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INTRODUCTION

ABSTRACT

Thunbergia laurifolia Lindl (TL) has been traditionally used as an antidote,
anti-inflammatory, and anti-drug addiction. This study investigated the burn wound
healing activity of TL leaf extract (TLL) from supercritical CO, extraction in rats. The
extract was prepared to 2.5%, 5%, and 10% gel (TLL gel). Rats were induced to
second-degree burn wounds. They were randomly divided into six groups (six rats/
group), which five groups were topically applied gel base, 1% silver sulfadiazine gel,
2.5%, 5%, and 10% TLL gel, respectively, for 14 days. Six untreated burn rats were
used as the control group. The rats in each group were evaluated for wound healing
rate, histological parameters, and wound collagen content. Rats treated with 10% TLL
gel had a higher wound healing rate than rats in the control and untreated groups. An
increase in collagen content, which indicates good regeneration of wound skin, was
observed in the TLL treated rats from a pathological study by Masson’s trichrome
and collagen content assay. The results from this study suggest that 7. /aurifolia leaf
extract obtained by supercritical CO, extraction promotes the recovery of wound skin
by shortening the inflammation phase, increasing collagen content, and stimulating
fibroblasts proliferation and migration in wound healing.
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have been used topically as alternative medicines for burn
wound care.[!

A burn is an injured skin or tissues. The severity of burn
depends on the depth of skin damage.! Wound healing
process is divided into inflammatory phase, proliferative
phase, and remodeling phase.** Accelerating wound
healing is a challenge in the management of burn wounds.
Some medicinal plants such as Aloe vera and Centella asiatica
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Thunbergia laurifolia has been traditionally used as an
antidote.'® It is used to treat dysmenorrheal, deafness,
and as a poultice for cuts and boil.' Reported activities of
T. laurifolia leaves include antioxidant, anti-inflammatory,
anti-drug addiction, antidote, hepatoprotective, and
anti-diabetic activities.'*'”] We intended to explore the
wound healing effect of these leaves.

MATERIALS AND METHODS

Plant material

T. laurifolia leaves were collected from Sra Kaew Province,
Thailand in July 2012. The leaves were authenticated by
Dr. Chanai Noysang (Thai Traditional Medicine College,
Rajamangala University of Technology Thanyaburi,
Pathumtani, Thailand) and deposited at the Royal Forestry
Department, Bangkok, Thailand (BKF.No. 183890). They
were selected, washed, dried, and extracted by supercritical
CO, extraction apparatus (24 L-SFE, China). The obtained
yield was 2.38%.
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Preparation of gel

Thunbergia laurifolia Lindl leaf (TLL) gel and 1% silver
sulfadiazine (SSD) gel were prepared in a gel base. The
gel base (100 g) contained carbopol® 940 0.5 g, propylene
glycol 35 g, methyl paraben 0.15 g, propyl paraben 0.3 g,
EDTA 0.1 g, distilled water 63.95 ml, and triethanolamine
was added to 100 g. TLL gel concentrations of 2.5%, 5.0%,
and 10% w/w in gel base were used in this study.

Animals

This study was approved by the Animal Care and
Use Committee, Faculty of Medicine, Chulalongkorn
University. One hundred and fifty male Wistar rats
weighing 200-250 g were obtained from the National
Laboratory Animal Center, Mahidol University, Salaya
Campus, Thailand. The rats were housed under the
standard condition at 25°C and a 12 h light/dark cycle. They
were acclimatized for 1-week before experimentation. The
rats were induced to second-degree burn and randomly
divided into six groups (six rats/group) as follows: Burns
without treatment, burns treated with gel base, burns
treated with 1% SSD gel, and burns treated with 2.5%,
5% and 10% TLL gel groups. The treated groups received
their respective topical application on wound areas daily
for 14 days.

Induction of second-degree burn

The method of burn wound induction was modified from
Thakur, et al.® The rats were anesthetized with 60 mg/kg
BW pentobarbital sodium. The backs of the rats were shaved
and depilated between the lower parts of the scapula.
A second-degree burn was induced by applying a 90°C hot
plate (2 cm diameter) for 10 s.

Percent of wound contraction and epithelialization
time

Wound lesions were photographed every 3 days from day
1 to day 28.2"! Wound contraction area was estimated by
Image Pro v. 6 software (Media Cybernetics, Inc., Rockville,
MD, USA) for determining epithelialization time and
percentage of wound contraction compared to wound on
initial day.

Histopathology examination

Wound tissues were collected on days 3™, 7%, and 14*".
The tissues were fixed in 10% formalin, paraffinized, and
sectioned on slides. The sections were deparaffinized
in xylene, hydrated, and stained with hemotoxylin and
eosin (H and E). These sections were observed under a
light microscope.

Masson’s trichrome examination

Wound tissue sections were deparaffinized in xylene,
hydrated, and stained in Weigert’s iron hematoxylin
solution for 10 min. They were washed and stained in acid
fuchsin solution for 2 min, rinsed in distilled water, treated

with phosphomolybdic-phosphotugstic acid solution for
10 min, immediately submerged into aniline blue solution
for 5 min, rinsed in distilled water, treated with acetic
solution for 5 min, dehydrated in 95% alcohol, cleared twice
in xylene, mounted with a cover slip, and observed under
a light microscope.

Determination of collagen content

Wound total collagen content was determined using
Sircol Collagen Assay Kit (Biocolor, Northern Ireland,
UK). Frozen punched wound sections (4 mm diameter)
were homogenized with 100 mg pepsin/gram wet tissue
in 0.5 ml of 0.5 M acetic acid. Each homogenate was mixed
with 1 ml Sircol dye reagent for 30 min and centrifuged
at 12,000 x g for 10 min. The pellets were dissolved in
1 ml alkali reagent for 10 min and measured at 540 nm.
Collagen content in the samples was calculated from the
standard curve.

Statistical analysis

The data were presented as mean + standard deviation. They
were analyzed by one-way analysis of variance, followed by
Turkey’s pos hoc. SPSS version 21.0 (SPSS Inc., Chicago, IL,
USA) was used for statistical analysis. P values < 0.05
and < 0.01 were considered as statistically significant.

RESULTS

Effect of Thunbergia laurifolia Lindl leaf gel on wound
contraction and epithelialization time

Thunbergia laurifolia Lindl leaf gel treated groups had higher
wound healing acceleration than the untreated group. TLL
gel concentrations of 5% and 10% significantly accelerated
wound closure as early as day 4, postoperation [Figure 1].
The epithelialization times of the TLL gel treated groups
were also significantly shorter than in the untreated
group [Figure 2]. Times were 26.83 + 3.1, 26.0 + 0.37, and
23.83 + 0.65 days in 2.5%, 5% and 10% TLL gel treated
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Figure 1: Effect of Thunbergia laurifolia Lindl leaf gel on burn
wound. Data are expressed as mean + standard deviation; *P < 0.05,
**P < 0.01 compared with the untreated control (7 = 6)
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Figure 2: Effect of Thunbergia laurifolia Lindl leaf gel on
epithelialization time. Data are expressed as mean + standard
deviation; *P < 0.05, **P < 0.01 compared with the untreated
control (n = 06)

groups, when compared to 30.17 +0.48 days in the untreated
group. The gel based and 1% SSD treated groups did not
show significant differences in wound healing rate and
epithelialization time, when compared to the untreated

group.

Histopathology evaluation

On day 3 after the burn operation, all groups showed
damage of the dermis of the burn wound with epidermal
detachment, scabs formation of necrotic tissue remnants,
hyperemic vessels, no hair follicles or sebaceous glands, and
phagocytic cell infiltration [Figure 3]. The wounds of all TLL
gel treated groups had no edema or congestion. On day 7,
epithelialization, fibroblast infiltration, and angiogenesis
were found in all TLL gel treated groups, more than in
the untreated control group. Scabbing still persisted in all
groups, but scabs were thinner in all TLL gel groups. All
groups had damaged epidermis and dermis with.

Epithelialization and fibroblast infiltration. Mononuclear
cell infiltration was found in all groups [Table 1]. On day
14, all TLL gel treated groups showed clearly developed
epithelialization, angiogenesis, and hair follicles, more than
the other groups. Extensive fibroblast proliferation was
observed in the 10% TLL group.

Masson’s trichrome examination

Results from Masson’s trichrome staining can clearly
differentiate important morphological keys for wound
healing assessment. Keratin, hemoglobin, and muscle fiber
are stained red color. Cytoplasm and adipose cells are
stained light red or pink. Cell nuclei show dark brown to
black, and collagen fiber is stained blue.

On day 3, all groups demonstrated acute inflammation
of wound with clot formation, scarring, and minimal
content of collagen [Figure 4]. On day 7, epithelialization
was accelerated, and epithelial migration was noted. All

Day 3 Day 7 Day 14

Normal ;

Burn

Figure 3: Histological observation of wound skin sections on days 3,
7, and 14, postburn operation, stained with H and E x4, Bar=100 um,
E = Epidermis; G = Sebaceous gland; H = Hair follicle; V = Blood
vessel (n = 6)

TLL gel treated groups, and the 1% SSD group showed a
decrease in inflammatory cells, whereas the untreated burn
group still had inflammatory cells infiltration [Figure 4]. On
day 14, all TLL gel treated groups, most notably the 10%
TLL group, showed tissue healing with higher levels of
re-epithelialization, fibroblast proliferation, and collagen
fiber, as compared to the other groups.

Determination of collagen content

Wound collagen was significantly increased in the 10% TLL
gel treated group on day 7 and day 14, when compared to
the untreated burn group [Figure 5].

DISCUSSION

Burn wound healing is a tissue repair process involving
four phases; coagulation and hemostasis, inflammatory,
proliferative, and remodeling.?? It has been accepted that
the acceleration of wound repair is the best treatment
for burn wounds.®! This study clearly demonstrated the
accelerating activity of 10% TLL gel. The gel significantly
increased the percentage of wound closure as early as day
4, postoperation. The epithelialization period was also
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Table 1: Histopathological scores on day 3, day 7, and day 14 in burn wound rats after topical
application of TLL gel and control groups topical applications

Groups Burn Gel base 1% SSD 2.5% TLL 5% TLL 10% TLL
(n=6) D3 D7 DI4 D3 D7 DI4 D3 D7 DI4 D3 D7 DI4 D3 D7 DI4 D3 D7 DI4
Oedema + - - - - - - - - . . - - B, } } _ _
Congestion ++  + - ++ - - + - - - - - - - - - - -
Necrosis ++ +++ ++ +++ +++ ++ +++ ++ ++ ++ ++ + ++  ++ + ++  ++ +
Infiltration of +++ +++ +++ +++ +++ ++ +++ +++ ++ +++ +++ ++ +++ +++ ++ +++ +++  ++
inflammatory
cells
Proliferation of + ++ +++ + +4+ +++ + ++ +++ + +++ +++ + ++ +++ + ++ F+++
fibroblasts
Angiogenesis - - + - + + - + + - + ++ - +  ++ - + ++
Epithelialization - + o+ - I o c o o T R e
Hair follicle - - + - - + - - + - - ++ - + + : + 44
+: Slight, ++: Moderate, ++-+: Marked, ++++: Extensive, -: Absent, TLL: Thunbergia laurifolia Lindl leaf, SSD: Silver sulfadiazine
Day 3 Day 7 Day 14 L 50
* ®Day 3
Normal 40 - il
ODay 14

Burn

Gel base |&

10% TLL

Figure 4: Histological observation of the wound skin sections on days
3, 7, and 14, postburn operation, stained with Masson’s trichrome
x4, Bar = 100 um, E = Epidermis; G = Sebaceous gland; H = Hair
follicle; C = Collagen (n = 6)

shortened to 23.83 + 0.65 days in the 10% TLL gel group,
when compared to 30.17 + 0.48 days in the untreated burn
group. An increase in epithelialization rate in the 10% TLL
group was confirmed by the histological study.

The inflammatory phase of burn wounds is initiated by
neutrophils and followed by macrophages to remove
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Figure 5: Effect of Thunbergia laurifolia Lindl leaf gel on collagen
content in wound tissue. Data are presented as mean + standard
deviation; *P < 0.01 compared to the untreated group (n = 6)

microorganisms and cell debris at the tissue injury site.
These cells eliminate pathogens and dead cells and produce
several inflammatory mediators.? These mediators cause
pain, fever, vasodilation and an increase in vascular
permeability.! It has been reported that T. laurifolia leaf
extract inhibited the production of inflammatory mediators
in LPS-activated macrophage RAW 264.1 cells.” The extract
also demonstrated anti-inflammatory.l'"16!8% There was no
edema or congestion on day 3, postoperation in all TLL
gel treated groups but these signs of inflammation were
observed in the untreated burn group. Congestion was
observed until day 7 in the untreated group. A reduction in
the signs of inflammation may indicate anti-inflammatory
effects, which may be a factor in the wound acceleration
properties of TLL gel. Infiltrated inflammatory cells in
wound tissues observed on day 3 and day 7 were reduced
more quickly in all TLL gel treated groups, as compared
to the untreated burn group. TLL gel may shorten the
inflammatory phase of the wound healing process.

In the proliferative phase, fibroblasts and their matrix
proteins, especially collagens, are essential for tissue
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repair and remodeling. Fibroblasts migrate into the
wound area and extensively proliferate. They produce the
matrix proteins, hyaluronan, fibronectin, proteoglycan,
and collagens for wound repair.?! In this study, migrated
fibroblasts were found in all burn groups on day 3,
postoperation. The increase in these cells on day 7 and day
14 was higher in the TLL gel treated groups, as compared
to the untreated group. The fibroblast proliferation was
correlated to collagen content in wound tissue. Collagen
content in wound tissue of the 10% TLL gel treated group
was higher than in the untreated group. TLL gel may play a
role in fibroblast proliferation. Increases in both fibroblasts
and collagen content in wound tissue correlated well with
the shortened period of epithelialization of wound skin in
the 10% TLL gel treated group.

CONCLUSION

The results from this study suggest that a supercritical CO,
extract of T. laurifolia leaf may accelerate burn wound healing
by shortening the inflammation phase and promoting the
proliferation and remodeling phase. These results provide
scientific information for the use of T. laurifolia leaves for
the acceleration of wound healing. Nevertheless, toxicity
test should be performed to further validate the therapeutic
effects of T. laurifolia supercritical CO, extraction.
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