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The aim of this study is to determine the cutaneous wound healing effects of the ethanol
extract of Cotinus coggygria leaves in rats by excision wound model to provide
scientific evidence for the traditional use of C. coggygria Scop. The levels of
malondialdehyde, catalase, superoxide dismutase, glutathione and hydroxyproline
were investigated in wound tissues. Histopathological examination was also
performed. The hydroxyproline content of the granulation tissue and the glutathione
levels were both significantly higher in the treatment group than in the control group
(p < 0.05 for both); while the malondialdehyde levels were significantly lower in the
treatment group (p < 0.05). These results were supported with histological results. The
ethanol extract of C. coggygria Scop could be considered as an effective agent in
wound healing in accordance with its traditional use.

Keywords: wound healing; hydroxyproline; Cotinus coggygria Scop

1. Introduction

The leaves of Cotinus coggygria have been used in traditional folk medicine as antipyretic,
antiseptic, anti-haemorrhagic and in treatment of diarrhoea and wound healing (Baytop 1999;
Kiiltiir & Bitis 2007). According to previous studies about phytochemical investigation of
C. coggygria, it is seen that gallic tannins, flavonoids, anthocyanins and terpenes in essential oil
are chemical constituents of C. coggygria (Westernburg et al. 2000; Demirci et al. 2003; Kiiltiir
& Bitis 2007). It was found that C. coggygria extract has high total antioxidant activity and free

*Corresponding author. Email: aksoyhalil@yahoo.com

© 2015 Taylor & Francis


mailto:aksoyhalil@yahoo.com
mailto:aksoyhalil@yahoo.com
http://dx.doi.org/10.1080/14786419.2015.1019349

Natural Product Research 453

radical scavenging activity, which is attributed to its high amount of total phenols and flavonoid
content (Niciforovi¢ et al. 2010). To our knowledge, the cutaneous wound healing effects of the
ethanol extract of C. coggygria Scop. have not been studied in vivo before. Therefore, in this
study the effect of ethanol extract of leaves of C. coggygria on excision wound model has been
investigated to provide scientific evidence for its traditional use.

2. Results and discussion

Wound healing process involves inflammation, granulation, collagenisation, collagen
maturation and scar maturation, respectively. Various herbal ointments used in the folk
medicine have been reported to be effective in wound healing (Ghosh et al. 2012). The normal
wound healing process could be based on collagen’s production, deposition and also subsequent
maturation. Hydroxyproline is an essential component of collagen structure, and is attributed to
approximately 14% (Upadhyay et al. 2013). Increases in collagen and hydroxyproline
concentration during granulation tissue formation have been reported with topical
administration of some herbal extracts in previous studies (Sadaf et al. 2006; Pattanayak &
Sunita 2008; Srinivas et al. 2008). In this study, the hydroxyproline content in the granulation
tissue of rats was significantly higher in the treatment group than in the control group after the
3rd day and 14th day (2.50 [2.30—-3.03] vs. 1.90 [1.50—-2.08]; p < 0.01 and 6.40 [6.38—7.13] vs.
6.00 [6.00—6.13], p < 0.05; respectively) (Table S2). The latest studies have indicated that
phytochemical compounds such as flavonoids and terpenoids accelerated wound healing by
contracting the wound and elevating the epithelialisation due to their astringent and
antimicrobial properties. The compounds found in the plant might have contributed to the
wound-healing property of C. coggygria and the accelerated wound-healing process might be
attributed to either individual or combined effects of the compounds existing in the plant (Jain
et al. 2010).

The effect of antioxidant treatment in wound healing has been shown in previous studies
with reduction of oxidative stress and enhancement of antioxidant activity (Panchatcharam et al.
2006; Pattanayak & Sunita 2008; Kokane et al. 2009; Chaturvedi et al. 2012; Cetin et al. 2013).
It was shown that topical administration of a substance with free-radical-scavenging properties
significantly recovered wound healing and defended tissues from oxidative damage in patients
(Kumar et al. 2007).

In our studies, a statistically significant elevation in glutathione (12.50 [10.00—13.25] vs.
5.00 [1.75-9.25], p < 0.05; 13.50 [12.00-15.00] vs. 4.50 [3.50-5.00], p < 0.01; 6.50 [4.00—
9.25], p < 0.05, respectively) and a statistically significant decrease in malondialdehyde levels
(2.50 [2.00-5.00] vs. 9.50 [7.25-11.75], p < 0.01; 11.50 [10.00-15.00] vs. 17.25 [14.75—
17.88], p < 0.05; 11.00 [10.58—-12.35] vs. 12.65 [11.88-27.75], p < 0.05; respectively) were
determined in the C. coggygria treatment group when compared with the control group at the
end of 3rd, 7th and 14th days (p < 0.05) (Table S3). Superoxide dismutase and catalase activity
have been detected with high levels of herbal medicines containing phenolic components in
wound healing studies (Chaturvedi et al. 2012). Previous studies showed that reactive oxygen
species scavenging enzymes such as superoxide dismutase, catalase and glutathione peroxidase
have a major role during wound healing process especially at the early stage of wound healing
(Steiling et al. 1999). On the other hand, different types of phenolic compound functional groups
have a capacity of chelation of metal ions such as Fe(II), Cu(Il) and Zn(II) (Nest et al. 2004 ;
Karamac 2009) and these compounds have the ability to scavenge free radicals. It is known that
C. coggygria contains a variety of effective polyphenols as dominant constituents. Superoxide
dismutase and catalase depend on the metal cofactor. Therefore, in this study, superoxide
dismutase (3.94 [3.78-4.06] vs. 3.78 [2.84—4.33]) and catalase levels (9.35 [5.74-24.87] vs.
6.58 [5.99-9.65]) increased on the 7th day when compared with the control group; but these
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increases were not statistically significant (Table S3). Recent studies have shown that
C. coggygria has a potential effect on antioxidant enzymes using various different animal
models (Li et al. 2011; Matic et al. 2011; Yarat et al. 2013). These results showed that
C. coggygria acts as a powerful antioxidant, which would be effective in preventing oxidative
damage and promoting the healing process.

In rats, neutrophils appeared in the wound lesion 4—6 h after injury and increased in number
on the first day (Taoka et al. 1997; Carlson et al. 1998). Inflammation does not persist unless the
wound gets chronic (Trengove et al. 1999). Normally, inflammatory phase ceases before
granulation phase starts (Singer & Clark 1999). The granulation phase involves recruitment of
fibroblasts, angiogenesis and reepithelialisation. Remodelling and contraction of the granulation
tissue result in an organised network of collagen and elastin fibres, leading to the formation of
scar tissue (Jackson et al. 2005). However, abundant granulation tissue and excessive fibrosis
lead to scar formation and loss of function (Stadelmann et al. 1998).

The phases of the wound healing may overlap each other during normal wound healing,
however they need to occur in an order. Any problem occurring during these delicate events will
lead to impaired wound healing. Decreased oedema on 3rd day, decreased fibroblast density on
14th day, decreased neutrophil infiltration on 3rd day and increased angiogenesis on both the 7th
and 14th days in the experiment group compared with the controls of the same days in our
experiment explain the mechanism of treatment promoting wound healing.

3. Conclusion

Ethanol extract of C. coggygria could be considered as an effective agent in wound healing.
These results also confirm the traditional use of these plants. Further studies will be designed to
investigate dose-dependent effect of the ethanol extract of C. coggygria in cutaneous wound
healing and delayed-wound healing models. The possible effects of C. coggygria would be
investigated in different wound models (e.g. ulcer, colitis) by using various vehicle systems.

Supplementary material

Experimental methods would be found online, alongside Tables S1-S3 and Figure S1.
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