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Abstract

Background
In this study we investigated the therapeutic potential of the phytosomal form of pharmacologically
active component of Curcuma longa, curcumin, in attenuating Post-operative adhesion bands (PSAB)
formation in both peritoneal and peritendinous surgeries in animal models.

Methods
Bio-mechanical, Histological and quantitative evaluation of in�ammation, and total �brosis scores were
graded and measured in the presence and absence of phytosomal curcumin.

Results
Our results showed that phytosomal curcumin signi�cantly decreased severity, length, density and
tolerance of mobility of peritendinous adhesions as well as incidence and severity of abdominal �brotic
bands post-surgery. We showed that curcumin could decrease in�ammation by attenuating recruitment
of in�ammatory cells and regulating oxidant/anti-oxidant balance in post-operative tissue samples.
Moreover, markedly lower �brosis scores were obtained in the adhesive tissues of phytosomal curcumin-
treated groups which correlated with a signi�cant decrease in quantity, quality and grading of �bers, and
collagen deposition in animal models.

Conclusion
These results suggest that the anti-in�ammatory and anti-�brotic properties of phytosomal curcumin, has
therapeutic potential for preventing PSAB formation.”

Introduction
Post-operative adhesion bands (PSAB) are �brotic tissues generated by impaired �brinolysis and cellular
exudates following injury to the operated area such as abdominal cavity 1, �exor and Achilles tendons 2.
Current therapeutic strategy utilizes solid barriers such as Interceed and Sepra�lm at reducing adhesion
band formation at injury sites. However, the accurate prediction of the damaged area following surgery
limits usage of this method 3,4. Intra-abdominal adhesions develop in over 90% of patients with peritoneal
or gynecological surgeries 5,6. The formation of these �brotic bands is usually asymptomatic 7. This
condition is accompanied by post-surgical complications including pelvic pain, infertility, and intestinal
obstruction 8.
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Similarly, peritendinous adhesions are a serious complication of �exor tendon injury associated with a
high personal and economic burden for patients 9. Tendons are dense �brillary connective tissues made
up of parallel collagen �ber bundles and low cellular populations 10. Flexor tendons serve as energy-
saving elastic springs absorbing external forces and stabilize joint motion and biomechanical function of
the musculoskeletal system 11. Current therapeutic options for reducing or preventing tendon adhesions
are ineffective and not routine in clinical medicine. Thus, it is necessary to attain a greater understanding
of the adhesion formation process and to develop an effective treatment 10.

Curcumin, also known as diferuloylmethane, is a polyphenol extract of turmeric (Curcuma longa L.
rhizome) and has been used for centuries in traditional Chinese and Indian medicine 12. Curcumin exerts
its therapeutic effects by modulating transcription factors, cell adhesion molecules, enzymes, and
cytokines 12. However, the applicability of curcumin is limited due to low solubility in aqueous mediums,
instability at physiological pH, and rapid clearance 13. To enhance curcumin's bioavailability and its
therapeutic effects, the formulated phytosomal curcumin (curcumin-phosphatidylcholine complex) has
been provided by Sami Labs Ltd. (Bangalore, India) and was used in our previous publications 14–16.

Aberrant regulation of the in�ammatory response and �brosis are major factors in adhesion band
formation 9,17. Anti-in�ammatory activities of phytosomal curcumin have been reported to have positive
effects in various diseases such as cancers 16 and hepatic disorders 18,19. In addition, several studies
illustrated the protective effects of phytosomal curcumin against liver �brosis and non-alcoholic fatty
liver diseases 20–22. In this study we aim to investigate the protective effects of phytosomal curcumin on
post-operative peritoneal and peritendinous adhesions.

Materials And Methods

Materials
Phytosomal curcumin was obtained from Sami Labs Ltd. (Bangalore, India). All reagents for
malondialdehyde (MDA), total thiol, catalase (CAT), and superoxide dismutase (SOD) were purchased
from Sigma-Aldrich Chemical Co. (St. Louis, MO, USA).

Animal experiment
Animal experiments were carried out in line with the guidelines for Care and Use of Laboratory Animals
from Mashhad University of Medical Sciences (reference number: IR.MUMS.MEDICAL.REC.1399.067).
Male Wistar rats (weighing 200–250 g) were obtained from the laboratory animals center of medical
school, Mashhad University of Medical Sciences. They were housed according to the protocol approved
by Institutional Animal Care Guidelines. All animals had free access to drinking water and were fed
standard rat chow. They were kept at a normal temperature of 22–25°C and a standard 12-hr light/dark
cycle .

The post-operational adhesion band models
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General anesthesia was induced with an intraperitoneal injection of ketamine/xylazine. Post-operational
peritendinous adhesion model was induced according to a protocol established by Tang et al 23. Brie�y
after shaving the right hind limb, a longitudinal incision was made in the Achilles tendon, inducing
peritendinous adhesion. The tendon was sutured using the Kessler–Kirchmeyer technique. Abdominal
adhesion formation was induced by surgical procedure according to protocol by Hemadeh et al 24. Brie�y,
the peritoneal was opened by a U-shaped incision. Using a medical electric scalpel, the cecal and the
interior abdomen surfaces were gently rubbed to generate partial petechial hemorrhages and adhesion
band formation.

Animals in each model were randomly divided into 3 groups (n = 6) as described below: (A) sham group
with surgical incision but no adhesion, (B) positive control group with total surgical transection and
adhesion receiving normal saline daily, (C) phytosomal curcumin group which is the same as group B
except that rats were treated with 25 mg/kg/day curcumin orally 16,25 for either 7 or 21 days in peritoneal
or tendon adhesion models, respectively. At the end of the experiments, rats were anesthetized, sacri�ced,
and tissue samples were collected (quickly frozen in liquid nitrogen or stored at 10% formalin) for further
assessments.

Evaluation of adhesion scores
The macroscopic grading (Table 1) and the severity of the tendon adhesion bands (Table 2) were carried
out using the Tang et al. 23 and Ishiyama et al. 26 adhesion scoring system, respectively. The Nair 27 and
Leach 28 scoring systems were used for evaluating the incidence and stability of intraperitoneal
adhesions, respectively (Table 3).
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Table 1
Tang et al. Macroscopic grading of peritendinous adhesion bands

Grading Tang et al. Macroscopic grading

Length(quantity) 0

1

2

3

No adhesions

< 5mm

5 to 10 mm

> 10 mm

 

Density and tolerance for mobility(quality) 0

1

2

3

No adhesions

Loose, elastic, mobile

Moderate mobility

Rigid, dense, immobile

 

Grading of adhesions 0

1 to 2

3 to 4

5 to 6

Absent

Inferior

Medium

Severe

 

Table 2
Ishiyama et al Macroscopic grading scores for peritendinous adhesion bands

Grading Ishiyama et al grading scores

Grade 1 No adhesion formation

Grade 2 Adhesion could be separated by blunt dissection alone

Grade 3 Sharp dissection was needed to separate no more than 50% of adhesion tissues

Grade 4 Adhesion could be separated by sharp dissection was required to separate 51-97.5% of
adhesion tissues

Grade 5 Sharp dissection was required to separated > 97.5% of adhesion tissues
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Table 3
Intra-peritoneal adhesion score system for macroscopic evaluation

0
to
4

Adhesion grade (Nair's et al) Adhesion grade (Leach et al)

0 Complete absence of adhesion No adhesions

1 Single band of adhesion, between viscera or from viscera
to abdominal wall

If the adhesions separated from
tissue with gentle traction

2 Two bands, either or from viscera to abdominal wall Requiring moderate traction

3 More than two bands, between viscera or viscera to
abdominal wall

Requiring sharp dissection

4 Viscera directly adherent to abdominal wall, irrespective
of number and extent of adhesive bands

 

Histological staining
Tissue specimens were �xed in 10% formalin, processed, and embedded in para�n. Next, tissues were
stained with either hematoxylin/eosin (H&E) or Masson’s trichrome staining. H&E staining was performed
to analyze general tissue structure and the in�ammatory cells in�ltration whereas trichrome staining was
utilized to explore the collagen deposition, re�ecting the severity of �brosis. In�ammatory cell in�ltration
was quanti�ed using Moran et al. (Table 4) 29 scoring system. Histological grading scores for the
peritendinous adhesion bands were completed according to the Tang et al. system 23 (Table 5).

Table 4
Moran et al. grading scores for in�ammatory cells in�ltration to the injury site
Grading Moran et al. scores

Grade 0 None

Grade 1 Leukocyte in�ltration within �bro-osseous sheath

Grade 2 In�ltration of synovium and epitenon

Grade 3 In�ltration of endotenon

Grade 4 Diffuse in�ammation extending within tendon and beyond sheath
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Table 5
Tang et al. Histological grading scores for the peritendinous adhesion bands

Grading Tang et al. Histological score

Quantity 0

1

2

3

No apparent adhesions

A number of scattered �laments

A large number of �laments

countless �laments

Quality 0

1

2

3

No apparent adhesions

Regular, elongated, �ne, �lamentous

Irregular, mixed, shortened, �lamentous

Dense, not �lamentous

Grading of adhesions 0

2

3 to 4

5 to 6

None

Slight

Moderate

Severe

Oxidative stress markers analysis
Assessment of the antioxidant effect of phytosomal curcumin was performed by measuring MDA and
total thiol concentrations as well as SOD and catalase enzyme activities in tissue samples as described
7,8.

Biomechanical testing of tendon repairs
Achilles tendon tissue mechanical properties were analyzed as described previously 30,31. In summary, the
calcaneus-tendon-muscle complex of rats was dissected and hydrated in phosphate buffered saline
(PBS) for one hour. Samples were immediately mounted on a tensile testing machine (SANTAM-STM20)
using speci�c metal clamps. The angle between the calcaneus and Achilles tendon corresponded to 30º
dorsi�exion of the foot. A 500 N load cell and a 5 mm/min speed were used at a maintained temperature
of 25 ± 2ºC. The sample’s properties were computed using the load-elongation and stress-strain curves
obtained during the �nal load-to-failure tests. The load-elongation curve represents structural parameters
including ultimate load (N), elongation (%), energy absorbed, and stiffness. First the tendon tissues of the
specimens were tensioned to the point of failure. The maximum longitudinal changes and the maximum
load values exerted before tissue rupture are de�ned as ultimate elongation (mm) and ultimate load (N),
respectively 32. Mechanical data from the stress-stain curve includes ultimate stress (MPa), ultimate
strain (%), and tangent modulus (MPa) 31. Ultimate stress (MPa) is formulated by dividing ultimate load
value (N) by cross-sectional area (CSA). Ultimate strain (%) is expressed as elongation rate/initial length
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(ΔL/L0) x 100. Tangent modulus (MPa) is de�ned as the ratio of induced stress to strain (the slope of the
linear) at each loading cycle, indicating the ability of specimens to resist deformation. Thus, a higher
tangent modulus generates higher stress for a given strain 33.

Statistical analysis
Results were expressed as mean ± standard error of the mean (SEM). Statistical analysis was performed
using one-way ANOVA and Shapiro-Wilk normality test. A P-value of < 0.05 was considered signi�cant. All
statistical assessments were performed using the SPSS software (SPSS Inc., Chicago, IL, USA).

Results

Phytosomal curcumin attenuates frequency and structural
properties of adhesion bands
Anesthetic induction and surgical procedures were successful with all rats surviving to the end of the
study. Results showed that curcumin signi�cantly decreased adhesion band formation in both the tendon
(Fig. 1A) and abdominal surgeries (Fig. 1B). We used Tang 23 and Ishiyama grading 26 system to evaluate
the properties and severity of peritendinous adhesions, and Nair 27 and Leach 28 scoring systems for
evaluating the presence and rigidity of peritoneal adhesions.

Using Tang macroscopic grading scores of peritendinous adhesion bands (Table 1), curcumin-treated
rats showed decreased length (Fig. 2A), density and tolerance for mobility (Fig. 2B), and grading of
adhesion score (Fig. 2C) compared to the positive control group. Consistent with these �ndings, the
Ishiyama macroscopic scoring system (Table 2) also indicated that curcumin treatment decreased the
severity of adhesions formation (Fig. 2E).

Next, we used Nair and Leach scoring systems (Table 3) to investigate the protective effects of curcumin
on abdominal adhesion bands formation. Results showed that curcumin signi�cantly decreased both the
incidence (Fig. 2F) and severity (Fig. 2G) of �brotic bands compared to positive control rats. No adhesion
�bers were found in the sham group.

Phytosomal curcumin inhibits post-surgical in�ammation in
peritendinous and intraperitoneal adhesion models
In�ammation is one of the key factors in the pathogenesis of post-surgical adhesion band formation. To
determine the protective effect of phytosomal curcumin on adhesion band-associated in�ammation,
either tendon or abdominal adhesion tissues were stained with H&E to examine the morphological and
histological changes in adhesion rat models. As we previously suggested that 25 mg/Kg phytosomal
curcumin has potential therapeutic effects 15,16, here we showed that the selective dose of phytosomal
curcumin at 25 mg/Kg decreased in�ltration of in�ammatory cells into the injured site in the tendon
adhesions (Fig. 3A). We quanti�ed the results and showed a decrease in �brosis using the Moran 29
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grading score, which is speci�c for tendon but not abdominal surgeries (Table 4) (Fig. 3B). In terms of
peritoneal adhesions, H&E results also demonstrated a decrease in adhesion-related in�ammation based
on a lower in�ux of in�ammatory cells into the surgical area (Fig. 3C).

Phytosomal curcumin suppresses in�ammation by
counterbalancing oxidative stress
Evaluation of oxidative stress markers was used to further investigate the anti-in�ammatory activity of
curcumin in post-surgical adhesion band models. Compared to the positive control group, curcumin
treatment signi�cantly reduced the level of MDA, an oxidative marker of fatty acid peroxidation, in both
peritendinous (Fig. 4A), and abdominal adhesion tissue homogenates (Fig. 4E).

Next, the total thiol (Fig. 4B, and F) concentration and the activities of SOD (Fig. 4C, and G) and CAT
(Fig. 4D, and H) enzymes, all anti-oxidant markers, were measured in the Achilles tendon and abdominal
adhesion tissues. Our results clearly showed that the level and activity of all these anti-oxidant markers
was increased in the curcumin-treated group, supporting the anti-in�ammatory effects of phytosomal
curcumin in post-surgical adhesion rat models.

The effects of curcumin on �brosis as a key element in
post-surgical adhesion band formation
We stained tissues with Masson's trichrome in both post-surgical models to determine the effect of
curcumin on �brosis and collagen deposition at the site of surgery, Results showed that compared to the
positive control rats, curcumin suppressed �brosis and collagen content in peritendinous adhesion
tissues (Fig. 5A). Moreover, by using Tang Histological (microscopic) grading score (Fig. 5E) (Table 5),
consisting of quantity (Fig. 5B), quality (Fig. 5C), and grading (Fig. 5D) of �brosis, we showed that
curcumin signi�cantly decreased the overall �brosis score when compared with the positive control group
in peritendinous adhesion. Similarly, using Masson's trichrome staining, the e�cacy of phytosomal
curcumin on �brosis of peritoneal tissues was investigated and results showed potent protective
activities of curcumin against �brosis at site of surgery (Fig. 5F). These results suggest that inhibition of
�brosis is a mechanism by which curcumin decreases adhesion band formation post-surgeries.

Effects of phytosomal curcumin on mechanical properties
of tendons
To obtain the effects of phytosomal curcumin on structural and mechanical properties of tendon
adhesion tissues, we plotted the load-elongation and the stress-strain curves, using a SANTAM-STM20
testing machine. Cross-sectional area (CSA) was also measured to evaluate possible modi�cations in
mechanical features of the Achilles tendon in response to the phytosomal curcumin. In this study, we
investigated the structural properties of tendon adhesion tissues by measurement of ultimate load
between different groups. Our results showed that in comparison to the positive control group,
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phytosomal curcumin improved the structural properties of damaged tissues, including maximum load
(N) in tendons (Table 6). However, these results were not statistically signi�cant.

Table 6
Comparing structural/mechanical properties of the Achilles tendon between groups. Values are expressed

as means ± standard deviation.
Group Ultimate Load

(N)
Ultimate Stress
(MPa)

Ultimate Strain
(%)

Tangent Modulus
(MPa)

Sham 40.6 ± 5.126 12.92 ± 1.632 34.56 ± 9.621 54.19 ± 18.74

Positive
Control

35.5 ± 4.083 2.232 ± 0.256 40.94 ± 16.4 6.694 ± 2.89

Phy-curcumin 41.55 ± 5.541 3.663 ± 0.488 40.05 ± 20.58 8.487 ± 5.493

Since the load-elongation curve depends on size, volume, and shape of tissue samples, we normalized
the quantities using the stress-strain curve analyzing the ultimate stress (MPa), ultimate strain (%), and
tangent modulus (MPa) indexes. As expected, in the sham group, the level of ultimate stress and ultimate
strain is higher and lower than positive control group, respectively. We showed that phytosomal curcumin
improved ultimate stress and strain when compared to the positive control group. Consistently, compared
to the positive control group, treatment with phytosomal curcumin increased tangent modulus which is
an index indicating the ability of specimens to resist deformation (Table 6).

Discussion
In this study, we analyzed the protective effects of oral phytosomal curcumin in decreasing adhesion
formation post tendon and abdominal surgeries in animal models. Our results suggested that
phytosomal curcumin signi�cantly decreased post-operational adhesion band formation in both rat
models. We showed that phytosomal curcumin reduced adhesion-related in�ammatory responses by
decreasing in�ltration of in�ammatory cells and regulating the oxidant/anti-oxidant balance at surgery
sites. Moreover, our results showed that phytosomal curcumin potently exhibited anti-�brotic activities by
attenuating �brotic bundle thickness and collagen deposition. These �ndings support the therapeutic
potential of phytosomal curcumin in decreasing post-surgical adhesion band formation.

Adhesion band formation post tendon and abdominal injuries are common surgery-associated
complications in patients worldwide 34–37. In�ammation is a key physio-pathological factor in post-
surgical adhesion band formation 38,39. The anti-in�ammatory properties of phytosomal curcumin and its
safety have been validated in numerous human disorders including osteoarthritis, diabetes, cancer,
retinopathy, and other diseases 40–42. It has been shown that curcumin down-regulates expression of
several in�ammatory mediators including IL-6, TNF-α, nuclear factor kappa-B (NF-κB)-regulated gene
products such as cyclooxygenase (COX)-2, IL-1, cell adhesion molecules, and C-reactive protein (CRP) 12.
Similarly, Vizzutti et al. showed that production of reactive oxygen species (ROS) was reduced in
curcumin-treated mice in a steato-hepatitis model 43. We recently showed that the anti-cancer property of
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phytosomal curcumin is partially mediated by eliciting anti-in�ammatory responses in colorectal cancer
15. We also previously showed that phytosomal curcumin potentiates the anti-in�ammatory activity of 5-
�uorouracil (5-FU), leading to a signi�cant reduction in in�ammation and histo-pathological scores in
colitis-associated colorectal cancer using in vitro and in vivo models 16. In another study we
demonstrated the anti-oxidant activities of phytosomal curcumin in a xenograft mice model of breast
cancer 44. Consistent with these �ndings, here we showed that curcumin elicits signi�cant anti-
in�ammatory activity by decreasing in�ammatory cell in�ltration and increasing levels and activities of
anti-oxidant markers in both peritendinous and abdominal surgeries. Our results suggest that a decreased
in�ammatory response post-surgery could be a mechanism by which curcumin elicits its therapeutic
potency at site of injuries.

Although surgical-induced adhesions and in�ammatory responses occur early during the adhesions
formations, �brosis appears as a late event with a major impact on tissues dysfunction 9,17. In line with
this, Kang et al. evaluated the protective effects of curcumin on synthesis of collagen in both cellular and
animal models. Results showed a lower thickness of smooth muscle alpha-actin and collagen �bers and
lower mRNA expression of type I collagen in curcumin-treated groups 45. Furthermore, it has been shown
that the high density of �brillar extracellular matrix (ECM) and the gene expression level of pro-collagen
type I were reduced via curcumin treatment inhibiting the �brogenic progression in sinusoids and
perivenular areas in steatohepatitis mice 43. Consistently, in this study we showed that curcumin via
reducing �brosis quantity, �brosis quality, grading of adhesion, and the collagen deposition could
decrease total �brosis score in tissue adhesions in rat model.

Taken together, the current study introduced anti-in�ammatory and anti-�brotic phytosomal curcumin as
a promising treatment for inhibition or reduction of post-surgical adhesion band formation. The exact
protective functions of phytosomal curcumin in adhesion models have not been yet understood. Further
animal and clinical studies are needed to clarify these underlying mechanisms and validate these results
in patients.

Conclusion
Our results suggest that the anti-in�ammatory and anti-�brotic properties of phytosomal curcumin, has
therapeutic potential for preventing PSAB formation The particular protective roles of phytosomal
curcumin in adhesion models have not been yet completely understood. Supplementary animal and
clinical studies are required to elucidate these underlying mechanisms and con�rm these results in
patients.
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Figure 1

Phytosomal curcumin attenuated the formation of adhesion bands. (A-B) The macroscopic illustration of
adhesion bands formation in different groups of peritendinous (A), and peritoneal (B) post-surgical
adhesion models.
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Figure 2

Phytosomal curcumin attenuates macroscopic grading of post-operational adhesion bands score. (A-D)
The macroscopic adhesion grading based on Tang et al. scoring system (Table 1) for peritendinous
adhesion bands. (E) The same as (A-D) except that severity of adhesion bands was scored according to
Ishiyama et al. grading system (Table 2). (F-G) The e�cacy of phytosomal curcumin on reduction of Nair
(F) and Leach (G) grading systems (Table 3) in abdominal post-surgery. **P<0.01, ***P<0.001.
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Figure 3

Phytosomal curcumin reduced in�ammatory cells in�ltration to the site of surgeries. (A) Hematoxylin and
Eosin (H&E) staining of Achilles tendon adhesion tissues showed a lower leukocytes in�ltration (arrows)
into the tendon tissue in phytosomal curcumin-treated group. (B) Quanti�cation of in�ammation score
based on Moran et al. scoring system (Table 4). (C) The effect of phytosomal curcumin was also
compared between abdominal adhesion groups, using H&E staining. Arrows indicate in�ammatory cells
in�ltration ***P<0.001
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Figure 4

The effect of phytosomal curcumin on oxidant/ anti-oxidant balance in adhesive tissue samples. (A-D)
The concentration of MDA (A) and total thiol (B), as well as superoxide dismutase (C) and catalase (D)
enzyme activities, were compared between different groups in peritendinous adhesions. (E-H) The
protective effect of phytosomal curcumin on counterbalancing of oxidative stress was performed by
measuring oxidative stress markers in abdominal tissue homogenates. ***P<0.001.
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Figure 5

Phytosomal curcumin decreased post-surgical �brosis in animal models. (A) Results of Masson’s
trichrome staining showed a signi�cant reduction of collagen deposition in curcumin-treated rats
compared to the positive control group in tendon adhesion tissues. (B-E) Tang Histological (microscopic)
grading score (Fig. 5E) (Table 5), consisting of quantity (Fig. 5B), quality (Fig. 5C), and grading (Fig. 5D)
of �brosis, was compared between different groups in post-operational peritendinous adhesion band
formation. (F) Masson’s trichrome staining showed that phytosomal curcumin attenuated collagen
deposition in post-surgical peritoneal adhesions. Arrows show deposition of collagen. **P<0.01,
***P<0.001.
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