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A B S T R A C T   

Incisional wound closure is a key surgical step to facilitate tissue healing, reduce the risk of infection and obtain 
esthetic and functional recovery. Cyanoacrylates such as Histoacryl® have become a popular choice in surgical 
veterinary practice. However, how Histoacryl® is affecting tissue regeneration and bacterial load in the wound in 
comparison to poliglecaprone (Monocryl®) traditional suture methods remains to be determined. This work 
aimed to evaluate how wounded tissue responds to traditional suture with Monocryl® (poliglecaprone 25/4-0) 
and Histoacryl®, as well as provide evidence of their effects on wound healing in mice. Fortyeight hours after the 
incisional procedure, wound tissue biopsies were prepared for histological and microbiological analysis. Biopsies 
were fixed and colored with Mallory’s trichrome and hematoxylin-eosin stains. For microbiological assays, bi-
opsies were suspended in tryptic soy broth (TSB) and 1/10 diluted to evaluate the number of CFU in nutrient agar 
plates. Our results show no differences between Histoacryl® and Monocryl® traditional suture suggesting that 
both methods could be used to treat wounds in small animals such as rodents.   

Wound closure is a crucial step to promote tissue healing after sur-
gical procedures. It is performed to reduce the dead space, minimize the 
risk of infection and dehiscence, and to achieve an esthetic and func-
tional outcome (Suthar et al., 2020). The most common methods used to 
close wounds are traditional sutures, staples and surgical tapes. How-
ever, traditional closures can cause trauma as they perforate the skin and 
provide access for bacteria to reach underlying tissues, increasing the 
risk of infection. Additionally, suturing could induce complications such 
as loose sutures, stitch abscess, epithelial cysts, wound leaks, permanent 
suture tracks, foreign body reactions, tissue ischemia, fistulas and 
granuloma formation (Deng et al., 2019; Singh, Degala, Shetty, Rai & 

Das, 2019; Suthar et al., 2020). Medical tissue adhesives such as cya-
noacrylates can bond hard and soft tissues rapidly without the need for 
sutures (Singh et al., 2019). N-butyl-2-cyanoacrylate (Histoacryl®) has 
hemostatic, antibacterial and bacteriostatic properties. Additionally, it 
has excellent tensile strength, fast polymerization and good biocom-
patibility when used in different types of wounds. These properties made 
cyanoacrylates a popular choice in surgical veterinary practice (Ola-
dega, James & Adeyemo, 2019). However, it is still necessary to un-
derstand how cyanoacrylate works in the wounded tissue compared to 
poliglecaprone (Monocryl®) traditional sutures and their effects on the 
bacterial load. In this work, we sought to determine how tissue responds 
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to Monocryl® sutures and Histoacryl® in order to provide evidence 
about their effects on wound healing and the future improvement of 
surgical procedures on specific veterinary patients. 

The Bioethics Committee for the use of animals in research and 
teaching of the School of Veterinary Medicine of the Universidad San 
Francisco de Quito, USFQ, approved the methods used for the present 
work in accordance with the Animal Welfare Standards and the rec-
ommendations of Replacement, Reduction and Refinement in animal 

research, proposed by Russell and Burch (1959). Approval number: 
2020-001. 

Assays for the histological and microbiological evaluation were 
performed four times. Each time, five mice were used to evaluate the 
effects of Histoacryl® on tissue healing and traditional suturing by 
Monocryl®. Three mice were used for histological analysis and two for 
microbiological studies. A total of 20 mice were used in the assays to 
take into account the ethical recommendations of the committee to 

Fig. 1. 48 h Histological analysis by hematoxylin and eosin (H&E), Wound Healing Index, (WHI) and microbiological evaluation (CFU in nutrient agar) of surgical 
wound biopsies in mice skin treated with Histoacryl® and Monocryl® a. Parameters of the WHI. b. WHI The evaluated data did not show a normal distribution 
(Shapiro-Wilk test ɑ = 0.05, Monocryl® p = 0.045; Histoacryl® p = 0.006) and the analysis of the non-parametric Mann-Whitney test, resulted in no differences 
among conditions (p = 0.74). c. CFU. CFU were counted after incubation on nutrient agar for 48 h. Data passed the normality test (Shapiro-Wilk test ɑ = 0.05, 
Monocryl® p = 0.07; Histoacryl® p = 0.007), and no differences or changes were observed in the comparison of normal suture (Monocryl®) compared to Histoacryl® 
by using an unpaired t-test analysis (p = 0.45). d. Representative images of the wounded tissue samples. We used wounded tissue samples closed with Monocryl® and 
Histoacryl®, fixed with 10% buffered formalin, and stained with H&E and trichrome techniques. Two image magnifications (10X and 40X, 250 µm scale) were used 
to analyze any differences. Red squares show the zone of the sample that was enlarged to 40X. Similar inflammation and regeneration was seen among conditions and 
samples, no evident changes were observed. 
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minimize this number. Before surgery the animals were in their 
respective beds in the USFQ biotherium. Their food was based on a 
balanced diet for rodents pre- and post-surgery and water consumption 
was ad libitum. 

Each animal was anesthetized with xylazine 0.5 mg/kg + ketamine 
80 mg/kg. Two cuts of 1 cm were performed in the dorsal skin of each 
mouse: one cut was bonded by simple suture Monocryl® (poliglecap-
rone 25 / 4–0), and the other with tissue adhesive Histoacryl®. Post-
operative management was performed by placing each mouse on 
analgesics provided in their water to minimize pain. 48 h after the 
surgical procedure, the mice were euthanized and biopsies of 2 cm2 
were collected for each cut. Samples were evaluated for the presence of 
bacteria by colony forming unit (CFU) accounts. Each tissue sample with 
and without cyanoacrylate suture was resuspended in 1 ml of Tryptic 
Soy Broth (TSB) by vortexing for 30 s. 100 µL of 1/10 dilution of the 
original suspension was evaluated after plating on nutrient agar plates 
after 48 h for CFU counting. 

For histological analysis, biopsies were fixed with 10% buffered 
formalin for a minimum time of 48 h. Slides of 2 µm were made by using 
a microtome (Leica RM2155) and colored with Mallory’s trichrome and 
hematoxylin-eosin (H&E) dyes. Samples were photographed with a 
Leica ICC50W camera and analyzed with the Airlab Leica Microsystems 
application. Histopathological evaluation was focused on the parame-
ters given by Sultana et al. (2009) according to Wound Healing Index, 
(WHI) (Fig. 1a). The statistical analysis of the microbiological CFU and 
WHI were performed using the GraphPad Prism software. 

48 h after the surgical procedure, the WHI, based on the tissue bi-
opsies analyzed, showed no differences among conditions by the non- 
parametric Mann-Whitney test (p = 0.74) (Fig. 1b, c). Additionally, 
histological analysis of the wounded area closed with Monocryl® and 
Histoacryl® samples showed similar inflammation and regeneration 
levels, no evident changes were seen among conditions and samples 
(Fig. 1d). Even if the suture condition showed the tendency to have more 
CFU, no differences were observed in comparison to Histoacryl® by 
using an unpaired t-test (p = 0.45) (Fig. 1d). 

Healing requires a sequence of events including hemostasis, 
inflammation, proliferation and remodeling (Velnar, Bailey & Smrkolj, 
2009). The precise approximation of incisional wound edges, by sutures 
or glue, relieves the tension and facilitates healing (Kwon, Yun & Park, 
2018; Nitsch, Pabyk, Honig, Verheggen & Merten, 2005). The incisional 
wounds in this study are full-thick injuries characterized by a complete 
destruction of epithelial-regenerative elements still observed after 48 h 
(Papini, 2004). Analysis of later time points could be less resolutive as 
mice repair mechanisms are more efficient than in other mammals, such 
as humans. Wound healing in mice depends more on the contraction of 
panniculus carnosus (Sami, Heiba & Abdellatif, 2019) than the forma-
tion of epithelial and granulation tissue formation found in human 
wound healing (Wong, Sorkin, Glotzbach, Longaker & Gurtner, 2011). It 
has been shown that the use of Histoacryl® in comparison to sutures 
forms a waterproof and bactericidal barrier in humans, and is less 
invasive and easier to apply (Mackeen, Schuster & Berghella, 2015; 
Toriumi, O’Grady, Desai & Bagal, 1998). Even if the regenerative pro-
cess in incisional wounds in rodents is different than in humans, the use 
of Histoacryl® in guinea pigs showed to be more convenient than the use 
of silk sutures as it promotes the healing process (Giray, Sungur, Atas-
ever & Araz, 1995; Sami et al., 2019). Similar results have been observed 
when using skin flaps secured with sutures or cyanoacrylate in dogs (De 
Carvalho Vasconcellos, Matera & Zaidan Dagli, 2005). However, the 
methods for evaluating wound recovery were most of the time qualita-
tive and not consistent enough. In our study we use the WHI as it pro-
vided advantages when comparing Monoacryl® and Histoacryl®. Our 
study shows no differences in the use of Histoacryl® in comparison to 
traditional sutures by Monocryl® at 48 h, showing that both methods 
could be used to treat wounds in rodents. 
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