, and the incision area in the perimetrium layer are marked with a black arrow (H&E staining, x10 magnification). Due to the rapid
recovery, especially in G3, the uterine tissue layers were observed more regularly.

against new and recurrent adhesions, tissue separa-
tion, and protection of peritoneal surfaces. Low cost is
also of great importance. In our study, we compared
the anti-adhesion effect of DCPD nanoparticles with
CTX with proven effectiveness.

Postoperative adhesion formation involves three ba-
sic processes: 1. inhibition of fibrinolytic and extracel-
lular matrix degradation systems, 2. induction of
cytokines production and an inflammatory response
involving TGF-B, and 3. induction of tissue hypoxia
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layer and adhesion areas are observed with a red arrow (TGF-B1 antibody, x40 magnification). It was determined that the highest TGF-31 immu-
nolocalization was in G1 from day 7 to day 21, lesser localization in G2 and the least localization in G3. TGF-f1: transforming growth factor-beta 1.

leading to increased expression of VEGF'32. Changes
in cytokine levels TGF-f and VEGF are critical mol-
ecules in pathological tissue fibrosis. TGF 1 has a
well-defined role in cell differentiation, angiogenesis,
and fibroblast activation. It has been suggested to be
the major profibrotic mediator of the process®:. As the
number of days increased, the lowest localization
among all groups was seen in G3 for both antibodies.
This finding was similar to the adhesion level detected
in all groups. The amount of adhesion developed the

most in G1 and G2, and the least in the group G3 and
G4. In addition, in the histopathological evaluation of
our study G2 and G3 recovered faster than G4. The
integrity of the tissue layer was rapidly preserved, and
less inflammatory cell density was determined in G3
than G2 in the healing areas. In G4, inflammatory cells
were found to be less than in the G1, but more than
in G2 and G3.

In the biochemical evaluation, it was determined
that the highest decrease in VEGF level was observed



Table 3. TGF-f1 immune localization scoring

TGF-f1 7t day 14 day 21t day
G1 1,1,1,1,2 2,2,1, 1,1 2,3,221
G2 1,2,1,1,2 2,3,3,2,3 3,3,3 4,4
G3 2,2,2,2,1 2,4,4,4,3 4,4,4,3,4
G4 1,1,38,2 2 2,3,33,3 1 2,3,333

TGF-p1: Transforming growth factor-f 1.
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Figure 5. In G1, G2, G3, G4 groups, brown areas showing VEGF immune localization on the 7", 14" and 21 days of the uterine perime-
trium and adhesion areas are observed with a red triangle (VEGF antibody, x40 magnification). It was determined that the highest VEGF
immunolocalization was in G1 from day 7 to day 21, lesser localization in G2 and the least localization in G3. VEGF: vascular endothelial
growth factor.

in G4, followed by G3 and G2, respectively. In G3 IL-1
levels showed a significant decrease after the 14" day.
TNF-a can promote interleukin production from mes-
enchymal cells. High TNF-a levels in peritoneal fluid
and serum correlate with adhesion severity®*. In our
study, it was observed that TNF-o levels decreased
as the number of days increased. The decrease in
TNF-a levels was greater in G3 than in G1 and G2.
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Table 4. VEGF immune localization scoring

VEGF 7' day 14t day 21t day

G1 1,1,1,1,2 3,2,1,1,1 2,2,1,1,1

G2 1,2,1,1,2 2,3,323 2,3,2,22

G3 2,2,2,2,1 4,4,4,4,3 2,3,334

G4 1,1,3 2,2, 2,2,2,2,3 2,2,1,83,3

VEGF: Vascular endothelial growth factor.

Table 5. TGF immune localization score statistics

Groups TGF p
7t day 14 day 21+t day

G1 30 41 5+0 0.010°

G2 3+1 3+0 4 +1 0.097

G3 21 21 1+£0 0.368

G4 20 20 2+ 1 0.584

p 0.081 0.005° 0.001°

In italics: statistically significant.

D, yorany = 00415 Dy oy = 0034,

*Dg, 65 = 0.007; Py, g, = 0, 013; Py, o = 0.016.

*Dg1qp = 0.016; Py, o, = 0.005; Py, 5, = 0.006; P, o, = 0.006; Py, g, = 0.007.

TGF: transforming growth factor.

Table 6. VEGF immune localization score statistics

Groups VEGF p
7 day 14" day 21+t day

G1 3+1 3+1 4 +1 0.014¢

G2 21 3+2 41 0.024°

G3 20 20 11 0.174

G4 2+0 2+0 20 0.926

p 0.365 0.014° 0.001¢

In italics: statistically significant.

= 0046, 4, 51 4y = 0.041.

°P; 21 cay = 0-041

“Par.as = 0.006; pg, g, = 0.016; pg, 5, = 0.045

9Pgrgs = 0.007; pg, 4, = 0.006; pg, o, = 0.008; pg, , = 0.007.
VEGF: vascular endothelial growth factor.

a
P day-14 g2y

Conclusion

These experimental results show that DCPD nanopar-
ticles show promise as a clinical antiadhesive agent and
should be further evaluated in experimental animal mod-
els and human trials. DCPD nanoparticles are easy to
administer and cost advantageous, and could be helpful
in surgical practice if their efficacy is confirmed in clinical

trials. It appears valuable and safe for clinical practice and
prevents adhesion formation after abdominal surgery.
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