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ABSTRACT

The purpose of this study was to investigate the effect of Tokay gecko saliva on morphology and angiogenesis
response on the healing process of skink tail wound and also to characterize the protein profile of Gecko saliva.
Twelve skinks were autotomized and wound surface of tail smeared by young gecko saliva, adult gecko saliva,
and human’s saliva twice per day and control. The morphological changes of the wound surface were observed.
The angiogenesis response was observed in vitro using Chorioallantois Membrane (CAM) of the ninth day's
chick embryos. Protein profile of gecko saliva analyzed with SDS-PAGE. Generally, treated wound showed a
better healing. Young gecko saliva able to stimulate angiogenesis in wound healing stage of sun skink tail after
autotomy. Saliva protein of young and adult Gecko differences was not only in the size (or density) but also in
the number of the bands. The young and adult Gecko revealed a striking consistency of protein patterns,
indicating a profound physiological stability of the whole saliva. This study showed that Gecko saliva able to
accelerate wound healing, thus Gecko saliva may have potential me as a future therapeutic for treating infected
wounds.
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ABSTRAK

Tujuan penelitian ini adalah untuk mempelajari pengaruh ludah tokek terhadap morfologi dan respon
angiogenesis pada penyembuhan luka ekor kadal, serta untuk mengetahui profil protein ludah tokek. Dua belas
ekor kadal diautotomi dan permukaan luka diolesi dengan ludah tokek muda, ludah tokek dewasa, ludah
manusia dua kali sehari, dan kontrol. Perubahan morfologi permukaan luka ekor diamati. Respon angiogenesis
diamati secara in vitro menggunakan Membran Korioalantois (MKA) embrio berumur 9 hari. Profil protein
ludah tokek dianalisis menggunakan SDS PAGE. Secara umum, penyembuhan luka pada kelompok perlakuan
lebih baik daripada kontrol. Tokek muda mampu memicu angiogenesis pada penyembuhan luka ekor kadal.
Perbedaan pita protein ludah tokek muda dan dewasa tidak hanya pada ukuran (densitas) tetapi juga berbeda
dalam jumlah pita. Konsistensi pola protein ludah tokek muda dan dewasa menunjukkan kestabilan fisiologi
pada saliva. Studi ini menunjukkan bahwa ludah tokek dapat mempercepat penyembuhan luka, sehingga ludah
tokek memiliki potensi sebagai obat untuk menyembuhkan luka infeksi.

Kata Kunci: Ludah tokek, penyembuhan luka, ekor kadal, angiogenesis, profil protein.

INTRODUCTION

Wound licking has been shown to advance
wound healing among humans and many other
animals (Abbasian et al. 2010). Animal licking
behavior can promote wound healing because of
contact with saliva. In China, tokay gecko used
as a traditional medicine for inflammation,
allergic response, irritation, and acute wound
(Liu et al. 2008). During wound healing need
angiogenesis (Tonessen 2000). Angiogenesis is

the growth of new blood vessels from pre-
existing capillaries (Chapulia et al. 2004; ).

Angiogenesis occurs when there is a compound
that stimulates angiogenesis (proangiogenic)
(Kerbel 2008). Epidermal growth factor (EGF),
nerve growth factor (NGF), and histatin are
growth factors which have a role in stimulating
wound healing (Jarrar & Taib 2004). Secretory
leukocyte protein inhibitor (SLPI) also play an
important role in the wound healing of skin
(Abbasian et al. 2010).
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Common sun skink is one of the
Lacertilians which is able to regenerate its tail
after autotomy (Hughes & Dennis 1959; Soesilo
2002; Mausfield et al. 2003; Maginnis 2006;
and Gillis et al. 2009). Tail autotomy followed
by regeneration so that it grows a new tail that
has a size and shapes similar to the original tail
(Kamrin & Singer 1955; Soesilo 1992; Downes
& Shine 2001) but different in anatomical
structure especially the vertebrae, nerve tissue,
and skin (Balinsky 1970). The spinal cord of
sun skink tail in wound healing phase able to
stimulate  angiogenesis  (Soesilo  2002).
Anatomical studies on the saliva of vertebrates
have mainly been concerned with mammals,
whereas little attention has been paid to the
saliva of non-mammalian vertebrates.

Chung et al. (2017) studied that peptide
from the plasma of Komodo promotes wound
healing. The previous study also investigates
Gecko powder as an anti-tumor drug (Liu et al.
2008), but few anatomical studies have been
carried on this Gecko saliva. EGF and NGF
concentration in rat saliva 100 times higher than
in human saliva (Oudhoff et al. 2008). According
to Brand & Veerman (2013), EGF and NGF in
human saliva higher than in human plasma.
Therefore, probably growth factor in Gecko
saliva can play a similar role in lizard as it does
in mice and rats. This study was aimed to
investigate the effect of Gecko saliva on the
healing process of sun skink tail wounds and
also to characterize the protein profile of Gecko
saliva.

MATERIALS AND METHODS

Twelve adult sun skinks were used and
divided into four groups (wound of the stump
treated with young gecko saliva (P1), adult
gecko (P2), human saliva (P3) twice per day
and untreated wound (P0). The morphological
changes of the regenerated tails were observed.
Angiogenesis response was observed in vitro
using twelve Chorioallantoic Membranes
(CAM) of developing chick embryo (Leng et al.
2004). Tail regenerates of 1,2,3, and 4 days
were implanted to CAM. The implanted eggs
were incubated for 72 hours at 37.5°C and
opened to observe the vascularization around
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the implant as an indication of angiogenesis
response. Angiogenesis response was calculated
from the number of blood vessel toward implant
(Soesilo 2002). ANOVA used to analysis whether
there was any influence of saliva treatment to
wound healing.

Saliva was collected from healthy adult
human (female), young and adult gecko. Saliva
samples (50ul) were mixed with Gecko loading
buffer (60 ml aquabides & 22,5 ml of 0,5 M
Tris-HCl, pH 6,8), 10% glycerol, 10% SDS, 5%
mercaptoethanol 2-p, and 0,001% bromophenol
blue). Samples were centrifuged for 5 seconds
then heat at 95°C for 5 min. Prepared samples
were analyzed by SDS—PAGE using the 12,5%
resolving gel and 3% stacking gel (Schwartz et
al. 1995). Three samples were loaded in one
gel. Molecular weight marker (Bio-Rad,
California, USA) were used in the gel.

Electrophoresis was done at 100 V for
around 3-4 h and it was removed for staining
using the Coomassie staining, then destained
gradually with several changes of destaining
solution (Methanol, Acetic acid, Isopropanol,
and aquabides) for 3 hours until bands showed
the appropriate color. Saliva proteins were
identified according to their relative mobility in
gel and stain patterns following the criteria
described by Banderas-Tarabay et al. (2002).

RESULTS

The wound of sun skink tail immediately
after autotomy not followed by loss of blood
because arteries and veins on the plane of
autotomy have musculus sphincter which closes
when autotomy occurs. Morphologically, in
normal conditions (without treatment), wound
healing occurs 5-6 days after autotomy then
followed by dedifferentiation and proliferations
of tissue to form the blastema (8-10 days after
autotomy). In this study, the wound healing of

treated wound was faster (3 days after
autotomy) than the control one (Table 1)
Chorioallantoic Membrane showed the

presence of numerous vertically growing blood
vessels into the spinal cord implant as an
indication of angiogenic ability (Figure 2). The
highest angiogenesis response occurs on wound
healing phase three days after autotomy, then
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Tabel 1. Gecko saliva effect on wound closure of the tail stump (0-8 days after autotomy).

Morphology
?1;);?::5; Treatment Septum interadiposum Wound
Control visible damp
0 P1 visible damp

P2 visible damp
P3 visible damp
Control visible damp

12 P1 not visible  damp
P2 not visible  damp
P3 visible damp
Control visible damp

34 P1 not visible dry closed formation a scab
P2 not visible dry
P3 visible damp
Control visible damp

5.6 Pl not visible closed  formation blastema
P2 not visible dry
P3 visible damp
Control visible dry

7.8 P1 not visible closed  formation blastema
P2 not visible dry closed formation a scab
P3 visible dry

Remarks: C: control, P1: wound treated with young gecko saliva, P2: wound treated with adult gecko saliva, and

P3: woud treated with human saliva
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Figure. 1. The wound surface of sun skink tail (0-8 days after autotomy), C: control, P1: wound treated with
young gecko saliva, P2: wound treated with adult gecko saliva, and P3: wound treated with human

saliva

declined and are likely to remain at 4 days after
autotomy see (Figure 3).

The average number of the new blood
vessel is significantly different between the
treated wound and the control one (Tabel 2). On
the 1-4 days wound healing phase, the number
of blood vessel were higher in the treated
wounds than the control ones.

The visual inspection of the gels electrophoreses
revealed 13 bands for gecko saliva and 11 bands
for human saliva. Some bands were dark blue;
others stained light blue. The bands ranged in
density from extremely faint, to narrow but
distinct, to those which were thick and heavily
stained (Figure 4). Each profile showed
characteristic bands (A, B, & C). Saliva of both
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Figure 2. The angiogenesis response on the CAM with spinal cord implant in wound healing phase 1-4 days
after autotomy (I, II, III, IV). Spinal cord implant without saliva (A), implant treated with young
gecko saliva (B), adult gecko saliva (C), and human saliva (D). The implant (a), the main vessel in
CAM (b), and new blood vessels toward implant (c).
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Figure 3. Angiogenesis responses on CAM after a spinal cord implantation Blood vessel in wound

healing phase 1-4 days after autotomy.

young and adult gecko was consistent showing
the specific protein about 59 kDa and 46 kDa
(A59 & B46) in the same locus, but it was not
detected in the human saliva. Otherwise, the
specific protein about 33 kDa detected in human
saliva but did not found in Gecko saliva.

The heaviest concentration of proteins was
found in the upper one-third of the gel (A59).
This region above 50 kDa, showed one band
migrated with the ovalbumin standard.
According to Schwartz et al. (1995) lactoferrin
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has molecular weight 97 kDa, while the
molecular weight of both lysozyme and Proline
-rich Protein (PRP) were below 29 kDa. Both
saliva of young and adult gecko saliva have a
similar pattern but the band's concentration was
different.

DISCUSSION

The entire period of tail regeneration of sun
skink has been divided histologically into five
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Figure 4. Lane 0 represents the molecular
weight markers. Lane 1,2, and 3 represents
proteins present in Sul of processed saliva.
Proteins were separated by SDS-PAGE in a
Criterion 12,5% Tris-HCI gel and stained
with Bio-Safe Coomassie stain. Gel shown
is the actual size.

different stages; stage I; wound-healing stage
and dedifferentiation (5-6 days), stage II; the
phase of blastema accumulation and blastema
growth (5-11 days). Stage III is the phase of
differentiation and morphogenesis of the
regenerate (Iten & Bryant 1976; Soesilo 2002).
However, the process of regeneration is, in fact,
a continuous one (Karim & Michael 1993).

A variety of biologic substances able to
accelerate wound healing (Abbasian et al.
2010). Saliva contains numerous bioactive
molecules which were classified according to their
various functions: lubrication, antimicrobial
activity, antioxidant activity, inflammatory,

immune responses and wound healing (Ohshima
et al. 2002). Saliva of house gecko (Ptyodactylus
hasselquistii) contains hyaluronidase, sialidase,
and glycoprotein (Jarrar & Taib 2004). Liu et al.
(2008) investigated that Gecko has anti-tumor
effects on human esophageal carcinoma cell
lines. Furman (2012), studied the venom of the
Gila monster (Heloderma suspectum COPE,
1869) as an anti-diabetic agent. He found
exendin-4 occurs naturally in the saliva of the
Gila monster able to increases the production of
insulin when blood sugar levels are high.
Several numbers of substantial growth
factor have been identified in human and animal
saliva. Some of this growth factor are present in
a concentration that has biological activity in
vitro and in vivo, therefore potentially could
play an important role in the oral and in the
promotion of healing of oral or cutaneous
wounds (Brand & Veerman 2013). Epidermal
growth factor (EGF), nerve growth factor
(NGF), and histatin are stimulating wound
healing including proliferation, differentiation,
and cell migration (Jarrar & Taib 2004).
Epidermal growth factor binds like the other
growth factors, to a specific receptor on the
membrane of the target cell, initiating a cascade
of processes. This result in migration,
proliferation, and differentiation of cells (Bran
& Veerman 2013). Migration and proliferation
of epithelial cell are activities in the initial
stages of wound healing (Kang et a/ 2008; Siger
& Clark 1999 ). Transforming growth factor-
alpha (TGF-a), insulin, insulin-like growth
factors I and II (IGF-I, IGF-II), transforming
factor-beta (TGF-B), vascular endothelial
growth factor (VEGF) and basic fibroblast

Table 2. The average number of new blood vessel toward the implant of the sun skink tail spinal cord of wound

healing phase of 1-4 days after autotomy.

Young Gecko

Adult Gecko saliva

Human saliva

Day Without saliva (C) saliva (P1) (P2) P3)
1 10.33£2.08° 12.5+ 6361 11.5+3.53¢ 11+ 0.00f
2 8 +2.83P 12+ 2.83P 8.67+3.51° 8,5+ 0.71°
3 8+ 0.00° 15.334+ 1.15% 14+1.41 10,67+ 2.89¢
4 7.543.542 10.5+2.12b 10+7. 07¢ 9,5+ 0.71¢

Remarks: a-k indicate significant differences (P < 0.05) within columns C, P1, P2, and P3.
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growth factor (bFGF) help in reconstitution and
healing of injured area (Hu et al. 2006; Lyons et
al. 2010). Secretory leukocyte protein inhibitor
(SLPI) also play an important role in the wound
healing of skin (Abbasian et al. 2010).

This study investigated the effects of tokay
gecko saliva on angiogenesis during wound healing
phase of the autotomized tail in common sun
skink. Three days after autotomy, morphologically,
the wound treated with young Gecko saliva
showed a better healing. It is probably because
the protein in the saliva of young gecko higher
than it has saliva of adult gecko and human, as
Chauncey et al. (1987) suggested that the
concentration of protein, sodium and chloride
concentrations also osmolality values in the
saliva decline with age. Thus wound closure in
treated wound dried faster than the control as
Alibardi (2010) suggested that after 2 days post-
amputation in tail stumps, numerous granulocytes are
accumulated over the stump, and participate in
the formation of the scab.

On the 3rd day after autotomy, angiogenesis
response higher in the treated wound than
control ones. During wound healing, angiogenic
capillary sprouts invade the fibrin/fibronectin-
rich wound clot and within a few days organize
into a microvascular network throughout the
granulation tissue. As collagen accumulates in
the granulation tissue to produce a scar, the density of
blood vessels diminishes (Tonnesen et al.
2000). According to Soesilo (1992), 2-3 days
after autotomy epithelial cells proliferate then
migrates to the surface of the wound. During
proliferation, some cells are in a state of mitosis.
It indicates that wound closure occurs due to
skin epithelial migration that previously had
mitotic proliferation. On the eighth day after
autotomy, treated wounds (P1) showed the
formation of a blastema, while the other groups
not formed yet. Our findings provided evidence
that gecko saliva had a biological ability to
accelerate wound healing and stimulate
angiogenesis in treated wound of sun skink tail.
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