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Catgut was enriched with copper sulfate nanoparticles (CSNPs@Catgut), in order 
to develop a new composited suture with antibacterial and healing properties. 
Introducing copper sulfate nanoparticles to catgut was performed using a reverse 
micro-emulsion technique. It is an interesting method because of easy handling 
and relatively low costs. In the revers micro-emulsion medium, nano-spherical 
structures containing the salt solution are created. The nano-spheres penetrate 
into catgut fibers and precipitate after drying to form the salt nanoparticles. The 
prepared CSNPs@Catgut was characterized using scanning electron microscopy, 
X-ray diffraction (XDR) technique, tensile strength, antibacterial activity, and 
cytotoxicity tests. XRD and SEM confirmed the CuSO4 nanoparticles formation 
and grafting on catgut surface. Antibacterial properties were illustrated by 
E. coli inhibition zone and CSNPs@Catgut showed a significant antibacterial 
activity compare with catgut. Results of cytotoxicity tests showed no difference 
between CSNPs@Catgut and catgut. The mechanical strength was improved and 
increased from 4.16 mm to 10.00 mm. Tissue reaction showed that necrosis and 
inflammatory cells were reduced from acute to subacute on day 14. Therefore, 
CSNPs@Catgut can be introduced as a reliable candidate for wound management.
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INTRODUCTION
Wounds are affected by bacteria and it can 

delay wound healing through a complex process. 
External materials such as surgical suture and ex 
vivo pathogen can cause complications, such as 
infection in surgical site [1-5]. Surgical sutures 
are sterile filament to support the healing process. 
They classified according to their degradation, 
composition and suture, including absorbable, 
non-absorbable, monofilament and multifilament 
[6-8]. Absorbable suture are divided to natural and 
synthetics, digested by enzymes and hydroxylation 
during the wound closure process, respectively. Gut 

and chromic gut are absorbable sutures that remain 
in the cutaneous and other tissue for 21-28 days 
after embedding. Poor knot security and high level 
of proteolytic enzyme in inflammatory cells are 
among the limitations of these stitches[9, 10].

The presence of sutures at surgical site have 
some adverse effects, such as surgical infection, 
clinical problems, prolong hospitalization and 
rising of health care cost [11-13]. Chromic catgut, 
the catgut sutures with chromic salts to crosslink 
the collagen molecules, have been widely used. At 
the first, carbolic acid was developed in 1881, after 
then ethylene oxide has been replaced for suture 
sterilization [14]. In recent years, suture coated with 
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 Figure1: Graphs derived from experimental design analysis for immersing time and micro-
emulsion concentration 

  

 

 

 

 Figure 2: Scanning electron microscopy micrographs of CSNPs@Catgut with different 
magnifying. 

  

 Fig.1: Graphs derived from experimental design analysis for immersing time and micro-emulsion concentration

 Fig. 2: Scanning electron microscopy micrographs of CSNPs@Catgut with different magnifying.

of CSNPs@Catgut with different magnifying. 
Moreover, the presence of particles was also visible, 
among the filaments of the suture. The nanoparticles 
clearly covered the suture surface by filling the pore 
between fibers of the yarn. The SEM analysis showed 

copper sulfate particles distribution on catgut 
surface relatively good. The micrographs also show 
CuSO4 particles sizes between 50 and 100nm. It was 
the main idea of this research that particles attached 
on surface or penetrated in bulk of catgut can release 
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slowly around the wound with absorbing the yarn. 
It is a fact that smaller particles have higher surface 
area and better performance of activation. 

XRD pattern
XRD technique was performed to confirm 

the deposition of CuSO4 on catgut suture.  
Fig. 3 shows The XRD pattern of CSNPs@Catgut. 
Peaks at 2q= 19.3, 31.7 and 46.8 can be related to 
CuSO4 crystalline phase. The patterns also shows 
no crystallinity for catgut because it is relatively an 
amorphous phase.

Tensile strength test 
The tensile strength test was performed, in 

order to compare the tensile strength of catgut, 
CSNPs@Catgut, nylon, silk and vicryl sutures. 

The test showed changing in tensile strength of 
catgut with adding CuSO4 nanoparticles. Fig. 4 
shows that CuSO4 can improve the mechanical 
properties of yarn so that CSNPs@Catgut tensile 
strength be relatively comparable with nylon.  
The mean maximum tensile strengths at the 
breakdown point for CSNPs@Catgut and catgut 
samples were (10.0075± 0.35 N) and (4.16± 1.02 
N), respectively. Therefore, catgut enrichment 
with CuSO4 significantly improved the strength of 
suture stretching. It seems that salt penetration to 
catgut bulk has occurred uniformly so that made 
the suture a semi nanocomposite structure. 

Antibacterial activity and Cytotoxicity
The microbiological characterizations were 

performed on CSNPs@Catgut and plain catguts 

 

 

 

 

 Figure 3: The XRD pattern of CSNPs@Catgut; Marked peaks with (*) can be related to 

characteristic peaks of CuSO4. 

  

 

 

 

 

 Figure 4: Tensile strength tests for catgut, CSNPs@Catgut, nylon, silk and vicryl sutures. 

  

 Fig. 3: The XRD pattern of CSNPs@Catgut; Marked peaks with (*) can be related to characteristic peaks of CuSO4.

 Fig. 4: Tensile strength tests for catgut, CSNPs@Catgut, nylon, silk and vicryl sutures.
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as the control group. The zone of E. coli inhibition 
was compared with antibacterial disk, qualitatively 
(Fig. 5). 

Tissue and wound healing effect 
H&E staining section was compared between 

the control and treated group. In the treated group, 
inflammation was reduced and CSNPs@Catgut 
affected the wound healing factor. As shown in 
Table 3, there was a significant difference between 
the mean of necrosis and intensity of inflammation 

in all groups (control and treated) on days 3-7 and 
14 (p< 0.05). The significant differences between 
the treated and control groups were observed 
on days 3-7 and 14 in terms of the intensity of 
inflammation. However, no significant differences 
were observed between the treated and control 
groups in the necrosis variable (p>0.05), but a 
significant difference was observed among 3rd, 7th 
and 14th days, in terms of the mean of necrosis 
variables.

Fig. 6 shows different characteristics between 

 

 

 

 

 Figure 5: The antibacterial activity of CSNPs@Catgut and plain catgut sutures. 

  

Fig. 5: The antibacterial activity of CSNPs@Catgut and plain catgut sutures.

Table 2: Dead and live cells were expressed as mean ± standard deviation (n=3) for CSNPs@Catgut and catgut in different days.

± ±
± ± ± ±
± ±

Table 3: Evaluation of necrosis and severity in control and treatment groups on 3, 7 and 14 days.
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 Fig. 6: Muscle necrosis in the site of suture with relatively mild accumulation of inflammatory cells (H & E, X10), in the 
treatment groups on the third day (a), control group on the third day (b), treatment group on the seventh day (c), control group on the 

seventh day (d), control group on the fourteenth day (e) and treatment group on the fourteenth day (f).

the control and treated group. So that on day 3, 
acute inflammation with necrosis and bleeding 
can be seen in the control and treatment group 
(Figs. 6a & 6b). This trend changed from day 7 
in the treatment group with decreasing intensity 
of inflammation and bleeding, compared to the 
control group (Figs. 6c & 6d), so that the intensity 
of inflammation of the treatment group was less 
than control group (Figs. 6e & 6f).

DISCUSSION
Despite suture sterility, different approaches 

adapted for wound management may cause 
contamination, delay in wound healing and 
susceptibility to secondary infection. One of the 
approaches of wound management with a goal 
to improve the healing process is to prevent the 
bacterial adherence to the surgical suture and to 

fight against the formation of these contaminated 
points. Considering the degree of adherence of 
bacteria to the suture and its impact on infection 
and delay in wound healing, fighting against 
bacteria will be considered as a practical way to 
improve wound management. Antibiotic-resistant 
is another concern in the surgical site infection. 
Therefore, the role of metal and salt particles 
especially in the nano scales is inevitable for 
managing wound healing and infection [28, 29].

A novel copper sulfate nanoparticles/catgut 
(CSNPs@Catgut) with antimicrobial properties, 
reduced inflammation and increased wound healing 
was developed. The dispersion of nanoparticles 
on surface and in matrix of suture significantly 
improved its physical and chemical properties as 
a semi nanocomposite. The mechanical properties 
of the treated catgut sutures were evaluated 

 

 

 Figure 6: Muscle necrosis in the site of suture with relatively mild accumulation of inflammatory 
cells (H & E, X10), in the treatment groups on the third day (a), control group on the third day (b), 
treatment group on the seventh day (c), control group on the seventh day (d), control group on the 

fourteenth day (e) and treatment group on the fourteenth day (f). 
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because the reduction in the strength of the suture 
material can result in unexpected suture breakage, 
so inducing complications in healing tissues and 
tensile strength could reduce healing time with 
mechanical tissue effects.  Although, types of 
sutures do not cause a significant difference in the 
process of wound healing, but it shows different 
tissue reaction in different conditions.

The prepared CSNPs@Catgut was characterized 
using SEM, XRD, tensile strength, antibacterial 
activity and cytotoxicity tests. SEM analysis 
showed the effectiveness of the dipping process, in 
providing a homogeneous distribution of CuSO4 
on the catgut suture. XRD showed characteristic 
peaks of CuSO4 and confirmed the deposition its 
particles on catgut. The mechanical properties of 
the treated suture increased 2.5 times, compared 
to the control sample, which caused a significant 
difference in the strength of the material after 
treatment. The detail of investigation has indicated 
that the CSNPs@Catgut degrades in a slower 
rate after 7 days of the degradation process. 
Antibacterial activity tests demonstrated that 
CSNPs@Catgut can be utilized against bacterial 
colonization like E. coli without any cell toxicity. 
The histopathological study clearly demonstrated 
that grafting of copper sulfate nanoparticles on 
suture could decrease inflammation. Therefore, 
application of anti-inflammatory agent adapted as 
an effective approach to enhance healing pressure 
and regeneration. Suture strength, antibacterial 
properties and cytotoxicity positively affected the 
inflammatory stage of wound healing. 

CONCLUSION 
An effective nano-enriched suture was designed 

and prepared using CuSO4 nanoparticles grafting 
on catgut. Nanoparticles were deposited on suture 
using revers micro-emulsion method. Experimental 
design revealed loading capacity of catgut by micro-
emulsion solution concentration and immersing 
time duration. Results of characterizations showed 
a complete excellence of CSNPs@Catgut compared 
with simple catgut in tensile strength, antibacterial 
activity, cytotoxicity as well as tissue and wound 
healing effect. It can be related to the nature of 
copper sulfate, particles scale, uniform particle 
sizes and similarly uniform particle dispersion 
on surface and in the bulk of catgut. The mean 
maximum tensile strengths for CSNPs@Catgut was 
more than two times higher than simple catgut. It 
was related to creation of a semi nanocomposite 

after adding CuSO4 to catgut because of good 
merging of particles and suture. Results also showed 
an obvious effect of nanoparticles on antibacterial 
properties of the suture. It can be depended on 
antibacterial nature of copper sulfate as well as high 
surface area of attached nanoparticles to catgut. 
The result of cytotoxicity test also did not show any 
difference between the CSNPs@Catgut and catgut. 
Finally, the new suture with decreasing intensity of 
inflammation and bleeding leaded wound healing 
process to good situations and made itself as a 
reliable candidate for wound management. 
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