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Amphibian skin can produce abundant secretion which contains many bioactive com-
pounds. In this work, skin secretion of the Chinese giant salamander (Andrias davidianus)
was obtained by mild electrical stimulation of the dorsal skin surface, and the main physio-
pathological properties of the secretion were described. Intraperitoneal administration of
the skin secretion caused lethal effects in mice. Low doses of the skin secretion induced sig-
nificant systemic and local effects like edema and nociception in mice. The activities of phos-
pholipase A, and proteolytic enzyme were likely related to the physiopathological activities
observed. The work proved the complex toxic effects of the Chinese giant salamander skin
secretion and provided clues to study its physiological function further.
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Introduction

Amphibians are a transition species from the
aquatic ancestors to the reptiles. Their skin is a
morphologically, biochemically, and physiologi-
cally complex organ which fulfills a wide range
of functions necessary for survival, including res-
piration, water regulation, antipredator and anti-
microbial defense, excretion, temperature control,
and reproduction (Clarke, 1997). The amphibian
skin contains mucous and granular glands; the
former ones are usually associated with breath-
ing, reproduction, and water balance (Toledo and
Jared, 1993), while the latter ones are responsible
for the secretion of toxins and defences against
microorganisms and predators (Barra and Sim-
maco, 1995).

The glands in the skin can produce secretion
when the amphibian is provoked. Interestingly,
the amphibian skin secretion is one of the rich-
est sources of natural and bioactive compounds.
The granular glands in the amphibian skin are
responsible for the production of noxious or
toxic substances presenting several biological and
pharmacological effects. So far, compounds such
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as biogenic amines, alkaloids, steroids, proteins,
and peptides have been isolated from the skin
secretion of anuran amphibians, and their num-
ber is still growing. These compounds play differ-
ent roles either in the regulation of physiological
functions of the skin or in the defence against
predators and microorganisms (Stebbins and
Cohen, 1995). Moreover, they are closely related
to a variety of biological effects such as cytotoxic,
bactericidal, fungicidal, lytic, neuromimetic, an-
esthetic, and phenomenal (Apponyi et al., 2004;
Barra and Simmaco, 1995; Bevins and Zasloff,
1990; Clarke, 1997; Daly et al., 2005; Giangaspero
et al., 2001; Simmaco et al., 1998; Woodley, 2010).
However, peptide isolation and characterization
seem to be the preferred approach to study am-
phibian skin secretion, and little attention has
been paid to crude skin toxicity assessment, es-
pecially to the toxicity of the Chinese giant sala-
mander skin secretion.

The Chinese giant salamander, Andrias davidi-
anus, belonging to the family Cryptobranchidae
(Amphibia, Urodela), is the largest amphibian
species in the world. This family has a combined
Asian/North American distribution but contains
only three extant species: Andrias davidianus in
China, Andrias japonicas in Japan, Cryptobran-
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chus alleganiensis in North America (Zhang et
al., 2003). The genetics and ecology of this species
have received much attention recently (Katsu et
al., 2006; Matsui et al., 2008; Murphy et al., 2000;
Yang et al., 2010). Interestingly, the toxicity of the
Chinese giant salamander skin secretion is men-
tioned in the Compendium of Materia Medica, a
traditional Chinese codex (Li, 1978). However,
few studies have been conducted to demonstrate
the toxic activities induced by the skin secretion
of the Chinese giant salamander in the murine
model. In view of these facts, the aim of the pre-
sent study was to analyse the biological activities
induced by the crude skin secretion of the Chi-
nese giant salamander. This work will provide a
better understanding of the role of the proteins
and enzymes present in the skin secretion of this
species.

Material and Methods
Animals

Kunming mice (Hubei Experimental Animal
Center) with a weight of (20 +2) g were used.
The animals were maintained under stand-
ard laboratory conditions of relative humidity
(50%), temperature [(25 £ 1) °C], and light (12 h
day/12 h night). They were given free access to
food and water for at least 5 d before the experi-
ments. All experimental designs and procedures
have received approval from the Animal Ethics
Committee of Huazhong University of Science
and Technology, Wuhan, China (2009-27).

Collection of the salamander skin secretion

The giant salamanders are bred in a simulated
natural environment in the Giant Salamander
Protection Center in Sangzhi County, Zhangjiajie
city, Hunan province of China. Their use in this
research has been approved by the Aquatic Wild
Animal and Plant Protection Office of the Min-
istry of Agriculture (2008-4). Adult specimens
(n = 6;40-70 cm long and 1.5-2.5 kg in weight)
of both male and female (3 males and 3 females)
giant salamander were selected randomly. Skin
secretion was collected as follows: Animals were
first washed with distilled water to remove con-
taminants from their skin surface. Then the der-
mal musculature was stimulated electrically as
described previously (Tyler et al., 1992). After 1 —
2 min, the skin surface of salamanders started to

exude secretion which was collected by washing
the dorsal area of each animal with distilled water.
The collected solutions were quickly centrifuged,
and the supernatant was lyophilized to yield the
powdered protein sample. The protein concentra-
tion of the secretion sample used in all assays was
determined by dissolving a specific amount of it
in a certain volume of buffer.

Acute toxicity in mice

For the acute lethal toxicity study, the intraperi-
toneal (i.p.) LDj, value for mice was determined
following the procedure previously described
(Meier and Theakston, 1986). Thirty Kunming
mice were divided into three groups and injec-
ted i.p. with different doses of the test secretion
samples. The test animals were observed for 24 h
after injection. Survival time of each animal was
recorded and LDy, was calculated. A sample incu-
bated at 100 °C for 10 min was also tested follow-
ing the same procedure.

Nociceptive activity

Nociceptive activity of the skin secretion was
assayed according to the method reported previ-
ously (Hunskaar et al., 1985).Thirty uL of the skin
secretion (0.8, 2.4, and 7.2 ug of protein) were ad-
ministered by hypodermic injection (i.h.) into the
right footpad of mice. Then each mouse was kept
in an adapted chamber mounted on a mirror for
10 min. The control group was injected only with
saline. Each animal was then returned to the ob-
servation chamber, and the time spent on licking
or biting each hind paw was recorded.

Vascular permeability

Vascular permeability of the skin secretion
was analysed according to the method described
previously (Sirois et al., 1988). Evans Blue dye,
20 mg/kg in 200 uL of saline, was administered by
intravenous injection (i.v.) 20 min prior to appli-
cation of the skin secretion (0.8, 2.4, and 7.2 ug
of protein) or saline i. p. After 2 h, the mice were
executed and their peritoneal cavity was washed
with 2 mL of ice-cold phosphate-buffered saline
(PBS) plus 0.1% bovine serum albumin (BSA).
The cells were centrifuged after collection, and
the optical density (OD) of the supernatant at
620 nm was measured to evaluate the leakage of
Evans Blue into the peritoneal cavity. Five mice
were used for each group per experiment, and
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the experiment was conducted three times. The
results were expressed in pug of Evans Blue per
mL and the concentration of Evans Blue was cal-
culated through a standard curve of known con-
centrations.

Edema

Edema activity of the skin secretion was assayed
according to a previously described procedure
(Lima et al., 2003). Thirty uL of the skin secretion
(0.8, 2.4, and 7.2 ug of protein) were injected i.h.
into the right footpad of mice. Local edema was
tested by measuring the thickness of the treated
paws with a Vernier caliper 0.5, 2, 4, 24, and 48 h
after injection. Saline-treated mice were used as
the control. The results were expressed as differ-
ences of footpad thickness between experimental
and control groups.

Cell harvest and counting

Leukocyte migration was assessed 2 or 24 h af-
ter the skin secretion (7.2 ug of protein) or saline
(30 uL) administration in the footpad. The sam-
ples were immediately centrifuged at 3700 x g
for 20 min at 4 °C. The resulting cell pellets were
resuspended in 1 mL of PBS for total cell count
in a hemocytometer and differential leukocyte
count in cytocentrifuge preparations stained with
Wright-Giemsa, respectively. Cells were differen-
tially counted by microscopy, evaluating 300 cells
per slide.

Hemorrhagic activity

The method of hypodermic injection (Ownby et
al., 1978) was used to test the hemorrhagic activ-
ity. Skin secretion was injected into mice at a dose
of 10 ug/g body weight. Six h later, all mice were
executed and the areas of hemorrhagic spots
were measured.

Proteolytic activity

N,N-Dimethylated casein was used as the un-
specific protein substrate for the assessment of
the proteolytic activity of the skin secretion, as
described previously (Menezes et al., 2006). An
aliquot of 0.4 mL buffer solution (0.1 m Tris-HCI
buffer, pH 7.5, and 0.01 m CaCl,), 0.1 mL (7.2 ug)
sample solution, and 0.5 mL 2% casein solution
(dissolved in the same buffer) was maintained
at 37 °C for 30 min. The reaction was stopped by
adding 1 mL 5% trichloroacetic acid. The mixture

was centrifuged at 15340 x g for 15 min, and the
absorbance at 280 nm was measured. One unit
of activity was defined as the amount of sample
yielding an increase in OD of 1.0 unit per min at
280 nm. Specific activity was expressed as units/
mg protein.

Phospholipase A, activity

Phospholipase A, activity was determined ac-
cording to the established method (Holzer and
Mackessy, 1996) using 4-nitro-3-(octanoyloxy)-
benzoic acid as the substrate. One mL of buffer
(10 mm Tris-HCI, 10 mm CaCl,, and 100 mm NaCl,
pH 8.0) was mixed with 100 uLL of the secretion
(7.2 ug) and the mixture placed on ice. One hun-
dred uL of substrate (3.0 mm in acetonitrile) were
then added. The final concentration of the sub-
strate was 0.25 mm. Each tube was vortexed and
kept in a water bath (37 °C) for 20 min. To stop
the reaction, tubes were placed on ice, 100 uL
of Triton X-100 (2.5%) were quickly added, and
tubes were vortexed for 5 s each. Tubes were held
at room temperature for 5 — 10 min, and the ab-
sorbance at 425 nm was recorded. The activity
was expressed as nmol chromophore released per
min and mg protein.

Sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE)

SDS-PAGE was carried out following the pre-
viously described method (Laemmli, 1970). Twen-
ty pug skin secretion were analysed by 12% SDS-
PAGE gels. Before electrophoresis, the samples
were mixed with sample buffer (1:1, v/v). The gel
was stained with Coomassie brilliant blue.

Statistical analysis

All results were presented as means + SEM of
at least four animals in each group. Differences
among data were determined by one-way analy-
sis of variance (ANOVA) followed by Dunnett’s
test. Differences between two means were deter-
mined through the unpaired Student’s t-test. Data
were considered to be different at p < 0.05.

Results
Toxicity

Mice injected with the secretion of the Chinese
giant salamander showed typical symptoms of
poisoning, such as gasping, jerking, and ventral
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decubitus. The anatomy of mice in the experi-
mental group revealed hyperemia of the lungs,
while the other organs remained unaltered. The
LDy, (i.p.) value was determined to be 32.95 mg/
kg body weight. After incubation at 100 °C for
10 min, however, the skin secretion lost its ability
to cause mortality in mice.

Nociceptive activity

Thirty uL of the skin secretion (0.8, 2.4, and
7.2 ug of protein) were injected into the right
footpad of mice for nociception, which was char-
acterized by licking, biting, and flinching of the
injected paw. Fig. 1 shows that the skin secretion
administered i.h. produced a clear dose-depend-
ent nociceptive effect with significant differences
among doses of 7.2, 2.4, and 0.8 ug of protein (p
< 0.05).

Vascular permeability

Fig. 2 shows that a maximum of Evans Blue ex-
travasation into the peritoneal cavity is observed
after injection of 2.4 ug protein.

Edema

Larger doses of the secretion (2.4 and 7.2 ug)
were significantly edematogenic when compared
to the 0.8-ug dose and the control group (Fig. 3).
These higher doses of the skin secretion main-
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Fig. 1. Estimation of the nociception activity at different
doses (0.8, 2.4, and 7.2 ug of protein) of the skin secre-
tion injected into the right footpad of mice. The time
spent on licking or biting each hind paw was recorded
during 30 min and taken as the index of nociception.
Each point represents mean £ SEM. *p < 0.05 com-
pared with the control group (n = 5).

tained the edematogenic response up to 24 h,
while only the dose of 7.2 ug secretion caused a
sustained edematogenic response for 48 h after
injection compared to the control group.

Leukocyte migration

Leukocyte recruitment to the site of injury af-
ter skin secretion injection was evaluated in mice.
Fig. 4 shows that the number of total cells became
larger after 2 h, characterized by the increment of
macrophages. However, cells in the footpad tissue
of mice treated with the skin secretion showed no
significant change 24 h after injection. Moreover,
the number of neutrophils became much larger
24 h after injection. Therefore, the skin secretion
induced significant leukocyte influx.

Hemorrhagic activity

The skin secretion did not induce significant
hemorrhagic activity.

Enzymatic activities

As seen from Table I, the dose of 1 ug protein
had significant proteolytic activity [(2.32 £ 0.26)
U/mg] and phospholipase A, activity [(0.38 £ 0.04)
nmol chromophore released/(min mg)].
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Fig. 2. Evaluation of the vascular permeability. 20 mg/
kg Evans Blue was i.v. administered 20 min before the
skin secretion (0.8, 2.4, and 7.2 ug of protein). Vascular
permeability was quantified after the peritoneal cav-
ity was washed. Results are expressed in ug of Evans
Blue/mL. Each point represents mean = SEM. *p < 0.05
compared with the control group (n = 5).
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Fig. 3. Estimation of edema-inducing activity. The skin
secretion (0.8, 2.4, and 7.2 ug of protein) was injected
(i.h.) into the right footpad of mice. Results are ex-
pressed as the differences of footpad thickness between
experimental and control groups. Each point represents
mean + SEM. *p < 0.05 compared with the control
group (n = 5).

Electrophoretic protein profile

The electrophoretic profile of the skin secretion
revealed numerous proteins with a wide spectrum
of molecular masses (Fig. 5).

Discussion

The discovery of toxins in the secretion of ani-
mals, especially amphibians, have attracted much
attention because of their extremely complex and
unique action on the physiology of various mam-
mals (Lewis and Garcia, 2003). This complexity
is related to the function of the skin secretion in
the defence against various predators. We describe
here the toxicity of the crude skin secretion of the
Chinese giant salamander for the first time.

The i.p. LDy, value of the skin secretion was
32.95 mg/kg body weight, which was higher than
that of Tylototriton verrucosus (11.15 mg/kg body
weight), Bombina maxima (18.18 mg/kg body
weight) (Lai et al., 2002), and Naja naja venoms
(0.565 mg/kg body weight) (Broad et al., 1979), re-
spectively. After incubation at 100 °C for 10 min,
the skin secretion had lost its ability to cause mor-
tality in mice, indicating thermolability of the le-
thal components in the secretion. The anatomical
investigation of treated mice revealed that only
the lungs had been altered clearly. The hyperemia
of the lungs and the convulsion observed in the
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Fig. 4. Effect of the skin secretion on leukocyte recruit-
ment to footpad. Animals were executed 2 and 24 h
after the injection of skin secretion (7.2 ug protein
in 30 uL PBS). Footpad tissue was processed for cell
count. Mice only injected with PBS were the control-
group. The result represents mean = SEM. *p < 0.05
compared with the control group (n = 5).

mice could contribute to the mortality, and it ap-
pears to be proteins that cause the mice’s death.
The bioactive proteins in the secretion can cause
local or systemic physiopathological symptoms in
mice. So, different doses (0.8, 2.4, and 7.2 ug of
protein) of the skin secretion were injected into
the mice to evaluate their effect on nociception,
edema, and vascular permeability.

An immediate transient nociceptive response is
caused by the release of inflammatory mediators.
When the secretion protein BvS, isolated from
Bombina variegata skin, was injected into mice,
rapid changes occurred in the primary afferent
of nociceptive fibers, resulting in an immediate
nociceptive response (Negri et al., 2002). In our
experiments, the doses of 2.4 and 7.2 ug protein of

Table I. Biological activities of Chinese giant salaman-
der skin secretion.

Value

Proteolytic activity (2.32 £ 0.26 ) U/mg
Phospholipase A, activity (0.38 £+ 0.04) nmol chromo-
phore released/(min mg)

Biological activity
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Fig. 5. SDS-PAGE of proteins in Chinese giant salaman-
der skin secretion. Left lane, molecular mass of marker
proteins.

the skin secretion induced significant nociception
activity in mice.

Edema formation is a common feature in cu-
taneous inflammatory processes and is depend-
ent on a synergistic reaction between mediators
that increase vascular permeability and those that
increase blood flow (Brain and Williams, 1985).
The local edema induced by the skin secretion
was characterized by a rapid onset and a plateau
at 30 min. After this, the degree of edema was
positively correlated with the dose. The rapid on-
set of the edematogenic response may also sug-
gest a neurogenic response. An edema is mainly
produced by vasodilator peptides released from
nociceptors activated by acute noxious stimuli.
Neutrophils are recruited rapidly into the sites of
acute infection and dominate the initial influx of
leukocytes (Issekutz and Movat, 1980). The pre-
sent work showed that the skin secretion induced
the increment of cell recruitment. Later in inflam-
mation, monocytes and macrophages replaced
neutrophils and became the predominant leuko-
cytes, suggesting a bimodal recruitment pattern
involving a switch from neutrophils to monocytes.

The skin secretion did not possess significant
hemorrhagic activity. This result implies that there
may be no metalloproteinase hemorrhagin-like
compounds in the skin secretion, which is differ-

ent from snake venoms (Gutierrez and Rucavado,
2000).

The detection of phospholipase A, activity
[(0.38 £ 0.04) nmol chromophore released/(min
mg)] in the skin secretion is noteworthy. The secre-
tion of the tree frog Phyllomedusa hypochondria-
lis contains comparable phospholipase A, activity
[(4.78 £ 0.21) nmol chromophore released/(min
mg)] (Conceicao et al., 2007) and also the secre-
tion of Tylototriton verrucosus exhibits phospho-
lipase A, activity (no quantitative data available)
(Lai et al., 2002). Phospholipase A, is involved in
inflammation, host defence, and several inflamma-
tory diseases, and is specifically distributed in sev-
eral tissues, suggesting that it may play a role in
a number of fundamental physiological processes.

The skin secretion possesses proteolytic ac-
tivity [(2.32 £ 0.26) U/mg] on casein, a widely
used unspecific substrate that can be degraded
by both serine proteinases and metalloprotein-
ases. Proteolytic activity may be responsible for
the generation of the famous bioactive peptides
with antibacterial activity on the amphibian skin
(Giangaspero et al., 2001).

The molecular masses of the proteins in the
skin secretion of the Chinese giant salamander
are distributed over a wide range, while those of
the P. hypochondrialis skin secretion are above
68 kDa, around 25 kDa, and below 14 kDa (Con-
ceicao et al., 2007).

In conclusion, we propose that the biochemi-
cal and pharmacological changes observed in
mice were probably due to the injected various
proteinaceous and peptidic toxins in the crude
skin secretion of the Chinese giant salamander.
We have studied the biological activities induced
by the skin secretion of the Chinese giant sala-
mander in experimental animals for the first time.
The isolation and characterization of the proteins
responsible for these effects in the skin secretion
are a relevant task and are currently in progress
in our laboratory.
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