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Abstract

Background: Surgical sutures play a crucial role in wound healing and inflammation management.
Sutures coated with chlorhexidine are designed to provide secondary antimicrobial protection.
However, the impact of these chlorhexidine-coated silk sutures on immediate tissue reactions,
compared to ostensibly inert suture materials, has not been extensively investigated. This study
aims to compare tissue responses caused by the chlorhexidine coated silk sutures or uncoated
silk suture in rats, as a guide to potential benefits clinically. Materials and Methods: In this
study, 4-0 silk sutures were coated with 3% chlorhexidine using Eudragit RL polymer. A total
of eighteen male Sprague-Dawley rats (10-wk-old, 200+£20 gr) were randomly divided into
three groups, with six in each group. Animals were anesthetized using ketamine hydrochloride
and xylazine. A 5-mm incision was made on the keratinized gingiva between their right and
left upper second premolars at both sides using a scalpel blade. The left flap was closed using
chlorhexidine-coated sutures, while the right one was sutured with standard ones. On the 3rd,
5th, and 7th postoperative days biopsies from the suture sites were obtained for pathological
examination after euthanasia. After determining normality and homogeneity of variance,
inflammation was analyzed using the Kruskal-Wallis test for nonparametric data; formation
of fibrous and granulation tissue was assessed with a chi-square test. A P-value<0.05 was
considered significant as recommended. Results: Histopathological evaluation of tissue
extracted on the 3rd, 5th, and 7th days showed no statistically significant difference in tissue
inflammation, granulation, or fibrous connective tissue accumulation between chlorhexidine-
coated silk sutures and uncoated silk sutures. Conclusion: The study results indicated that
chlorhexidine-coated silk sutures induced tissue responses comparable to those of uncoated silk
control sutures. These data suggest that, although the release of chlorhexidine in oral solutions
may be achieved with these sutures, potentially aiding in the effective inhibition of bacterial
growth during wound healing, they do not demonstrate anti-inflammatory effects or cause any
adverse tissue responses.[GMJ.2024;13:e3577] DOI:10.31661/gmj.v13iSP1.3577
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Introduction

utures are among the most basic instru-

ments in surgical practice, used to close
wounds and aid the wound healing process.
The choice of suture material can significant-
ly influence the course of healing, affecting
tissue reactions and infection rates, and ul-
timately impacting surgical success [1]. The
interaction of sutures with tissue is a complex
process that depends on the suture material
itself, any coating applied to it, and the bio-
logical environment in which it resides [2].
Sutures that are biocompatible and able to
withstand the oral bacterial load have been
used for suturing tissues located in the mouth,
minimizing potential complications [3]. Silk
sutures have consistently been favored for
their versatility and established reliability, but
they do have some drawbacks. Silk sutures
are regarded as filaments that can be readi-
ly colonized by bacteria and, in some cases,
may cause inflammatory reactions [4]. This is
especially important in the oral cavity, which
has a higher microbial flora density than typi-
cal skin incisions [4]. Medical silk is also rec-
ognized for triggering an intensified inflam-
matory response to pathogens, attributed to
its molecular properties [5]. These problems
have prompted research into improved suture
materials which are intended to address most
of these concerns.
In this context, one of the most promising
approaches is the use of suture coatings with
chlorhexidine, an effective antimicrobial and
anti-inflammatory agent [6, 7]. Chlorhexidine
is well-known in the medical field for its ef-
fectiveness in reducing bacterial presence and
preventing infections [8]. Since chlorhexi-
dine can be used for suture coating, it offers
a unique method to achieve a localized anti-
microbial effect that may reduce the incidence
of surgical site infections [9]. Although, these
coated sutures are currently under research for
their effect on tissue response.
The body’s response to sutures involves a se-
ries of inflammatory reactions, tissue remod-
eling, and, ultimately, wound healing. Essen-
tially, the most critical of these responses are
inflammatory reactions. Aberrant inflamma-
tion can result in delayed healing, fibrosis, and
granulation tissue formation [2].

Comparative Tissue Reactions to Chlorhexidine-Coated and Uncoated Silk Sutures

Several reports suggest that these sutures may
reduce bacterial colonization and infection,
which is particularly useful when applied to
contaminated surgical fields where infections
are highly likely [10, 11]. However, reports
on the wound-healing effects of chlorhexidine
are also highly controversial, with many stud-
ies suggesting that even low concentrations
of chlorhexidine can exhibit cytotoxic effects,
potentially leading to delayed wound healing
[12, 13]. The degree of inflammation and the
presence of granulation tissue are key indica-
tors of how well the body tolerates a particular
suture material [14]. Therefore, it is essential
to evaluate these factors to understand the bio-
compatibility and clinical efficacy of these su-
tures for use in surgical procedures.

Many studies focus on the antibacterial effects
of chlorhexidine-coated sutures without con-
sidering tissue reactions. In this regard, this
study investigated the influence of chlorhex-
idine-coated sutures on tissue responses, in-
cluding inflammation and fibrous tissue for-
mation.

Understanding these effects is essential for
assessing the overall safety and usefulness of
chlorhexidine-coated sutures in medical prac-
tice. This study aimed to address this lack of
information by comparing the tissue reactions
following suture insertion between chlorhexi-
dine-coated silk sutures and standard uncoat-
ed silk ones, in a rat model. Our research spe-
cifically examines inflammatory responses,
the presence of granulation tissue, and the for-
mation of fibrous tissue at various time points
after surgery. By comparing these factors, we
aim to determine whether chlorhexidine-coat-
ed silk sutures offer any clear advantages or
disadvantages in terms of tissue compatibility
and overall healing.

Materials and Methods

Suture preparation

The chlorhexidine-coated sutures were pre-
pared at the Nano Laboratory, School of Phar-
macy, Shiraz University of Medical Sciences.
For this process, 4-0 silk sutures (Supasil,
Supa Medical Devices, Tehran, Iran) were se-
lected. To create the coating solution, a blend
of Eudragit RL, triethyl citrate (a plasticizer),
glycerol monostearate, and polyethylene gly-
col 4000 was mixed with isopropanol and ac-
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etone in a 3:5 ratio. Gradually, 3 cc of 3% ch-
lorhexidine was added to 97 cc of this mixture
using a shaker set at 800-900 RPM. Eighteen
25 cm lengths of 4-0 silk sutures were then
cut and soaked in an ethanolic KOH solution.
After thorough immersion, the sutures were
removed, dried, and weighed. They were then
submerged in the prepared antimicrobial coat-
ing for 10 minutes, with the container covered
to prevent evaporation (Figure-1A and B).
Once removed and dried, the sutures were re-
weighed. This dipping process was repeated 6
to 10 times, until the sutures reached a stable
weight, indicating complete coating. Finally,
the sutures were sterilized under UV light for
1 hour to ensure they were free from contam-
inants [15]. The concentration of chlorhexi-
dine is 0.09%, which is equivalent to 900 pg
per ml. In our experiment, 18 sutures, each 25

A

cm long (totaling 450 cm), were soaked in this
solution. Therefore, the dosage applied to the
sutures is 900 pg distributed across 450 cm,
resulting in a concentration of 2 pg/cm. Based
on this explanation, we used 2 pg/cm of ch-
lorhexidine, which is below the cytotoxicity
threshold according to ISO 10993-5 [16].

Animals and grouping

Eighteen male Sprague-Dawley rats (10
weeks old, 200+£20 g) were purchased and
housed in type Il polypropylene cages. The
rats were kept in a room with a 12-hour light/
dark cycle at a standard temperature of 23 +
1°C. Water was provided ad libitum. After the
suturing procedure, the rats were randomly di-
vided into three groups of six. The first group
was euthanized on the third day post-surgery.
The second group followed the same proce-

Figure 1. Preparation and Suturing Procedure. (A) Silk sutures immersed in the coating solution. (B) Anesthesia and preparation of animals
alongside surgical tools. (C) Suturing performed between the upper incisors and molars.
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dure on the fifth day, and the third group on
the seventh day. The rats were euthanized us-
ing CO2 asphyxiation, a method involving the
gradual introduction of carbon dioxide into a
chamber to minimize distress and ensure a hu-
mane death [17].

Incision and suturing

All 18 rats underwent mouth surgery and
one side of the mouth received a coated silk
suture, while the opposite side was sutured
with an uncoated silk suture. To ensure con-
sistency and minimize external variables, all
sutures were purchased from the same com-
mercial brand and applied using identical
needles. Anesthesia was administered through
an intramuscular injection of 10% ketamine
hydrochloride (100 mg/kg), combined with
2% xylazine (10 mg/kg). Once the rats were
fully anesthetized, their mouths were gently
held open with gauze. A 5 mm incision was
made in the keratinized gingiva between the
upper incisors and molars using a No. 15 sur-
gical blade. The incision on the left side of
the upper jaw was closed with 4-0 silk sutures
coated with chlorhexidine, while the right side
was sutured with uncoated 4-0 silk sutures.
Standard interrupted simple knots were tied
with care, avoiding any tension on the tissue
(Figure-1C). To maintain the integrity of the
study, all sutures were placed using a 3/8 cir-
cle reverse cutting stainless steel needle.

Sampling and Histopathological evaluation

Tissue samples were taken from the kerati-
nized maxillary gingiva. A No.15 surgical
blade was used for the excision. These sam-
ples were then immersed in a 10% formalin
solution, using a volume three times that of
the samples themselves, and left for 3 days.
After fixation, they were sent to the pathology
department at the School of Dentistry, Shiraz
University of Medical Sciences for further
analysis. Tissue processing and staining were
done using conventional methods. Briefly, tis-
sue samples were fixed in 10% formalin for
24 hours, then dehydrated through a graded
series of ethanol (70%, 80%, 95%, 100%),
cleared in xylene, and embedded in paraffin
wax. Sections of 10 pm were cut, mounted on
glass slides. For H&E staining, sections were
stained with hematoxylin for 5-10 minutes,

Comparative Tissue Reactions to Chlorhexidine-Coated and Uncoated Silk Sutures

rinsed, differentiated, then stained with eo-
sin for 1-2 minutes, rinsed, and dehydrated.
Finally, coverslips were applied with mount-
ing medium and allowed to dry. Slides were
assessed using a grading system described in
the study by Paknejad et al. [18]. The grading
criteria are as follows:

Score 0: No inflammation; no histopathologi-
cal evidence of inflammation.

Score 1: Mild inflammation; minimal infiltra-
tion of leukocytes into the connective tissue,
with cells primarily lymphocytes and macro-
phages.

Score 2: Moderate inflammation; increased
leukocyte infiltration, along with a rise in the
number and diameter of blood vessels in the
connective tissue. Cells include predominant-
ly lymphocytes, macrophages, plasma cells,
and a few neutrophils.

Score 3: Severe inflammation; marked leu-
kocyte infiltration and a significant increase
in the number and diameter of blood vessels.
Cells are primarily lymphocytes, macro-
phages, plasma cells, and neutrophils.
Additionally, the presence or absence of gran-
ulation tissue and fibrosis was recorded, with 0
indicating absence and 1 indicating presence.
Granulation tissue formation is considered an
early inflammatory response, while fibrosis is
a response observed in the later stages of in-
flammation.

Ethical consideration

This investigation was performed in accor-
dance with relevant guidelines and regulations
of animal studies of the Ethical Committee of
Shiraz University of Medical Science (ID: IR.
SUMS.DENTAL.REC.1398.44).

Statistical analysis

The Kruskal-Wallis test was used to compare
inflammation scores, while the chi-square test
assessed granulation and fibrous tissue for-
mation. Graphs were created with GraphPad
Prism version 8 (GraphPad Software, La Jol-
la, USA). A significance level of P<0.05 was
set to determine statistical significance.

Funding

The research presented in this article was
supported by funding from the Shiraz Univer-
sity of medical science (Grant numbers: IR.
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SUMS.DENTAL.REC.1398.44). The funders
had no role in study design, data collection
and analysis, decision to publish, or prepara-
tion of the manuscript.

Results

Tissue Inflammation

All histopathological images are presented
in Figure-2. On the third day, tissue response
primarily indicated severe inflammation
(score 3) in both the chlorhexidine-coated and
non-coated groups. By the fifth day, inflam-
mation in the coated suture group varied from
mild (score 1) to severe (score 3), while the
non-coated group predominantly exhibited
severe inflammation (score 3). By the seventh

Silk coated with
chlorhexidine suture

R

ot
‘;"’

N, ‘
.i"\s’al

Standard Silk
suture
5

A

B

day, both groups showed a range of inflamma-
tory responses, from mild (score 1) to severe
(score 3).

Comparing the mean and standard deviation
of the tissue inflammation index, along with
the results from the Kruskal-Wallis test, no
significant difference was found in tissue in-
flammation between the regular silk suture
and the chlorhexidine-coated silk suture on
days three, five, or seven, with significance
set at P<0.05 (Figure-3).

Granulation and fibrous tissue formation

On the third and fifth days, all samples ex-
hibited granulation tissue, with no signs of fi-
brous tissue formation. By the seventh day, fi-

Figure 2. Histological report showing the comparison of postoperative oral incisions sutured with chlorhexidine-coated silk (top row) and
standard silk sutures at 3, 5, and 7 days. In all samples, inflammatory features were evident, as shown in micrographs at different magnifi-

cations (200x and 40x). Scale bars: 200 ym and 50 pm
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Figure 3. inflamation score in three different time point (3rd, 5th, and 7th). x-axis represent the rats: There is no significant difference

between groups.
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brous tissue was observed in only one sample
from each group, both coated and non-coated.
Based on data comparison and Chi-Square test
results, no significant difference was found in
the formation of granulation and fibrous tissue
between the regular silk suture and the chlor-
hexidine-coated silk suture on the third, fifth,
or seventh days (Figure-4 and 5).

Discussion
Surgical site infections represent a commonly

recognized complication ensuing from surgi-
cal interventions on various parts of the body.

©
]

o
1
|
|

Fibrous tissue formation
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1 1
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Certainly, they not only endanger the patient’s
health and impede healing at the surgical site
but also contribute to rising treatment costs.
Most often, surgical site infections start at the
incision site [19].

A significant risk factor for surgical site infec-
tions relates to the presence of foreign bod-
ies at the surgical site, such as sutures [19].
Multifilament sutures, in particular, are more
likely to predispose a patient to a surgical site
infection due to their fluid-absorbing charac-
teristics [20]. To limit surgical site infections,
suture thread coatings containing antimicrobi-
al agents, like chlorhexidine, have been used

Day 3 Fibrous tissue
formation (coated)

Day 3 Fibrous Tissue
formation (uncoated)

Day 5 Fibrous Tissue
formation (coated)

Day 5 Fibrous Tissue
formation (uncoated)

Day 7 Fibrous Tissue

(=}

formation (coated)

Day 7 Fibrous Tissue
formation (uncoated)

Figure 5. Fibrous tissue formation: No significant difference was observed between groups or across different time points.
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Day 5 Granulation
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Granulation tissue formation
D
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o
1

Day 7 Granulation
Tissue (coated)

Day 7 Granulation
Tissue (uncoated)
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Figure 4. Granulation tissue formation analysis using chi-square: There is no significant differ-

ence between groups.
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and shown good efficacy, particularly in the
mouth [21]. Medical silk is known for pro-
moting an exaggerated inflammatory response
to pathogens, due to its molecular characteris-
tics [5]. This could be especially exaggerated
in the high bacterial load of the oral cavity.
Microscopic analysis of silk sutures in the
oral cavity identified a high volume of aero-
bic bacteria including Streptococcus viridans,
staphylococci, and Corynebacterium [5]. Al-
together, these factors increase the likelihood
of surgical inflammatory complications in the
oral cavity. Despite this, silk sutures are still
widely used due to their favorable handling
characteristics [4].

In this study, we use silk sutures coated with
chlorhexidine to investigate their inflamma-
tory tissue response in incisions made during
oral surgery in male rats.

In our investigation, we did not observe any
significant difference in regards to inflamma-
tory cells between sutured with standard silk
sutures versus incisions sutured with coated
silk sutures at different time points, demon-
strating that chlorhexidine coating does not
cause tissue inflammation. In one study con-
ducted by Xavier et al (2022), compared ch-
lorhexidine-coated polyglycolic acid sutures
to silk sutures and evaluated effects during
third molar surgery. The results showed that
while both groups experienced similar lev-
els of postoperative pain, the group using
chlorhexidine-coated sutures had no signs of
inflammation, whereas the silk suture group
had two cases of surgical site inflammation
and three cases of dry sockets [21]. This result
does not align with our study, where no signif-
icant difference was observed in inflammatory
cells between standard and coated sutures and
both show high inflammation. Chlorhexidine
exhibits dose-dependent antibacterial activi-
ty. Some studies suggest that using a 4% v/v
chlorhexidine coating on sutures can effec-
tively combat Staphylococcus aureus, Staph-
ylococcus epidermidis, and Escherichia coli
[22]. However, higher concentrations may
induce cytotoxicity [23]. To mitigate this risk,
we opted for a 0.09% chlorhexidine coating
solution, which is lower than the concentra-
tion typically effective against bacteria. The
Xavier’s study lacks information on the dose
of chlorhexidine used in coating the silk su-

tures, which contributes to the discrepancy
in results. Additionally, differences in meth-
ods for evaluating inflammation between our
study and Xavier’s could also account for the
variation in findings.

Fibrous and granulation tissue formation in
our study showed no significant difference,
implying that using this concentration of ch-
lorhexidine-coated silk sutures does not trig-
ger any adverse tissue reactions. The way ch-
lorhexidine is released into the physiological
environment is also crucial. One study inves-
tigated the effects of chlorhexidine-contain-
ing substances as intracanal medicaments on
subcutaneous connective tissue in mice. Their
histopathological investigation revealed that
the tissue response varied with the concentra-
tion of chlorhexidine used. Specifically, Calen
paste with 0.5% chlorhexidine led to a repar-
ative tissue response, while Calen paste with
2% chlorhexidine and a 2% chlorhexidine gel
induced a persistent inflammatory response.
Notably, among the higher concentrations,
the 2% chlorhexidine gel caused a more in-
tense inflammatory reaction compared to the
2% chlorhexidine in Calen paste. This under-
scores the importance of slow-release prop-
erties in reducing the risk of adverse tissue
reactions [24]. In this regard, many studies
employ different techniques to enhance their
materials by using carboxymethyl cellulose
gel or fatty acid carriers [16, 25]. In this study,
we used the lowest concentration of chlorhex-
idine solution with multiple dippings of the
thread in a solution containing Eudragit RL to
enhance its slow-release properties.

In terms of wound healing, no differenc-
es were observed in granulation and fibrous
tissue formation between the coated and un-
coated groups. While in vitro studies indicate
that chlorhexidine exhibits high cytotoxicity
against fibroblasts and keratinocytes [13, 23],
it appears to be safe for use in surgical fields.
However, caution should be exercised in se-
lecting the concentration. Other studies also
show similar results, suggesting that coating
surgical sutures with antibacterial materials
either has no effect or only a slight improve-
ment on wound healing [26, 27].
Additionally, the lack of difference observed
between standard silk sutures and those coat-
ed with chlorhexidine in terms of granulation
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and fibrous tissue formation indicates that the
concentration of chlorhexidine used does not
have a cytotoxic effect and does not alter the
healing process. However, its antibacterial ef-
ficacy and release behavior should be further
evaluated.

Conclusion

In this study, we concentrated on the impacts
of chlorhexidine coated silk sutures with re-
spect to tissue inflammation, granulation, and
fibrous tissue formation. Inflammation and
healing were not significantly different be-
tween the two suture types, suggesting that
this concentration does not cause any adverse

Comparative Tissue Reactions to Chlorhexidine-Coated and Uncoated Silk Sutures

tissue reactions.
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