1JVS 2018; 13(2); Serial No: 29

Iranian Veterinary Surgery Association

@ IRANIAN JOURNAL OF VETERINARY SURGERY

Iranian Yeterinary } Journal homepage: www.ivsajournals.com
~

Surgery Asseciation

I ORIGINAL ARTICLE

Effects of Short-Term Oral Administration of Curcumin on Achilles
Tendon Healing in Rats

Mehdi Behfar!”, Rahim Hobbenaghi?, Ali Hassanpour?
1 Department of Surgery and Diagnostic Imaging, Faculty of Veterinary Medicine, Urmia University, Urmia, Iran
2 Department of Pathobiology, Faculty of Veterinary Medicine, Urmia University, Urmia, Iran

3 Department of Mechanical Biosystems, Faculty of Agriculture, Urmia University, Urmia, Iran

Abstract

Obijective: Tendon healing, in terms of histologic and functional characteristics, is always
inferior to its normal level due to the poor vascularity and low metabolic rate. Curcumin
possesses anti-inflammatory, anti-oxidant and healing effects. This study aimed to investigate

Rzseizl 12 SegEmy effects of curcumin on Achilles tendon experimental injury using histopathology,

2018 biomechanical and functional evaluations.

Accepted: 12 November Design: Experimental study.

2018 Procedures: Twenty four adult male rats were divided into control and treatment groups.

Available Online: 12 After aseptic preparation, complete transverse tenotomy through the middle section of right

December 2018 Achilles tendon, followed by modified Kessler suture placement was performed. Normal
saline and curcumin (100 mg/kg) were administered orally for seven days after surgery in

Keywords: control and treatment groups, respectively. Sampling was done six weeks later.

Results: Lower peri-tendinous adhesion was found in the treatment group. Histopathology
revealed significant increase in density and arrangement of collagen fibers, decrease in
fibroblast and inflammatory cells and lower vascularity in treatment group compared to

Achilles Tendon;
Biomechanical;

Curcu'mln; control groups which indicates earlier maturation of granulation tissue by curcumin.
Functional Index; Significant increase in maximum load, yield load, stress and absorbed energy in the treatment
Histopathology. group were noted by biomechanical analysis. Improved functionality was also found in the

treatment group according to hind paw print analysis.

Conclusion and clinical relevance: The present study indicated that short-term oral
administration of curcumin resulted in improved structural, biomechanical properties and
functionality of the Achilles tendon in rats.
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1. Introduction

Tendons are fibrous and highly organized connective
tissue that transmit force between muscle and bone. Due to
high mechanical stresses they withstand, they are prone to
different types of injury from mild strain to complete
rupture. The limited vascularity and relatively poor
cellularity make tendon repair challenging and slow.* On
the other hand, the healed tendon does not gain the
characteristics of intact tendon in terms of structure and
mechanical functionality.

It is believed that anti-inflammatory and antioxidant agents
help tendon healing process by reducing inflammation and
protecting cells against the oxidative damage produced by
inflammation, respectively.??

Curcumin, the most active component of rhizome of
Curcuma longa L. (common name: turmeric), possesses
number of pharmacological activities, including
antioxidant, anti-cancer, antimicrobial, anti-inflammatory,
angiogenic, and wound-healing effects.**

Reportedly, increased fibroblast proliferation and collagen
deposition with high cross linking of collagen fibers,
accelerated wound maturation, and increased tensile
strength were observed when curcumin was administered
topically on experimental dermal wounds.*-'? Recently,
Guleg et al. reported improved Achilles tendon repair by
long term orally administered curcumin, however, Achilles
functional index (AFI) as the most valuable indicator for
Achilles tendon recovery was not studied.®

The present study was carried out to evaluate the efficacy
of short term oral administration of curcumin on the
healing of rat Achilles tendon. The objective of this study
was to investigate the effects of orally administered
curcumin on the healing of experimentally transected rat
Achilles tendon via the assessment of histopathological,
biomechanical and functional parameters.

2. Materials and Methods

Animals

Adult male Sprague Dawley rats (n = 24) weighing 200 £
20 g were acclimatized in polyethylene cages (two rats per
cage) with wood chip bedding under natural light/dark
cycle, fed with standard pellet diet and had free access to
water. The rats were divided randomly into two groups. All
animal experiments were performed in a humane manner,
and also in accordance with the Institutional Animal Care
Instructions (002/F/93).

Surgical procedure

General anesthesia was induced with intraperitoneal
injection of ketamine (80 mg/kg, Alfasan, Woerden, The
Netherlands) and xylazine (5 mg/kg, Alfasan, Woerden,
The Netherlands) combination. After aseptic preparations,
a longitudinal skin incision on the posterior aspect of the
rats’ right hind limb was made to expose the Achilles
tendon. Complete transverse tenotomy was performed
using 10 blade at the midsubstance of the tendon which
followed by modified Kessler suture repair with 4-0 nylon
(Figure 1). Then, the skin incision was sutured in a simple
interrupted pattern. After recovery from anesthesia, the rats
were housed individually in clean cages with fresh
bedding. No immobilization was applied post-surgery, and
the rats were allowed to move freely in their cages. The
rats in control group received 1 mL normal saline once
daily for seven days post-surgery by oral gavage. In
treatment group, the rats were gavaged 100 mg curcumin
(C7727; Sigma-Aldrich Co, St Louis, USA, CAS: 458-37-
7) suspended in normal saline using the same regimen.

Figure 1. Modified Kessler suture repair of transected rat
Achilles tendon.

Achilles functional index

Functional performance of Achilles tendon was determined
from the measurement of hindpaw prints of walking rats (n
= 6) at the end of each week after surgery for six
consecutive weeks. The AFIl was calculated according to
Murrell et al. as follows:'

AFI = 74(PLF) + 161(TSF) + 48(ITF) — 5

where PLF is print length factor, TSF is toe spread factor
and ITF is intermediate toe factor which represent the
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difference between the experimental and contralateral print
measurements. At the end of week six, the rats were
sacrificed with intra-cardiac overdose of thiopental sodium
(50 mg/kg; Sandoz, Kundl, Austria).

Macroscopic evaluation

Upon dissection, adhesion formation between the operated
tendons and the surrounding connective tissues was
assessed qualitatively and classified according to Tang et
al. as 0 = None, 1-2= mild, 3-4 = Moderate, 5-6 = Severe
adhesion.™®

Histopathological evaluation

Samples (six sample from each group) were routinely
formalin fixed, paraffin embedded, sectioned at 5 pm
longitudinally, and stained with hematoxylin and eosin and
Masson's trichrome. Quantitative histopathological studies
included number of inflammatory cells, fibroblasts (ovoid-
shaped tenoblasts), and newly formed vessels in 0.25 mm?
of granulation tissue of each section. For collagen density,
the average distance between the adjacent collagen bundles
with longitudinal arrangement of fibers was measured in
10 microscopic fields, where a lower value represents a
higher density. FIJI software (version 2.0.0; National
Institutes of Health, USA) and Image-pro Insight software
(version 8.0; Media Cybernetics Inc., Rockville, USA)
were used for image analysis.

Mechanical evaluation

The Achilles tendons (six sample from each group) were
harvested between the calcaneus and musculotendinous
junction. Samples were wrapped in saline-soaked gauze
and stored at -20° C until mechanical testing. Before
testing, suture materials were removed and tendons were
allowed to thaw at room temperature. Tendons were
mounted on mechanical testing machine (STM-50)
equipped with a 500 N load cell. The tension test took
place at the constant velocity of 60 mm/min. For each
tendon the force-elongation curve was plotted and the
following mechanical parameters were recorded: ultimate
load (N), yield point (N), ultimate stress (MPa), ultimate
strain (%), energy absorption (J), and stiffness (MPa/mm).

Statistical analysis

The AFI data were analyzed by two-way repeated
measures analysis of variance (ANOVA) followed by
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Bonferroni’s post hoc test. Macroscopic scores were
analyzed with Mann Whitney test. Student t test was used
for quantitative histopathological parameters. The
mechanical properties of operated tendons of two
experimental groups and intact tendons was analysed by
one-way ANOVA followed by Tukey’s post hoc test. All
Statistical analysis was performed using Statistical Package
for Social Sciences (SPSS) software (version 21, IBM
Corp., Armonk, USA) and p values less than 0.05 were
considered to be statistically significant.

3 Results

Achilles functional index

The mean values and the standard deviation of AFI
obtained in the experimental group along with the periods
analyzed are described in Figure 2. There were no
significant differences between groups during the first two
weeks of study (p>0.05). Curcumin administration resulted
in progressive functionality of Achilles tendon from week
three toward the end of study compared to control group.
Based on intragroup studies, no significant differences
were found until week five in control group (p>0.05),
while in treatment group, AFI improvement started earlier
at week three with weekly significant changes (p<0.05).

-10 A
-20 A
-30 A
-40 A

AFI

-50 4
-60 4
704 2

® Control M Treatment

Figure 2. Mean values and the standard deviation of AFI during
six weeks after surgery. Asterisks (*) indicate significant
differences between control and treatment groups (p<0.05);
Uppercase letters indicate significant differences in different time
points is treatment group (p<0.05); and lowercase letters indicate
significant differences in different time points is control group
(p<0.05).

Macroscopic evaluation
Considerable peritendinous adhesions were observed

around the repair site which required sharp dissection to
break in control group. However, in treatment group, little
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dissection was applied to detach the tendon from the
surrounding tissues. Statistically, adhesion score was
significantly lower in curcumin treated group (p<0.05,
Figure 3).

The distance between adjacent collagen bundles were
significantly lower in curcumin treated tendons compared
to the controls (p<0.05), indicating higher density (Figure
5). The results of histopathological evaluations are
summarized in Table 1.

Table 1. Histopathological evaluation of experimental rat model
of Achilles tendon injury.

Distance
Number of . Number of Number of between
Groups X inflammatory collagen
fibroblasts neovessels
cells bundles
(um)
12.83 + 156.40 £
+ +
Control 387 14.00 £5.15 7.40+£2.07 6.69
450+ 340+ 133.80 =
+ *
Treatment 1.87% 2.40+1.95 151% 5 1%

Control Treatment

Figure 3. Box plot of adhesion formation score of tendon repairs
six week after surgery. Asterisk (*) indicates significant decrease
adhesion formation in curcumin treated tendons compared to
controls (p<0.05).

Histopathological evaluation

Histopathology revealed significant decrease in number of
ovoid-shaped tenoblasts, inflammatory cells and new
vessels in treatment group (p<0.05). Fibroblasts with
elongated and hyperchromatic nuclei were observed among
parallel collagen fibers in H & E stain (Figure 4).

AL

st = 20000
Figure 4. In the control group (A), abundant ten

= R A -
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oblasts with large and oval nuclei (b_IUé arroWs) were observed arﬁoﬁg the haphazardly

Asterisk (*) indicates significant differences between groups
(p<0.05).

Mechanical evaluation

The mode of failure was rupture at the repair site of
samples under tensile test. The test revealed increased
mechanical properties of repairs in terms of ultimate load,
yield load, ultimate Stress, and energy absorption in
treatment group (p<0.05). However, no significant
differences were noted in strain and stiffness between two
groups (p>0.05). The results of mechanical evaluations are
presented in Table 2.

oriented collagen fibers, while in the treatment group (B) fewer tenoblast (red arrows) and mostly mature fibroblast (tenocytes; red arrows)
with elongated and hyperchromatic nuclei, were observed in line with collagen fibers. Parallel orientation of the cells indicate improved
remodeling of collagen fibers (Hematoxylin and eosin, 400x).
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Figure 5. Masson’s Trichrome stain showed dense collageﬁ fibers deposition in treatment group (B) compared to control group (A)

showing scattered fibers in random orientation (100x).

Table 2. Mechanical properties of experimental rat model of Achilles tendon injury.

. . Ultimate stress Energy S Stiffness
Groups Ultimate load (N) Yield load (N) (MPa) absorption (J) Strain (%) (MPa/mm)
Control 415+1.10 3.50 +0.90 0.55 +0.15 5.66 + 2.25 21.35+5.15 4.14+0.86
Treatment 9.03 £0.12* 8.22 +0.15* 2.40 £1.05* 20.15 +3.30* 13.15+2.36 8.15+3.19

Asterisk (*) indicates significant differences between groups (p<0.05).

4. Discussion

It is believed that inflammation can negatively affect the
healing process.'® Although inflammation is essential to
begin the repair process by recruiting inflammatory cells to
debride the necrotic tissue, previous studies showed that
inflammatory cytokines impair wound repair by reducing
collagen deposition, vascularization and finally cause
decrease in mechanical properties of the repairs.t78
Therefore, to increase the quality of the repairs it is crucial
to decrease the inflammation in the early stage of wound
healing.

NSAIDS and steroids are effective in treating tendinitis to
control pain and prevent the occurrence of inflammatory
signals that cause tissue degradation.'®?* However, they
are associated with undesired adverse effects such as
headache, gastrointestinal ulcers, renal toxicities, vomiting,
diarrhea, constipation, drowsiness and fatigue.?*?
Therefore, there is a serious need for new alternatives with
fewer side effects.

In the present study, curcumin, an herbal extract, with
powerful anti-inflammatory properties was used in an
experimentally induced rat model of Achilles tendon
injury.

There are several studies revealing anti-inflammatory
properties of curcumin,?>28 and it has been used as an
effective alternative to NSAID therapy for inflammatory
responses such as arthritis,2%-%
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Normally, tendon inflammatory phase lasts for two weeks
and gradually number of inflammatory cells subside,3'-%?
however, in the presence of suture material it usually
persists until the suture remains in the tissue.®®* According
to Greenberg and Clark, this excessive inflammatory
response will interfere with the proliferative phase of
healing, therefore, due to the scar formation the tensile
strength of the wound repair will decrease.® In the present
study, although non absorbable suture material was used
for tenorrhaphy, significant decrease in inflammatory cells
was observed in curcumin-treated group by histopathology.
This was in accordance with Kim et al. who reported that
curcumin decreased inflammation and prevented collagen
matrix disruption in rat Achilles tendon.

However, in control group remarkable inflammatory cells
infiltration was observed at six weeks post-surgery. This
chronic inflammation causes persistent degradation of
extracellular matrix including collagen fibers. The main
structural component of tendon are the collagen fibers
which are responsible for its mechanical strength,
therefore, theoretically the repairs are expected to show
lower mechanical properties. The mechanical testing in the
present study, revealed that curcumin-treated tendons
withstand higher tensile loads compared to controls.
Significant increase in ultimate and yield loads, stress and
energy absorption capacity indicated that curcumin
administration resulted in more collagen deposition and
remodelling. Although not significant, but improved
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stiffness and strain in treatment group also reflect increased
cross link of collagen fibers by curcumin which normally it
takes several months to take place.3*3%

On the other hand, histopathology revealed significant
decrease in number of mature fibroblasts and neo-vessels
within compact and longitudinally arranged collagen fibers
in treatment group. It seems curcumin accelerated tendon
repair to a shorter period of time (i.e., six weeks), because
these above mentioned characteristics are similar to the
histopathological manifestations of tendon remodelling
phase which is believed to start after approximately ten
weeks.?

Similarly, Dai et al. reported that curcumin administration
resulted in formation of thick, dense and well-aligned
collagen bundles in a dermal wound healing model of
rats.*® Reportedly, increase in collagen content, earlier
maturation of collagen fibers along with significant
increase in tensile strength were observed by curcumin on
skin wounds in rats.?

In another study, oral administration of curcumin for 14
days also resulted in higher expression of collagen type |
and Ill and increased concentration of hydroxyproline in
rat tendon, as reported by Jiang et al.® They also showed
decreased tissue malondialdehyde levels and elevated
manganese-dependent superoxide dismutase activity in
curcumin treated repairs which reveals scavenging oxygen-
derived free radicals. It is believed that antioxidant therapy
has beneficial effects on tendon healing.®

The infiltration of inflammatory cells into the repair site of
tenotomy is considered as the main factor to produce scar
tissue and adhesion between neotendon and surrounding
tissues.¥’

The adhesion formation inhibits the gliding function of
tendon and therefore, limits the range of motion of affected
limb.® According to gross examination of repairs, lower
adhesion formation was noticed in curcumin treated group.
The authors concluded that it is not only due to anti
adhesive and fibrinolytic activity properties of curcumin,®-
41 but also its analgesic and anti-inflammatory effects*>-3
allowed the rats to recover earlier form the post-operative
pain and use their limbs, therefore it diminished the
adhesion.

It is believed that early mobilization encourages intrinsic
mechanism of tendon healing and diminishes the formation
of adhesions.*

According to Tran et al. early mobilization increases the
tensile strength of repair site.”* Although mechanical
evaluation of repairs has been referred the gold standard to
assess the effectiveness of any treatment modality on
tendon healing,*¢4" this method is not applicable for in vivo
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measurements. Therefore, Achilles functional index seems
to be more practical and useful approach in this regard. It is
known as the most definitive indicator of Achilles tendon
function recovery after tenotomy.*84° In the present study,
AF1 was progressively improved in the treatment group
week by week while the gait disturbance was almost
apparent in control rats until the end of study. Although the
functional deficits were gradually resolved in both groups,
the first significant difference in treatment group was
observed at the third week three versus fifth week for
control group.

The result of the present study, taken together, indicate that
oral curcumin could ameliorate tendon healing by reducing
inflammation, accelerating proliferation and remodelling
phases, and attenuating adhesion formation and finally
resulting early ambulation of rats after Achilles tenotomy
and suture repair. We conclude that short-term oral
administration of curcumin could be considered as a
beneficial therapeutic agent in the management of tendon
injuries.

Acknowledgement

This study was financially supported by grant (No.
011/D/93) from Vice-Chancellor for Research and
Technology of Urmia University, Urmia, Iran.

Conflict of interest
The authors report no conflict of interest.

References

1. Docheva D, Miiller SA, Majewski M, Evans CH.
Biologics for tendon repair. Advanced Drug
Delivery Reviews, 2015; 84: 222-239.

2. Jeong C, Kim SE, Shim KS, Kim HJ, Song MH,
Park K, et al. Exploring the in vivo anti-
inflammatory actions of simvastatin-loaded porous
microspheres on inflamed tenocytes in a
collagenase-induced animal model of Achilles
tendinitis. International Journal of Molecular
Sciences, 2018; 19(3). pii: E820. doi:
10.3390/ijms19030820.

3. Jiang D, Gao P, Lin H, Geng H. Curcumin
improves tendon healing in rats: a histological,
biochemical, and functional evaluation. Connective
Tissue Research, 2016; 57(1): 20-27.

4. Ciftci O, Ozdemir |, Tanyildizi S, Yildiz S,
Oguzturk H. Antioxidative effects of curcumin, f3-
myrcene and 1,8-cineole against 2,3,7,8-



IJVS 2018; 13(2); Serial No: 29

tetrachlorodibenzo-p-dioxin-induced oxidative
stress in rats liver. Toxicology and Industrial
Health, 2011; 27(5): 447-453.

5. Nabavi SF, Thiagarajan R, Rastrelli L, Daglia M,
Sobarzo-Séanchez E, Alinezhad H, et al. Curcumin:
a natural product for diabetes and its complications.
Current Topics in Medicinal Chemistry, 2015;
15(23): 2445-2455.

6. Akbik D, Ghadiri M, Chrzanowski W,
Rohanizadeh R. Curcumin as a wound healing
agent. Life Sciences, 2014; 116(1): 1-7.

7. Tejada S, Manayi A, Daglia M, Nabavi SF, Sureda
A, Hajheydari Z, et al. Wound healing effects of
curcumin: A short review. Current Pharmaceutical
Biotechnology, 2016; 17(11): 1002-1007.

8. Menon VP, Sudheer AR. Antioxidant and anti-
inflammatory properties of curcumin. Advances in
Experimental Medicine and Biology, 2007; 595:
105-125.

9. Chainani-Wu N. Safety and anti-inflammatory
activity of curcumin: a component of tumeric
(Curcuma longa). Journal of Alternative and
Complementary Medicine, 2003; 9(1): 161-168.

10. Gopinath D, Ahmed MR, Gomathi K, Chitra K,
Sehgal PK, Jayakumar R. Dermal wound healing
processes with curcumin incorporated collagen
films. Biomaterials, 2004; 25(10): 1911-1917.

11.Kant V, Gopal A, Pathak NN, Kumar P, Tandan
SK, Kumar D. Antioxidant and anti-inflammatory
potential of curcumin accelerated the cutaneous
wound healing in streptozotocin-induced diabetic
rats. International Immunopharmacology, 2014;
20(2): 322-330.

12. Panchatcharam M, Miriyala S, Gayathri VS,
Suguna L. Curcumin improves wound healing by
modulating collagen and decreasing reactive
oxygen species. Molecular and  Cellular
Biochemistry, 2006; 290(1-2): 87-96.

13. Giileg A, Tiirk Y, Aydin BK, Erkocak OF, Safali S,
Ugurluoglu C. Effect of curcumin on tendon
healing: an experimental study in a rat model of
Achilles tendon injury. International Orthopaedics,
201;. doi: 10.1007/s00264-018-4017-5.

14. Murrell GA, Lilly EG, Davies H, Best TM,
Goldner RD, Seaber AV. The Achilles Functional
Index. Journal of Orthopaedic Research, 1992;
10(3): 398-404.

15.Tang JB, Shi D, Zhang QG. Biomechanical and
histologic ~ evaluation  of  tendon  sheath
management. Journal of Hand Surgery-American

14

Volume, 1996; 21(5): 900-908.

16. Alaseirlis DA, Li Y, Cilli F, Fu FH, Wang JH.
Decreasing inflammatory response of injured
patellar tendons results in increased collagen fibril
diameters. Connective Tissue Research, 2005;
46(1): 12-17.

17. Bettinger DA, Pellicane JV, Tarry WC, Yager DR,
Diegelmann RF, Lee R, et al. The role of
inflammatory cy-tokines in wound healing:
Accelerated healing in endotoxin-resistant mice.
Journal of Trauma, 1994; 36: 810-815.

18. Mori R, Kondo T, Ohshima T, Ishida Y, Mukaida
N. Accelerated wound healing in tumor necrosis
factor receptor p55-deficient mice with reduced
leukocyte infiltration. FASEB Journal, 2002; 16:
963-974.

19. Andres BM, Murrell GAC. Treatment of
tendinopathy: What works, what does not, and
what is on the horizon. Clinical Orthopaedics and
Related Research, 2008; 466(7): 1539-1554.

20.Behfar M, Hobbenaghi R, Sarrafzadeh-Rezaei F.
Effects of flunixin meglumine on experimental
tendon wound healing: A histopathological and
mechanical study in rabbits. Veterinary Research
Forum, 2013; 4(4): 233-238.

21.Blomgran P, Hammerman M, Aspenberg P.
Systemic corticosteroids improve tendon healing
when given after the early inflammatory phase.
Scientific Reports, 2017, 7(2). doi:
10.1038/s41598-017-12657-0.

22.Hawkey CJ, Langman MJS. Non-steroidal anti-
inflammatory drugs: overall risks and management.
Complementary roles for COX-2 inhibitors and
proton pump inhibitors. Gut, 2003; 52(4): 600-608.

23.Sostres C, Gargallo CJ, Arroyo MT, Lanas A.
Adverse effects of non-steroidal anti-inflammatory
drugs (NSAIDs, aspirin and coxibs) on upper
gastrointestinal tract. Best Practice & Research In
Clinical Gastroenterology, 2010; 24(2): 121-132.

24.Chan KM, Fu SC. Anti-inflammatory management
for tendon injuries - friends or foes? Sports
Medicine Arthroscopy Rehabilitation Therapy &
Technology, 2009; 1: 23. doi:10.1186/1758-2555-
1-23.

25.Jurenka JS. Anti-inflammatory properties of
curcumin, a major constituent of Curcuma longa: a
review of preclinical and clinical research.
Alternative Medicine Review, 2009; 14(2): 141-
153.

26.Meng B, Li J, Cao H. Antioxidant and anti-



IJVS 2018; 13(2); Serial No: 29

inflammatory activities of curcumin on diabetes
mellitus and its complications.  Current
Pharmaceutical Design, 2013; 19(11): 2101-2113.
27.MaF, Liu F, Ding L, You M, Yue H, Zhou Y, et al.
Anti-inflammatory effects of curcumin are
associated with down regulating microRNA-155 in
LPS-treated macrophages and mice.
Pharmaceutical Biology, 2017; 55(1): 1263-1273.
28.Edwards RL, Luis PB, Varuzza PV, Joseph Al,
Presley SH, Chaturvedi R, et al. The anti-
inflammatory activity of curcumin is mediated by
its oxidative metabolites. Journal of Biological
Chemistry, 2017; 292(52): 21243-21252.

29. Henrotin Y, Lambert C, Couchourel D, Ripoll C,
Chiotelli E. Nutraceuticals: Do they represent a
new era in the management of osteoarthritis?—a
narrative review from the lessons taken with five
products. Osteoarthritis and Cartilage, 2011; 19:
1-21.

30. Lakhan SE, Ford CT, Tepper D. Zingiberaceae
extracts for pain: A systematic review and meta-
analysis. Nutrition Journal, 2015; 14: 50.

31. Ackermann PW, Domeij-Arverud E, Leclerc P,
Amoudrouz P, Nader GA. Anti-inflammatory
cytokine profile in early human tendon repair. Knee
Surgery, Sports Traumatology, Arthroscopy, 2013;
21(8): 1801-1806.

32.Runesson E, Ackermann P, Karlsson J, Eriksson
Bl.  Nucleostemin- and Oct 3/4-positive
stem/progenitor cells exhibit disparate anatomical
and temporal expression during rat Achilles tendon
healing. BMC Musculoskeletal Disorders, 2015;
16: 212.

33.Greenberg JA, Clark RM. Advances in Suture
Material for Obstetric and Gynecologic Surgery.
Reviews in Obstetrics & Gynecology, 2009; 2(3):
146-158.

34.Bonifasi-Lista C, Lake SP, Small MS, Weiss JA.
Viscoelastic properties of the human medial
collateral ligament under longitudinal, transverse
and shear loading. Journal of Orthopaedic
Research, 2005; 23(1): 67-76.

35.Wang JH. Mechanobiology of tendon. Journal of
Biomechanics. 2006; 39(9): 1563-1582.

36.Dai M, Zheng X, Xu X, Kong X, Li X, Guo G, et
al. Chitosan-alginate sponge: preparation and
application in curcumin delivery for dermal wound
healing in rat. Journal of Biomedicine and
Biotechnology, 2009; doi:10.1155/2009/595126.

37.Wojciak B, Crossan JF. The accumulation of

15

inflammatory cells in synovial sheath and epitenon
during adhesion formation in healing rat flexor
tendons. Clinical & Experimental Immunology,
1993; 93(1): 108-114.

38.Wu YF, Mao WF, Zhou YL, Wang XT, Liu PY,
Tang JB. Adeno-associated virus-2-mediated TGF-
Bl microRNA transfection inhibits adhesion
formation after digital flexor tendon injury. Gene
Therapy, 2016; 23(2): 167-175.

39. Tiirkoglu A, Gl M, Yuksel HK, Alabalik U, Ulger
BV, Uslukaya O, et al. effect of intraperitoneal
curcumin instillation on postoperative peritoneal
adhesions. Medical Principles and Practice, 2015;
24(2): 153-158.

40. Jomezadeh V, Mohammadpour AH, Rajabi O,
Tavassoli A, Maddah G. Evaluation of curcumin
effects on post-operative peritoneal adhesion in
rats. Iranian Journal of Basic Medical Sciences,
2012; 15: 1162-1167.

41. Madhyastha R, Madhyastha H, Nakajima Y,
Omura S, Maruyama M. Curcumin facilitates
fibrinolysis and cellular migration during wound
healing by modulating urokinase plasminogen
activator  expression. Pathophysiology ~ of
Haemostasis and Thrombosis, 2010; 37(2-4): 59-
66.

42.Cheppudira B, Fowler M, McGhee L, Greer A,
Mares A, Petz L, et al. Curcumin: a novel
therapeutic for burn pain and wound healing.
Expert Opinion on Investigational Drugs, 2013;
22(10): 1295-1303.

43. Agarwal KA, Tripathi CD, Agarwal BB, Saluja S.
Efficacy of turmeric (curcumin) in pain and

postoperative fatigue after laparoscopic
cholecystectomy: a double-blind, randomized
placebo-controlled study. Surgical Endoscopy,

2011; 25(12): 3805-3810.

44. Foucher G, Lenoble E, Ben Youssef K, Sammut D.
A post-operative regime after digital flexor
tenolysis. A series of 72 patients. Journal of Hand
Surger -European Volume, 1993; 18(1): 35-40.

45. Tran HN, Cannon DL, Lieber RL, Abrams RA. In
vitro cyclic tensile testing of combined peripheral
and core flexor tenorrhaphy suture techniques.
Journal of Hand Surgery-American Volume, 2002;
27(3): 518-524.

46. Liu HY. In vivo evaluation of the stiffness of the
patellar tendon. Doctoral Thesis. University of
North Carolina USA. 2008.

47.Uysal AC, Mizuno H. Tendon regeneration and



IJVS 2018; 13(2); Serial No: 29

repair with adipose derived stem cells. Current Research, 1993; 11(6): 897-906.

Stem Cell Research & Therapy, 2010; 5(2): 161- 49. Staresinic M1, Sebecic B, Patrlj L, Jadrijevic S,

167. Suknaic S, Perovic D, et al. Gastric
48.Best TM, Collins A, Lilly EG, Seaber AV, Goldner pentadecapeptide BPC 157 accelerates healing of

R, Murrell GA. Achilles tendon healing: a transected rat Achilles tendon and in Vvitro

correlation between functional and mechanical stimulates  tendocytes growth. Journal of

performance in the rat. Journal of Orthopaedic Orthopaedic Research, 2003; 21(6): 976-983.

16



IJVS 2018; 13(2); Serial No: 29

Ol (S jols (2152 g pid
S WP PSP SPPRSRT JRVESK 20V ST

oS>

@y T (53955 pL! p1 (a0 595 ko oligS (STy95 3925 Ol )]

"o e S ice ma ) i e

Ol oyl cdang )l olEils ¢ S iaals 0uSLESlS ¢ paniS (6,10 g g >y 09,5
Ol edog )| canog | ol ¢ S juals 0aSCiils (550)gmgils 09,5 ¥

i . - S - . eVv
U‘J”‘ ‘4.:.405) sd.:.os)‘ o ls ‘6))3L..5 o ls € o G \S.ulgo 05;

laopas 5 il Sl 5] s 51 Ll 5 pedylin Sline 99 el 3 hond Syt s 4 —dan
ol Bae wilige (o250 el 5 (ST (T aleillas (ol azly (resS ysT abl e sl gl Sl ciend (59,Skes
5 Slagn (Ilgiann ool b oy Jedl (055 2% ol plidl 2 resS 55 292 sl gy carllane
g §3,8ee

w57 aslllas —adlllao 7,k

ol Syl ol5 35 &) ez glann —blgus

255 Gt oSl G3loodlal Gl ey WA e (loys 5wl 05,5 90 @y ol O jg0a 5 Oy ez st - b
Vo) masos5 5 ol Jla s iy a8l i LS 55 T JLs a5 bl il o] (5 s i 5o S
Seaap RS g plops g sald sleeg)S y0 iy 4 g, Cde oe 4y (STt Oygods (p59kS p S e
A bl (6,10 paiges

515 50 SRl Gleys 09,5 55 S3slsiligtunt (ol p ol saalin Gl 095 55 (9,5 Skl )0 (7S (Sair —gule
oanlie 2815 05,5 b auslie 13 505 15 5 5 el sln sl 5 LoDl b olass oS (D (sloait, plice ol 5
S 5 o Sl Sellngns ) Alge ansS 55 5 o (sl Sl oysgs ok omsglis 45 a2
Sger ) by o, Ul ulul yrogdlay by las 1y leys 09,5 )3 eadioder (655l 5 peked alals )5 55 gy S Ta>
Al edalie (59,5 69,Nles

S Spuge 1 e STy oty ansS a8 otaslsS 3 o5 ol ol 2l anllas — il 3,15 g (6 peSene
ooy o bl (9,5 @0 Shes 5 (SeilSage Sloogas (3L

S35l o3, Shos (2SS o5 15« SeilSoges (BT 53,5 — galS sloelly

17



