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Abstract:  In the current study, the alopecia areata gene was introduced into the C57BL/6 (B6) mouse through repeated backcross-
ing/intercrossing, and the allelic homozygosity of congenic AAtjmice (named B6.KM-AA) was verified using microsatellites. The 
gross appearance, growth characteristics, pathological changes in skin, and major organs of B6.KM-AA mice were observed. Counts 
and proportions of CD4+ and CD8+ T lymphocytes in peripheral blood were determined by flow cytometry. Results show that 
congenic B6.KM-AA mice were obtained after 10 generations of backcrossing/intercrossing. B6.KM-AA mice grew slower than B6 
control mice and AA skin lesions were developed by four weeks of age. The number of hair follicles was reduced, but hair structures 
were normal. Loss of hair during disease progression was associated with CD4+ and CD8+ T lymphocytes infiltration peri- and intra- 
hair follicles. No pathological changes were found in other organs except for the skin. In the peripheral blood of B6.KM-AA mice, the 
percentage of CD4+ T cells was lower and percentage of CD8+ T cells higher than in control mice. These findings indicate that 
B6.KM-AA mice are characterized by a dysfunctional immune system, retarded development and T-cell infiltration mediated hair loss, 
making them a promising new animal model for human alopecia areata.  
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Alopecia areata (AA) is a common disease in hum-
ans, can affect any hair-bearing region of the body, and 
usually shows with acute non-inflammatory alopecia 
parvimaculata, but unfortunately its underlying mechan-
isms are not fully understood but it is correlated with 
genetic background, emotional stress, endocrine dyscra-
sia and autoimmunity. Hereditary susceptibility is one of 
the most important factors of AA, and approximately 
25% patients have affected family members. Due to 
increasing stress from study and work, a growing number 
of people are affected by hair loss. In some cases, it 
results in psychological effects such as reduced self-
esteem, and in extreme cases may even induce depre-
ssion or suicide. It is therefore vital to investigate the 
underlying mechanisms of AA, identify the related genes 
and explore possible therapeutic targets (Sun et al, 2008).   

AA mouse models have played important roles in 
AA studies. For example, Sundberg et al (1994) found 
that 20% of C3H/HeJ mice spontaneously develop adult 

onset AA by 181months of age, and the progression of this 
complicated multi-genetic disorder is quite similar to the 
clinical symptoms of human AA. In addition to laboratory 
mice, AA-like hair loss has been noticed in inbred Dundee 
rats (McElwee et al, 1996). Recently, with availabilities of 
C3H/HeJ mice and Dundee rats, concerted attempts have 
been made to understand the genetics, pathogenesis and 
treatment of AA (Michie et al, 1991; McElwee et al, 2002; 
Sundberg et al, 1996); however, due to the low incidence 
(20%) of AA in C3H/HeJ mice, validation of a new AA 
animal model is necessary.  

The mice used here (current name: Alopecia Areata 
Tongji, AAtj) are characterized by progressive hair loss 
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and were initially discovered 10 years ago during the 
propagation of KM mice by the Laboratory Animal 
Center at Tongji University. During years of conservation 
breeding, attempts have previously been made to 
introduce the mutant genes into other inbred strains by 
repeated backcrossing/intercrossing, but the documn-
tation related to this process are missing. To establish an 
inbred mice strain with a purified genetic background, 
we introduced the AA gene into C57BL/6 (B6) mice by 
repeated backcrossing/intercrossing. The development and 
pathogenesis of this congenic inbred AA mouse strain 
(B6.KM-AA) was then evaluated. The validation of this 
B6.KM-AA mice model will likely facilitate future AA 
mutant gene location, identification and related invest-
igations into the biological characteristics of this condition. 

MATERIALS AND METHODS 

Experimental animals   
AAtj mice were acquired from Hangzhong Normal 

University four years ago. Clean AAtj mice and control 
B6 mice were provided by the Laboratory of Experim-
ental Animal Science, Hangzhong Normal University 
(Laboratory Animal Production and Use License: 
SCXK [Zhejiang] 2011-0048; SYXK [Zhejiang] 2011-
0157). Experimental animals were housed in protect-
ive animal rooms with a 12/12 h light cycle, with 
temperature at 23±2 °C and humidity at 55±5%. 
Animals were fed Co60 irradiated food ad libitum. 
Caging and bedding materials were changed freque-
ntly and sterilized using heat.   

 
Experimental equipment and reagents 

Reagents used in polymerase chain reaction (PCR) 
were from Sangon Biotech (Shanghai, China). Monoc-
lonal antibodies (CD4+ (ab25475), CD8+ (ab25478)) and 
Rat IgG (horse radish peroxidase) (ab6734) were produ-
cts of Abcam (Cambridge, UK). CD3-PE/Cy7, CD4-PE, 
CD8-FITC and parallel control antibodies were from BD 
Bioscience (San Diego, CA). Experimental equipment 
and manufacturers were: PCR machine (BIOS, 1000), 
electrophoresis apparatus (Tanon, EPS300), gel imaging 
system (Tomon, 2500), paraffin embedding machine 
(MicRom, AP280), rotary microtome (MicRom, HM3-
35E), pathological tissue floating and drying apparatus 
(Huali Electronics, Changzhou, China), flow cytometry 
(BD, FACSCalibur, Becton Dickinson, San Jose, CA, 
USA)), and upright camera microscope (Olympus, BX51).    

Breeding of congenic B6.KM-AA mice  
F1 AA mutant gene carriers without the AA pheno-

type were hybrids of AA phenotype mice and B6 mice. 
F2 mice with either the AA or normal phenotype were 
bred through F1 mice intercrossing. F3 mice were 
obtained by backcrossing AA phenotype F2 with B6 
mice. Then, F4 mice were bred through F3 mice intercr-
ossing. After several generations of repeated intercro-
ssing, AA phenotype F10 mice were established for 
strain conservation.    

 
Homozygosity evaluation of congenic B6.KM-AA mice  

Genomic DNA extraction from the tip of the tails 
(0.5 cm) of F10 congenic B6.KM-AA mice was purified 
by protease K digestion followed by phenol: chloroform 
extraction. Thirty-nine mouse microsatellites established 
by our laboratory (Wu et al, 2003) were applied in the 
homozygosity evaluation.  

 
Recessive inheritance validation 

During breeding, total numbers of the AA phenotype 
and normal F2, F4, F6, F8, F10 mice were calculated. The 
practical ratio of mutant mice to normal mice and 
theoretical ratio derived from recessive inheritance were 
compared. Then, the practical number and percentage of 
AA phenotype G3 mice were compared with theoretical 
values derived from recessive inheritance. G3 mice were 
bred through the backcrossing of G2 (hybrids of B6.KM-
AA mice and B6 mice) and G1 mice (B6.KM-AA mice).    

  
Developments of congenic B6.KM-AA mice 

Hair growth in litters from birth to 12 weeks of age 
was observed, and animal weight from birth to 8 weeks 
of age was recorded. Three-week-old males and females 
were caged separately and gains in mass were recorded 
and statistical analysis was done by taking normal B6 
mice bred by our animal center as controls.    

 
Hair observation of congenic B6.KM-AA mice 

Hair samples from dorsal areas of the should blades 
of six 8-week-old B6.KM-AA mice (3 males, 3 females) 
and six B6 mice (3 males, 3 females) were mounted on 
dimethyl benzene marinated glass slides, sealed with 
neutral balsam and then observed under a microscope.  

  
Major organs and pathology of skin tissues of 
B6.KM-AA mice 

Mice used in the hair observation were euthanatized 
by cervical dislocation. Major organs, including brain, 
heart, liver, spleen, lung, kidney, thymus, adrenal gland, 
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testicle, appendix testis, uterus and ovary were fixed by 
10% formalin. After dehydration, infiltration, embedding, 
sectioning and Hematoxylin-Eosin (HE) staining they 
were observed under a light scope.  

Three males and 3 females of B6.KM-AA mice and 
B6 mice by birth, 2 weeks, 4 weeks, 6 weeks, 8 weeks 
and 12 weeks of age were euthanatized by cervical 
dislocation. Dorsal skin samples were fixed using 10% 
formalin. After dehydration, infiltration, embedding, 
sectioning and HE staining skin tissue pathology was 
observed under a light scope. 

 
Immunohistochemistry staining  

Paraffin sections of skin tissues were used in 
horseradish peroxidase conjugated CD4+ and CD8+ im-
munohistochemical experiment. Working concentrations 
of CD4+, CD8+ and rat IgG (HRP) were 1:50, 1:50 and 
1:100, respectively. Sections were incubated in primary 
antibody at 4 °C overnight, and then in secondary antib-
ody at 37 °C for 60 min, followed with chromogenic 
staining by 3, 3'-diaminobenzidine (DAB) and Hemato-
xylin counterstaining. Phosphate Buffered Saline (PBS) 
was used as the negative control of primary antibody.  

 
Analysis of peripheral blood CD4+ and CD8+ T 
lymphocytes  

Retro-orbital venous blood samples (200 μL) were 
collected from three male and three female B6. KM-AA 

mice and B6 mice at 8 weeks of age, and then transferred 
into anticoagulant sodium heparin tubes. Tubes were 
gently converted to prevent coagulating and were kept on 
ice. Next, 100 µL blood samples were transferred into 
polystyrene tubes with CD3-PE/Cy7 (5 µL), CD4-PE (5 µL) 
and CD8-FITC (2 µL) monoclonal antibodies. Mean-
while, negative and blank controls were set. Blood sam-
ples were incubated in the dark at 4 °C for 30 min and 
then 2 mL 1× FACS lysing solution was added. After 
incubation in the dark at 4 °C for 15 min, samples were 
centrifuged at 4 °C for 5 min at 1500 r/min. Supernatants 

 were discarded and cell pellets were rinsed with ice-cold 
PBS 1−2 times, then centrifuged again at 4 °C for 5 min 
at 1 500 r/min. Supernatants were discarded and cell 
pellets were resuspended with 400 µL PBS. Five 
thousand cells/tube went through flow cytometry and 
numbers of CD3+, CD4+ and CD8+ cells were recorded. 
Results were analyzed using Cell Quest.  
 
Statistical analysis  

All statistical analysis was conducted via SPSS17.0 
(SPSS Inc, Chicago, IL). Heritability patterns were 
determined using chi-square tests. All other data were 
analyzed using independent-sample t-tests. All results are 

expressed as meanSD.  

RESULTS 

Breeding of congenic B6.KM-AA mice 
AAtj mice came from white KM mice and were 

characterized by black hair and a close appearance to B6 
mice. After two years and 10 generations of backcro-
ssing/intercrossing with B6 mice, we obtained F10 AA 
mice. This AA mutant mice strain was then conserved by 
inbred breeding and named B6.KM-AA according to 
naming regulations of gene introgession. After 10 gener-
ations of crossing, theoretically, the genetic background 
of B6.KM-AA mice is 96.88% [1−(50%)5], consistent 
with that of B6 mice. Moreover, homozygosity detection 
based on 19 microsatellites (D1Mit416, D1Mit180, 
D2Mit62, D2Mit249, D4Mit214, D4Mit55, D5Mit356, 
D5Mit409, D7Mit230, D7Mit318, D7Mit203, D10Mit70, 
D11Mit229, D15Mit171, D15Mit29, D17Mit123, D17-
Mit224, D18Mit187 and D18Mit149) showed a single 
band for each locus of all mice, indicating the B6 genetic 
background of this congenic B6.KM-AA mice strain 
(Figure 1).  

 
B6.KM-AA recessive inheritance confirmation  

During the breeding of B6.KM-AA mice, among the 
235 individuals obtained from F2, F4, F6, F8 and F10 

 

Figure 1 Homozygosity detection of microsatellite loci 
Lane 1: B6D2F1 control; Lane 2−12: B6.KM-AA mice. 



252 GU, et al. 

Zoological Research                        www.zoores.ac.cn 

 

generations, 49 were with AA phenotype and 186 were 
normal. Chi-square values and P values were calculated 
by comparing mice numbers with recessive inheritance 
patterns of a single gene (χ2=0.753, P=0.385). Therefore, 
the single recessive inheritance of the AA mutant gene 
was confirmed. The G2 hybrids of B6. KM-AA and B6 
mice were all normal, whereas, 24 AA phenotype mice 
were bred among 54 hybrids of G2 and B6.KM-AA mice. 
The single recessive inheritance of B6.KM-AA mice was 
also confirmed (χ2=0.12, P=0.729).  

 
Development observation of B6.KM-AA mice  

Hair growth in juvenile B6.KM-AA mice was 
normal. Patchy hair loss was developed by 4 weeks of 
age on the head and face. Symptoms were more obvious 
with increasing age and were severe by 12 weeks of age, 
characterized by sparse, short and thin hair (Figure 2). 
However, hair structures were normal with aligned 
internal medulla (not shown in the figure). From birth to 
4-weeks-old, B6.KM-AA mice were lighter than control 
B6 mice. No significant difference in mass between 5-
week-old B6.KM-AA males and controls was observed, 
whereas, female B6.KM-AA mice were consistently and 
significantly lighter than controls until puberty. These 
patterns indicate retarded development in B6.KM-AA 
mice compared with B6 mice (Figure 3).  

 

Figure 2 Hair growth in B6.KM-AA mice at different 
developmental stages 

A, B, C, D, E, F and G: Developmental stages of birth, 1-week-, 2-week-, 

4-week-, 6-week-, 8-week- and 12-week-old, respectively.  
 

Major organs, pathology and immunology of skin 
tissues  

From birth to 2 weeks of age, no differences in skin 
tissue between B6.KM-AA and B6 mice were found. 
Lymphocyte infiltration could be seen around hair follicles 

 

Figure 3 Body weight gain curvature of congenic B6.KM-AA 
mice and B6 mice  

 
in B6.KM-AA mice by 4 weeks of age and worsened 
with disease progression. Lymphocyte infiltration in hair 
follicles was obvious, accompanied with hair follicle 
dystrophy and number reduction. Those symptoms were 
most severe in 12-week-old B6.KM-AA mice and could 
not be seen in control B6 mice. Monoclonal immunohi-
stochemistry showed CD8+ T lymphocyte positive expre-
ssion around hair follicles and the root sheath derived 
from skins of B6.KM-AA mice, whereas, only small 
CD4+ T lymphocytes expression was found around hair 
follicles (Figure 4)  

No significant abnormality was found in paraffin 
sections of major organs of B6.KM-AA mice, including 
brain, heart, liver, spleen, lung, kidney, thymus, adrenal 
gland and intestine (not shown).  
 
Analysis of CD4+ and CD8+ T lymphocytes in periph-
eral blood of B6.KM-AA 

No significant differences in peripheral blood total 
lymphocytes between B6.KM-AA mice and normal 
control B6 mice were found. Compared with normal 
control B6 mice, B6.KM-AA mice had higher expression 
of CD8+ T lymphocytes, but lower expression of CD4+ T 
lymphocytes (Figure 5, Table 1).  

Table 1 Peripheral blood CD4+ and CD8+ T lymphocytes 
of B6.KM-AA mice 

 
B6.KM-AA mice 

(mean±SD) 
B6 mice (mean±SD) P value (t-test)

CD3 (%) 57.24±5.23 55.80±4.62 0.6260.617 

CD4 (%) 30.35±4.47 36.42±4.43 0.0360.041 

CD8 (%) 26.89±3.16 19.39±0.59 <0.01 

DISCUSSION 

Although AAtj mice were first identified and isolated 
over 10 years ago, research progression has been inconsistent 
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Figure 4 Lymphocyte infiltrations in hair follicles of B6.KM-AA mice 

A, E: Dorsal skin of 8-week-old B6.KM-AA mice, HE staining, lymphocyte infiltrations could be seen peri- and intra- hair follicles; B: Dorsal skin of 8-week-

old B6 mice, HE staining, no lymphocytes infiltrations could be seen around hair follicles; C, F: CD4+ immunohistochemistry staining of the dorsal skin of 8-

week-old B6.KM-AA mice, yellow-brown positive CD4+ T-lymphocytes could be seen around hair follicles; D, G: CD8+ immunohistochemistry staining of the 

dorsal skin of 8-week-old B6.KM-AA mice, yellow-brown positive CD8+ T-lymphocytes could be seen around and inside of hair follicles.  

 
Figure 5 Two dimensional lattice chart of peripheral blood CD4+ and CD8+ T lymphocytes  

A: B6.KM-AA mice; B: B6 mice. 

 

and not well documented. AAtj mice were originally from 
white KM mice, but until now, their black hair and body 

appearance were quite close to B6 mice. The uncertainty 
in genetic background has hindered studies and the 
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efficacy of this mouse model. The most important 
component of our study is the successful introduction of 
the AA mutant gene into a B6 background. After 10 
generations of continuous introduction over two years, 
theoretically, the genetic background consistency of 
B6.KM-AA with B6 has reached 96.88% (1−(50%)5). In 
general, an inbred strain needs 20 generations of 
intercrossing and the allele homozygosity should reach 
98.6%. In our case, taking into account B6-like charac-
teristics AAtj mice originally had, we assume the allele 
homozygosity of B6.KM-AA is over 96.88% and is 
relatively stable. Allele homozygosity detection conduc-
ted with microsatellite markers indicates the single 
genetic background of B6.KM-AA mice. More importa-
ntly, this purified genetic background does not influence 
the development of the AA phenotype in B6.KM-AA 
mice, but clarifies the single genetic recessive inherita-
nce of the AA mutant gene, which can be used in model 
characteristic analysis and related genetic chromosome 
localization.  

Symptoms of patchy hair loss initiated by 4 weeks 
of age in B6.KM-AA mice and get worse with age. Hair 
follicle dystrophy and reduction as well as CD4+ and 
CD8+ T lymphocyte infiltrations around hair follicles are 
more obvious with disease progression. Low expression 
of CD4+ T lymphocytes, but high expression of CD8+ T 
lymphocytes in peripheral blood of B6.KM-AA mice 
compared with normal control mice indicates immune 
dysfunction. It is believed that the loss of hair follicles is 
mediated by T lymphocyte infiltration. The mechanisms 
of AA are yet to be determined, but most researchers 
believe it is a systemic autoimmune disorder. Studies on 
C3H/HeJ mice claimed that the main reason for AA is 
because CD4+ and CD8+ T lymphocytes attack the 
body’s own anagen hair follicles and suppress or stop 
hair growth, a process which TNF-α, IL-6, IL-12, IFN-γ, 
IL-10, IL-4 and many other cell factors also play a role 
in (McElwee et al, 1998). McElwee et al (1996) and 
Freyschmidt-Paul et al (2000) found that using monocl-
onal antibodies to reduce counts of CD4+ and CD8+ T 
lymphocytes and inhibit inflammatory cell infiltrations 
restrains the development of AA. Perret et al (1984) 
found that the percentage of CD8+ T lymphocytes in 
per iphera l  b lood  o f  human  AA pa t i en ts  was 
significantly low, whereas around hair follicles the ratio 
of CD4+/CD8+ is only 4:1. Chen et al (2005) adopted 

immunohistochemistry techniques to evaluate T lymp-
hocytes in skin lesions of human AA patients and 
found that during the active phase and stable phase, 
cell infiltrations of CD4+ T lymphocytes are 
significantly higher than CD8+ T lymphocytes around 
hair follicles and vessels. Huang et al (2007) reported 
that in both minor and severe cases of AA, expressions 
of CD4+ and CD8+ T lymphocytes are all higher than 
those of control groups. Our results presented here 
support the idea that AA is related to cellular 
immunity and T lymphocyte infiltration in hair 
follicles plays an important role in disease progression. 
However, further questions such as the disorder in 
CD4+/CD8+ lymphocytes remain unanswered.  

Over 14 mice strains have been reported with sparse 
hair phenotype (Wu et al, 2009; Zang et al, 2009; Li et al, 
199; Tian et al, 2004), but experience congenital hair loss 
like in the snthr-1Bao mice strain bred in our lab. Therefore, 
their hair loss symptoms are neither required nor 
progressive as in human AA (Wu et al, 2010; Wu et al, 
2009). C3H/HeJ mice are a widely applied AA animal 
model. Sundberg et al (2003) identified the pathogenic 
QTL locus on the 17th chromosome of C3H/HeJ mice, 
but relevant functional research is difficult. C3H/HeJ 
mice have also been used in medication research and 
development. It has been reported that SADBE (squaric 
acid dibutylester), DPCP (diphenylcyclopropenone), 
glucocorticosteroid, cyclosporine (CsA), tacrolimus 
(FK506) and minoxidil all promote hair regeneration 
(Sun et al, 2008). However, although the pathology in 
C3H/HeJ mice is similar to that in humans, the low 
incidence (20%) and uncertainty in identifying pathog-
enic genes have hampered its application as a human AA 
mouse model. Moreover, the homologies of pathogenic 
AA genes between humans and mice are pivotal in the 
establishment of an animal model (Mao & Zheng, 2006; 
Peters et al, 2007). The AA mutant gene in our study is a 
spontaneous mutation and characterized by single 
genetic recessive inheritance. Disease progression is 
close to that in human AA patients, which is beneficial 
for future pathogenic gene localization and colonial 
identification. In summary, the B6.KM-AA mice bred in 
our study are a promising AA animal model, and can be 
used in studies into the molecular mechanisms of AA, 
observations of medication efficacy and strain conserv-
ation of economic fur animals. 
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Abstract: The social transmission of food preferences (STFP) is a behavioural task of olfactory memory, in which an observer rat 

learns safe food odours from a demonstrator rat, and shows preference for this odour in a subsequent choice test. However, previous 

studies have failed to detect the transmission of information about food of potential danger and food aversion using STFP test. In this 

study, we tested how demonstrators’ health affects the exchange of odour information and whether observers can learn danger 

information from an unhealthy demonstrator. As expected, the observer rat formed an odour preference after interacting with a 

demonstrator rat that had just eaten food containing a new odour, however, odour preference rather than aversion was also formed 

after interacting with a demonstrator rat injected with LiCl (used to induce gastric malaise). Furthermore, anaesthetized demonstrator 

rats and half-anaesthetized demonstrator rats, which showed obvious motor deficits suggesting an unhealthy state, also socially 

transmitted food preferences to observers. These results suggest that the social transmission of food preferences task is independent 

of a demonstrators’ health, and that information about dangerous foods cannot be transmitted using this behavioural task. 

 
Keywords: Diet selection; Rats; Social learning; Social transmission of food preference; Food aversion 

Diet selection is vital for animal survival, especially 
when they are faced with novel foods (Birch, 1999). 
Information regarding food safety can be transmitted 
between individual rats and used for diet selection, as 
evidenced by behavioural tests such as the social 
transmission of food preference (STFP) test (Birch, 1999; 
Galef, 1982, 2003; Posadas-Andrews & Roper, 1983). In 
the STFP test, an observer rat interacts with a demon-
strator rat that has recently eaten food with a novel odour, 
and learns this odour from the demonstrator rat’s breath. 
When the observer rat is subsequently presented with a 
choice between the food containing the learned odour or 
a novel odour it prefers the former (Galef & Whiskin, 
2000). This phenomenon suggests a mechanism by 
which a rat learns safety information about novel food 
from conspecifics and uses this information when mak-
ing dietary decisions.  

Information about unsafe foods can also be theore-
tically transmitted via the STFP test. For example, a 

demonstrator rat in an unhealthy state may indicate the 
risk of food recently consumed and an observer may 
learn food aversion rather than preference from the 
unhealthy demonstrator. This pattern has been found in 
red-winged blackbirds (Agelaius phoeniceus) (Mason & 
Reidinger, 1982; Mason et al,11984) but remains unpro-
ven in laboratory rats. In the STFP task, a demonstrator 
rat made ill by lithium chloride (LiCl) injection or 
unconscious following anaesthetic administration still 
induces a food preference in observers only and not a 
food aversion (Galef & Dalrymple, 1978; Galef, 1982; 
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Galef et al, 1983, 1985).  
One explanation for this test failing to communicate 

a social transmission of food preference (STFA) may be 
because the rat cannot detect the health condition of its 
poisoned or anaesthetized littermate. Here, we explore 
this behavioural paradigm further and in addition to 
LiCl-treated and anaesthetized demonstrator rats, we test 
half-anaesthetized demonstrator rats showing clear motor 
deficits and suggesting a severe health condition in a 
STFP experimental protocol. 

MATERIALS AND METHODS 

Animals 
Male Sprague-Dawley rats (n=126) weighing 250–

300 g were obtained from the animal housing center, 
Kunming Medical University, Kunming, Yunnan, China. 
Animals were group-housed in ventilated cages with free 
access to water and food in a 12-h light/dark cycle and a 
temperature-regulated environment at the Kunming 
Institute of Zoology (Chinese Academy of Sciences, 
Kunming, Yunnan, China). All experimental protocols 
were approved by the animal ethics committee of the 
Kunming Institute of Zoology. 

 
Drugs 

LiCl (Sangon Biotech, Shanghai, China) or pentob-
arbital sodium (Sigma-Aldrich, St. Louis, Missouri, USA) 
was dissolved in saline. Powdered dill or cinnamon (Fu-
chs Foodstuffs, Anqiu, Shangdong, China) were adulte-
rated to plain chow 1% by weight. 

 
Social transmission of food preference (STFP) task 

The STFP task was performed as previously described 
(Galef & Whiskin, 2003). Before the task, demonstrator 

rats were habituated to eating plain or cinnamon chow 
for three days, after which demonstrator rats and 
observer rats were food-deprived for 24 h. During the 
task, rats underwent a classic three-step procedure. In the 
first step, the demonstrator rat was allowed 30 min 
access to plain or cinnamon chow. In the second step, the 
demonstrator rat was introduced to the observer rat to 
interact freely for 15 min, during which sniffing was 
observed. In the third step (15 min after second step) the 
observer rat was presented with a choice of two foods in 
its home cage: dill chow and cinnamon chow, both pre-
weighed. After 20 min, remaining food was collected 
and weighed and the amount of each food eaten was 
calculated as food consumption. 

 

Data analysis and Statistics 
All values are reported as mean±SE. A two-tailed 

unpaired Student’s t-test or a one-way ANOVA followed 
by post hoc analysis with least significant difference 
(LSD) was used for comparisons. The significance level 
was set at P<0.05. 

RESULTS 

Formation of a food preference via social learning 
We examined the basal food consumption level, 

wherein after 24 h of food deprivation, rats were prese-
nted with plain chow for 20 min (Figure 1A, plain chow, 
n=9, 4.93±0.34 g), or presented with dill chow and cinn-
amon chow to test innate odour preferences (Figure 1A, 
dill, n=9, 0.82±0.33 g, cinnamon, n=9, 0.58±0.24 g). 
Rats exhibited an innate avoidance to food with a novel 
odour, consumed much less novel food than familiar 
food (Figure 1A, plain vs. dill, P<0.001, plain vs. Cinn-
amon, P<0.001), and showed no difference between dill 

 

Figure 1 Social transmission of food preference in rats 
A: Food consumption level (plain, black bar) and food preference between dill and cinnamon (dill, cinnamon blank and grey bars) after 24 h of food deprivation. 

B, C: The food preference of observer rats after interaction with demonstrator rats fed plain chow (B) or cinnamon chow (C); N.S.: not significant; **: P<0.01; 

***: P<0.001. 
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and cinnamon (P=0.608). In subsequent experiments, we 
used cinnamon chow as the odour presented by the 
demonstrator rats.  

We tested the formation of learned odour prefere-
nces using a STFP paradigm. After interaction with a 
demonstrator rat fed with plain chow, the observer rat 
exhibited food avoidance towards novel food and 
showed no preference between dill chow and cinnamon 
chow (Figure 1B, n=9, dill, 1.56±0.6 g, cinnamon, 1.11± 
0.65 g, dill vs. cinnamon, P=0.57). Meanwhile, after 
interaction with a demonstrator rat fed with cinnamon, 
the observer rat showed a preference towards cinnamon 
chow (Figure 1C, n=9, dill, 0.35±0.13 g, cinnamon, 
3.76±0.57 g, dill vs. cinnamon, P=0.001). These results 
suggest that food odour can be socially transmitted and 
used to guide later food choices. 

 
Observer rats learn a food preference after 
interaction with a demonstrator rat poisoned by LiCl 

In theory, the odour presented by an unhealthy 
demonstrator rat may indicate an odour associated with 

potentially dangerous food, which is essential for diet 
selection. Therefore, we tested whether the health 
condition of the demonstrator rat influences STFP results.  

LiCl can induce gut malaise, and intraperitoneal 
(i.p.) injection of LiCl can serve as an unconditional 
stimulus in the conditioned taste aversion (CTA) 
learning paradigm (Bures et al, 1998; Nachman & 
Ashe, 1973). After feeding on plain chow or cinnamon 
chow, the demonstrator rat was injected with LiCl 
solution (127 mg/kg) (Thiele et al, 1997) and allowed to 
interact with an observer rat before the food preferences 
of the observer rat was tested. No preference was 
detected (Figure 2A, n=9, dill, 0.9±0.3g, cinnamon, 
0.48±0.18 g, dill vs. cinnamon, P=0.20). However, after 
interaction with a LiCl-injected demonstrator rat fed with 
cinnamon chow, a preference to cinnamon rather than 
aversion was detected (Figure 2B, n=9, dill, 1.36±0.49 g, 
cinnamon, 4.34±0.0.58 g, dill vs. cinnamon, P=0.013). 
Consistent with previous findings, the LiCl-poisoned 
demonstrator rat and healthy animals transmitted food 
preferences identically. 

 

Figure 2 Socially learned food preferences from LiCl-poisoned demonstrator rats 
A: After interaction with a LiCl-poisoned demonstrator rat fed plain chow, the observer rat showed no preference between dill and cinnamon chow; B: After 

interaction with a LiCl-poisoned demonstrator rat fed cinnamon chow, observer rats showed a food preference for cinnamon chow; N.S: not significant; *: 

P<0.05. 

 
Food preferences, and not aversions, were socially 
learned from anaesthetized demonstrator rats 

It is possible that the observer rat was unaware of 
the discomfort felt by the LiCl-injected demonstrator rat, 
so we used anaesthetized demonstrator rats to induce 
motor deficits that may more clearly indicate an 
unhealthy state and food danger. 

We anaesthetized the demonstrator rat by injecting 
pentobarbital sodium (80 mg/kg, i.p.) before interactions. 
During the interaction session, the demonstrator rat 
remained inactive and was only able to be sniffed by the 
observer rat. After interacting with the anaesthetized 
demonstrator rat fed plain chow, no food preference in 

the observer rat was detected (Figure 3A, n=9, dill, 
0.65±0.19 g, cinnamon, 0.65±0.31 g, dill vs. cinnamon, 
P=0.993), and after interaction with an anaesthetized 
demonstrator rat fed cinnamon chow a preference for 
cinnamon was formed (Figure 3B, n=9, dill, 0.83±0.33 g, 
cinnamon, 3.53±0.53 g, dill vs. cinnamon, P=0.003). 

Next, we half-anaesthetized demonstrator rats by 
injecting pentobarbital sodium (45 mg/kg, i.p.) before 
interactions. During the interaction session the half-
anaesthetized demonstrator rat showed motor control 
deficits including staggering, which may also indicate an 
unhealthy state. We found that after interaction with a 
half-anaesthetized demonstrator rat fed cinnamon chow 
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but not plain chow, a food preference for cinnamon was 
formed by the observer rat (plain chow, Figure 3C, n=9, 
dill, 0.42±0.12 g, cinnamon, 0.29±0.12 g, dill vs. Cinna-

mon, P=0.510; cinnamon chow, Figure 3D, n=9, dill, 
0.33±0.14 g, cinnamon, 4.17±0.83 g, dill vs. cinnamon, 
P=0.002). 

 

Figure 3 Food preferences learned from anaesthetized or half-anaesthetized demonstrator rats 
After interaction with an anaesthetized (A) or half-anaesthetized (C) demonstrator rat fed with plain chow, the observer rat showed no preference for dill or 

cinnamon chow. After interaction with an anaesthetized (B) or half-anaesthetized (D) demonstrator rat fed cinnamon chow, observers showed a food preference 

for cinnamon chow. N.S. not significant, **P < 0.01. 

 
Total food consumption is an indicator of a STFP and 
confirms that STFP is independent of the health of 
the demonstrator 

We compared the total food consumption (dill 
chow+cinnamon chow) of observer rats in each expe-
riment, and compared this to basal food consumption 
levels (Figure 4, plain, 4.93±0.34 g; also see Figure 1A). 
When rats were first confronted with unfamiliar food, 
they showed an innate avoidance to that food and ate less 
than the basal food consumption level (Figure 4, novel, 
1.4±0.42 g, plain vs. novel, P<0.001;). We also found 
that when the observer rat had no food preference (follo-
wing interaction with a demonstrator rat fed plain chow), 
total food consumption was significantly lower than the 
basal level, indicating an unchanged innate avoidance to 
food with a novel odour (Figure 4, plain demonstrator 
shown in blank bars, healthy, 2.68±0.6 g, P=0.003; LiCl, 
1.38±0.39 g, P<0.001; anaesthetized, 1.29±0.45 g, 
P<0.001; half-anaesthetized, 0.71±0.16 g, P<0.001; all 
compared with plain chow). In contrast, when a food 
preference exists, regardless of the demonstrator rat’s  

 
Figure 4 Total food consumption is an indicator of social 

transmission of food preferences 
Total food consumption (dill chow + cinnamon chow) was compared with 

basal food consumption (plain chow). When rats were presented with novel 

food (novel chow) they ate less than the basal level. In rats that had 

interacted with a demonstrator fed plain chow, a food preference was not 

detected, and total food consumption was less than the basal level. In rats 

that had interacted with a demonstrator fed cinnamon chow, a food prefer-

ence was socially transmitted, and total food consumption reached the basal 

level. *:P<0.05; **:P<0.01; ***:P<0.001. 
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health condition, total food consumption reached the 
basal food consumption level (Figure 4, cinnamon demo-
nstrator shown in grey bars, healthy, 4.11±0.55 g, P=0.26; 
LiCl, 5.7±0.53 g, P=0.29; anaesthetized, 4.36±0.61 g, 
P=0.43; half-anaesthetized, 4.51±0.82 g, P=0.56; all 
compared with plain chow). Thus, total food 
consumption can serve as an indicator of food preference 
formation in the STFP task, and using this indicator we 
found that socially transmitted food preferences are 
independent of the health condition of the demonstrator. 

DISCUSSION 

We demonstrated that a half-anesthetized rat 
showing obvious motor deficits (suggesting a severe 
health condition) cannot transmit information about pote-
ntially harmful food. On the contrary, observer rats for-
med a food preference rather than aversion after interac-
tion with these ‘unhealthy’ rats. We also found that total 
food consumption can be used as an indicator of form-
ation of STFP. Using this indicator, we confirmed that a 
socially learned food preference is independent of the 
demonstrator’s health, and food aversion is not transm-
itted under this paradigm. 

One possible explanation is that the observer rat is 
unable to detect the unhealthy state of the demonstrator 
rat, the discomfort caused by LiCl, or anaesthetic 
induced movement deficit or immobility. However, 
studies indicate that rodents can perceive the discomfort 
felt by conspecifics, such as in trapped situations, 
abdominal writhing, formalin induced pain and food 
shock (Ben-Ami Bartal et al, 2011; Jeon et al, 2010; 
Langford et al, 2006). Rats also respond differently to  

healthy littermates and poisoned littermates (Coombes  et 
al, 1980). Therefore, rather than being unaware of the 
healthy state of the littermate, rats appear to lack the 
capacity to use this information to detect potential danger 
in novel food. Carbon disulphide in rat breathe can 
induce STFP, and pairing of carbon disulphide with 
novel odour is sufficient for rats to develop a food 
preference (Galef et al, 1988). Thus, successful transmi-
sion of food preference may solely depend on this 
semiochemical in rat breath. 

Another explanation for a lack of learned food 
aversion in this test is provided by Bennett Galef (Galef, 
1985). According to his theory, socially induced diet 
avoidance in rats tends to be learned indirectly rather 
than directly. Rats have an innate tendency to avoid eat-
ing food with novel odour (Figure 1A, Figure 4) (Rozin, 
1976), and show conditioned taste aversion when experi-
encing gastrointestinal discomfort after eating novel food 
(Bures et al, 1998). Therefore, there is little chance for a 
rat in the natural environment to demonstrate odour 
following a harmful diet and the odours that can be 
socially learned by an individual rat are mostly related to 
safe food (Galef & Clark, 1976). Furthermore, rats can 
deposit residual olfactory cues in areas they feed and this 
cue can serve as a safety marker to guide other foraging 
rats (Galef & Heiber, 1976). Therefore, a lack of STFA 
may not severely impact the survival of an individual rat.  

Ultimately, both explanations are far from satisfa-
ctory, and a better strategy is for rats to learn danger 
information directly from unhealthy littermates so as to 
avoid potentially harmful unfamiliar food. Alongside with 
previous findings, our results suggest that rats can learn 
from others which food to eat but not which to avoid. 

References

Ben-Ami Bartal I, Decety J, Mason P. 2011. Empathy and pro-social 

behavior in rats. Science, 334(6061): 1427-1430.  

Birch LL. 1999. Development of food preferences. Annual Review of 

Nutrition, 19(1): 41-62.  

Bures J, Bermúdez-Rattoni F, Yamamoto T. 1998. Conditioned 

Taste Aversion: Memory of A Special Kind. Oxford: Oxford 

University Press.  

Coombes S, Revusky S, Tong Lett B. 1980. Long-delay taste aversion 

learning in an unpoisoned rat: Exposure to a poisoned rat as the 

unconditioned stimulus. Learning and Motivation, 11(2): 256-266.  

Galef BG Jr. 1982. Studies of social learning in Norway rats: a brief 

review. Developmental Psychobiology, 15(4): 279-295.  

Galef BG Jr. 1985. Direct and indirect behavioral pathways to the 
social transmission of food avoidance. Annals of the New York 
Academy of Sciences, 443: 203-215.  

Galef BG Jr. 2003. Social learning of food preferences in rodents: rapid 
appetitive learning. Current protocols in neuroscience / editorial board, 
Jacqueline N. Crawley... [et al. ], Chapter 8: Unit 8. 5D.  

Galef BG Jr, Clark MM. 1976. Non-nurturent functions of mother-
young interaction in the agouti (Dasyprocta punctata). Behavioral 
Biology, 17(2): 255-262.  

Galef BG Jr, Heiber L. 1976. Role of residual olfactory cues in the 
determination of feeding site selection and exploration patterns of 
domestic rats. Journal of Comparative and Physiological Psychology, 
90(8): 727-739.  



 Avoidance of potentially harmful food cannot be socially transmitted between rats 261 

Kunming Institute of Zoology (CAS), China Zoological Society Volume 35  Issue 4 

Galef BG Jr, Dalrymple AJ. 1978. Active transmission of poison 
avoidance among rats? Behavioral Biology, 24(2): 265-271.  

Galef BG, Jr, Mason JR, Preti G, Bean NJ. 1988. Carbon disulfide: a 
semiochemical mediating socially-induced diet choice in rats. Physiol 
Behav, 42(2): 119-124. 

Galef BG Jr, Whiskin EE. 2000. Social influences on the amount of 
food eaten by Norway rats. Appetite, 34(3): 327-332.  

Galef BG Jr, Whiskin EE. 2003. Socially transmitted food preferences 
can be used to study long-term memory in rats. Animal Learning & 
Behavior, 31(2): 160-164.  

Galef BG Jr, Wigmore SW, Kennett DJ. 1983. A failure to find socially 
mediated taste aversion learning in Norway rats (R. norvegicus). 
Journal of Comparative Psychology, 97(4): 358-363.  

Galef BG Jr, Kennett DJ, Stein M. 1985. Demonstrator influence 
on observer diet preference: Effects of simple exposure and the 
presence of a demonstrator. Animal Learning & Behavior, 13(1): 
25-30.  

Jeon D, Kim S, Chetana M, Jo D, Ruley HE, Lin SY, Rabah D, Kinet JP, 
Shin HS. 2010. Observational fear learning involves affective pain 
system and Cav1. 2 Ca2+ channels in ACC. Nature Neuroscience, 13(4): 
482-488.  

Langford DJ, Crager SE, Shehzad Z, Smith SB, Sotocinal SG, Levenstadt 
JS, Chanda ML, Levitin DJ, Mogil JS. 2006. Social modulation of pain as 
evidence for empathy in mice. Science, 312(5782): 1967-1970.  

Mason JR, Reidinger RF. 1982. Observational learning of food 
aversions in red-winged blackbirds (Agelaius phoeniceus). The Auk, 
99(3): 548-554.  

Mason JR, Arzt AH, Reidinger RF. 1984. Comparative assessment of 
food preferences and aversions acquired by blackbirds via 
observational learning. The Auk, 101(4): 796-803.  

Nachman M, Ashe JH. 1973. Learned taste aversions in rats as a 
function of dosage, concentration, and route of administration of LiCl. 
Physiology & Behavior, 10(1): 73-78.  

Posadas-Andrews A, Roper TJ. 1983. Social transmission of food-
preferences in adult rats. Animal Behaviour, 31(1): 265-271.  

Rozin P. 1976. The selection of foods by rats, humans, and other 
animals. Advances in the Study of Behavior, 6: 21-76.  

Thiele TE, Van Dijk G, Campfield LA, Smith FJ, Burn P, Woods SC, 
Bernstein IL, Seeley RJ. 1997. Central infusion of GLP-1, but not 
leptin, produces conditioned taste aversions in rats. American Journal 
of Physiology-Regulatory, Integrative and Comparative Physiology, 
272(2 Pt 2): R726-R730.   

 



 Zoological Research  35 (4): 262−271                                                               DOI:10.13918/j.issn.2095-8137.2014.4.262 

 

Science Press Volume 35  Issue 4 
 

 
The role of leptin in striped hamsters subjected to food restriction and 
refeeding 

 
 
Zhi-Jun ZHAO1,*, Yong-An LIU2, Jing-Ya XING2, Mao-Lun ZHANG2, Xiao-Ying NI1, Jing CAO1,2 

 

1. College of Life and Environmental Science, Wenzhou University, Wenzhou 325027, China 

2. School of Agricultural Science, Liaocheng University, Liaocheng 252059, China 

 

Abstract: Food restriction (FR) and refeeding (Re) have been suggested to impair body mass regulation and thereby making it easier 

to regain the lost weight and develop over-weight when FR ends. However, it is unclear if this is the case in small mammals showing 

seasonal forging behaviors. In the present study, energy budget, body fat and serum leptin level were measured in striped hamsters 

that were exposed to FR-Re. The effects of leptin on food intake, body fat and genes expressions of several hypothalamus 

neuropeptides were determined. Body mass, fat content and serum leptin level decreased during FR and then increased during Re. 

Leptin supplement significantly attenuated the increase in food intake during Re, decreased genes expressions of neuropepetide Y 

(NPY) and agouti-related protein (AgRP) of hypothalamus and leptin of white adipose tissue (WAT). Hormone-sensitive lipase (HSL) 

gene expression of WAT increased in leptin-treated hamsters that were fed ad libitum, but decreased in FR-Re hamsters. This 

indicates that the adaptive regulation of WAT HSL gene expression may be involved in the mobilization of fat storage during Re, 

which partly contributes to the resistance to FR-Re-induced overweight. Leptin may be involved in the down regulations of 
hypothalamus orexigenic peptides gene expression and consequently plays a crucial role in controlling food intake when FR ends. 
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Abbreviations: AgRP: agouti-related protein; 
CART: cocaine- and amphetamine-regulated transcript; 
DEI: digestive energy intake; FR-Re: food restriction and 
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sensitive lipase (EC 3.1.1.3); NPY: neuropeptide Y; Ob-
Rb: long form of the leptin receptor; POMC: pro-
opiomelanocortin; WAT: white adipose tissue.  

 
Leptin, the production of the ob gene, is mainly 

expressed in adipose tissue and plays important roles in 
the regulation of both energy intake and expenditure 
(Fernández-Galaz et al, 2002; Friedman & Halaas, 1998; 
Friedman, 2011; Zhang et al, 1994). Serum leptin level is 
found to reduce in animals under food restriction (FR) 
and then to increase following ad libitum refeeding (Re) 
(Gutman et al, 2006; Wisse et al, 1999; Zhang & Wang, 
2008). In rodents and even humans, the fall in serum 
leptin is considered to be an important signal for the 

switch between fed and fasted states, allowing leptin to 
function both as starvation and satiety signals1(Ahima et 
al, 1996; Ahima, 2005; Kastin & Pan, 2000). Thus, 
leptin may become a possible candidate that is involved 
in the regulation of energy budget in animals subjected 
to FR and Re. Leptin gene expression is proportioned to 
the size of adipose tissue (Frederich et al, 1995). Strong 
positive correlations have been observed between leptin 
mRNA expression and plasma leptin levels and total 
body fat (Ahima et al, 2000; Frederich et al, 1995; 
Maffei et al, 1995). Hormone-sensitive lipase (HSL; EC 
3.1.1.3), an enzyme responsible for the release of free 
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fatty acids (FFA) from stored triacylglycerols (TG) in 
adipose tissues (Fielding & Frayn, 1998), has been 
proposed to play an essential role in the regulation of 
body weight and fat mass (Fortier et al, 2005; Harada et 
al, 2003). HSL is active, and the esterification pathway is 
not activated in the fasted state; while in the fed state, 
HSL is suppressed and esterification is stimulated (Field-
ing & Frayn, 1998; Frayn et al, 1995). So far, it is uncl-
ear if it is involved in the TG mobilization in wild anim-
als showing the resistance to FR-Re-induced over-weight.  

Previous studies suggested that the effect of leptin 
on energy balance is mediated mainly by neuronal targets 
in the hypothalamus via its long isoform receptor (Ob-Rb) 
(Ahima et al, 2000). Hypothalamic neuropeptides invo-
lved in leptin action are classified into two major groups: 
orexigenic peptides, including neuropeptide Y (NPY) 
and agouti-related protein (AgRP), and anorexigenic 
peptides, e.g. pro-opiomelanocortin (POMC) and coca-
ine- and amphetamine-regulated transcript (CART) (Ahi-
ma et al, 2000). Food deprivation and/or restriction were 
found to increase synthesis of NPY and AgRP and to 
decrease production of POMC and CART in the arcuate 
nucleus of the hypothalamus in laboratory mice and rats 
(Brady et al, 1990), as well as in Siberian hamsters 
(Phodopus sungorus, Dailey & Bartness, 2010; Mercer et 
al, 2000). Re induced a decrease of NPY gene expression 
in hypothalamus (Sucajtys-Szulc et al, 2009). Thus, it 
suggests that hypothalamus orexigenic or anorexigenic 
peptides, or both, may be involved in the regulation of 
energy balance in animals experiencing FR and Re.  

The striped hamster (Cricetulus barabensis) is a 
major rodent in northern China and is also distributed in 
Russia, Mongolia, and Korea (Zhang & Wang, 1998). 
This species feeds mainly on stems and leaves of plant 
during summer and on foraging crop seeds in winter 
(Song & Wang, 2002, 2003; Zhang & Wang, 1998). Thus, 
they must experience great seasonal fluctuations in food 
quality and availability (Zhang & Wang, 1998). Unlike 
other wild rodents, such as Djungarian hamsters (Phod-
opus sungorus) (Klingenspor et al, 2000; Mercer, 1998), 
Brandt’s voles (Lasiopodomys brandtii, Li & Wang, 
2005a) and Mongolian gerbils (Meriones unguiculatus) 
(Li & Wang, 2005b), striped hamsters do not show 
significant changes in body mass after being maintained 
in an outside enclosure for over a year (Zhao ZJ, unpu-
blished data). We previously found a significant decrease 
in body mass in stochastic FR hamsters, which was not 
followed by a body mass regaining after Re (Zhao & Cao, 

2009). Thus, striped hamster may become a potential 
model suitable for studying the resistance to FR-Re-
induced overweight. In the present study, energy budget, 
body fat and serum leptin were measured in striped 
hamsters subjected to FR and Re. The effect of leptin 
administration on energy budget and hypothalamus 
NPY/AgRP, POMC/CART and Ob-Rb as well as 
subcutaneous white adipose tissue (WAT) leptin and HSL 
genes expression were examined during the period of 
FR-Re. We hypothesized that striped hamsters would 
decrease energy expenditure to cope with the lower food 
intake during the period of FR, but increase food intake 
when food was plentiful and consequently increase the 
accumulation of body fat, showing a significant regai-
ning of body mass. Leptin might be involved in contro-
lling energy intake associated with the regulation of 
hypothalamus genes expression when FR ends and 
consequently played a crucial role in the resistance to 
over-weight. If leptin is a hormone that prevents post-fast 
hyperphagia, it would be expected that plasma leptin 
level would increase significantly in the hamsters follo-
wing ad libitum Re.  

MATERIALS AND METHODS 
Animals and experimental design 

Striped hamsters were obtained from an out-bree-
ding colony started with animals that were initially trap-
ped in 2009 from farmland at the center of Hebei 
Province (E115°13', S38°12'), North China Plain. Ham-
sters were singly housed in plastic cages (29 cm ×18 
cm× 16 cm) with fresh saw dust bedding at 21±1 oC 
with a 12 h: 12 h light: dark cycle (lights on at 08：00). 
Food (standard rodent chow; Beijing KeAo Feed Co., 
Beijing, China) and water were provided ad libitum. 
Adult male hamsters, 4−6 months old, were used in the 
present study. Baseline measurements of body mass and 
food intake were carried out on a daily basis before 
experiment started. All animal protocols were in 
compliance with the Animal Care and Use Committee 
of College of Life and Environmental Science, 
Wenzhou University.  

Experiment 1: To examine the effect of Re on food 
intake, body mass and fat mass, 24 hamsters were assig-
ned randomly into three groups: (1) control group (n=8) 
that animals were fed ad libitum for 7 weeks; (2) FR-1w-
Re group (n=8) that hamsters were restricted to 85% of 
initial food intake for 1 week and refed ad libitum for 6 
weeks; and (3) FR-3w-Re group (n=8), during which 
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hamsters were restricted to 85% of initial food intake for 
3 weeks followed by ad libitum Re for 4 weeks. Based 
on the data collected from the hamsters subjected to 
different extents of food restriction from 60%, 70% to 
90% (Zhao, 2012), the hamsters in the present study 
were restricted to 85% of ad libitum food intake in both 
FR-1w-Re and FR-3w-Re groups.  

Experiment 2 was designed to examine the role of 
leptin in the regulations of body mass and energy intake 
(Figure 1), Twenty-four hamsters were randomly assig-
ned into one of the four groups (n=6 in each group): Ad-
PBS and Ad-leptin group in which hamsters were fed ad 
libitum and treated with PBS and leptin, respectively, and 
FR-PBS and FR-leptin group in which FR hamsters were 
treated with PBS and leptin, respectively. The changes in 
body mass and food intake were measured daily for 8 

days (from day 0 to day 7), during which all hamsters in 
the four groups were fed ad libitum. Animals were fed ad 
libitum for other 10 days in two Ad groups (from day 8 
to day 17). On day 8, hamsters in two FR groups were 
restricted to 85% of initial food intake for 8 days (from 
day 8 to day 14), and then refed ad libitum for other 3 
days (from day 15 to day 17). On day 10, hamster was 
anesthetized with isoflurane and implanted subcutaneou-
sly on the dorsal side with a miniosmotic pump (Alzet 
model 1007D; capacity, 100 μL; release rate, 0.5 μL/h; 
duration, 7 days; Durect, Cupertino, CA, USA) 
containing either recombinant murine leptin (100 μg 
dissolved in 100 μL phosphate-buffered saline (PBS; 
Peprotech, USA) or PBS. Changes in food intake and 
body mass were measured daily according to the method 
mentioned in experiment 1.  

 
Figure 1 Timeline showing days of food restriction and measurements taken for striped hamsters  

GEI: gross energy intake; FR: food restriction. 

 

Food intake and body mass 
Food intake was calculated as the mass of food 

missing from the hopper every day, subtracting orts 
mixed in the bedding. The initial food intake was calcul-
ated as the average of daily food intake over 8 days 
during the period of the baseline measurements. Hams-
ters in two experimental groups were provided with 85% 
of ad libitum food intake during the period of FR. Food 
intake and body mass were measured daily throughout 
the experiment. 

 
Body fat content  

Animals were euthanized by decapitation between 
0900 and 1100 h at the end of FR-Re. Body fat content 
was measured as described previously (Zhao et al, 2010). 
Briefly, the gastrointestinal tracts and liver, heart, lung, 
spleen, pancreas and kidneys were separated and 
removed. The remaining carcass was weighed to deter-
mine wet mass, dried in an oven at 60 °C for 10 days to a 
constant mass, and then weighed again to determine dry 
mass. Total body fat was extracted from the dried carcass 
by ether extraction in a Soxhlet apparatus. 

 
Energy budget 

Gross energy intake (GEI), digestive energy intake 

(DEI) and digestibility were measured over the last three 
days (day 15 to day 17) of the experiment. In detail, food 
was provided quantitatively, and the spillage of food 
mixed with bedding (if it was observed) and feces were 
collected from each cage over the 3 days. The spillage 
of food and feces were sorted and separated manually 
after they were dried at 60 °C to constant mass. Gross 
energy contents of the diet and feces were determined 
using a Parr 1281 oxygen bomb calorimeter (Parr Instr-
ument, Moline, IL, USA). GEI, DEI and digestibility 
were calculated as follows (Liu et al, 2003; Zhao et al, 
2013a):  

GEI (kJ/d)=food intake (g/d)×dry matter content of 
the diet (%)×energy content of food (kJ/g); 

DEI (kJ/d)=GEI−(dry mass of feces (g/d)×energy 
content of feces (kJ/g));  

Digestibility (%)=DEI/GEI×100%.  
 
Serum leptin level and body fat content 

Animals were euthanized by decapitation at the end 
of the experiment. Hypothalamus and WAT were 
collected quickly and stored at liquid nitrogen for Real-
time RT-QPCR analysis. Trunk blood was collected for 
serum leptin measurements. Serum leptin level was 
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quantified by radio-immunoassay (RIA) using the Linco 
125I Multi-species Kit (Cat. No. XL-85K, Linco Research 
Inc.), following the standard kit instructions. The lower 
and upper limits of the assay kit were 1 and 50 ng/mL, 
and the inter- and intra-assay variations were <3.6% and 
8.7%, respectively. Body fat content of dry carcass was 
measured as described in experiment 1.  

 
Real-time RT-QPCR analysis 

Total RNA was isolated from frozen hypothalamus 
and WAT using the TRIzol method (TaKaRa, China) 
according to the manufacturer’s protocol. RNA concentr-
ation and purity were determined by A260 and A280 
optical density (OD) measurements and A260/ A280 
ratio determination using a Spectrophotometer. First-
strand cDNA synthesis was performed on 2 μg of total 
RNA with AMV Reverse Transcriptase (TAKARA, 
China) using random primer Oligo (dT)18. The reverse 

transcription reaction (2 μL) was used as a template for 
the subsequent PCR reaction using gene-specific primers 
(Table 1). Primers were designed using laboratory mouse 
and rat NCBI RefSeq sequence entry data that was 
submitted to the Primer 5 software. The qPCR reaction 
setup and plate preparation were standardized and carried 
out according to standard operating protocols in our lab. 
The reaction consisted of SYBR Premix EX Tag TM (2×), 
12.5 μL; 3' primers (10 μmol/L), 0.5 μL; 5' primers (10 
μmol/L), 0.5 μL; ROX Reference Dye II (50×), 5 μL and 
template cDNA, 2 μL. qPCR was performed using 
SYBR Green Master Mix in Mx3000P Real-Time QPCR 
system (Stratagene, La Jolla, CA, USA) under user-
defined thermal cycling conditions (95 °C, 30 s; and 40 
cycles at 95 °C for 5 s, 55 °C for 30 s and 72 °C for 30 s), 
and the reaction finished by the built in melt curve. All 
samples were quantified for relative quantity of gene 
expression by using actin expression as an internal standard.  

Table 1 Gene-specific primer sequences used for Real-time RT-QPCR analysis 

Gene Primers (5′−3′) Size (bp) 

NPY (forward) ACCCTCGCTCTGTCCCTG 186 

NPY (reverse) AATCAGTGTCTCAGGGCTA  

AgRP (forward) TGTTCCCAGAGTTCCCAGGTC 227 

AgRP (reverse) ATTGAAGAAGCGGCAGTAGCAC  

POMC (forward) GGTGGGCAAGAAGCGACG 205 

POMC (reverse) CTTGTCCTTGGGCGGGCT  

CART (forward) TACCTTTGCTGGGTGCCG 260 

CART (reverse) AAGTTCCTCGGGGACAGT  

Ob-Rb (forward) CAGTGTCGATACAGCTTGGA 200 

Ob-Rb (reverse) TTGCATATTTAACTGAGGGT  

Leptin (forward) AACCCTCATCAAGACCATT 240 

Leptin (reverse) GCCAGCAGATGGAGAAGG  

HSL (forward) CACTACAAACGCAACGAG 224 

HSL (reverse) CTGAGCAGGCGGCTTACC  

Actin (forward) AAAGACCTCTATGCCAACA 196 

Actin (reverse) ACATCTGCTGGAAGGTGG  

NPY: neuropeptide; Y; AgRP, agouti-related protein; POMC: pro-opiomelanocortin; CART; cocaine- and amphetamine-regulated transcript; Ob-Rb: long form 

of the leptin receptor; HSL: hormone-sensitive lipase (EC 3.1.1.3).  
 

Statistics 
Data were analyzed using SPSS 13.0 statistic soft-

ware. Experiment 1, the differences in body mass, food 
intake, carcass mass and body fat mass and content betw-
een Control, FR-1w-Re and FR-3w-Re groups were 
analyzed using one-way ANOVA. Experiment 2, body 
mass and food intake throughout the experiment were 
examined using RM-ANOVA. Differences in body mass, 
food intake and genes expression of hypothalamus 
neuropeptides, and leptin and HSL of WAT were exam-
ined using two-way ANOVA (FR×leptin), followed by 
Tukey's HSD post-hoc tests where required. Data are 

presented as means±SE, with significance set at P<0.05.  

RESULTS  

Experiment 1: Body mass change and food intake 
There were no differences in body mass and food 

intake between Control, FR-1w-Re and FR-3w-Re 
groups prior to the experiment (body mass: F2, 21=0.01, 
P>0.05; food intake: F2, 21=0.10, P>0.05, Figure 2A). 
Body mass decreased significantly during FR periods 
compared with that of baseline measurements on day 0 
to day 7 (post hoc, P<0.05) and increased during the 
period of Re (post hoc, P<0.05). Both FR-1w and FR-
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3w hamsters showed lower body masses than controls 
(day 7: F2, 21=49.07, P<0.01; day 21: F2, 21=34.79, 
P<0.01) and then returned to the levels of controls 
shortly after they were refed (day 29: F2, 21=3.11, 
P>0.05, day 49: F2,21=0.35, P>0.05). Food intake was 
lower in FR hamsters than that of controls (day 2: 
F2, 21=7.27, P<0.05, Figure 2B), and was increased 
shortly in Re hamsters (day 8: F2, 21=11.78, P<0.05, 
day 22: F2, 21=4.30, P<0.05). No difference in food 
intake was observed between the three groups on day 
23 and thereafter (day 23: F2, 21=1.24, P>0.05; day 49: 
F2, 21=0.92, P>0.05, Figure 2B).  

 
Figure 2 Body mass change (A) and food intake (B) in striped 

hamsters restricted to 85% of initial food intake for 1 and 3 
weeks and then refed ad libitum (FR-1w-Re and FR-3w-Re) *  

P<0.05; #: P<0.01. 
 

Carcass mass and fat content 
Wet and dry masses of carcass were not different 

between Control, FR-1w-Re and FR-3w-Re groups 
(Table 2). FR-1w-Re and FR-3w-Re hamsters had 
similar body fat mass to control hamsters (Table 2). Fat 
content was not affected by FR-Re, and no difference 
was observed between the three groups (Table 2).  

Table 2 Carcass mass and fat content in striped hamsters 
subjected to food restriction and refeeding (FR-Re) 

 Control FR-1w-Re FR-3w-Re F P 

 8 8 8   

Body mass (g) 34.7±1.6 34.0±1.2 33.9±1.3 0.12 NS

Carcass      

Wet mass (g) 26.5±1.4 25.5±1.0 25.8±1.1 0.19 NS

Dry mass (g) 9.2±0.6 9.1±0.6 9.2±0.5 0.01 NS

Fat mass (g) 2.9±0.4 3.0±0.3 2.9±0.3 0.01 NS

Fat content (%) 30.9±2.5 32.0±1.9 31.3±1.9 0.06 NS

NS: non-significant between the three groups (P>0.05). 

Experiment 2: Body mass 
There was no difference in body mass between the 

four groups prior to the experiment and during the period 
of baseline measurements (day 7: FR-Re, F1, 20=3.52, 
P>0.05; leptin: F1, 20=0.14, P>0.05, Figure 3A). FR 
resulted in a significant reduction in body mass in FR 
hamsters compared with Ad hamsters (day 10, FR-Re: 
F1, 20=50.62, P<0.01). Leptin supplement had no impact 
on body mass changes in either FR or Ad hamsters 
during the period of FR (day 11: F1, 20=1.90, P>0.05, 
day 14: F1, 20=1.99, P>0.05). After hamsters were refed 
ad libitum, body mass significantly increased in FR-Re-
PBS group (day 14-17: F3, 15=4.83, P<0.05), and failed 
to increase in FR-Re-leptin group (day 14-17: F3, 15= 
0.74, P>0.05). On day 17, body mass changes were 

1.5±0.4%, 7.0±0.7%, 4.3±0.9% and 8.9±1.7% in 
Ad-PBS, Ad-leptin, FR-Re-PBS and FR-Re-leptin 
groups (FR-Re: F1, 20=5.11, P<0.01; leptin: F1, 20=22.80, 
P<0.01, Figure 3A).  

 
Figure 3 Effects of leptin administration on body mass change 
(A) and food intake (B) in striped hamsters subjected to FR-Re 
Ad-PBS or Ad-leptin: hamsters that were fed ad libitum and treated with PBS 

or leptin; FR-Re-PBS or FR-Re-leptin: food-restricted hamsters that were 

treated with PBS or leptin and refed ad libitum; PFR*: significant effect of FR 

(P<0.05); PFR**: P<0.01; PL*: significant effect of leptin administration 

(P<0.05); PL**: P<0.01. 

 
Food intake, DEI and digestibility  

Food intake averaged 4.4±0.2, 4.3±0.2, 4.4±0.2 and 
4.3±0.2 g/d in Ad-PBS, Ad-leptin, FR-Re-PBS and FR-
Re-leptin groups at the end of baseline measurements 
(day 7, FR-Re: F1, 20=0.21, P>0.05; leptin: F1, 20=0.15, 
P>0.05, Figure 3B), respectively. Ad hamsters had 
significantly higher food intake than FR hamster during 
the FR period (day 8: F1, 20=5.68, P<0.05), while it was 
not affected by leptin supplement (day 11: F1, 20=0.51, 
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P>0.05). After being refed ad libitum, hamsters in FR-
Re-PBS and FR-Re-leptin groups consumed 6.3±0.3 and 
5.5±0.1 g/d, respectively, which were higher by 60.8% 
and 36.6% than Ad hamsters (day 15: F1, 20=90.36, 
P<0.01). Leptin supplement imposed a significant effect 
on food intake during Re period (day 15: F1, 20=6.48, 
P<0.05, day 16: F1, 20=5.58, P<0.05), by which food 
intake is lower in FR-Re-leptin group than that in FR-Re-
PBS group (day 15: post hoc, P<0.05; day 16: post hoc, 
P<0.05, Figure 3B). During the period of Re, GEI and 
DEI were increased by 67% and 65% in FR-Re-PBS 
group, and 35% and 36% in FR-Re-leptin group, respe-
ctively, compared with that in Ad controls (Table 3). 

There was no effect of FR-Re and leptin supplement on 
digestibility (Table 3).  

 
Body fat content and serum leptin level  

Body fat content was significantly affected by leptin 
supplement, by which leptin administration to Ad hamsters 
decreased by 39% in fat content (Table 3). Fat content was 
lower by 25% in FR-Re-leptin group than that in FR-Re-
PBS group. The effect of FR-Re on body fat content was 
not significant (Table 3). Serum leptin level was signific-
antly affected by both FR-Re and leptin supplement, by 
which leptin administration to either Ad or FR-Re hamsters 
induced significant increase in leptin level (Table 3).  

Table 3 Effects of leptin administration on gross energy intake (GEI), digestibility, fat content and serum leptin level in 
striped hamsters subjected to FR-Re 

 Ad-PBS Ad-leptin FR-Re-PBS FR-Re-leptin PFR PLeptin 

GEI (kJ/d) 60.4±3.0c 61.2±5.3c 101.0±5.4a 81.6±1.1b ** * 

DEI (kJ/d) 49.7±2.6c 50.1±4.2c 82.2±5.0a 67.6±1.4b ** NS 

Digestibility (%) 82.3±0.5 82.1±2.6 81.3±1.8 82.8±0.6 NS NS 

Body mass (g) 35.1±1.9 33.3±1.6 35.4±1.6 32.9±1.5 NS NS 

Carcass       

Wet mass (g) 26.2±1.4 24.6±1.3 25.3±1.6 24.2±1.3 NS NS 

Dry mass (g) 9.7±0.8 8.1±0.5 8.9±0.7 8.1±0.9 NS NS 

Fat content (%) 35.7±4.3 21.8±2.0 29.3±2.6 21.9±7.3 NS * 

Serum leptin (ng/mL) 3.48±0.80c 5.63±1.01b 3.00±0.10c 12.43±1.99a * ** 

DEI: digestive energy intake; Ad-PBS or Ad-leptin: hamsters that were fed ad libitum and treated with PBS or leptin; FR-Re-PBS or FR-Re-leptin: food-

restricted hamsters that were treated with PBS or leptin and refed ad libitum; PFR *: significant effect of FR; PFR **: P<0.01; PLeptin *: significant effect of leptin 

manipulation (P<0.05); PLeptin **: P<0.01; NS: nonsignificance. Different letters (a, b or c) on the same row indicate significant difference (P<0.05).  

 
Hypothalamus NPY/AgRP, POMC/CART and Ob-Rb 
genes expression 

Hypothalamus NPY and AgRP genes expression 
were significantly affected by FR-Re, by which the 
hamsters in FR-Re-PBS group showed 48% higher NPY 
and 50% higher AgRP genes expression compared with 
those in Ad-PBS group (NPY: F1, 28=10.59, P<0.01; 
AgRP: F1, 28=12.37, P<0.01, Figure 4A, B). Leptin 
supplement led to 28% and 40% lower NPY and AgRP 
genes expression in Ad hamsters, and 22% and 21% 
lower NPY and AgRP for FR-Re hamsters, respectively, 
whereas the effect of leptin supplement was not statist-
ically significant (NPY: F1, 28=1.81, P=0.19; AgRP: 
F1, 28=2.44, P=0.13). POMC, CART and Ob-Rb genes 
expression were not affected by either FR-Re (POMC: 
F1, 28=3.22, P>0.05; CART: F1, 28=2.48, P>0.05; Ob-Rb: 

F1, 28=0.65, P>0.05) or leptin supplement (POMC: 
F1, 28=0.50, P>0.05, post hoc, P>0.05, Figure 4C; CART: 
F1, 28=0.39, P>0.05, post hoc, P>0.05, Figure 4D; Ob-Rb: 
F1, 28=1.44, P>0.05, post hoc, P>0.05, Figure 4E).  
 
WAT leptin and HSL genes expression 

Leptin supplement led to a significant decrease in 
WAT leptin gene expression; it decreased by 42% in Ad 
hamsters and by 57% in FR-Re hamsters compared with 
their counterparts that treated with PBS (F1, 28=4.75, 
P<0.05). No effect of FR-Re on WAT leptin gene 
expression was observed (F1, 28=0.33, P>0.05, Figure 4F). 
WAT HSL gene expression was affected by FR-Re (F1, 28= 
14.69, P<0.01), but not impacted by leptin supplement 
(F1, 28=0.23, P>0.05). HSL gene expression in ad-leptin 
group was significantly higher than that in other three  
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Figure 4 Effects of leptin administration on hypothalamus genes expression of NPY (A), AgRP (B), POMC (C), CART (D), Ob-Rb 
(E) and WAT leptin (F) and HSL (G) in striped hamsters subjected to FR-Re 

Different letters indicate significant differences between the four groups (P<0.05). 

 
groups (post hoc, P<0.05, Figure 4G).  

DISCUSSION 

In the present study, striped hamsters showed 
weight losses during food restriction and regaining of the 
lost weight during ad libitum Re. This is inconsistent 
with the previous studies that have been performed on 
many other rodents under food restriction and/or Re 
(Ferguson et al, 2007; Gutman et al, 2006; Marinković et 
al, 2007; Rozen et al, 1994; Zhang & Wang, 2008; Zhao & 
Cao, 2009; Zhao et al, 2013b). Rozen et al (1994) claimed 
that the discrepancies were independent of age, strain, or 
sex, but perhaps a matter of diet, as well as the energy 
budget of the animals and the duration of Re period.  

Animals usually show hyperphagia when food restr-
iction ends (Brownlow et al, 1993; Cameron & Speak-
man, 2011; Clinthorne et al, 2010; Harris et al, 1986; 
Speakman & Mitchell, 2011; Zhao & Cao, 2009). In the 
present study, energy intake was also significantly incre-
ased in striped hamsters during Re. This can explain that 
the rapid regaining of the lost weight is likely due to 
notable elevation in energy intake. This is consistent with 
the study performed on the same strain of hamsters under 

stochastic FR-Re (Zhao & Cao, 2009). In addition, we 
found that the increase in food intake was short, which 
occurred only on the first several days during Re and 
then fell rapidly to the levels of ad libitum controls. This 
suggests that the short elevation of food intake contrib-
utes to the rapid regaining of the lost weight only, resul-
ting in a failure of accumulating more fat deposits than 
controls during long term of Re. Inconsistently, hyperph-
agia continued throughout Re period in Siberian hams-
ters, resulting in a seasonally appropriate body mass 
(Archer et al, 2007). This result suggests that the control 
of food intake may play a crucial role in the resistance to 
overweight or obesity in striped hamsters.  

We observed that leptin supplement had a significant 
effect on food intake during the period of Re, by which 
energy intake was lowered by 19% (P<0.05) in hams-
ters treated with leptin than controls treated with PBS 
(101.0 kJ/d and 81.6 kJ/d, respectively). Similarly, Wittert 
et al (2004) found that an increase in body mass was 
attenuated in leptin-treated rats compared with PBS-treated 
counterparts. Leptin administration to food-restricted rats 
reduced food intake and prevented regaining of the lost 
body mass (Fernández-Galaz et al, 2002). These results 
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indicate that leptin is likely involved in controlling energy 
intake when food restriction ends and consequently plays a 
crucial role in the resistance to obesity induced by FR-Re.  

In the present study, changes in serum leptin level 
paralleled changes in fat content, implying that the 
mobilization of fat storage is likely changed in striped 
hamsters in response to FR-Re. We observed that WAT 
leptin and HSL genes expression were unchanged in 
hamsters following ad libitum Re. In the same strain of 
hamster, food deprivation resulted in down-regulation of 
leptin gene expression and up-regulation of HSL gene 
expression, which both returned back to the levels of 
controls after Re (Zhao, unpublished data). In laboratory 
rodents, fasting decreased leptin gene expression, whereas 
subsequent Re increased leptin gene expression (Saladin et 
al, 1995). These results suggest that both leptin and HSL 
are likely involved in the regulation of body weight and fat 
mass in response to changes in food availability (Fortier et 
al, 2005; Harada et al, 2003). WAT HSL gene expression 
is probably being stimulated in fasted state, and then the 
mobilization of fat storage is being enhanced, consequ-
ently providing energy to animals in negative energy 
balance. When food is plentiful, HSL gene expression may 
be suppressed in the fed state and esterification may be 
stimulated, resulting in the accumulation of fat, which 
would increase the capacity to cope with the next periods 
of food shortage (Fielding & Frayn, 1998; Frayn et al, 
1995). Consequently, we could conclude that the adaptive 
regulation of WAT HSL gene expression may be involved 
in the mobilization of fat storage in wild animals showing 
resistance to FR-Re-induced overweight.  

In the present study, we observed that hypothalamus 
NPY and AgRP genes expression were increased by 48% 
and 50% in FR-Re hamsters, respectively, compared with 
their counterparts fed ad libitum. It has been previously 
observed that the expression levels of NPY and AgRP 
increase in the arcuate nucleus in food-restricted or -
deprived mice (Hahn et al, 1998; Mizuno & Mobbs, 
1999) and rats (Bi et al, 2003; Brady et al, 1990; Rijke et 
al, 2005; Sucajtys-Szulc et al, 2008, 2009). For striped 
hamsters, food deprivation also induced significant incr-
eases in hypothalamus NPY and AgRP genes expression 
(Zhao, unpublished data). Here, both orexigenic peptides 
genes expression were up-regulated in FR hamsters. 
However, the genes expression of hypothalamus anorexi-
genic peptides, e.g. POMC and CART, were unchanged in 
FR-Re striped hamster. This may indicate that the effect 
of food availability on POMC and CART expression is 

less consistent with that in other studies, within which those 
genes expressions are unchanged or decreased in food 
restricted or –deprived laboratory rodents (Bi et al, 2003; 
Brady et al, 1990; Rijke et al, 2005). These results suggest 
that hypothalamus NPY and AgRP genes expression, rather 
than POMC and CART, may be more likely involved in the 
energy balance and body weight regulations in animals 
experiencing the changes in food availability.   

Leptin supplement led to 28% and 40% of down-
regulations of hypothalamus NPY and AgRP genes 
expression in hamsters fed ad libitum. In addition, no 
effects of leptin supplement on POMC, CART and Ob-
Rb genes expression were observed. Inconsistently, 
leptin administration to laboratory rodents resulted in 
significant down-regulations of hypothalamus NPY and 
AgRP genes expression and/or up-regulations of POMC 
and CART expression (Ahima et al, 2000; Friedman & 
Halaas, 1998; Kristensen et al, 1998; Stephens et al, 
1995). The reasons for these inconsistencies are unclear, 
which may reflect a species-specific response to leptin 
supplement. Additionally, we observed that leptin 
supplement decreased WAT leptin gene expression by 
42% in hamsters fed ad libitum and by 57% in FR-Re 
animals compared with their counterparts treated with 
PBS. Leptin administration to the hamsters fed ad libit-
um induced a significant up-regulation of WAT HSL gene 
expression. Similarly, leptin administration increased 
HSL mRNA expression but decreased leptin gene expr-
ession in laboratory mice (Zhang et al, 2008) and rats 
(Scarpace et al, 1998). HSL is classically considered to 
be the enzyme catalyzing the rate-limiting step of the 
mobilization of stored triacylglycerol (lipolysis) (Lucas 
et al, 2003). It has been previously proposed that in rats 
the reduction in fat mass is most likely due to the 
increased HSL mRNA (Kristensen et al, 1998). In the 
striped hamsters in the current study, we did not found 
any changes in energy intake following leptin treatment, 
but observed a significant decrease in body fat content, 
which was paralleled with the up-regulation of HSL gene 
expression, indicating that the mobilization of fat was 
enhanced in leptin-treated hamsters. This suggests that 
effects of leptin may be partly mediated via WAT HSL 
gene expression and consequently play an essential role 
in the regulations of body weight and fat mass.  

The resistance to overweight of body mass may sugg-
est a special strategy in adaption to ambient environment. In 
general, rodents with large size and big fat are easier to be 
killed by the predators than the small and lean rodents. Data 
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from the present study may indicate that striped hamsters 
showing resistance to overweight decrease their predation 
risk and consequently increase survival rate. However, more 
evidence is necessary to support this assumption. 

In summary, body mass and fat content were decre-
ased in striped hamsters during FR and then increased 
during Re. FR-Re induced a regaining of lost weight, but 
did not result in overweight relative to ad libitum controls. 
During Re, striped hamsters showed a short stage of hype-
rphagia, which likely contributed to the regaining of body 

mass. Serum leptin level was significantly decreased 
during FR and increased during Re. Leptin supplement 
attenuated the increase in food intake during Re. Hypoth-
alamus NPY and AgRP genes expression, rather than 
POMC and CART, may be more likely involved in the 
regulations of energy balance and body weight in animals 
experiencing the changes in food availability. Leptin may 
be involved in the down-regulations of hypothalamus 
orexigenic peptides genes expression and consequently 
plays a crucial role in controlling food intake when FR ends. 
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Abstract: We studied acute and joint toxicity of three different agrochemicals (chlorantraniliprole, flubendiamide-abamectin and 
penoxsulam) to Chinese tiger frog (Hoplobatrachus chinensis) tadpoles with the method of stability water tests. Results showed 
that the three agrochemicals increased tadpole mortality. For acute toxicity, the LC50 values after 24, 48 and 72 h of 
chlorantraniliprole, flubendiamide-abamectin and penoxsulam exposure were 5.37, 4.90 and 4.68 mg/L; 0.035, 0.025 and 0.021 mg/L; 
1.74, 1.45 and 1.29 mg/L, respectively. The safety concentrations (SC) of chlorantraniliprole, flubendiamide-abamectin and 
penoxsulam to the tadpoles were 1.23, 0.30 and 0.003 mg/L, respectively. Based on these findings, chlorantraniliprole and 
penoxsulam were moderately toxic, while flubendiamide-abamectin was highly toxic. All pairwise joint toxicity tests showed 
moderate toxicity. The LC50 values after 24, 48 and 72 h of exposure were 7.08, 6.61 and 6.03 mg/L for chlorantra-
niliprole+penoxsulam, with corresponding values of 2.455, 2.328 and 2.183 mg/L for chlorantraniliprole+flubendiamide-abamectin, 
and 1.132, 1.084 and 1.050 mg/L for penoxsulam+flubendiamide-abamectin, with safe concentrations of 1.73, 0.63 and 0.30 mg/L, 
respectively. For toxic evaluations of pairwise combinations of the three agrochemicals, only the joint toxicity of chlorantraniliprole 
and flubendiamide-abamectin after 24 h was found to be synergistic, whereas all other tests were antagonistic. Our findings provide 
valuable information on the toxic effects of agrochemicals on amphibians and how various types of agrochemicals can be reasonably 
used in agricultural areas.  

 
Keywords: Agrochemical; Acute toxicity; Joint toxicity; LC50; Safe concentration; Hoplobatrachus chinensis 

Environmental degradation is one of the major 
causes of worldwide amphibian decline (Shuhaimi-
Othman et al, 2012; Sparling & Fellers, 2009; Stuart et al, 
2004; Vertucci & Corn, 1996) but is especially prominent 
in China, due to intensive agriculture. The influences of 
agriculture on the natural environment can manifest 
through land conservation (Hecnar, 1995), habitat fragm-
entation (Hayes et al, 2002) and agrochemical pollution 
(Blaustein et al, 2003; Davidson et al, 2002; Lavorato et 
al, 2013; Sparling et al, 2001). Thankfully, the wide use 
of agricultural chemicals and their toxicities to non-target 
organisms has gained increasing attention. In agricultural 
regions that use agrochemicals, both the redundancy and 
diversity of amphibians have decreased compared with 
those in adjacent non-agricultural regions, and even in 
certain areas, some species have become extinct (Bonin 
et al, 1997). Although agrochemicals are now generally 
applied within restricted areas, their application is still a 

global problem, and scientists have found significant and 
increasing agrochemical residues in frogs since the 1990s 
(Datta et al, 1998; Russell et al, 1997).1 

Many amphibian species inhabit ponds, brooks and 
temporary water bodies that lay eggs within agricultural 
regions. Likewise, their breeding and development in late 
spring and early summer coincides with the agroche-
mical application period of highest frequency and dosage 
(Hayes et al, 2003; Sayim, 2008; Vertucci & Corn, 1996). 
However, information about the effects of agrochemicals 
on amphibians is still limited. Some studies have demon-
strated that in agrochemical polluted habitats, amphibians 
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are characterized with high mortality, high abnormality, 
low hatching success and small size at metamorphosis, 
which have induced physical problems in individual 
survival, e.g. liver and kidney function attenuation, defor-
mation, and paralysis (Harfenist et al, 1989; Kamrin, 1997; 
Mandrillon & Saglio, 2009; Ouellet et al, 1997; Relyea, 
2005). Moreover, agrochemicals have also affected the 
growth, development, immunoreaction and behavior of 
tadpoles (Bridges, 2000; Broomhall, 2005; Brunelli et al, 
2009; Christin et al, 2003; Lou et al, 2013; Zhao et al, 2013).  

As the most important component of vertebrate 
biomass, the effects of pollution have the potential to 
damage the balance of entire ecosystems (Sayim, 2008). 
Due to their easy exposure to agrochemical contaminated 
water and the permeability of their skins, tadpoles are 
considered to be a good bio-indicator of pollution 
(Venturmo et al, 2003).   

The tiger frog (Hoplobatrachus chinensis) is an 
anuran species of the Ranidae family, inhabiting farml-
and and surrounding ditches (Fei et al, 2009). Due to the 
extensive expansion of farmland, agrochemical abuse 
and over hunting, the wild resources of this species have 
declined dramatically over the past few decades (Lin & 
Ji, 2005; Wang et al, 2008), and it is now classified as a 
Class II National Protected Species.  

To detect the toxicological effects of farmland and 
surrounding water bodies on the tiger frog, the acute and 
joint toxicities of two kinds of pesticide (chlorantran-
iliprole and flubendiamide-abamectin) and a weedicide 
(penoxsulam) were analyzed. This study will provide 
information for the rational use of agrochemicals and the 
protections of amphibian species. 

MATERIALS AND METHODS 

Experimental agrochemicals  
The following were used in this study: Chlorantr-

aniliprole (chlorantraniliprole suspension, 200 g/L) prod-

uced by DuPont, based in the United States; Flubendi-
amide-abamectin (AVI-fluoroamide suspension with 
10% active ingredients (6.7% flubendiamide, 3.3% aba-
mectin)) produced by Bayer Crop Science (China), Ltd.; 
Penoxsulam (penoxsulam oil suspension, 25 g/L) produ-
ced by Dow Agrosciences (Indonesia) Ltd.; dechlori-
nated tap water (at least 48 hours), pH 6.8.  
 
Experimental animals 

Experimental tiger frog tadpoles were obtained 
from the breeding ponds of the Laboratory of Herpeto-

logy, Lishui University. Studied individuals were all in 
good health (swimming freely, with good reflexes), with 
homogenized size (average weight=0.03 g; average 
length=17.6 mm), and at G34-36 (Gosner, 1960). 

 
Acute toxicity experiment  

A few wide concentration ranges were used in the 
preexperiment. By observing tadpole reactions and 
mortalities 24 h and 48 h after the agrochemical treatm-
ents, the lethal concentration with no mortality (LC0) and 
with maximum mortality (LC100) were calculated and 
were then used as the concentration ranges in the follo-
wing experiments (Xue et al, 2005). 

 Based on the preexperiment results, “static water 
changing” was used in the toxicity experiment (Zhou & 
Zhang, 1989). For each agrochemical, chlorantraniliprole, 
flubendiamide-abamectin and penoxsulam, six different 
concentration trials with logarithmic spacing (each trial 
was performed in triplicate) and one control trial were 
established. Totally, 10 experimental tadpoles were 
housed in a round 1 L plastic container with 800 mL 
agrochemical solution. The experimental conditions were 
air temperature of 29.0−29.8 °C and water temperature 
of 27.8−28.5 °C. During the experiment, the tadpoles 
were fasted and the agrochemical solutions were changed 
completely every 24 h, with mortalities recorded at 24, 
48 and 72 h intervals. If a tadpole did not respond to 
pressure applied on its tail by a pair of forceps, it was 
considered dead (Xue et al, 2005). 

 Joint toxicity experiment 
Based on the acute toxicity experiment results, the 

three agrochemicals were grouped into three pairs. For 
each pair, one control trial and six different concentration 
trials in arithmetic progression were established accor-
ding to their common logarithm of concentration (each 
trial was conducted in triplicate) (Xue et al, 2005). 
Specifically, chlorantraniliprole/penoxsulam: 5.62 (4.01/ 
1.61), 6.17 (4.41/1.76), 6.76 (4.83/1.93), 7.41 (5.29/2.12), 
8.13 (5.81/2.32), 8.91 (6.36/2.55) mg/L; chlorantr-
aniliprole/flubendiamide-abamectin: 2.04 (2.027/0.013), 
2.19 (2.176/0.014), 2.34 (2.325/0.015), 2.51 (2.494/ 
0.016), 2.69 (2.672/0.018), 2.88 (2.860/0.019) mg/L; 
and penoxsulam/flubendiamide-abamectin: 0.95 (0.935/ 
0.015), 1.02 (1.004/0.016), 1.09 (1.073/0.017), 1.17 
(1.151/ 0.019), 1.25 (1.230/0.020), 1.34 (1.319/0.021) 
mg/L. All other experimental settings, animals and 
procedures were the same as those in the acute toxicity 
experiment.  
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Statistical analysis  
Mortalities of tadpoles under different agrochemical 
concentrations 

All statistical analyses were conducted using SPSS 
16.0 (SPSS inc., Chicago, IL, USA).  Prior to statistical 
analysis, all variables were tested for normality and 
homogeneity. One-way ANOVA and Tukey’s post hoc 
multiple comparisons test were used to evaluate the 
effects of each agrochemical (single and joint) on the 
mortalities of tadpoles under different concentration 
and different exposure time. Repeated measures 
ANOVA was used to evaluate the correlated effects of 
concentration and exposure time of each agrochemical 
on the mortalities of tadpoles. All results were expre-

ssed as meanSD, with =0.05 taken as statistically 
significant. 

 
Half lethal concentration (LC50) and safe concentra-
tion (SC) 

The Karber method was used to determine the LC50 

after 24, 48, and 72 h exposure of the individual and 
paired agrochemicals, respectively.  

d=(XK−X1)/(G−1)                                                    (1) 
Where, d is the difference of the logarithms of the two 
adjacent concentration trials; XK is the logarithm of the 
higher concentration; X1 is the logarithm of the lower 
concentration; and G is the concentration trials. 

lg LC50=XKd(∑P0.5)                                          (2) 
Where XK is the logarithm of the concentration with 100% 
mortality; d is the logarithmic interval; and ∑P is the sum 
of the mortalities of all the trials (Xue et al, 2005). 

SC=(48 h LC50×0.3)/(24 h LC50/48 h LC50)
2 (Zhang et   

al, 2011)                                    (3) 

According to the Environmental Safety Assessment 
of Agrochemical Test Guidelines provided by the 
Ministry of Environmental Protection of China (1989), 
the toxicities of agrochemicals to tadpoles were divided 
into low toxicity (LC50>10.0 mg/L), moderate toxicity 
(LC50=10.0−1.0 mg/L) and high toxicity (LC50<1.0 mg/L) 
(Zhang et al, 2010).  

 
Joint toxicity evaluation 

Marking’s addictive index of the coeffects for 
aquatic toxicology was used to evaluate joint toxicities 
(Xiu et al, 1994). 

S=(Am/Ai)+(Bm/Bi)                               (4) 
Where, S is the joint toxicity of the paired agrochemicals; 
A and B are the experimental agrochemicals; Ai is the 

LC50 of agrochemical A when used alone; Am is the LC50 
of agrochemical A when used jointly; Bi is the LC50 of 
agrochemical B when used alone; and Bm is the LC50 of 
agrochemical B when used jointly. 

When S≤1, AI=1/S1                                           (5) 

When S>1, AI=S+1                                             (6)  
 

When AI<0, the coeffects were taken as antagonistic, 
when AI>0, the coeffects were taken as synergistic, when 
AI=0, the coeffects were taken as adding effects (Zhang 
et al, 2011). 

RESULTS  

Acute toxicities of chlorantraniliprole, flubendiamide-
abamectin and penoxsulam on tadpoles when used 
alone 

When the agrochemicals were used individually, at 
the same exposure time point (24, 48 and 72 h), the 
mortalities of tadpoles increased with increasing concen-
trations and significant differences were found among 
the trials (one-way ANOVA, all P<0.001, Table 1). The 
LC50 of chlorantraniliprole, flubendiamide-abamectin 
and penoxsulam all decreased with increasing exposure 
time (24, 48 and 72 h), and their SCs were 1.23, 0.003, 
and 0.30 mg/L, respectively. Therefore, chlorantran-
iliprole showed moderate toxicity, and flubendiamide-
abamectin and penoxsulam showed high toxicity 
(Table 2).  

 
Joint toxicities of chlorantraniliprole, flubendiamide-
abamectin and penoxsulam on tadpoles  

When the agrochemicals were used in pairs, at the 
same exposure time point (24, 48 and 72 h), significant 
differences in the mortalities of tadpoles were also found 
among the trials (One-way ANOVA, all P<0.001, Table 
3). The LC50 of the agrochemicals in each pair decreased 
with increasing exposure time. All the three joint pairs, 
chlorantranil iprole/penoxsulam, chlorantranil i-
prole/flubendiamide-abamectin and penoxsulam/fluben-
diamide-abamectin exhibited moderate toxicity and their 
LC50 at 24, 48 and 72 h were 7.08, 6.61 and 6.03 mg/L; 
2.455, 2.328 and 2.183 mg/L; and 1.132, 1.084 and 1.050 
mg/L, respectively, whereas their corresponding SCs 
were 1.73, 0.63 and 0.30 mg/L, respectively (Table 2). 
Compared with the acute toxicity experiment, all paired 
LC50 values decreased, except for that of penoxsulam in 
the chlorantraniliprole/penoxsulam pair. According to  
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Table 1 Acute toxicity for three agrochemicals on H. chinensis tadpoles (n=10) 

Concentration (mg/L) 24 h mortality (%) 48 h mortality (%) 72 h mortality (%) 

Chlorantraniliprole    

0.0 0.0±0.0d 0.0±0.0e 0.0±0.0b 

3.3 0.0±0.0d 0.0±0.0e 10.0±10.0b 

4.0 10.0±10.0cd 23.3±5.8d 23.3±5.8b 

4.8 23.3±15.3c 36.7±5.8c 53.3±20.8a 

5.8 60.0±10.0b 76.7±5.8b 76.7±5.8a 

6.9 93.3±5.8a 100.0±0.0a  

8.3 100.0±0.0a   

One-way ANOVA F6, 14=84.119* F5, 12=303.533* F4, 10=25.194* 

Flubendiamide-abamectin    

0.000 0.0±0.0d 0.0±0.0d 0.0±0.0b 

0.013 0.0±0.0d 0.0±0.0d 6.7±5.8b 

0.019 23.3±5.8c 36.7±5.8c 60.0±20.0a 

0.029 36.7±5.8c 53.3±5.8b 70.0±17.3a 

0.044 56.7±15.3b 90.0±10.0a 95.0±7.1a 

0.066 83.3±5.8a 100.0±0.0a  

0.100 100.0±0.0a   

One-way ANOVA F6, 14=96.467* F5, 12=199.200* F4, 9=26.657* 

Penoxsulam    

0.0 0.0±0.0c 0.0±0.0d 0.0±0.0d 

0.8 0.0±0.0c 0.0±0.0d 0.0±0.0d 

1.0 13.3±5.8bc 23.3±5.8c 23.3±5.8c 

1.3 23.3±5.8bc 46.7±15.3b 60.0±0.0b 

1.6 30.0±0.0b 50.0±0.0ab 67.7±5.8b 

2.0 46.7±32.1b 70.0±10.0a 93.3±5.8a 

2.5 100.0±0.0a   

One-way ANOVA F6, 14=23.222* F5, 12=40.309* F5, 12=241.333* 

*P<0.001; Types with different superscripts differ significantly (Tukey’s test, α=0.05, a>b>c>d>e); NS: not significant. 

 

Table 2 Half lethal concentration (LC50) and safe concentration (SC) of the three agrochemicals administered individually 
and in conjunction 

Pesticide 24 h 48 h 72 h SC Toxicity rank 

Chlorantraniliprole 5.37 4.90 4.68 1.23 Moderately toxic 

Flubendiamide-abamectin 0.035 0.025 0.021 0.003 Highly toxic 

Penoxsulam 1.74 1.45 1.29 0.30 Moderately toxic 

Chlorantraniliprole/Penoxsulam 7.08 6.61 6.03 1.73 Moderately toxic 

Chlorantraniliprole/Flubendiamide-abamectin 2.455 2.328 2.183 0.63 Moderately toxic 

Penoxsulam/Flubendiamide-abamectin 1.132 1.084 1.050 0.30 Moderately toxic 

 
Marking’s addictive index, all agrochemical pairwise 
were antagonistic, except for that of chlorantraniliprole/ 
flubendiamide-abamectin, which was synergistic at 24 h 
(Table 4). 

Effects of agrochemical concentration, exposure time 
and their correlated effects on tadpole mortalities 

According to the repeated measures ANOVA, both 
agrochemical concentration and exposure time significantly 



276 WEI, et al. 

Zoological Research                        www.zoores.ac.cn 

  

Table 3 Toxicity of paired agrochemicals on H. chinensis tadpoles (n=10) 

Concentration (mg/L) 24 h mortality (%) 48 h mortality (%) 72 h mortality (%) 

Chlorantraniliprole/Penoxsulam    

0 (0/0) 0.0±0.0d 0.0±0.0d 0.0±0.0d 

5.62 (4.01/1.61) 0.0±0.0d 0.0±0.0d 23.3±5.8c 

6.17 (4.41/1.76) 13.3±5.8c 30.0±0.0c 63.3±5.8b 

6.76 (4.83/1.93) 20.0±0.0c 46.7±5.8b 86.7±5.8a 

7.41 (5.29/2.12) 83.3±5.8b 90.0±10.0a 100.0±0.0a 

8.13 (5.81/2.32) 93.3±5.8ab 100.0±0.0a  

8.91 (6.36/2.55) 100.0±0.0a   

One-way ANOVA F6, 14=437.667* F5, 11=203.856* F4, 9=215.679* 

Chlorantraniliprole/Flubendiamide-abamectin    

0 (0/0) 0.0±0.0d 0.0±0.0d 0.0±0.0b 

2.04 (2.027/0.013) 0.0±0.0d 0.0±0.0d 23.3±25.2b 

2.19 (2.176/0.014) 0.0±0.0d 23.3±5.8cd 60.0±0.0a 

2.34 (2.325/0.015) 36.7±30.6cd 56.7±25.2bc 80.0±10.0a 

2.51 (2.494/0.016) 60.0±17.3bc 80.0±20.0ab 90.0±0.0a 

2.69 (2.672/0.018) 86.7±5.8ab 100.0±0.0a  

2.88 (2.860/0.019) 100.0±0.0a   

One-way ANOVA F6, 14=28.360* F5, 12=30.000* F4, 9=24.191* 

Penoxsulam/Flubendiamide-abamectin    

0 (0/0) 0.0±0.0e 0.0±0.0d 0.0±0.0e 

0.95 (0.935/0.015) 0.0±0.0e 0.0±0.0d 13.3±5.8de 

1.02 (1.004/0.016) 10.0±10.0de 26.7±25.2cd 36.7±23.1cd 

1.09 (1.073/0.017) 36.7±15.3cd 56.7±5.8bc 63.3±5.8bc 

1.17 (1.151/0.019) 63.3±25.2bc 83.3±5.8ab 90.0±0.0ab 

1.25 (1.230/0.020) 83.3±5.8ab 90.0±0.0a 100.0±0.0a 

1.34( 1.319/0.021) 100.0±0.0a   

One-way ANOVA F6, 14=35.378* F5, 12=41.076* F5, 12=49.789* 

*P<0.001; Types with different superscripts differ significantly (Tukey’s test, α=0.05, a>b>c>d>e); NS: not significant. 

Table 4 Evaluations of paired agrochemical toxicity 

Pesticides Exposure time (h) LC50 S AI Toxicity evaluation 

24 7.08 2.105 1.105 Antagonistic 

48 6.61 2.267 1.267 Antagonistic Chlorantraniliprole/Penoxsulam 

72 6.03 2.261 1.261 Antagonistic 

24 2.455 0.942 0.062 Synergistic 

48 2.328 1.142 0.142 Antagonistic Chlorantraniliprole/Flubendiamide-abamectin 

72 2.183 1.282 0.282 Antagonistic 

24 1.132 1.174 0.174 Antagonistic 

48 1.084 1.464 0.464 Antagonistic Penoxsulam/ Flubendiamide-abamectin 

72 1.050 1.644 0.644 Antagonistic 

 
affected the mortalities of tadpoles. All trials showed 
significantly correlated effects on the mortalities of 
tadpoles, except for the flubendiamide-abamectin/peno-
xsulam pair (Table 5). 

DISCUSSION 

This study evaluated the acute and joint toxicities of 
chlorantraniliprole, flubendiamide-abamectin and penox-
sulam to tiger frog tadpoles. Chlorantraniliprole has been 
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Table 5 Effects of agrochemical concentration, exposure time and their interactions on mortality of H. chinensis tadpoles 

Pesticide Concentration Exposure time Concentration×Exposure time 

Chlorantraniliprole 
F5, 12=103.159** 

Ⅰe, Ⅱde, Ⅲc, Ⅳc, Ⅴb, Ⅵa 
F2, 24=31.462** 

24hc, 48hb, 72ha 
F10, 24=4.323* 

Flubendiamide-abamectin 
F5, 12=133.302** 

Ⅰd, Ⅱc, Ⅲc, Ⅳb, Ⅴab, Ⅵa 
F2, 24=38.603** 

24hc, 48hb, 72ha 
F10, 24=4.508* 

Penoxsulam 
F5, 12=76.592** 

Ⅰd, Ⅱd, Ⅲc, Ⅳc, Ⅴb, Ⅵa 
F2, 24=40.831** 

24hc, 48hb, 72ha 
F10, 24=4.720* 

Chlorantraniliprole/Penoxsulam 
F5, 12=645.760** 

Ⅰe, Ⅱd, Ⅲc, Ⅳb, Ⅴab, Ⅵa 
F2, 24=195.470** 
24hc, 48hb, 72ha 

F10, 24=30.510** 

Chlorantraniliprole/Flubendiamide-abamectin 
F5, 12=43.905** 

Ⅰd, Ⅱcd, Ⅲb, Ⅳab, Ⅴa, Ⅵa 
F2, 24=28.015** 

24hc, 48hb, 72ha 
F10, 24=2.686* 

Penoxsulam/Flubendiamide-abamectin 
F5, 12=53.116** 

Ⅰc, Ⅱc, Ⅲb, Ⅳa, Ⅴa, Ⅵa 
F2, 24=22.548** 

24hc, 48hb, 72ha 
F10, 24=1.671NS 

*: P<0.05; **: P<0.001; I, II, III, IV, V and VI: six different concentrations of each agrochemical (see details in materials and methods); Types with 

different superscripts differ significantly (Tukey’s test, α=0.05, a>b>c>d>e); NS: not significant. 

 
used for rice pest control in China since 2008. The LC50 
of chlorantraniliprole in our study differed from previous 
findings. Huang et al (2011) found that chlorantra-
niliprole exhibited low toxicity in controlling Chilo 
suppressalis at different developmental stages and its 
LC50 was between 2.00 and 18.70 ng. Barbee et al (2010) 
also found low toxicity (LC50=951 µg/L at 96 h) in an 
acute toxicity experiment on Procambarus clarkii, and 
no effects from chlorantraniliprole on either the mortal-
ities or behaviors of P. clarkii were found. In our study, 
the LC50 of chlorantraniliprole on tiger frog tadpoles at 
24, 48, and 72 h were 7.08, 6.61, and 6.03 mg/L, 
respectively, which were much higher than those on C. 
suppressalis and P. clarkii. According to the Environ-
mental Safety Assessment of Agrochemical Test Guide-
lines, chlorantraniliprole showed moderate toxicity to 
tiger frog tadpoles.  

Flubendiamide-abamectin has been available since 
2010 for C. suppressalis control. Lin (2012) reported it 
as highly toxic, with 99.64% mortality on C. suppressalis 
(10%, 30 mL/667 m2). Our study also showed that it was 
highly toxic, with LC50 values at 24, 48 and 72 h of 
0.035, 0.025 and 0.021 mg/L, respectively.  

Penoxsulam is a broad-spectrum weedicide, used to 
control species such as Myriophyllum heterophyllum 
(Glomski & Netherland, 2008), but its toxicity on 
animals is little understood. Our study found that 
penoxsulam exhibited moderate toxicity, with LC50 
values at 24, 48 and 72 h of 1.74, 1.45 and 1.29 mg/L, 
respectively.  

Our results showed that the toxicities of the three 

agrochemicals, from high to low, were flubendiamide-
abamectin, penoxsulam and chlorantraniliprole, with SCs 
of 0.003, 0.30, and 1.23 mg/L, respectively (Table 2). 
Concentration, exposure time, and their interaction 
effects had significant influences on the mortalities of 
tiger frog tadpoles, except for the flubendiamide-
abamectin/penoxsulam pair (Table 5).  

Previous studies demonstrated that the joint 
toxicities of different agrochemicals and heavy metals on 
amphibians, such as Bufo gargarizans (Zhang et al, 2010) 
and Rana limnocharis (Guo et al, 2005; Nian et al, 2009), 
are usually synergistic. In our joint toxicity experiment, 
at same exposure time, all concentration trials of each 
pair had significant effects on the mortalities of 
tadpoles (Table 3). The LC50 of the chlorantraniliprole 
/penoxsulam pair after 24, 48, and 72 h were 7.08, 6.61, 
and 6.03 mg/L, respectively, whereas, their individual 
LC50 when used jointly were 5.01/2.04, 4.68/1.91, and 
4.27/1.74 mg/L, respectively. The LC50 of chlorantra-
niliprole in this pair was lower than that in the acute 
experiment; however, the situation was opposite for 
penoxsulam (Table 2, 4). This pair was antagonistic in 
toxicity evaluation (Table 4).  

The LC50 of the chlorantraniliprole/flubendiamide-
abamectin pair after 24, 48 and 72 h were 2.455, 2.328 
and 2.183 mg/L, respectively, whereas, their individual 
LC50 when used jointly were 2.45/0.017, 2.34/0.0166, 
and 2.32/0.0165 mg/L, respectively. The LC50 of both 
agrochemicals were lower than those in the acute expe-
riment (Table 2, 4). This pair was synergistic at 24 h, but 
antagonistic at 48 and 72 h in toxicity evaluation (Table 4).  
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The LC50 of the penoxsulam/flubendiamide-abame-
ctin pair after 24, 48 and 72 h were 1.132, 1.084 and 
1.050 mg/L, respectively, whereas, their individual LC50 
when used jointly were 1.114/0.0187, 1.067/0.0182, and 
1.033/0.0177 mg/L, respectively. The LC50 of both agro-
chemicals were lower than those in the acute experiment 
(Table 2, 4). This pair was antagonistic in toxicity evalu-
ation (Table 4). As a result, the response of tiger frog 
tadpoles to these agrochemicals (individually or jointly) 
is complicated as these antagonistic phenomena are 
correlated with animal developmental stage, as well as 
exposure time and concentration of chemicals (Berrill et 
al, 1993). 

Amphibians play important roles in pest control and 
in the aquatic and terrestrial food webs. However, due to 
environmental and habitat degeneration, amphibian 

resources have declined dramatically in recent years. 
Agrochemicals can change both the quantity and quality 
of amphibian habitats and food resources (Berrill et al, 
1993), and induce mutations during development, such 
as retardation and deformation, as well as abnormal 
behaviors (Pawar et al, 1983; Sayim, 2008). Lethal and 
or sub-lethal toxicities of agrochemicals might affect the 
natural adjustment procedures of amphibian species 
(especially newborn or juvenile groups), and may help 
explain population decline. The rational application of 
agrochemicals is, therefore, critical for environmental 
and amphibian protection. 
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Abstract: To better understand the physiological characteristics of the silky starling (Sturnus sericeus), its body temperature (Tb), 
basal metabolic rate (BMR), evaporative water loss (EWL) and thermal conductance (C) elicited by different ambient temperatures 
(Ta) (5−30 °C) were determined in the present study. Our results showed that they have a high Tb (41.6±0.1 °C), a wide thermal 
neutral zone (TNZ) (20−27.5 °C) and a relatively low BMR within the TNZ (3.37±0.17 mL O2/g·h). The EWL was nearly stable below 
the TNZ (0.91±0.07 mg H2O/g·h) but increased remarkably within and above the TNZ. The C was constant below the TNZ, with a 
minimum value of 0.14±0.01 mL O2/g·h·°C. These findings indicate that the BMR, Tb and EWL of the silky starling were all affected 
by Ta, especially when Ta was below 20 °C and the EWL plays an important role in thermal regulation. 
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Endotherms rely primarily on energy metabolism to 
maintain a constant body temperature. For birds, keeping 
an optimal energy balance is a key survival strategy, and 
is primarily achieved by adjusting morphology, physi-
ology and behavior in response to the energy requir-
ements of the environment (Bozinovic, 1992; Weathers, 
1997; Lovegrove, 2003). The energy metabolism of birds 
is affected by many environmental and physiological 
factors, including body mass, food quality/quantity, 
especially temperature, which significantly affects the 
metabolic heat production and thermoregulation (McNab, 
2009).  

The basal metabolic rate (BMR) is the minimum 
rate of heat production needed to maintain normal 
physiological mechanisms, and is the minimum energy 
required by basic metabolic functions necessary to keep 
animals awake (McKechnie & Wolf, 2004). BMR is an 
important parameter in both inter-specific and intra-
specific comparisons of energy metabolism, reflecting 
both energy consumption levels in individuals or species 
and adaptations of a species to their environments 
(Burton & Weathers, 2003; McKechnie et al, 2006). 

Thermoregulation is conducted by balancing 
1heat production and heat dissipation. The evaporative 
water loss (EWL) is the main way animals dissipate 
heat and includes both cutaneous (CWL) and resp-
iratory water loss (RWL) (Dawson, 1982; Tieleman & 
Williams, 2002). EWL differs in different temperatures 
and habitat conditions, e.g. the EWL of desert animals 
is lower than that of those living in wet areas 
(Williams, 1996; Tieleman & Williams, 1999; Tiel-
eman et al, 2003a; Tieleman et al, 2002; Williams et al, 
2012). EWL has an important role in maintaining 
thermal balance, especially for animals living in hot 
and dry environments. Consequently, the ability to 
reduce EWL has an important adaptive significance 
(Tieleman et al, 1999; Tieleman & Williams, 2002; 
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Tieleman et al, 2003b). So far, the research on EWL 
has been mainly focusing on the desert rodents 
(Tieleman & Williams, 1999; Tieleman et al, 2003b; 
Bozinovic & Gallardo, 2006; Zhu et al, 2008b), 
especially the relationship of their EWL and the 
ambient temperature (Ta) (MaCmillen et al, 1977; 
Donald, 1992; Williams & Tieleman, 2000; Zhu et al, 
2008a). However, the publications on the EWL in 
birds are little (Xia et al, 2013). 

The silky starling (Sturnus sericeus; Passeriformes, 
Sturnidae) is a summer resident of vast areas of southern 
and southeastern China that migrates to North Vietnam 
and the Philippines in winter (MacKinnon & Phillipps, 
2000). Their preferred habitats are broadleaf and 
coniferous-broadleaf mixed forests, but they can also be 
found in orchards and farmland. The silky starling 
primarily feeds on insects, fruits and seeds. Studies have 
found that the silky starling has a high body temperature 
(Tb), a high thermal conductance (C), as well as a low 
BMR with a relatively wide thermal neutral zone (TNZ) 
(Zhang et al, 2006). 

To investigate the mechanisms of small birds 
adapting to a broad range of temperature, in this 
study, the effects of Ta on the metabolic rate, body 
temperature and EWL of the silky starling have been 
evaluated. We hypothesized that the warm-adapted 
bird species, e.g. the silky starling, will reduce their 
energy expenditure by decreasing BMR but increa-
sing C in response to warm ambient temperatures. 
Furthermore, because of their mesic habitats, their 
EWL will be higher than the metabolic water 
production (MWP).    

MATERIALS AND METHODS 

Animals 
Ten silky starlings were captured in Wenzhou city 

(N27°29′, E120°51′), Zhejiang Province, China, during 
June of 2008 and were then transported to the laboratory 
and singly caged in enclosures (50 cm×30 cm×20 cm, 
length×width×height) under natural photoperiod and 
temperature of 28 °C. Their mean body mass at capture 
was 69.01±0.42 g (61.0−77.4 g). Food and water were 
supplied ad libitum. After three weeks acclimation, 
subjects were exposed to different Ta ranging from 5 °C 
to 30 °C.  

 
Metabolic rates 

The BMR of silky starlings was expressed as 

oxygen consumption per hour per gram of body mass 
(mL O2/·g·h).and it was measured by using an open–
circuit respirometry system (AEI technologies S–
3A/I, USA). The volume of the metabolic chamber 
was 3.6 L and the water in it was absorbed by silica 
gel. The experimental temperatures were set at 5, 10, 
15, 20, 22.5, 25, 27.5 and 30 °C, respectively. The 
chamber temperature was controlled within ±0.5 °C 
by a SHP-250 artificial climate box. Dry CO2–free 
air was pumped through the chamber at 300 mL/min 
using a flow control system (AEI technologies R–1, 
USA) calibrated with a general purpose thermal mass 
flow-meter (TSI 4100 Series, USA) (Xia et al, 2013). 
All measurements were conducted between 2000h 
and 2400h. Animals were under fasting 4 h before 
being put into the metabolic chamber. Metabolic 
measurements commenced after birds had acclimat-
ized to the chamber for 1 h. To calculate BMR, 10 
continuous stable minimum recordings were taken 
over a 1 h period. Body mass and temperature were 
measured before and after each BMR measurement 
session. 

 
Evaporative water loss (EWL) 

A ‘U’ tube containing silica gel was placed behind 
the respiratory chamber and weighed to the nearest 0.1 
mg. Any water lost by birds in the experimental chamber 
would be absorbed by the silica gel and thus could be 
measured by reweighing the tube at the end of each 30 
min experimental period. A 30 min session without bird 
served as the control. Differences between treatments 
and control were taken as measurements of EWL. 

 
Thermal conductance (C) 

The thermal conductance (C) (mL O2/g·h·°C) was 
calculated according to Aschoff (1981):  

C=MR / (Tb–Ta)                                                 (1) 
where, MR is the metabolic rate (mL O2/g·h), Tb is the 
body temperature (°C) and Ta is the ambient tempera-
ture (°C).  

The dry thermal conductance (Cdry) was calculated 
according to Williams (1999): 

Cdry=(BMR–EWL)/(Tb–Ta)                                 (2) 
where, oxygen consumption was converted to energy 
expenditure using 20.09 J/mL O2 consumed (Schmidt–
Nielsen, 1997), the EWL converted to energy expenditure 
using 2.43 J/mg H2O consumed (Burton & Weathers, 
2003).  
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Metabolic water production/evaporative water loss 
(MWP/EWL) 

EWL and MWP could be used to evaluate the efficie-
ncy of water regulation. MWP was estimated from oxygen 
consumption values, assuming that in average, 1 mL of O2 
yields 0.62 mg of metabolic water (Williams, 1999). 

 
Data Analysis 

Data were analyzed via the SPSS statistical package 
for Windows18.0. The effects of Ta on BMR, C and EWL 
were determined by ANOVA and linear regression 
analysis. Graphs were generated via Origin 8.0. All 
results are expressed as mean±SE, with P<0.05 being 
considered statistically significant. 

RESULTS 

Body mass and body temperature (Tb) 
Body mass and Tb were stable over the range of 

experimental Ta, and no significant fluctuation in Tb at Ta 
was detected (P＞0.05). Mean values of body mass and Tb 
were 69.01±0.42 g and 41.63±0.08 °C, respectively. 

 
Basal metabolic rate (BMR) 

BMR and Ta were significantly correlated at Ta 
below 20 °C or above 27.5 °C, which could be described 
by the following equations, respectively (Figure 1):  

BMR (mL O2/g·h)=5.75(±0.29)0.12(±0.02)Ta 

(R2=0.963, P<0.001, n=40)                                (3) 

BMR (mL O2/g/h)=1.64(±0.25)+0.19(±0.09)Ta  

(R2=0.159, P<0.05, n=20)                                 (4) 
BMR was remained stable at 20 °C＜Ta＜27.5 °C, 

but was significantly lower at Ta=15 °C or Ta=30 °C, 
which suggests that the thermal neutral zone (TNZ) of 
silky starlings was ranged from 20 °C (lower critical temp-
erature) to 27.5 °C (upper critical temperature). The mean 
value of BMR within the TNZ was 3.36±0.09 mL O2/g·h. 

 
Thermal conductance (C) 

Below the TNZ, C was not significantly correlated 
with Ta (P>0.05), averaging at 0.15±0.01 mL O2/g·h·°C 
(Figure 2). Within and above the TNZ, C increased 
significantly with Ta in a linear fashion as described by 
the following equation: 

C (mL O2/g·h·°C)=0.19(±0.03)+0.02(±0.00)Ta  

(R2= 0.846, P<0.001, n=50)                               (5) 
 

Evaporative water loss (EWL) 
EWL was stable below the TNZ (0.91±0.07 mg  

 

Figure 1 Metabolic rate of the silky starling as a function of 
ambient temperature (Ta) (n=10)  

 

Figure 2 Thermal conductance (C) of the silky starling as a 
function of ambient temperature (Ta) (n=10) 

 
H2O/g·h, P＞0.05), but, increased significantly within 
and above the TNZ (Figure 3), which could be described 
by the following equation:  

 EWL (mg H2O/g·h)=3.38 (±0.33)+0.26 (±0.01) Ta  

 (R
2= 0.961, P<0.001, n=50)                                 (6) 

Cdry increased with Ta (Figure 4).  At 20 °C＜Ta＜ 30 °C, 
their relationship could be described by the following 
equation:  

Cdry (mL O2/g·/h·°C)=0.24 (±0.05)+0.02 (±0.00) Ta  

(R2=0.923, P<0.001, n=40)                                   (7) 
The ratio of EWL/BMR was positively correlated 

with Ta (Figure 5) as described by the following equation: 

EWL/BMR (%)=(mg H2O/mL O2)=0.73 (±0.18)+0.07 
 (±0.01) Ta (R

2=0.970, P<0.001, n=50)                   (8) 
The ratio of MWP/EWL was negatively correlated with 
Ta (Figure 6). Above the TNZ, their relationship could be 
described by the following equation:  

MWP/EWL(%)=2.01(±0.16)–0.05(±0.01)Ta 

 (R2= 0.966, P<0.001, n=50)                              (9) 



 Metabolic rate and evaporative water loss in the silky starling (Sturnus sericeus) 283 

Kunming Institute of Zoology (CAS), China Zoological Society Volume 35  Issue 4 

 

Figure 3  Evaporative water loss (EWL) of the silky starling as 
a function of ambient temperature (Ta) (n=10) 

 

Figure 4   Dry thermal conductance (Cdry) of the silky starling 
as a function of ambient temperature (Ta) (n=10) 

 

Figure 5  EWL/BMR of the silky starling as a function of 
ambient temperature (Ta) (n=10) 

 
The percentage of evaporative heat loss to total heat 

production (EHL/HP) was increased with Ta (Figure 7). 
Above the TNZ, their relationship could be described by 
the following equation:  

EHL/HP (%)=−9.01 (±2.07)0.80 (±0.08) Ta  
(R2=0.974, P< 0.01, n=50)                                   (10) 

 

 

Figure  6  MWP/EWL of the silky starling as a function of 
ambient temperature (Ta) (n=10) 

 

Figure 7  EHL/HP of the silky starling as a function of ambient 
temperature (Ta) (n=10) 

DISCUSSION 

Given the potential conditions posed by global 
warming or climate change, exploring the physiological 
characteristics of birds’ adaptation to the changeable 
environments may be of previously unconsidered 
significance. In this study, we found that the silky 
starlings had a reduced EWL at Ta>20 °C, which was 
beneficial for them to acclimate to the seasonally hot 
weather. 

 
Body temperature 

Birds primarily maintain a constant body tempera-
ture by altering their heat production and heat dissipation 
mechanisms (McNab, 1983; Silva, 2006). The body 
temperature of birds is generally higher than that of 
mammals because most birds have higher physiological 
maintenance costs (McNab, 2009). Similarly, small 
birds’ body temperatures are slightly higher than those of 
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large birds for the same reason (McNab, 2009). Although 
birds are homeotherms, their Tb can vary in response to 
changes in their environment, physiology and behavior, 
including diurnal rhythm and seasonal changes (Liu et al, 
2005; Zheng et al, 2008), e.g. the iridescent hummi-
ngbird (Calypte anna) (Donald, 1992) and Chinese 
bulbul (Pycnonotus sinensis) (Zhou et al, 2010) are often 
experience hypothermia in cold weather. Birds reduce 
their body temperature by reducing metabolic heat 
production. Low body temperature can decrease energy 
consumption at night and in winter (McKechnie & 
Lovegrove, 2002). Our results show that silky starlings 
maintain their thermostasis by increasing metabolic heat 
production and lowering thermal conductance at Ta fell 
below the TNZ, however, increasing metabolic heat 
production at Ta within and above the TNZ. At high Ta, to 
shed excess heat, silky starlings increase their 
evaporative water loss by increasing thermal conduct-
ance and slightly increasing Tb. This phenomenon has 
great adaptive significance because during hot summer, 
the bigger the difference is between Tb and Ta, the better 
the excess heat could be dissipated.  

  
Basal metabolic rate and thermal conductance 

BMR provides the energy required to maintain the 
basic activities of life (Dawson, 2003), and it has become 
a main criterion for assessing both inter- and intra-
specific differences in energy metabolism. The BMR of 
birds, especially in passerine, is higher than that of 
mammals (Lasiewski & Dawson, 1967; Aschoff and Pohl, 
1970; Kendeigh et al, 1977; McNab, 2009). Birds adapt 
to the environment by changing their BMR (Liu et al, 
2005; McNab, 2009). Climate is one of the most import-
ant factors determining energy consumption. Therefore, 
BMR directly reflects the cold tolerance of animals 
exposed to low temperatures. Birds living in temperate 
climates, such as the red-billed leiothrix (Leiothrix lutea), 
yellow-browed bunting (Emberiz achrysophrys), waxw-
ing (Bombycilla garrulous) and black-faced buntings 
(Emberiza spodocephala), are more cold tolerant than 
tropical birds and have higher BMR because in cold 
conditions, more energy are required to maintain 
metabolic process and body temperature (Liu et al, 2005; 
Li et al, 2005; Wiersma et al, 2007).  

In this study, we found that at Ta below the TNZ, 
the BMR of the silky starling increased to produce more 
heat to maintain basic life activities, a constant Tb and a 
balanced energy budget. Within the TNZ, Tb and BMR 

were relatively stable. Above the TNZ, BMR slightly 
increased, presumably to maintain homeostasis. So, we 
hypothesize that the low BMR is an adaptation to the hot 
and humid environment. 

Animal thermal conductance mainly depends on the 
ratio of their surface area to volume and is also affected 
by Ta. Small birds have a relatively large surface area and 
poor thermal insulation resulting in relatively high 
thermal conductance (Aschoff, 1981; Bartholomew et al, 
1983; Schmidt-Nielsen, 1997). To maintain thermostasis, 
thermal conductance minimizes at low temperature to 
retain body heat, and increases at high temperature to 
dissipate excess heat. The thermal conductance of silky 
starlings and Chinese bulbuls is 100% and 126% of the 
value predicted from body size, respectively (Zhang et al, 
2006; Lin et al, 2010). Similarly, in summer, the thermal 
conductance of the waxwing and black-faced bunting is 
153% and 157% of the value predicted from body size, 
respectively (Li et al, 2005). The difference between 
actual and predicted thermal conductance indicates that 
in hot conditions, the capacity of birds to dissipate heat 
enhances. In this study, we found that the thermal cond-
uctance of silky starlings increased with the increasing of 
Ta above the TNZ, suggesting that silky starlings 
maintain a constant Tb by shedding excess heat. Below 
the TNZ, thermal conductance minimized at 0.149±0.028 
mL O2/g·h·°C (126% of the value predicted from their 
body size), suggesting that high thermal conductance 
plays an important role in the adaptations of silky 
starlings to different climates. 

 
Thermal neutral zone 

An animal’s TNZ is the range of environmental 
temperatures within which temperature regulation can be 
achieved simply by controlling heat loss, without either 
metabolic thermogenesis or evaporative cooling. Within 
the TNZ, metabolic rate therefore is unaffected by 
ambient temperature (Schmidt, 1997). The TNZ is itself, 
however, affected by environmental conditions. In cold 
and dry climates, such as the arctic, a wide TNZ and a 
low critical temperature in small birds are important to 
reduce energy consumption and water evaporation, , e.g. 
the TNZs of the common redpoll (Carpodacus roseus), 
brambling (Fringilla montifringilla), pallas’s rosy finch 
(Acanthis flammea), waxwing and black-faced bunting 
are 25−28 °C, 25−30 °C, 22.5−27.5 °C, 18−27 °C and 
20−26 °C respectively (Liu et al, 2004; Li et al, 2005). 
Conversely, birds that live in hot and humid habitats tend 
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to have a high thermal conductance, narrow TNZ and 
higher critical temperature, e.g., the TNZs of the red-
billed leiothrix (Leiothrix lutea) and Dunn’s Lark 
(Eremalauda dunni) are 30.0−32.5 °C and 31.5−43.6 °C, 
respectively (Liu et al, 2005; Tieleman et al, 2002). In 
this study, a relatively broad TNZ in the silky starling 
was found   (20−27.5 °C), which is beneficial for them to 
acclimate to a wide range of temperatures and to 
decrease energy expenditure in cold weather. 

 
Evaporative water loss 

An animal’s metabolism includes both substance 
and energy metabolism, and water metabolism plays an 
important role between these (Bozinovic & Gallardo, 
2006). Birds excrete excess water through pulmonary, 
respiratory and skin surface evaporative water loss. EWL 
is affected by Ta and humidity, e.g. in four different lark 
species, Tieleman & Williams (2002) found that their 
EWLs were low at low Ta, but increased rapidly at Ta＞

35 °C; in 12 different lark species, Tieleman et al (2003a) 
found that their EWLs were negatively correlated with 
the aridity gradient of habitats. Our results showed that  

because body temperature regulation was not necessary 
in the balanced heat budget below the TNZ (MWP/ 
EWL=1, Ta=20 °C), EWL was irrelevant with Ta. Above 
the TNZ (Ta ＞ 20 ), birds℃  need more water to 
maintain the balance of water loss in hot season, so the 
EWL increased but MWP/EWL decreased with Ta. 
EHL/HP increased with Ta at 20 °C＜Ta＜30 °C, and 
maximized (15.05%) at Ta=30 °C. We presume that this 
was due to the increased heat production and therefore 
unbalanced heat budget in high temperature (above the 
TNZ). In our study, silky starlings dissipated excess heat 
and maintained a stable Tb by increasing their thermal 
conductance and EWL, suggesting that EWL plays an 
important role in the thermoregulation of small birds in 
hot climates. 

In conclusion, our results indicate that silky 
starlings have a low BMR, a high body temperature, a 
high thermal conductance, a high EWL, as well as a 
relatively wide TNZ, and among which, EWL plays an 
important role in the metabolism and body temperature 
regulation. We presume that these physiological 
characteristics in birds are outputs of multiple-mecha-
nism adaptations.  
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Abstract: In the present study, postnatal ontogenetic size and shape changes in the cranium of two lagomorph species, the plateau 
pika (Ochotona curzoniae) and woolly hare (Lepus oiostolus), were investigated by geometric morphometrics. The ontogenetic 
size and shape changes of their cranium exhibited different growth patterns in response to similar environmental pressures on the 
Qinghai-Tibetan Plateau. The overall size change in the cranium of the plateau pika was slower than that of the woolly hare. The 
percentage of ontogenetic shape variance explained by size in the woolly hare was greater than that in the plateau pika. The 
overall shape of the cranium was narrowed in both species, and morphological components in relation to neural maturity showed 
negative allometry, while those responsible for muscular development showed isometric or positive allometry. The most 
remarkable shape variations in the plateau pika were associated with food acquisition (temporalis development), though other 
remarkable shape variations in the incisive and palatal foramen in the ventral view were also observed. The most important shape 
change in the woolly hare was demonstrated by the elongation of the nasal bones, expansion of the supra-orbital process and 
shape variation of the neurocranium. 
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Leporidae, especially extant Lepus species, are am-
ong the most capable mammalian runners. They can 
jump significant distances (up to 6 meters), move in 
rapid zigzag patterns, and locomote bipedally if required. 
The craniums of leporids are characterized by 
fenestration on the side of the rostrum that extends to the 
posterior region of the skull, an anatomical feature 
believed to reduce skull mass (Bramble, 1989). The 
posterior cranium in hares also permits considerable 
intracranial movement, which may function as a shock-
absorbing mechanism to minimize jarring during high-
speed running (Bramble, 1989). However, the extant 
Ochotonidae species from the genus Ochotona, which 
are closely related sister taxa of Leporidae, show less 
ability in running. When encountering predators, they 
usually warn other individuals through highly specialized 
calls and rapidly seek shelter. The shape of the incisive 
and palatal foreman in Ochotona have been used as 
diagnostic characteristics in taxonomy (Lissovsky et al, 

2008; Smith & Xie, 2009). The body size evolution of 
Leporidae and Ochotonidae demonstrates markedly 
different patterns, with extant species of the former group 
showing non-normal distribution, and extant species of the 
latter group showing significant normal distribution (Ge et 
al, 2013). However, why or how size changes in each 
group correspond to the overall shape variance of the 
cranium during postnatal development is unclear.1 

Of the known hares and pikas, the woolly hare (L. 
Oiostolus) and plateau pika (O. curzoniae) sympatrically 
inhabit a wide range of the Qinghai-Tibetan Plateau (QTP) 
and are both highly adapted to the cold and anoxic envir-
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onment. Cranial growth patterns of these two species have 
not been studied, however, and it is unclear how different 
components of their cranium obtain their adult size and 
shape. 

In the present study, we aimed to explore the size 
and shape changes in the cranium of the plateau pika and 
woolly hare through postnatal ontogeny, and discern the 
possible causes for the divergence in the growth rates of 
different morphological components. Geometric morpho-
metrics were used to quantify and visualize the morpho-
logical variation in the dorsal, ventral and lateral cranium. 

MATERIAL AND METHODS  

Materials  
A total of 84 cranium of L. oiostolus and 56 speci-

mens of O. curzoniae were investigated. All cranium 
specimens were intact on at least one side of the cranium. 
The specimens represent the two species at different ages, 
and were mainly collected from the Qinghai-Tibet 
Plateau of China. All materials were preserved in the 
National Zoological Museum of China, Institute of Zool-
ogy, Chinese Academy of Sciences (IOZCAS) and the 
Northwest Institute of Plateau Biology, Chinese Acad-
emy of Sciences (NIPBCAS). Previous studies demonst-
rated insignificant sexual dimorphism in Ochotona and 
Lepus, which enabled the combination of males and 
females in all our analyses (Lu, 2003; Smith & Weston, 
1990). Supplementary details on the specimens studied 
are given as Supplementary Table 1 (Supporting inform-
ation of http://www.zoores.ac.cn/).  

 
Photography 

We viewed the dorsal, ventral and lateral cranium in 
this study. Photographs were taken using a Canon Power-
Shot S5IS (Japan) with a macro-focusing lens. To mini-
mize measurement errors, all photos were taken by the 
corresponding author. For dorsal views, the camera was 
focused on the frontal region; for ventral views, the 
camera was focused on the tooth rows; and for lateral 
views, the camera was focused on the zygomatic arch. 
Images were standardized for skull position and camera 
lens plane as well as for distance between camera lens 
and the sample. All digital photos were taken with a scale 
bar parallel to the longitudinal axis of the cranium, which 
was set to record the size differences among specimens.  
 
Data acquisition and partition 

In total, 129 landmarks and semi-landmarks on the 

right half of the skull in O. curzoniae were digitized for 
analysis, including 39 for the dorsal cranium, 55 for the 
ventral cranium, and 35 for the lateral cranium (Figure 
1A1, A2 and A3). A total of 168 landmarks and semi-
landmarks on the right half of the skull in L. oiostolus 
were digitized for analysis, which included 44 for the 
dorsal cranium, 62 for the ventral cranium, and 62 for the 
lateral cranium (Figures 1B1, B2 and B3). The locations 
of these landmarks and semi-landmarks mainly followed 
those of Ge et al (2012); detailed information is given in 
Table 1. Terminologies used in this study mainly 
followed Wible (2007). The landmarks and semi-
landmarks were defined and digitized in tpsDig 2.0 
(Rohlf, 2001) with MakeFan6 (Sheets, 2003), which 
offered identifiable and homologous locations on the 
skull. The scale factor was also generated in the data 
matrix with tpsDig, which set 1 cm of the scale bar 
recorded in the original images as 1. The raw datasets of 
each of the three views were examined in tpsSmall to test 
whether any specimens deviated largely from the whole 
dataset. Semi-landmarks were permitted to slide along 
the tangents to the curve to minimize bending energy 
between each specimen. The skulls of mammals can be 
divided into pre-orbital, inter-orbital and post-orbital 
regions (Lin & Shiraishi, 1992; Tanaka, 1942), which 
were extracted from the ventral view in the present study 
to respectively compare their ontogenetic size changes. 

 
Morphometric analysis 

Morphometric analysis of ontogenetic size and shape 
change in O. curzoniae and L. oiostolus was conducted 
using a generalized orthogonal least-squares Procrustes 
superimposition and relative warps analysis. Statistical 
analysis was based on centroid size, that is, the square 
root of the sum of squared distances of measured land-
marks. Visualization of shape change was performed by 
thin-plate spline procedures. These analyses were condu-
cted in the tps series of programs (Rohlf, 2001) and 
SPSS statistics 17.0 (SPSS inc., Chicago, IL, USA).  

In the present study, centroid size was calculated 
from the ventral view of the whole cranium, and the pre-
orbital, inter-orbital, and post-orbital regions in each of 
these two species. Growth rate (inferred from size chan-
ge) of these regions was compared respectively. Centroid 
sizes of each of the three regions were regressed against 
the centroid size of the whole cranium to investigate the 
relative growth rate of each morphological partition. The 
null hypothesis was the size change of these small 
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partitions parallel to the size change of the whole cran-
ium. The coordinate data of each view were regressed 
against centroid size in tpsRegr (Rohlf, 2001) to 
visualize the ontogenetic trajectories in different regions 
of the cranium by the direction and length of vectors. 
The Generalized Goodall F-test of significance (Goodall, 
1991), with df1 and df2 degrees of freedom, was cond-
ucted. Shape changes from the smallest specimen to the 
largest specimen were illustrated by deformation grids.  

RESULTS 

Analyses in tpsSmall indicated that no specimen 
deviated from other specimens in each view for the two 
species (r ranged from 0.9999 to 1 for L. oiostolus and O. 
curzoniae in tpsSmall), which allowed us to use infant 
specimens in the present study. Geometric morphometric 
analyses demonstrated allometric growth in different cran-
ium regions of the plateau pika and woolly hare. The crani-
um growth rates inferred from size change in the pro-orbital, 
inter-orbital, and post-orbital regions were higher in the 
woolly hare, though the growth of the pro-orbital region 
was nearly parallel in the two species. The inter-orbital  

region in the plateau pika grew slightly slower than that in the 
woolly hare, while the post-orbital region of the woolly hare 
showed a no-linear growth pattern (P=0.086) (Figure 2).  

Regressing size change on shape change demonstr-
ated prominent allometry in the three views of the woolly 
hare (dorsal: f=43.37, df=84, 6384, P<0.01, size 
explained 36.03% of total shape variation; ventral: 
f=26.2383, df=120, 9840, P<0.01, size explained 24.13% 
of total shape variation; lateral: f=26.87, df=120, 8400, 
P<0.01, size explained 27.24% of total shape variation), 
and in the dorsal and ventral views of the plateau pika 
(dorsal: f=10.82, df=74, 3996, P<0.01, size explained 
16.64% of total shape variation; ventral: f=15.38, df=104, 
5512, P<0.01, size explained 22.43% of total shape 
variation), but a lower value was observed in the lateral 
view of the plateau pika (f=0.25, df=66, 3234, P<0.01, 
size explained 0.5% of total shape variation). These 
results indicated that the percentage of total ontogenetic 
shape variance explained by size in the woolly hare was 
higher than that in the plateau pika. 

Plotting shape change vectors on consensus shape 
demonstrated that shape variation in the two species 
mainly occurred in the very early life stage (Figure 3). 

 
Figure 1 Landmark and semi-landmark locations 

A1-A3: Dorsal, ventral and lateral views of O. curzoniae; B1-B3: Dorsal, ventral and lateral views of L. oiostolus. 
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Figure 2 Size variation (centroid size) in the pre-orbital, inter-orbital and post-orbital regions of the cranium 

Table 1 Definition of landmarks and semi-landmarks  

O. curzoniae L. oiostolus 

Dorsal cranium 
1. Anterior tip of nasal bone 
2−10. Semi-landmarks along lateral margin of premaxilla and maxillary  
11. Anterior tip of zygomatic in the lateral edge 
12−17. Semi-landmarks along lateral edge of zygomatic arch and squamosal 
18. Most posterior end of zygomatic arch 
19. Meeting point between nasal bone and frontal along longitudinal axial of 

cranium 
20. Posterior tip of nasal bone 
21. Most anterior point of orbital 
22. Mid point between 21 and 23 
23. Most internal point of orbital 
24. Mid point between 23 and 25 
25. Most posterior point of orbital 
26−28. Semi-landmarks along internal edge of zygomatic arch 
29. Posterior point of the zygomatic process of squamosal body 
30. Posterior point at the joining of squamosal body to the zygomatic process of 

squamosal  
31−35. Semi-landmarks along posterior edge of cranium 
36. Meeting point of frontal and parietal along longitudinal axial of cranium 
37. Most anterior meeting point of frontal and parietal 
38. Meeting point of parietal and supraoccipital along longitudinal axial of cranium 
39. Most posterior point of the supraoccipital along longitudinal axial of cranium 
Ventral cranium 
1.Meeting point of incisors  
2. Most posterior end of incisors along lateral edge 
3−10. Semi-landmarks along lateral edge of premaxilla and maxillary 
11. Most anterior edge of incisive and palatal foramen 
12−21. Semi-landmarks along incisive and palatal foramen  
22. Most posterior end of the incisive and palatal foramen 
23. Posterior end of the incisive and palatal foramen along longitudinal axial of the 

cranium 
24. Anterior end of tooth row 
25. Posterior end of tooth row 
26. Most anterior end of masseteric spine 
27. Apex of masseteric spine 
28. Most posterior end of masseteric spine 
29−31. Semi-landmarks along lateral edge of zygomatic arch and the zygomatic 

process of squamosal 
32. Most posterior end of the zygomatic process of squamosal  
33. Most anterior end of orbital 
34. Most internal end of orbital 
35. Most posterior end of orbital 
36−37. Semi-landmarks along lateral edge of orbital 
38. Posterior end of palatine along longitudinal axis 
39−40. Semi-landmarks along entopterygoid crest 
41. Posterior point of zygomatic process of squamosal body 
42. Contact point of glenoid fossa with alisphenoid 
43. Mid point of basioccipital  
44. Anterior point of tympanic bulla 
45. Posterior point of tympanic bulla 
46−48. Semi-landmarks along lateral edge of tympanic bulla 
49−52. Semi-landmarks along internal edge of tympanic bulla 

Dorsal cranium 
1. Anterior tip of nasal bone 
2−12. Semi-landmarks along lateral margin of premaxilla and 

maxillary  
13. Anterior tip of zygomatic in the lateral edge 
14−18. Semi-landmarks along lateral edge of zygomatic  
19. Meeting point between nasal bone and frontal along longitudinal 

axial of cranium 
20. Mid point between landmark 19 and 21 
21. Posterior tip of suture between nasal bone and frontal 
22−26. Semi-landmarks along interior edge of zygomatic  
27. Anterior meeting point between zygomatic and frontal 
28. Mid point between 27 and 29 
29. Most posterior beginning of anterior supraorbital process 
30. Anterior tip of anterior supraorbital process 
31−32 Semi-landmarks between landmark 30 and 33 
33. Posterior tip of posterior supraorbital process 
34. Most anterior beginning of posterior supraorbital process 
35−36. Semi-landmarks along posterior contour of orbital 
37. Meeting point of frontal and parietal along longitudinal axial of 

cranium 
38. Meeting point of parietal and supraoccipital along longitudinal 

axial of cranium 
39. Most posterior point of the supraoccipital along longitudinal 

axial of cranium 
40. Most posterior point of parietal 
41. Most anterior meeting point of parietal and supraoccipital 
42. Most lateral point of parietal  
43. Semi-landmarks along lateral margin of squamosal 
44. Most anterior point of parietal meeting with frontal and 

squamosal 
Ventral cranium 
1.Meeting point of incisors  
2−11.Semilandmarks along lateral edge of premaxilla and maxillary
12.Most anterior point of zygomatic 
13−20. Semi-landmarks along lateral edge of zygomatic  
21−30. Semi-landmarks along internal edge of premaxilla and 

maxillary 
31. Anterior end of the incisive and palatal foramen along 

longitudinal axial of cranium 
32. Posterior end of the incisive and palatal foramen 
33. Anterior end of the cheek tooth row 
34. Posterior end of the cheek tooth row  
35. Posterior end of palatal bridge along longitudinal axial of 

cranium 
36. Anterior end of palatal bridge 
37−39. Semi-landmarks along lateral margin of entopterygoid crest 
40. Most anterior end of orbital  
41−45. Semi-landmarks along internal edge of zygomatic 
46. Anterior end of basisphenoid along longitudinal axial of cranium
47. Most anterior point of basisphenoid meeting with basisphenoid 
48. Lateral end of basisphenoid meeting with basisphenoid 
49.Most anterior end of foreman magnum 
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(Continued) 

O. curzoniae L. oiostolus 

53. Most anterior point of foramen magnum  
54. Most posterior end of foramen magnum 
55. Most lateral point of foramen magnum  

 Lateral cranium  
1.Center of alveolar ridge over maxillary incisor 
2−3. Semi-landmarks along lower edge of premaxilla and maxillary 
4. Most upper point of maxillary 
5. Most anterior end of tooth row 
6. Most posterior end of tooth row 
7. Most anterior end of check tooth 
8. Most anterior end of nasal bone 
9−18. Semi-landmarks along upper ridge of the cranium 
19. Posterior end of the cranium 
20.Most upper point of tympanic bulla opening 
21.Most lower point of tympanic bulla opening 
22. Most basal point of basioccipital 
23. Most lower end of tympanic bulla 
24. Most internal end of tympanic bulla 
25.Most lateral end of zygomatic arch 
26−29. Semi-landmarks along lateral edge of zygomatic arch 
30. Most posterior end of orbital  
31−35. Semi-landmarks along upper edge of zygomatic arch 

 

50.Most posterior end of foreman magnum 
51. Most lateral end of foreman magnum 
52. Opening of external carotid artery 
53−62. Semi-landmarks along tympanic bulla 

Lateral cranium  
1.Center of alveolar ridge over maxillary incisor 
2−11. Semi-landmarks along lower edge of premaxilla and 
maxillary 
12. Anterior end of cheek tooth raw 
13. Posterior end of cheek tooth raw 
14. Most anterior point of zygomatic 
15−24. Semi-landmarks along lower edge of zygomatic 
25. Most posterior end of zygomatic  
26. Most posterior end of orbital  
27−40. Semi-landmarks along orbital 
41. Anterior end of supraorbital process 
42. Posterior end of supraorbital process 
43. Anterior end of incisive 
44−47. Semi-landmarks along upper edge of premaxilla and 
maxillary 
48. Anterior end of nasal bone 
49−51. Semi-landmarks along upper edge of nasal bone 
52−53. Semi-landmarks along posterior cranium  
54. Most superior end of occipital 
55. Posterior end of occipital 
56. Most lower end of paroccipital process 
57 Most lower point of tympanic bulla opening 
58 Most upper point of tympanic bulla 
59 Most anterior point of tympanic bulla 
60. Most lower point of tympanic bulla  
61. Meeting point of frontal, parietal and sphenoid bones 
62. Meeting point of supraoccipital, parietal and sphenoid bones 

Details are also shown in Figure 1. 

 

Figure 3 Growth trajectories in different views of the cranium 
A1−A6: O. curzoniae, A1−A2, dorsal view; A3−A4, ventral view; A5−A6, lateral view. B1−B6: L. oiostolus, B1−B2, dorsal view; B3−B4, ventral view; 

B5−B6, lateral view. 1, 3, 5 of AB show variation in the early life stage; 2, 4, 6 show variation at near adulthood. 
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The overall shape of the plateau pika was narrowed, and 
the anterior ridge of the zygomatic arch was expanded 
slightly. Incisive and palatal foreman showed prominent 
shape variation from infants to adults. The lateral view of 
the cranium showed less shape variation compared with 
the other two views. The woolly hare exhibited a wider 
range of shape variation than that of the plateau pika, and 
the general shape of its cranium was also narrowed with 
a remarkable shape change in the nasal bone region and 
contraction of the tympanic bulla. The super-orbital 
process displayed prominent enlargement in both the 
anterior and posterior branches. The relative size of the 
neurocranium was reduced, the relative size of the tymp-
anic bulla was greatly reduced and the incisive and palatal 
foramen showed less variation. For plateau pika, regre-
ssing centroid size on shape variables also indicated that 
small morphological components in the pre-orbital region 
(in all three views) was dominated by positive allometry, 
while those in the inter-orbital and post-orbital regions 
(dorsal and ventral views) showed prominent negative 
allometry. In the woolly hare, however, morphological  

components in the pro-orbital and inter-orbital regions 
were mainly dominated by isometry and positive allom-
etry, while a prominent negative allometry was observed 
in the post-orbital region. A detailed comparison of the 
shape variation in small morphological components 
between the two species is given in Figure 4. 

DISCUSSION 

In light of the highly specialized skull morphology 
and rapid skull development in the plateau pika and 
woolly hare, as well as their short period of offspring 
dependence, the special growth patterns of their cran-
iums are likely the result of combined pressure for food 
acquisition and other strategies for survival. Natural 
selection may favor the rapid development of adult 
morphology to improve food acquisition, locomotion pe-
rformance, and predator avoidance. The occurrence of 
different growth rates in specific morphological comp-
onents suggests selective pressures on different parts of 
the cranium during postnatal growth.  

 

Figure 4 Shape variation from the smallest to largest specimens 
A1−A6: O. curzoniae, A1−A2, dorsal view; A3−A4,ventral view; A5−A6, lateral view. B1−B6: L. oiostolus, B1−B2, dorsal view; B3−-B4, ventral view; 

B5−B6, lateral view. Arrows indicate prominent shape variation in incisive and palatal foreman of O. curzoniae and supra-orbital process of L. oiostolus. 
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Abstract: Cathepsin D (CTSD) is a lysosomal acidic endoproteinase that plays an important role in immune response. In this study, 
we obtained sweetfish (Plecoglossus altivelis) CTSD (PaCTSD) via de-novo transcriptome sequencing of sweetfish macrophages. 
The full length cDNA sequence of PaCTSD was 1 955 bp encoding a propeptide of 397 amino acids. The deduced protein had a 
calculated molecular weight of 43.17×103. Multiple alignment with other known CTSD amino acid sequences revealed amino acid 
conservation through the teleosts. Phylogenetic tree analysis showed that PaCTSD grouped tightly with other fish CTSD, and was 
close to that of Atlantic salmon and rainbow trout. Subsequently, PaCTSD was prokaryotically expressed and refolded by the urea 
gradient method on a nickel-nitrilotriacetic acid column. Enzyme activity analysis showed that PaCTSD exhibited pH-dependent 
proteolytic activity. Quantitative real-time PCR showed that PaCTSD mRNA was expressed in all detected tissues in healthy 
sweetfish. The highest expression was observed in the spleen and white blood cells, followed by liver, head-kidney, kidney, intestine, 
gill, and muscle. After Listonella anguillarum infection, PaCTSD transcripts were up-regulated significantly in liver, spleen, white 
blood cells, and head-kidney of sweetfish. In summary, PaCTSD has proteolytic activity and is closely involved in the immune 
response of sweetfish. 
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Cathepsin D (CTSD) is an aspartic protease widely 
distributed in a variety of organisms (Cho et al, 2002). 
CTSD plays a key role in lysosomal digestive activity, 
protein synthesis and activation (Diment et al, 1989; Mora-
les et al, 2004; Pan et al, 2011; Huber-Lang et al, 2012). 
Besides these functions, CTSD also plays a role in immune 
response. Severe tissue injury induces the up-regulation of 
CTSD, resulting in the cleavage of C5 and subsequent 
generation of functional C5a (Huber-Lang et al, 2012). 
CTSD also increases proliferation, metastasis and progress-
sion of breast cancer (Ohri et al, 2008). Because of its impo-
rtance, CTSD has subsequently been identified in various 
fish species, including rainbow trout (Oncorhynchus mykiss) 
(Brooks et al, 1997), turbot (Scophthalmus maximus) (Jia & 
Zhang, 2009), grass carp (Ctenopharyngodon idella) (Dong 
et al, 2012), channel catfish (Ictalurus punctatus) (Feng et al, 
2011), miiuy croaker (Miichthys miiuy) (Liu et al, 2012) 
among others. Several investigations have revealed that 
CTSD participates in immune response to bacterial infecti-

on in fish (Jia & Zhang, 2009; Feng et al, 2011; Dong et al, 

2012; Liu et al, 2012). 1 
Sweetfish (Plecoglossus altivelis), an amphidromo-

us fish, is the sole member of the Osmeriformes family 
Plecoglossidae, distributing in East Asian countries 
including China, Japan, and Korea. Sweetfish are 
popular and highly valued edible fish because they poss-
ess a special smell and taste. However, recently sweetfish 
have become severely affected by pathogens, predomin-
antly Listonella anguillarum (Li et al, 2009), in part due 
to increased culture and requirements. Accordingly, in 
this study we investigated the immune response of 
sweetfish for guiding the culture of sweetfish. Here, we 
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cloned CTSD in sweetfish and studied its expression 
pattern after being infected with L. anguillarum. 

MATERIALS AND METHODS 
Sweetfish and materials 

All fish in the present study were obtained from 
Aquatic Product Market of Great World, Ningbo, China. 
Fish were acclimatized to laboratory conditions for 7 
days before experiments and all fish used in this study 
were healthy and without any pathological signs. Ex Taq 
DNApolymerase, RNAiso, AMV-reverse transcriptase, 
Hind III and Xho I enzyme, T4 DNA polymerase, 
Oligotex-dT30<super>mRNA Purification Kit, SYBR 
Premix Ex Taq Kit, and cDNA Library Construction Kit 
were purchased from TaKaRa (Dalian China). Gel 
Extraction Kit was purchased from Omega (Shanghai, 
China). SMART RACE cDNA Amplification Kit was 
purchased from Clontech (Palo Alto, CA, USA). 
Escherichia coli TG1, BL21 (DE3) pLys E, vector pET-
28a(+) and L. anguillarum (Li et al, 2009) were 
preserved in our lab. Sequencing and primer synthesis 
were performed by Invitrogen (Shanghai, China). 

 

PaCTSD cDNA analysis 
The cDNA sequence of PaCTSD gene was obtained 

from transcriptome analysis of sweetfish monocytes/ 
macrophages (Lu et al, 2013). The authenticity of PaCTSD 
cDNA was confirmed by further cloning and sequencing 
(JP725490). Signal peptide prediction was performed by 
SignalP 4.1 (http://www.cbs.dtu.dk/services/SignalP/). 
Glycosylation was predicted by NetCGlyc 1.0 Server 
(http://www.cbs.dtu.dk/services/NetCGlyc/). Multiple align-
ments were analyzed by BLASTP (http://www.ncbi. nlm.-
nih.gov/BLAST/). Multiple sequence alignment was prod-
uced by ClustalW (http://clustalw.ddbj.nig.ac.jp/). Phyloge-
netic and molecular evolutionary analyzes were performed 
by MEGA 4.0 (Tamura et al, 2007). 

 

Prokaryotic expression of PaCTSD 
The mature protein of PaCTSD was amplified using 

primers: pET-PaCTSD(+): 5'-CAAGCTTCCCTTATTC 
GAATTCCGTTAAAG-3' and pET-PaCTSD(-): 5'-CCT 
CGAGTTATTTGGATTTGGCAAAGC-3' (underline me-
ans the site of Hind III and Xho I, and  italic type means 
protective bases). After being digested with Hind III and 
Xho I, the amplicon of 1 147 bp was inserted into the 
multiple cloning. Prokaryotic expression of PaCTSD was 
induced in BL21. The recombinant PaCTSD was further 
resolved by SDS-PAGE. 

Purification and refolding of PaCTSD 
After induction, cultures were collected by 

centrifugation for PaCTSD purification and refolding as 
previously described (Hwang & Chung, 2002). The cell 
pellet was resuspended in sonic buffer (50 mmol/L KH2PO4, 
300 mmol/L KCl). Sonication was carried out to extract 
protein using an ultrasonicator. The inclusion bodies were 
harvested by centrifugation and resuspended in 8 mL 
solubilization buffer (20 mmol/L Tris-HCl, 8 mol/L urea, 
500 mmol/L NaCl, 500 mmol/L imidazole, pH 8.0). The 
supernatant is collected by centrifugation at 12 000 r/min 
for 30 min. The 2 mL soluble fraction was applied onto a 
Ni-nitrilotriacetic acid column (QIAGEN) to purify and 
refold PaCTSD. Urea was removed slowly using a gradient 
from 8 to 0 mol/L urea in 20 mmol/L NaH2PO4, 0.5 mol/L 
NaCl, 10 mmol/L 2-mercaptoethanol, and 20% glycerol, pH 
8.0. The column was then washed with wash buffer (20 
mmol/L NaH2PO4, 0.5 mol/L NaCl, 10 mmol/L 2-
mercaptoethanol, 20% glycerol, 20 mmol/L imidazole, pH 
8.0). The bound protein was eluted with elution buffer (20 
mmol/L NaH2PO4, 0.5 mol/L NaCl, 10 mmol/L 2-
mercaptoethanol, 20% glycerol, 250 mmol/L imidazole, pH 
8.0). The PaCTSD containing solution was desalted and 
concentrated by ultrafiltration device (Millipore Corporation, 

Bedford, MA) before being stored at 80 ºC until use. 
 

PaCTSD enzymatic activity 
Proteolytic activity of PaCTSD was evaluated as 

described by Barrett (Barrett, 1970). Briefly, hemoglobin 
was denatured in 100 mmol/L formic acid (pH 3.5). 3 μg 
recombinant PaCTSD was mixed with 25 μL hemoglobin 
in 800 μL reaction volume with sodium citrate buffer of 
different pH (3, 3.5, 4.0, 4.5, 5.0, 5.5, and 6.0). After 
incubation at 37 ºC for 30 min, reaction was terminated by 
adding trichloroacetic acid and incubating for 10 min. The 
hemoglobin was removed at 15000 rpm for 10 min. The 
supernatant was collected and the absorbance at 280 nm 
was measured. All reactions were performed in triplicate. 

 

Tissue preparation 
For health samples, we selected 4 sweetfish to harvest 

tissues including liver, spleen, head-kidney, kidney, gill, 
muscle, and intestine. For white blood cell isolation, blood 
samples were collected from sweetfish and gently mixed 
with PBS. The mixture was transferred onto the top of 
Ficoll (Sigma), and isolated by centrifugation at 400 rpm for 
30 min. White blood cells were separated on the interface 
layer of Ficoll gradient. The cells were collected for 
subsequent experiments. For L. anguillarum infected 
samples, sweetfish were infected by intraperitoneal injection 
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of L. anguillarum (1.0×104 CFU/fish). The tissue was 
obtained at 6, 12, 24, 48, and 72 h post infection. The fish 
tissues were collected, immediately snap-frozen in liquid 
nitrogen, and preserved in at80 ºC until examined. 

 
Quantitative real-time PCR (qRT-PCR) detection 

We employed qRT-PCR to detect the expression of 
PaCTSD mRNA in different sweetfish tissues. Total RNA 
was extracted from sweetfish tissues using RNAiso reagents 
as described by Huang et al (2011). The first-strand cDNA 
was synthesized using M-MLV. Primers of PaCTSD were 
designed to amplify a 138 bp fragment, PaCTSDtest(+): 5'-
AGGAACCGACCCCAAATACT-3' and PaCTSDtest(-): 
5'-ACGATAGCCTCACAGCCACT-3'. The primers of β-
actin were used to amplify a 231 bp fragment, pActin(+): 5'-
TCGTGCGTGACATCAAGGA G-3' and pActin(-):5'-
CGCACTTCATGATGCTGTTG-3' (Huang et al, 2011). 
RT-PCR reaction was carried out in triplicate. Ct values of 
PaCTSD for all samples were normalized to β-actin using 

the ΔCt method (Livak & Schmittgen, 2001). 
 

Data analysis 
The OD value and qRT-PCR data were described as 

means±SE. We employed SPSS 13.0 to analyze data by 
one-way ANOVA. P<0.05 was considered statistically 
significant. 

RESULTS 
PaCTSD sequence analysis 

PaCTSD cDNA with the GenBank accession 
number JP725490 consisted of 1 955 bp that translated in 
an open reading frame from 131 to 1 321 to give a 
predicted 397 aa. The estimated molecular weight (MW) 
was 43.17×103. The N-terminal 18-residue sequence of 
PaCTSD was predicted as signal peptide. Sequence 
analysis showed that PaCTSD had three conserved 
disulfide bonds (Cys107−Cys114, Cys272−Cys276, and 
Cys315−Cys352). One N-glycosylation site was 
predicted to exist at Asn131. Catalytic sites included two 
critical aspartic residues Asp94 and Asp281 (Figure 1). 

 
Figure 1 Multiple alignment of PaCTSD amino acid sequences with those of other species 

The signal peptides are shown with single underlines. Double underline means N-glycosylation site. The cysteine residues are shown with “▼”. The catalytic 

residues are marked with diamonds. Shading threshold was > 60%. Accession numbers are as follows: zebrafish (Danio rerio), BX000347; grass carp 

(Ctenopharyngodon idella), JX255676; rainbow trout (Oncorhynchus mykiss), NM_001124711; miiuy croaker (Miichthys miiuy), HM628578; pufferfish 

(Takifugu rubripes), NM_001078584; Nile tilapia (Oreochromis niloticus), XM_003452585; sweet fish (Plecoglossus altivelis), JP725490.  
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Amino acid sequence comparisons showed that 
PaCTSD shared the highest identity (90%) with Atlantic 
salmon (Salmo salar) and rainbow trout (O. mykiss), 
followed by miiuy croaker (M. miiuy) (89%), pufferfish 
(Takifugu rubripes) (86%), zebrafish (Danio rerio) 
(82%), and grass carp (C. idella) (82%). The phyloge-
netic tree analysis showed that all fish CTSDs formed a fish 
cluster distinct from frog CTSDs (Figure 2). The PaCTSD 
was closest to Atlantic salmon and rainbow trout. 

 
Figure 2 Phylogenetic tree of amino acid sequences of sweet 

fish and other animal CTSDs  
Neighbour-Joining Method. The values at the forks indicate the percentage of 

trees in which this grouping occurred after bootstrapping the data (1 000 

replicates; shown only when ≥60%). The scale bar shows the number of 

substitutions per site. GenBank accession numbers of sequences used are listed 

below. Miiuy croaker (Miichthys miiuy), HM628578; Barramundi perch (Lates 

calcarifer), EU143237; Barred knifejaw (Oplegnathus fasciatus), AB597935; 

Nile tilapia (Oreochromis niloticus), XM_003452585; Pufferfish (Takifugu 

rubripes), NM_001078584; Turbot (Scophthalmus maximus), EU077233; 

Atlantic salmon (Salmo salar), BT043515; Rainbow trout (Oncorhynchus 

mykiss), NM_001124711; Japanese flounder (Paralichthys olivaceus), FJ172450; 

Zebrafish (Danio rerio), BX000347; Grass carp (Ctenopharyngodon idella), 

JX255676; Western clawed frog (Xenopus tropicalis), BC123962; African clawed 

frog (Xenopus laevis), NM_001091934; Sweetfish (Plecoglossus altivelis), 

JP725490.  
 

Prokaryotic expression of PaCTSD 
The pET-28a-PaCTSD vector was confirmed by 

sequencing. The recombinant PaCTSD was overexpre-
ssed after IPTG treatment in BL21 pLys E. The recombi-
nant protein was resolved in SDS-PAGE. The results 
showed that purified PaCTSD was approximately 
42.5×103, which was identical with the expected size 
(Figure 3).  
 
Enzymatic activity of PaCTSD 

Recombinant PaCTSD was refolded on the nickel-
nitrilotriacetic acid column (Figure 3) to measure 
hemoglobin hydrolytic activity. The result showed that  

 
Figure 3 SDS-PAGE analysis of recombinant PaCTSD protein 
M: low mass proteins ruler (×103); 1: pET-28a-PaCTSD/BL21 without 

IPTG induction; 2: pET-28a-PaCTSD/BL21 with IPTG induction; 3: 

purified recombinant PaCTSD protein. 
 

recombinant PaCTSD possessed hemoglobin hydrolytic 
activity within pH range 3.0−6.0 (Figure 4). The hydrol-
ytic activity at pH 3.5 was highest, suggesting that PaCT-
SD was highly active in acidic conditions. 

 
Figure 4 Proteolytic activity of PaCTSD at different pH 

 
  

Tissue distribution of PaCTSD mRNA 
We used qRT-PCR to measure the expression of 

PaCTSD mRNA in liver, spleen, white blood cells, head-
kidney, kidney, intestine, muscle, and gill of health 
sweetfish. Our results showed that PaCTSD was 
expressed in all tested tissues (Figure 5), highest in 
spleen, followed by white blood cells, liver, head-kidney, 
kidney, intestine, muscle. The mRNA expression of 
PaCTSD in spleen is 18.7 times greater than in muscle. 

 

Figure 5 mRNA expression pattern of PaCTSD in different 
tissues 

Relative expression of PaCTSD/β-actin in muscle is defined as 1. n=3. 
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PaCTSD mRNA expression after L. anguillarum 
infection 

After L. anguillarum infection, liver, spleen, white 
blood cells, and head-kidney of sweetfish were used to 
measure PaCTSD mRNA expression by qRT-PCR. The 
data showed that PaCTSD mRNA expression in liver 

was upregulated at 12 h and 24 h (Figure 6A), and 
PaCTSD mRNA in spleen was upregulated at 24 h 
(Figure 6B). The PaCTSD mRNA expression was 
increased at 12 h in white blood cells (Figure 6C), and 
was increased at 12 h and 24 h in head-kidney tissue 
(Figure 6D).   

 

Figure 6 PaCTSD mRNA transcript changes in four tissues of sweetfish upon L. anguillarum infection  
*: significant difference (n=3, P< 0.05), compared with the control group. Relative expression of PaCTSD/β-actin at 6 h in PBS group is defined as 1. 

 

 

DISCUSSION 

We obtained the CTSD cDNA sequence from 
sweetfish macrophages. Sequence analysis showed that 
the structure of PaCTSD protein was similar with other 
fish, mainly including three conserved disulfide bonds and 
two aspartic residues that form catalytic sites. PaCTSD 
showed the highest identity with the CTSDs of Atlantic 
salmon and rainbow trout. The phylogenetic tree analysis 
revealed that the PaCTSD amino acid sequence clustered 
within the fish CTSD group. PaCTSD formed a small 
cluster with the CTSDs from Atlantic salmon and rainbow 
trout. These results suggest that PaCTSD is conserved in 
sequence with other fish CTSDs. 

Several investigations suggest that CTSD has prot-
eolytic activity in acidic condition. In mammals, the 
most appropriate pHs were 3.5 and 2.5−3.0 for proteo-
lytic activity of human and pig CTSDs (Barrett, 1970; 
Canduri et al, 1998). In fish, the most appropriate pHs 
were 3.0 and 3.5 for proteolytic activity of Atlantic cod 
and tilapia CTSDs (Wang et al, 2007; Jiang et al, 1991). 
In our study, PaCTSD had proteolytic activity at pH 
3.0−6.0, and highest proteolytic activity was at 3.5. Our 

result suggests that the expression pattern of PaCTSD is 
similar with other fish. Together, these results may 
indicate that fish CTSDs also function in acidic condi-
tions. 

Besides proteolytic activity, CTSD plays an impo-
rtant role in immune response. CTSD is released after 
severe tissue injury to cleave C5 for subsequent generation 
of functional C5a (Huber-Lang et al, 2012). In fish, 
several reports suggest that CTSD is related with infection. 
For example, Vibrio harveyi infection induces CTSD 
mRNA expression in head-kidney, liver, and spleen of 
turbot (Jia & Zhang, 2009). Aeromonas hydrophila 
infection induces CTSD mRNA expression in liver, spleen, 
head kidney, and intestine of grass carp (Dong et al, 2012). 
In our study, PaCTSD mRNA expression was upregulated 
after L. anguillarum infection in liver, spleen, white blood 
cells and head kidney at different time points. The peak 
level of PaCTSD expression was at 24 h in spleen and 
kidney, and at 12 h in liver. Our results suggest that 
PaCTSD plays an important role in response to infection. 

In summary, we identified CTSD cDNA sequence 
from sweetfish, measured the enzymatic activity, and 
detected the mRNA expression in different tissues after  
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L. anguillarum infection. Our results reveal that PaCTSD 
participates in immune response to infection, and 

provides the basis for further researching the structure, 
function, and mechanisms of PaCTSD.  
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Abstract: Insulin-like growth factor-binding protein 1 (IGFBP-1), a hypoxia-induced protein, is a member of the IGFBP family that 
regulates vertebrate growth and development. In this study, full-length IGFBP-1a cDNA was cloned from a hypoxia-sensitive 
Cyprinidae fish species, the blunt snout bream (Megalobrama amblycephala).  IGFBP-1a was expressed in various organs of adult 
blunt snout bream, including strongly in the liver and weakly in the gonads. Under hypoxia, IGFBP-1a mRNA levels increased 
sharply in the skin, liver, kidney, spleen, intestine and heart tissues of juvenile blunt snout bream, but recovered to normal levels after 
24-hour exposure to normal dissolved oxygen. In blunt snout bream embryos, IGFBP-1a mRNA was expressed at very low levels at 
both four and eight hours post-fertilization, and strongly at later stages. Embryonic growth and development rates decreased 
significantly in embryos injected with IGFBP-1a mRNA. The average body length of IGFBP-1a-overexpressed embryos was 82.4% 
of that of the control group, and somite numbers decreased to 85.2%. These findings suggest that hypoxia-induced IGFBP-1a may 
inhibit growth in this species under hypoxic conditions. 

 
Keywords: Megalobrama amblycephala; IGFBP-1a; Hypoxia; Overexpression 

The growth of vertebrates is primarily regulated by 
the insulin-like growth factors (IGF) signaling pathway 
(Baker et al, 1993; Duan & Xu, 2005; Reindl & Sheridan, 
2012). Insulin-like growth factor-binding proteins 
(IGFBPs), with molecular weights of 24×103–50×103, 
bind IGFs and regulate their binding with corresponding 
receptors; thus, they regulate the biological functions of 
the IGF signaling pathway (Hwa & Rosenfeld, 1999; 
Firth & Baxter, 2002; Shimizu et al, 2005; Shen et al, 
2012). All six IGFBP genes are known to exist in teleosts 
and have been characterized individually or as a group, 
including their phylogenetic relationships and the impact 
of genome duplication (Macqueen et al, 2013).  

Currently, duplicate igfbp-1, i.e. igfbp-1a and -1b, 
have been found in zebrafish, Nile tilapia, fugu and 
medaka (Kamei et al, 2008). IGFBP-1 is the only one of 
the six IGFBP proteins that is regulated by hypoxia. 
Under hypoxia, IGFBP-1 expression increases, which 
suppresses the IGF signaling pathway (Kajimura et al, 
2006; Kajimura & Duan, 2007). Hypoxia raises the 
expression levels of IGFBP-1 mRNA in hypoxia-tolerant 

grass carp embryos, which suppresses the growth and 
development rates of grass carp embryos (Sun et al, 
2011). Here, we describe the molecular characterization 
and function analysis of IGFBP-1a in blunt shout bream 
(Megalobrama amblycephala), a hypoxia-sensitive and 
aquaculturally important species (Shen et al, 2010). 1 

MATERIALS AND METHODS 

Experimental fish  
Blunt snout bream (Megalobrama amblycephala) 

adults and fertilized eggs were sampled from the Gen-
etics and Breeding Center for Blunt Snout Bream of 
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Shanghai Ocean University. Three ~1 000 g adult fish 
were sacrificed by immersion in MS-222 (tricaine 
methanesulfonate; Sigma, St. Louis, MO, USA) and their 
spleens, muscles, kidneys, eyes, hearts, gills, livers, 
intestines, brains, skins and ovaries or testes were remo-
ved, cryopreserved in liquid nitrogen, and then reserved 

at 80 °C. Fertilized eggs were obtained from artificial 
fertilization and hatched in embryo rearing solution (ERS) 
replaced every four hours. Meanwhile, 20 viable embr-
yos were chosen, observed and photographed under a 
stereoscopic microscope (SMZ1500; Nikon, Japan) and 
then reserved in RNAstore preservation solution (TIAN-
GEN BIOTECH, Beijing, China) at 4 °C. 

 
Hypoxia treatments 

Totally, 30 healthy juvenile blunt snout bream fish 
with weights of approximately 150–180 g were selected. 
After cultivation for one week in an automatic water 
cycle system at 20 °C, they were divided randomly into 
two experimental groups and a control group. The 
experimental facility was designed following Zhang et al 
(2003). With nitrogen bubbling continuously, the oxygen 
dissolved in the water was kept at 1.0±0.5 mg/L, a level 
of acute hypoxia. The control group was placed in an 
identical environment, that only differed in the dissolved 
oxygen level of 7.0±0.5 mg/L. 

After experiencing hypoxia for four hours, five 
blunt snout bream from each group were chosen for 
dissection. The dissolved oxygen value for the anoxic 
groups was sequentially recovered over the course 60 
min to a similar condition of the control group (7.0±0.5 
mg/L). After 24 h later, five blunt snout bream from each 
oxygen-recovered group and the control group were 
chosen for dissection. Skin, muscles, eyes, gills, brains, 
intestines, spleens, livers, kidneys and hearts were 
extracted and then quick-frozen in liquid nitrogen and 

then preserved in a refrigerator at 80 °C. 
 

Cloning of blunt snout bream IGFBP-1a cDNA 
Total RNA was extracted from embryos 28 hours 

post-fertilization (hpf) using the TRIzol (Invitrogen) 
method, and randomly reverse transcribed into comple-
mentary DNA (cDNA) using M-MLV reverse transcri-
ptase (TaKaRa, Japan) following the manufacturer’s 
procedures. Based on the conserved region of IGFBP-1a 
mRNA of zebrafish (GenBank Accession No. NM_173-
283.3) and grass carp (Sun et al, 2011), a pair of specific 
primers (IGFBP-1a-F, 5′-GCTGCCTCGCCTGTGCGT 

TGAAG-3′ and IGFBP-1a-R, 5′-TCCAGGATGACACA 
CACCAACAC-3′) were designed for blunt snout bream 
IGFBP-1a cDNA cloning, and reverse transcriptase 
polymerase chain reactions (RT-PCR) were performed. 
RACE and nested PCR procedures were performed using 
a SMART RACE cDNA Amplification Kit (Clontech, 
TaKaRa, Japan), while the primers (3′-IGFBP-1a-GSP3r, 
5′-GCATGAA ATCCAAAGTCAACGCAATACG-3′, 3′-
IGFBP-1a-GSP3n, 5′-AAA GTCAAACAGTGTGAATC 
GTCT C-3′, 5′-IGFBP-1a-GSP5r, 5′-GATTCACACTGT 
TTGACTTTG TAT-3′ and 5′- IGFBP-1a-GSP5n, 5′-
GTGATTTAGT GATCTTGTCAAGGGC-3′; all synthes-
ized by Sangon Biotech, Shanghai, China) were designed 
according to the kit’s instructions. Detected by 1.5% 
agarose gel electrophoresis and purified using TIAN gel 
Midi Purification Kit (Tiangen Biotech, Beijing, China), 
the nested PCR product was ligated into the pMD19-T 
(TaKaRa, Japan) vector system.  

 
Sequence analysis 

Alignments of the 5-RACE, 3-RACE and interm-
ediate region were performed using ClustalW within 
BioEdit 7.0. Primers at both ends were cut off and full-
length IGFBP-1a cDNA of the blunt snout bream was 
assembled. Similarity searches using IGFBP-1a cDNA 
sequences and predicted amino acids using the BLAST 
n/p program were performed against the GenBank 
database, while multiple alignments of the homologous 
IGFBP-1 nucleotide and amino acid sequences of the 
vertebrates from the search were performed using the 
CLUSTAL W program. A neighbor-joining phylogenetic 
tree was constructed using MEGA 5.0 (Tamura et al, 
2011) using bootstrap values based on 1 000 replications. 

 
RT-PCR analysis 

One microgram of DNAzyme digested total RNA 
from the tissues and different embryo developmental 
stages was reverse transcribed into cDNA using M-MLV 
reverse transcriptase (TaKaRa). The IGFBP-1a primers 
(IGFBP-1a-F and IGFBP-1a-R) and β-actin gene primers 
(β-actin RT-F, 5′-CCGCTGCCTCTTCTTCCTC-3′ and 
β-actin RT-R, 5′-CTACCTCCCTTTGCCA GTTTCCGC-
3′) that crossed the introns were designed based on the β-
actin full-length cDNA sequence of blunt snout bream 
and the genomic sequence of zebrafish. RT-PCR was 
performed using different tissues from adult and embr-
yonic blunt snout bream using the above primer sets. The 
PCR conditions were as follows: an initial denaturation 



302 TIAN, et al. 

Zoological Research                        www.zoores.ac.cn 

of 5 min at 94 °C, 30 cycles of 30 sec denaturation at 94 
°C and 30 sec annealing at 55 °C followed by 72 °C for 
30 sec and a final extension at 72 °C for 10 min. The 
PCR products were detected using 1.2% agarose gel 
electrophoresis and then photographed. 

 
qRT-PCR analysis 

Total RNA was extracted from tissues of the hypo-
xia groups and the control group using TRIzol (Invitr-
ogen) and reversed transcribed into cDNA using 
Oligo(dT)18 primer and M-MLV. Quantitative real-time 
PCR were performed in an iCycler iQ Multicolor using 
the cDNA template and the IGFBP-1a primers (IGFBP-
1a-F and IGFBP-1a-R) and β-actin gene primers (β-actin 
RT-F and β-actin RT-R). Quantitative analysis was 
performed using the 2-ΔΔCt method (Shen et al, 2010). 

 
in vitro synthesis and microinjection of IGFBP-1a 
capping mRNA 

The IGFBP-1a open reading frame (ORF) was sub-
cloned into pCS2+ vector to construct the pCS2-IGFBP-
1a. Capped IGFBP-1a mRNA of the blunt snout bream 
as well as GFP mRNA were synthesized in vitro using a 
commercial kit (mMESSAGE mMACHINE Kit; Ambion, 
TX, USA) with linearized plasmid DNA as the template. 

The IGFBP-1a mRNA (at a concentration of 500 pg/ 
embryo) and EGFP mRNA (a concentration of 200 pg/ 
embryo) were together injected into fertilized eggs at the 
1–2-cells stage of blunt snout bream. The injection 
volume was 1–2 nL as previously described (Jiang et al, 
2012). After injection, fertilized eggs were incubated in 
ERS at 25°C. The embryo injected with EGFP mRNA 
was used as a control. Growth status was observed under 
a  Nikon  SMZ1500  f luorescence  mic roscope . 
Phenotypes of injected eggs was observed every 4 hours. 

 
Statistical analysis    

Data from qRT-PCR, somite number and body 
length are expressed as mean±SE). Differences among 
groups were analyzed with a one-way ANOVA followed 
by Fisher’s post hoc tests or unpaired t-tests. 
Significance was accepted at the level of P<0.01 or 0.001. 

RESULTS 

Cloning of full-length cDNA of blunt snout bream 
IGFBP-1a 

The full length of the cDNA of blunt snout bream 
IGFBP-1a is 1 178 bp, containing 116 bp of 5′-UTR and 
273 bp of 3′-UTR, which contains a microsatellite 

sequence of 49 CA repeats at the 913–1 030 bp region 
(Figure 1). The Cys residues of the protein are the same 
as the IGFBPs of other vertebrates in both number and 
position. The N-terminal of the protein contains a repres-
entative IGFBP sequence motif (GCGCCXXC) and the 
C-terminal contains a thyroglobulin-1 sequence motif 
(CWCV), whereas the intermediate region is less conser-
ved. Clustering analysis confirmed that duplicated igfbp-
1s (igfbp-1a and -1b) exist in teleosts (Figure 2), and the 
igfbp-1 gene we cloned fell into the igfbp-1a clade. 

 
IGFBP-1a expression features in tissues and expres-
sion regulation under hypoxia 

IGFBP-1a mRNA was expressed in most tissues of 
adult blunt snout bream, and the transcription was highest 
in the liver and very weak in the testis and ovary (Figure 
3A). qRT-PCR analysis of IGFBP-1a mRNA in each tissue 
type was performed after hypoxia and oxygen recovery 
(Figure 3B). The IGFBP-1a transcription level in the skin, 
livers, kidneys, spleens, intestines and hearts of juvenile 
blunt snout bream increased sharply (18.5, 19.0, 8.8, 22.1, 
16.9 and 29.5 times those of the control group, respec-
tively). After 24-hour exposure to normal dissolved oxy-
gen, transcription in the tissues returned to normal levels. 
The IGFBP-1a transcriptional levels in the eyes, muscles, 
brains and gills were not influenced by hypoxia. 
 
IGFBP-1a overexpression significantly reduces blunt 
snout bream embryonic development and growth rate 

Blunt snout bream IGFBP-1a mRNA was expr-
essed throughout the embryonic development process. 
The expression level was very low at the 4 and 8 hpf 
embryonic development stages, increased significantly 
at 12 and 16 hpf and remained stable after 20 hpf 
(Figure 4A).  

To further determine the function of blunt snout 
bream IGFBP-1a, capped IGFBP-1a mRNA and EGFP 
mRNA were injected together into fertilized eggs at the 
blunt snout bream 1–2-cell stage. Capped EGFP mRNA 
was injected as a control. Injection success was 
determined by detecting the expression of EGFP. The 
24 hpf embryos injected with EGFP mRNA did not 
significantly differ from those of wild type embryos in 
terms of morphology, somite number and body length 
(Figure 4B, 4D). Compared with the wild type or EGFP 
mRNA injected group (Figure 4B, 4D, 4F), embryos 
injected with IGFBP-1a mRNA showed a decrease 
(P<0.01) in body length and somite number, 30% 
(18/60)  of  which  were  malformed  to  various  
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Figure 1 cDNA and encoding amino acid sequences in blunt snout bream igfbp-1a 

The microsatellite sequence containing CA repeats is shown in the block. The PPD domain is shown in the dash block. 

 

Figure 2 Clustering analysis of vertebrate igfbp-1 amino acid sequences constructed using the neighbor-joining method 
Accession numbers of sequences retrieved from GenBank are shown. Similarity searches and phylogenetic analysis revealed that the IGFBP-1a of blunt snout 

bream is most closely related to that of grass carp, common carp and zebrafish, with identities of 97%, 93% and 92%, respectively. The IGFBP-1a of blunt 

snout bream shows only about 60% identities with that of channel catfish (Ictalurus punctatus), Atlantic salmon (Salmo salar), rainbow trout (Oncorhynehus 

mykiss) and Japanese yellowtail (Seriola quinqueradiata), and about 50% with that of mouse (Mus musculus) and human (Homo sapiens). 
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Figure 3 Expression of blunt snout bream IGFBP-1a mRNA in adult tissues and the influence of the hypoxia treatment on juvenile 

blunt snout bream 
A: RT-PCR analysis of blunt snout bream IGFBP-1a in adult tissues; CTR, negative control without genomic DNA; B: qRT-PCR analysis of IGFBP-1a mRNA at 

different tissues of juvenile blunt snout bream during normoxic (N: 7.0±0.5 mg O2/L), hypoxic (H: 1.0±0.5 mg O2/L) and recovery (R) conditions. IGFBP-1a mRNA 

copy number was normalized as a ratio to the β-actin (a house keeping gene) mRNA copy number. qRT-PCR data are presented as mean±SE; ***： P<0.001. 
 

degrees (Figure 4C, 4E, 4G). Blunt snout bream embryos 
in the IGFBP-1a mRNA injected group grew more 
slowly (P<0.01) than the wild type or EGFP mRNA 
injected group (Figure 4H). At 24 hpf, the average body 
length of the IGFBP-1a injected embryos was 2.8±0.3 
mm, 82.4% of that of the EGFP mRNA injected group 
(3.4±0.1 mm). Additionally, 24.9±2.6 somites was 
found in embryos injected with IGFBP-1a mRNA at 24 
hpf, which is only 85.2% of the EGFP mRNA injected 
control (29.2±1.6) (Figure 4I), equivalent to embryos at 
17–20 hpf of the control group. These results indicate 
that increasing IGFBP-1a mRNA level in blunt snout 
bream embryos significantly decreased their growth and 
development rates. 

DISCUSSION 

We obtained the full-length IGFBP-1a cDNA in 
hypoxia-sensitive blunt snout bream, an aquaculturally 
important cyprinid fish. The 3′-UTR of the IGFBP-1a 
cDNA in blunt snout bream contains a microsatellite 
sequence of 49 CA repeats, which could be only found 
on IGFBP-1a in grass carp (39 CA) and IGFBP-1b in 
Japanese yellowtail (79 CA) and zebrafish (28 CA). 
Neither the cause or function of the microsatellite 

sequence of the CA repeats have been elucidated. Cluste-
ring analysis revealed that duplicated igfbp-1s (igfbp-1a 
and -1b) exist in teleost fish and should result from fish-
specific 3rd whole genome duplication. In addition, 
duplicated igfbp-1as exists in the genome of pseudo-
tetraploid Atlantic salmon and rainbow trout, which are 
considered pseudo-tetraploid fish species (Macqueen et 
al, 2013). The duplicated igfbp-1 genes were supposed to 
be the result of the 3rd or 4th genome duplication 
specific to fishes (Taylor et al, 2003; Jaillon et al, 2004; 
Crow et al, 2006; Ocampo Daza et al, 2011).  

The expression of IGFBP-1a mRNA was detected 
in a wide range of tissues in adult blunt snout bream. 
Under hypoxia, the expression levels of IGFBP-1a 
mRNA increased greatly in many tissues in juveniles, 
and recovered to normal levels after 24-hour exposure to 
normal dissolved oxygen. Similar to our result, average 
expression levels in the liver of adult zebrafish under 
hypoxia is approximately 280 times that of the control 
group (Maures & Duan, 2002, Kajimura et al, 2005). 
Studies of grass carp and Atlantic croaker also show 
increases in IGFBP-1a mRNA expression levels under 
hypoxia (Sun et al, 2011; Rahman & Thomas, 2011).  

In blunt snout bream embryos, IGFBP-1a is highly 
expressed at 12 hpf and only weakly at 4 and 8 hpf. This  
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Figure 4 Overexpression of IGFBP-1a reduced growth and developmental rate in blunt snout bream embryos 

A: RT-PCR analysis of IGFBP-1a mRNA in blunt snout bream during embryogenesis. Developmental stages are indicated above the figure. hpf, hour post-

fertilization. CTR, negative control without genomic DNA; B–G: Blunt snout bream embryos are shown at the 24 hpf stage by visible light (B, C, F, G) and 

fluorescence (D, E). EGFP mRNA (200 pg) (B, D and F) or a mixture of EGFP mRNA (200 pg) with IGFBP-1a mRNA (500 pg) (C, E and G) was injected into 

each embryo at the 1–2 cell stage. The body length (H) and somite number (I) of IGFBP-1a and/or EGFP mRNA overexpressed blunt snout bream embryos at 

24 hpf. The results are presented as mean ± SE; **P<0.01. Scale bar=600 μm. 

 
is different to hypoxia-tolerant grass cap embryos, in 
which IGFBP-1a mRNA expression was not detected at 
4 or 8 hpf, and only trace amounts at 12 hpf (Tao & Zou, 
2011). In zebrafish, transcription of the duplication 
IGFBP-1b gene could not be detected until the later 
embryo developmental stage, but IGFBP-1a is present at 
all stages (Kamei et al, 2008), similar to the expression 
characteristic of blunt snout bream. Fish eggs carry 

maternal mRNA and embryonic transcription of its own 
mRNA dates back to the 9th cleavage (Kane & Kimmel, 
1993). The IGFBP-1a mRNA detected at early stages is 
likely from the maternal deposit and the significant 
increase in mRNA during the middle and later stages 
results from embryonic transcription.  

Microinjection of capped IGFBP-1a mRNA caused 
significant developmental retardation and growth reductions 
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in blunt snout bream embryos. It will be interesting to test 
whether hypoxia induces IGFBP-1a expression in blunt 
snout bream embryos in the future. Similar to the present 
results, hypoxia-induced growth reduction was also caused 
by high IGFBP-1a expression in grass cap embryos (Sun et 
al, 2011). In zebrafish, hypoxia stimulates increased 

IGFBP-1a transcription during early embryonic develo-
pment and causes embryo developmental retardation and 
growth reductions, whereas only IGFBP-1b is affected by 
hypoxia during later stages (Kamei et al, 2008). Accordingly, 
IGFBP-1a likely functions as a bridge between hypoxia and 
the inhibition of embryonic growth in fish.  
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Abstract: Tropomyosin (TM) plays a critical role in skeletal and cardiac muscle development and function. To assess the functional 
significance of α-TM in Japanese flounder (Paralichthys olivaceus) development and metamorphosis, cDNA from Japanese flounder 
was cloned and α-TM mRNA measured during development and metamorphosis. The full-length cDNA is 1  191 bp, including a 5'-
untranslated region of 114 bp, a 3'-UTR of 222 bp, and an open reading frame of 855 bp encoding a polypeptide of 284 amino acids. 
Real-time quantitative PCR revealed that α-TM mRNA is initially expressed in unfertilized ovum, indicating the α-TM gene is 
maternal. Relatively low mRNA levels were observed in different embryonic stages. A higher level of α-TM mRNA was detected 3 
days post hatching (dph), while the highest level was measured at 29 dph (metamorphic climax) after which it declined towards the 
end of metamorphosis. The expression of α-TM mRNA was up-regulated in thyroid hormone-treated larvae at 36 dph, but there was 
no marked difference at other stages when compared to control animals. After thiourea treatment, the expression of α-TM mRNA 
declined slightly. These data provide basic information that can be utilized in further studies into the role of α-TM in P. olivaceus 
development and metamorphosis. 
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Tropomyosins (TMs) are a family of actin binding 
proteins that are in all tissues and always association 
with polymerized actin. Each tropomyosin molecule is 
bound to one troponin complex which is made up three 
components: the calcium-binding protein (troponin-C), 
the inhibitory protein (troponin-I) and troponin-binding 
protein (troponin-T). α-Tropomyosin (α-TM) plays a 
critical role in skeletal and cardiac muscle development 
and function (Marston et al, 2013) and gene mutations 
lead to myopathy. α-TM regulates muscle contraction by 
combining with the actin protein filaments and control-
ing mysin-head-actin interaction on thin filaments under 
the influence of troponin and Ca2+. As a consequence, 
tropomyosin controls the actin-myosin cross-bridge cycle 
and contraction (Gordon et al, 2000). Tropomyosin is 
present in muscle and non-muscle cells and is an α-
helical protein that forms a coiled-coil dimer. In striated 
muscle, tropomyosin mediates the interactions between 
the troponin complex and actin so as to regulate muscle 
contraction.  

The Japanese flounder (Paralichthys olivaceus) is 
an important commercial fish and undergoes a special 
post-embryonic metamorphosis, involving transform-
ation from a bilateral pelagic larva to an asymmetrical 
benthic juvenile with both eyes on the same side of the 
body. Metamorphosis in fish takes place in certain 
species that experience an abrupt ontogenetic transfor-
mation from larval to juvenile form associated with a 
transition to new habitat (Wilbur, 1980; Youson, 1988). 1 

Its asymmetrical shape is unique in vertebrates. The 
process is largely controlled by thyroid hormone (TH) 
and exogenous thyroid hormone can induce early metam-
orphosis of flounder larvae (Schreiber, 1998). During 
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metamorphosis skeletal muscle cells change morphology, 
involving troponin and myosin light chains prior to 
translating body morphology from planktonic to benthic 
life (Yamano et al, 1991; Yamano et al, 1994). Thiourea 
(TU) can inhibit flounder metamorphosis (Inui & Miwa, 
1985). Li et al (2012) previously suggested that the 
expression of tropomyosin is related to amphioxus 
sarcomere, muscle and nerve cord formation, and partic-
ipate in body model building (Li et al, 2012). Muscle is 
one of the obvious organizational changes during 
flounder metamorphosis but the role of tropomyosin in 
flounder metamorphosis remains unclear. 

In the present study, we used RT-PCR methods to 
measure α-TM mRNA expression to understand (1) the 
expression of α-TM during flounder development and 
metamorphosis, and (2) whether α-TM expression is 
modulated by TH. We also cloned the complementary 
DNA (cDNA) sequence, including the complete open 
reading frame (ORF) of the tropomyosin gene in 
Japanese flounder. Finally, nucleotide composition, mol-
ecular evolution, protein structure and potential functi-
onal region were analyzed using bioinformatics methods. 

MATERIALS AND METHODS 

 Animal experiments 
Flounder larvae and juveniles were reared in 

seawater kept at 16±1 °C at the Beidaihe Center Experi-
ment Station (Chinese Academy of Fishery Sciences, 
Hebei). Larvae from 3−13 days post hatching (dph) were 
in a 2 000 L tank at 16−17 °C. At 14 dph, larvae were 
divided into three groups and cultured from 15−42 dph. 
The control group (control) was exposed to natural seaw-
ater. The TH group (thyroid hormone, T4) was exposed 
to seawater containing a 0.1 mg/L concentration of TH 
over the course of the experiment (Inui & Miwa, 1985). 
The TU group was exposed to seawater containing a 30 
mg/L concentration of TU over the whole experiment 
(Inui & Miwa, 1985). All protocols and procedures were 
approved by the Shanghai Ocean University Review 
Committee for the Use of Animal Subjects. 

 
Sample collection  

Larvae were carefully separated into developmental 
stages as described by Minami (1982). We collected 
samples at 0 h (unfertilized egg), 26 hour post fertiliz-
ation (hpf, gastrula stage), 71 hpf (heart-beating stage), 3 
dph, 9 dph, 14 dph, 17 dph (pre-metamorphosis, the 

stage prior to the start of eye migration, Stage D), 23 dph 
(pro-metamorphosis, the right eye moved toward the 
dorsal margin but still could not be seen from the left/ 
ocular side, Stage F), 29 dph (climax metamorphosis, the 
right eye has become visible from the ocular side while 
not reached the dorsal midline, Stage G), and 36 dph 
(post-metamorphosis, the right eye has just located on 
the dorsal margin, Stage H). Whole larvae (n=3 pools, 5 
specimens/pool), including the control (9, 14, 17, 20, 23, 
29 and 36 dph), TH treatment (17, 20, 23, 29 and 36 dph), 
and TU treatment (17, 20, 23, 29 and 36 dph), were 
collected for RNA isolation. Adult tissues/organs 
samples (n=3 specimens) were separately dissected, 
immediately frozen in trizol and maintained at -80 °C for 
RNA extraction. 

 
RNA isolation 

Total RNA was isolated from whole larvae using 
TRIzol (Invitrogen, Carlsbad, CA, USA) according to 
the manufacturer’s instructions. RQ1 RNase-free DNase 
(Promega, Madison, WI, USA) was used to remove 
genomic DNA contamination. RNA concentration was 
quantified using an NANODRO 2000 (ThermoFisher 
Scientific) and RNA integrity was detected by agarose-
gel electrophoresis, and 1.8<A260 / A280 ratios<2.0. 

 
Tropomyosin gene cloning and sequence analysis 
Design of primer sequences 

A few species of tropomyosin mRNA were used as 
query sequences through the basic local alignment search 
tool (BLAST) program to retrieve high homological 
domain from the GenBank database. Primers (Table 1) 
were designed according to these domains using Primer 
Premier 5.0. Gene-specific primers (Table 1) were 
designed in the cloned PCR fragments for 5'-rapid 
amplification of cDNA ends (5'-RACE) and 3'-RACE, 
respectively. 

Table 1 Designed primers used in the experiment 

Primer name Primer sequence (5'–3') 

α-Tm Primer F TTAGCGTTCAGTTAGGCACA 

α-Tm Primer R AGCTTGGTCAGGGCAGTT 

α-Tm3' RACE Outer Primer GCAACTGCCCTGACCAAGC 

α-Tm3' RACE Inner Primer GAAGGCTGCTGATGAGAGCGAGA

α-Tm5' RACE Outer Primer CTTGTCGGTGAGGACCTTGATC 

α-Tm 5' RACE inner Primer GACGAGCTTACGGGCCACCT 

α-Tm qPCR-F ACCACGCCCTCAACGACA 

α-Tm qPCR-R GGACAGGAAAGCGAAGACA 
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Synthesis of cDNA 
The first-strand cDNA of each sample was synthesi-

zed from 500 ng total RNA GoScript Reverse Transcr-
iption System (Promega). PCR was performed using the 
primers (α-TM F+α-TM R) with cDNA as a template. 
PCR products were purified from 1% agarose gel, and 
cloned into PMD-19T vectors. The plasmid was transfo-
rmed into DH5α competent cells. Positive clone were 
selected on lysogeny broth-amp plates supplemented 
with X-gal and IPTG. The cloned α-TM cDNAs of P. 
olivaceus were sequenced.  

In order to obtain the 3' and 5' end sequences of α-
Tm, nested 3' and 5'-RACE PCR were performed with 
5'-Full RACE Core Set and 3'-Full RACE Core Set 
(TAKARA) using the DNase treated total RNA. The 
reaction system and conditions were designed according 
to the technical manual. The RACE products were 
sequenced and contiged with PCR fragments above, then 
the whole sequence was submitted to GenBank. 

 
Bioinformatics analysis 

The TM gene coding regions and structural domains 
were predicted using ORF finder and Pfam. Molecular 
masses and isoelectric point (pI) were predicted using the 
web server ProtParam (http://www.expasy.org/tools/ 
protparam.html). For the phylogenetic analysis of α-TM 
genes, 12 α-TM protein sequences were selected. MEGA 
5.2 was used to build a phylogenetic tree via the 
neighbor-joining (NJ) method, with 1 000 bootstraps. 
The α-TM protein sequences were aligned using 
ClustalX 2.0 to identify homologous regions.  

 
mRNA expression (quantitative real-time PCR)  

The first-strand cDNA of each sample was synthe-
sized from 500 ng total RNA GoScript Reverse Transcri-
ption System (Promega). The reaction system and condi-
tions were designed according to the technical manual. 
The first-strand cDNAs were kept at -20 °C. A standard 
curve was generated for each pair of primers based on 
known quantities of cDNA (10-fold serial dilutions 
corresponding to cDNA transcribed from 500−0.05 ng of 
total RNA) to estimate amplification efficiencies. All 
calibration curves exhibited correlation coeffic-
ients>0.995, and the corresponding real-time PCR 
efficiencies (E) were 0.96−0.99. 

Real-time PCR was performed in Bio-Rad CF96 
(Bio-Rad). The 20 μL reaction mixture consisted of 
10 μL SYBR Premix Taq (×2), 0.4 μL forward primer 
(10 μmol/L), 0.4 μL reverse primer (10 μmol/L) and 1 μL 

PCR template. All experiments were performed triplicate. 
The relative expression levels of TM were normalized to 
GAPDH and β-actin. PCR was as follows: initial 
denaturation and enzyme activation for 3 min at 95 °C, 
followed by 40 cycles of 95 °C for 5 s and 60 °C for 30 s. 
Fluorescence was collected at the end of each round of 
amplification.  

The relative mRNA expression for each gene was 
determined using the (2−ΔΔCt) method (Schefe et al, 2006). 
The results of real-time PCR analysis were presented as 
mean±SE. The relative expression level of the α-TM gene 
in the E1 (unfertilized ovum) was used as the calibrator. 
Groups were compared using one-way ANOVA, followed 
by a Tukey test to identify statistically distinct groups. 
Significant differences were accepted for P<0.05. 

RESULTS 

cDNA cloning and sequence analyses of α-Tm 
RT-PCR was conducted using two pairs of primers 

(Table 1). The sizes of the PCR products were 438 bp. 
Further research was conducted by 5'-RACE and 3'-
RACE, and PCR products were 727 bp and 624 bp, 
respectively. The full length α-TM cDNA was 1 191 bp 
including a 5′-untranslated region (UTR) of 114 bp, a 3'-
UTR of 222 bp, and an open reading frame (ORF) of 855 
bp encoding a polypeptide of 284 amino acids (GenBank 
accession number: KF996501). 

α-TM is a two-chained α-helical coiled-coil protein 
that binds along the length of the actin filament and 
regulates muscle contraction in cooperation with Tn 
(troponin) and myosin. The predicted molecular size and 
theoretical PI of α-TM is 27×103 and 4.69, respectively. 
There are nine amino acids (LKEAET-RAE) on the C-end, 
which is a conservative area and characteristic of the 
tropomyosin gene region. The sequence (EELDRAQE) 
in 97−104 and sequence (KLEEAEK) in 112−118 were 
stability control regions of α-TM. The amino acids 
258−284 and 175−190 were two distinct regions that 
bind to TnT (troponin T) (Figure 1). 

According to the sequence alignment result, the P. 
olivaceus α-TM protein sequence shares similarities 
above 90% with homologs from other vertebrates. 
Phylogenetic analysis of α-TM from P. olivaceus and 
other vertebrates using protein sequences is shown in 
Figure 2. P. Olivaceus is closest to E. coioides, sharing a 
high level of similarity of 98%, and farthest from 
lancelets (G. gallus) at a low level of 93%. Similarities 
within all the other species are between 94%−97% . This  
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Figure 1 Amino acid sequence alignment for Paralichthys olivaceus tropomyosin 
Black font represent same amino acid residues, red font represents similar amino acid residues. Green box contains stability control region of α-TM (97-

104:EELDRAQE;112-118 KLEEAEK). Blue box contains binds to TnT region. Black blocks represent characteristic amino acid residues of tropomyosin. 

[Paralichthys olivaceus] gb|KF996501; [Siniperca chuatsi] gi|339896195; [Epinephelus coioides] gi|295792268; [Thunnus thynnus] gi|38175083; [Xenopus 

(Silurana) tropicalis] gi|165971165; [Danio rerio] gi|55962544; [Homo sapiens] gi|63252898; [Mus musculus] gi|509182; [Sus scrofa] gi|148222268; 

[Oryctolagus cuniculus] gi|157787199; [Gallus gallus] gi|45382323; [Takifugu rubripes] gi|74136093. 

 
molecular phylogeny agrees with the evolutionary 
relationships for these species. 
 
Expression of α-TM mRNA during embryonic and 
larval development 

Markedly low levels of α-TM transcripts were 
detected in the unfertilized egg and gastrula stages, but 
reached a certain level at the heart beating stage (Figure 
3). A relatively high level of α-TM mRNA was present 
until 3 dph, but from 9 dph to 14 dph it sharply decreased 
and remained low. From 17 dph, α-TM mRNA gradually 
increased and reached its highest level at 29 dph, when 
the larvae were at metamorphic climax; levels declined 
visibly at the end of metamorphosis. 

Effect of TH on α-TM mRNA expression during 
metamorphosis 

Larvae at 14 dph were exposed to exogenous TH 
(0.1 mg/L) and TU (30 mg/L), and levels of α-TM 
mRNA were determined in larvae sampled at 3, 9, 15 and 
22 days after TH and TU treatment (Figure 4). In the tre-
atment, the expression of GAPDH and β-actin were smo-
oth. No significant differences in α-TM mRNA levels 
were observed in TH- and TU-administrated larvae at 23 
dph. Importantly, TH-treated larvae exhibited signific-
antly higher α-TM mRNA levels than untreated and TU-
treated larvae at 36 dph (P<0.05). The relatively lower 
levels of α-TM mRNA were detected in TU-treated 
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 Figure 2  Phylogenetic tree of tropomyosin 
 

 

 Figure 3  The relative expression of tropomyosin in different 
development periods 

E1: unfertilized ovum; E2: gastrula; E3: Heart beating stage; 3 dph: 3 days 

post hatching; 9 dph: nine days post hatching; 14 dph: 14 days post hatching; 17 

dph: 17 days post hatching; 23 dph: 23 post hatching; 29 dph: 29 days post 

hatching; and 36 dph: 36 days post hatching. 

 

 Figure 4 Expression of Tropomyosin during metamorphosis of 
NC, TH- and TU-treated larvae 

17 dph: 17 days post hatching; 23 dph: 23 days post hatching; 29 dph: 29 

days post hatching; and 36 dph: 36 days post hatching. 

larvae compared with controls at 17, 23, 29 and 36 dph. 

DISCUSSION 

There are four TM genes: TPM1 (α-TM), TPM2 (β-
TM), TPM3 (γ-TM) and TPM4 (δ-TM). (Jagatheesan et 
al, 2010) formed by a family of four alternatively spliced 
genes that display highly conserved nucleotide and 
amino acid sequences. We isolated the full length cDNA 
of the α-TM gene from P. olivaceus. The deduced 
protein sequence is 284 amino acids, the same as other 
species in striated muscle. It is 93%−98% homologous 
to α-TM of other teleosts. High sequence homology 
illustrates that the function of this gene is highly 
conserved. An 8-residue sequence (EELDRAQE) with 
five charged residues in 97−104 and a 7-residue 
sequence (KLEEAEK) with five charged residues in 
112−118 are regarded as likely sources of the contrib-
utions that result in the stability observed in full-length 
tropomyosin (Kirwan & Hodges, 2010). Previous studies 
determined that TnT binds to α-TM in two distinct 
regions: at the carboxyl end of the molecule (amino acids 
258−284), and internally in the region of amino acids 
175−190 (Pearlstone & Smillie, 1983; Sumida et al, 
2008). We found that these sites in Japanese flounder, 
mammals and other teleosts were conserved. Phyloge-
netic analysis revealed that the P. olivaceus α-TM locates 
on the same group as all fish α-TM. 

α-TM is expressed early during flounder develop-
ment and remains transcribed throughout its lifetime, 
which is the same for Mariappan in mouse (Muthuchamy 
et al, 1993). Tropomyosin plays an important role in 
controlling calcium regulated sarcomeric contraction 
through its interactions with actin and the troponin 
complex. We found high levels of α-TM mRNA 
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expression at 3 dph, which may be due to transition from 
a quiescent state to sport state for flounder. α-TM mRNA 
remained at lower levels until 29 dph because a great 
deal of energy is required to meet the needs of 
metamorphosis during metamorphosis, and thus the 
growth rate decreased and α-TM mRNA expression 
declined. TM is an essential protein, if knocked out the 

developing mouse dies between 10−14 embryonic days 
(Rethinasamy et al, 1998). The Glu180Gly and 
Asp175Asn mutations can cause hypertrophic cardiom-
yopathy (HCM) (Bing et al, 2000). TH and TU may 
promote or inhibit flounder metamorphosis, respectively 
(Fu et al, 2012), but here the expression of α-TM was 
relatively unaffected. 
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Abstract: Cestode larvae spend one phase of their two-phase life cycle in the viscera of rodents, but cases of cestodes infecting 
subterranean rodents have only been rarely observed. To experimentally gain some insight into this phenomenon, we captured 
approximately 300 plateau zokors (Eospalax baileyi), a typical subterranean rodent inhabiting the Qinghai-Tibet Plateau, and 
examined their livers for the presence of cysts. Totally, we collected five cysts, and using a mitochondrial gene (cox1) and two 
nuclear genes (pepck and pold) as genetic markers, we were able to analyze the taxonomy of the cysts. Both the maximum likelihood 
and Bayesian methods showed that the cysts share a monophyly with Taenia mustelae, while Kimura 2-parameter distances and 
number of different sites between our sequences and T. mustelae were far less than those found between the examined sequences and 
other Taeniidae species. These results, alongside supporting paraffin section histology, imply that the cysts found in plateau zokors 
can be regarded as larvae of T. mustelae, illustrating that zokors are a newly discovered intermediate host record of this parasite. 

 
Keywords: Endoparasites; New host record; Phylogenetic relationships; Subterranean rodent 

Larval taeniid cestodes (Taeniidae, Cyclophyllidea, 
Cestoda) are known to require either human or other 
herbivorous mammals—generally rodents—to serve as 
intermediate hosts during their larval stage (Knapp et al, 
2011). While there are many parasites within humans and 
rodents, larval cestodes are a special epidemiological 
focus, because they can cause serious pathological 
changes in viscera and tissues, and even death of the host 
(Eckert et al, 2001; Hoberg, 2002). While humans and 
other herbivorous mammals are often used as hosts, 
subterranean rodents are generally not thought to be 
viable host options. As a widely distributed group of 
species that live primarily underground and are highly 
adapted to that environment (Lacey et al, 2000; Nevo, 
1999), most major activities—foraging, mating, and 
breeding, etc. —take place underground. Consequently, 
these rodents have rare contact with predators (Begall et 
al, 2007), but more importantly, since subterranean 
rodents generally forage underground parts of plants, 

they have a markedly smaller probability of encountering 
food contaminated by cestode eggs. As a result, it is 
commonly believed that these animals have a compar-
atively rare chance of becoming infected by cestodes, but 
that preconception may be, at best, flawed, or even 
incorrect, because these animals are typically hidden, the 
presence of cestodiasis is not well empirically studied. 1 

Boev et al (1971) first identified E. multilocularis 
from cysts isolated from a zokor species (Myospalax sp.) 
in Kazakhstan. Li et al (1985) and Hong & Lin (1987) 
reported the same identification of cysts from the viscera 
of Chinese zokors (M. fontanieri) in Ningxia, China. 
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Because of the paucity of adult cestode phenotypic 
characteristics and the great plasticity of larvae, ide-
ntifying the Taeniidae species using traditional histologic 
examination of paraffin slices is prone to errors (Nakao 
et al, 2010). Thankfully, modern molecular technologies 
provide far more accurate methods of identification. In 
this study, we sought to use both approaches to gain a 
more complete picture of cestode infections. To that end, 
we collected several cysts from the livers of captured 
plateau zokors (Eospalax baileyi) (Figure 1A) and used 
molecular phylogenetic methods to determine the phylo-
geny of the larval cysts.  

 
Figure 1 Photographs of Samples 

A: Example of plateau zokor Eospalax baileyi; B: Cyst in zokor liver tissue; 

C and D: Histopathological slices of a cyst. 

MATERIALS AND METHODS 

Totally, 300 plateau zokors were captured for study 
from Datong County (N37°7.5′, E101°48.7′), in the east 
of Qinghai Province, China. After euthanizing the speci-
mens and dissecting them, liver tissues were extract and 
tissues that appeared to be infected (Figure 1B) were 
fixed in 4% formalin and embedded in paraffin wax, with 
3-5 µm sections prepared for histopathological observat-
ion. The samples were stained overnight with Delafield’s 
haematoxylin, destained with 70% ethanol containing 
1% hydrochloric acid, dehydrated in ethanol, and then 
cleared with xylene and mounted in Canada balsam. The 
found cysts that were to be used for molecular analyses 
were fixed in 95% ethanol before total genomic DNA 
was extracted using a spin column kit (DNeasy tissue kit, 
Qiagen, Germany) and then used as a template for PCR. 
Here, two cysts were randomly selected for molecular 
analyses. Partial fragments of the mitochondrial gene for 
cytochrome c oxidase subunit 1 gene (cox1) (approxi-

mately 880 bp) were amplified using previously publis-
hed primers cox1/F and cox1/R by Nakao et al (2000). 
We also selected genes for phosphoenolpyruvate carbox-
ykinase (pepck) (approximately 1 650 bp) and DNA 
polymerase delta (pold) (approximately 2  000 bp) to 
serve as targets for nuclear markers in the cyst DNA 
(Knapp et al, 2011). 

PCR was performed using a 40 µL final reaction 
volume, with 40 to 60 ng of genomic DNA, 0.6 mmol/L 
dNTPs, 0.2 µmol/L of each primer, 1U Taq polymerase 
and the manufacturer-supplied reaction buffer. Therm-
ocycling was conducted in a T-Gradient Thermoblock 
PCR machine (Biometra, Gottingen, Germany). After 
initial denaturation at 94 °C for 7 min, the reaction 
proceeded for 35 cycles as follows: 30 s at 94 °C, 30 s at 
54 °C to 56 °C and 90 s at 72 ◦C and terminated with a 
final extension step of 72 °C for 5 min. Resulting PCR 
products were purified using a CASpure PCR Purific-
ation Kit following the manufacturer’s recommended 
protocols (Casarray, Shanghai, China), and directly 
sequenced using the same primers that were previously 
used for amplifying the sequences mentioned above. 
Sequencing reactions were conducted in a Biometra 
thermocycler using a DYEnamic ET Terminator Cycle 
Sequencing Kit (Amersham Biosciences, UK) following 
the manufacturer’s protocols. Sequencing products 
were later separated and analyzed on an ABI 3730 
DNA Analysis System (Applied Biosystems, USA). 
Putative exon regions for both the pepck and pold 
genes were extracted from each of the respective 
sequence alignments under the guidance of previously 
published exon–intron maps for E. multilocularis 
(Knapp et al, 2011). 

We obtained the sequences of cox1, pepck and pold 
genes from the available species in the family (9 
Echinococcus and 15 Taenia taxa) from GenBank to 
serve as a basis for identifying taxonomic status of the 
cystic larvae using phylogenetic methods. The additional 
taxa Hymenolepis diminuta for cox1 and Dipylidium 
caninum for the two nuclear genes (pepck and pold) were 
included as outgroups for reconstructing maximum 
likelihood (ML) and Bayesian trees (accession numbers 
of these sequences are in Table 1). The coding sequences 
for each gene were aligned using ClustalW in MEGA 5.0 
(Tamura et al, 2011), cut to the length of the shortest 
sequence. Maximum likelihood trees were generated in 
PAUP 4b10 (Swofford, 2002) and the Bayesian trees in 
MrBayes 3.2 (Ronquist et al, 2012), each with 1 000 
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bootstrap replicates. Nucleotide substitution models were 
selected using the Akaike information criterion (AIC) 
within Modeltest 3.7 (Posada & Crandall, 1998) running 
on PAUP 4b10 and in MrModeltest 2.3 (Posada & 

Crandall, 2001) running on MrBayes3.2. The Kimura 2-
parameter pairwise divergence (K2P) and the number of 
different nucleotide substitutions (N) among sequences 
was calculated using MEGA 5.0. 

Table 1 GenBank accession numbers for all reference sequences (9 Echinococcus and 15 Taenia taxa and 2 outgroups 
Dipylidium caninum and Hymenolepis diminuta) for each gene used in this study 

Species cox1 pepck Pold 

E. granulosus AF297617 FN567990 FN568361 

E. multilocularis AB018440.2 FN567985 FN568356 

E. shiquicus AB208064 FN567986 FN568357 

E. felidis AB732958 FN567989 FN568360 

E. oligarthrus AB208545 FN567988b FN568359b 

E. ortleppi AB235846 FN567992 FN568363 

E. equinus AF346403 FN567991 FN568362 

E. vogeli AB208546 FN567987 FN568358 

E. canadensis (G7) AB235847 FN567994 FN568365 

T. asiatica AF445798.2 FN567998 FN568369 

T. crassiceps AF216699 FN567999 FN568370 

T. hydatigena FJ518620 FN568000 FN568371 

T. multiceps GQ228818 FN568002 FN568373 

T. saginata AY684274 FN567997 FN568368 

T. solium AB086256 FN567996 FN568367 

T. laticollis JX860624 FR869697 FR869703 

T. madoquae AM503324 FR869699 FR869705 

T. martis AB731758 FR852569 FR869706 

T. ovis JX134121 FN568003 FR869707b 

T. parva AB731760 FR869700 FR869708 

T. serialis AB704405 FN568001 FN568372 

T. taeniaeformis AB731761 FR869701 FR869709 

T. twitchelli AB731759 FR852568 FR869710 

T. mustelae EU544570 FR869698 FR869704 

Dipylidium caninum —— FR869702 FR869711 

Hymenolepis diminuta AF314223 —— —— 

 
RESULTS 

Totally, 300 plateau zokors were captured and then 
examined for the presence of cestode parasites. Among 
these five separate cysts were detected in five of the 
examined zokors, each ranging from 3-5 mm in diameter 
(Figure 1B). The cysts were found deeply embedded, and 
partly or fully covered by liver tissue. Physically, they 
are thin-walled and either transparent to translucent. 
Slices of the tissues (depicted in Figure 1C, D) showed 
that only one larva attached to the inner face of the cyst. 
The larva was about 3.5 mm in major diameter with no 
sign of scolex formation. Together, these physical chara-

cteristics suggest a close relationship of the observed 
cysts with Taenia mustelae Gmelin 1790 (Freeman, 
1956).  

Three genes each from two cysts were sequenced 

and the resulting sequences submitted to GenBank 

(accession numbers: KC898934-KC898939). The 

cox1, pepck, and pold (partial sequences) were 820 bp, 

1 041 bp, and 1 873 bp in length, respectively. The 

putative exon regions for pepck and pold genes were 

likewise 921 bp and 867 bp, respectively. Finally, 

three alignments in lengths of 384 bp, 921 bp, and 867 

bp respectively for the cox1, pepck, and pold genes 
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were used for molecular analyses. Testing showed that 

the three genes differed at only one or two sites betw-

een the DNA sequences from the larvae from the two 

cysts.  
Further phylogenetic analysis yielded both ML and 

Bayesian trees, (Figure 2) both of which clearly demo-
nstrated that the sequences of the cysts and T. mustelae 

were closely related. Further analysis between the 
sequences of the cysts and other sequences yielded 
K2P and N values (Table 2), and the values for both 
measurements between the studied sequences and 
earlier reported sequences of T. mustelae were far less 
than those between our sequences and other Taeniidae 
species. 

 

Figure 2 Phylogenetic trees of cyst tissues found in Plateau Zokors using the cox1 and exon data sets of pepck and pold  
Upper tree is generated by maximum likelihood and the lower by Bayesian analysis. Each tree was rooted with Hymenolepis diminuta for cox1 and Dipylidium 

caninum for pepck and pold. Values at each node are bootstrap proportions (%). 

 
DISCUSSION 

Both the h is topathological  and molecular 
analyses we conducted indicated that the cysts can be 
regarded as larvae of T. mustelae, meaning that the 
zokors are a newly identified host for T. mustelae 
infection. A recent DNA barcoding of taeniids using 
the same cox1 gene segment as we used in this study 
found that the optimum threshold for distinguishing a 
Taenia species is 3.6% of K2P distance (Galimberti et 
al, 2012), which is higher than the value (2.7%) found 
between our samples and T. mustelae. Given this 
threshold, we can conclude that our speculation on the 

 nature of the cysts as being T. mustelae larvae is 
likely accurate. Unfortunately, the “gold standard” of 
determining a taeniid species relies on using both 
molecular data of adult specimens as well as morpho-
logical observations. Though our present findings are 
intriguing, further studies, such as survey of potential 
hosts for adult taeniids, are still necessary to make a 
definitive taxonomic review of the cysts.  

Combined with former reports, our results make it 
clear that that zokors can harbor two Taeniidae species 
with two different genuses. Taeniid parasites require 
two mammalian hosts to perpetuate their life cycles. 
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Table 2 Mean values of different sites (N) and Kimura 2-parameter distances (K2P) between the sampled sequences and 
earlier published sequences for cox1, pepck, and pold genes  

cox1(384 bp) pepck (921 bp) pold (867 bp) 
 

N K2P N K2P N K2P 

E. granulosus 52.0 0.1500 83.5 0.0980 92.0 0.1170 

E. multilocularis 50.0 0.1430 81.5 0.0955 87.0 0.1100 

E. shiquicus 48.0 0.1370 83.5 0.0980 91.0 0.1150 

E. felidis 48.0 0.1370 82.5 0.0965 88.0 0.1110 

E. oligarthrus 43.0 0.1220 80.5 0.0945 90.0 0.1140 

E. ortleppi 48.0 0.1370 83.5 0.0980 90.0 0.1140 

E. equinus 46.0 0.1310 82.5 0.0965 85.0 0.1070 

E. vogeli 48.0 0.1370 78.5 0.0915 85.0 0.1070 

E. canadensis (G7) 51.0 0.1470 82.5 0.0965 90.0 0.1140 

T. asiatica 56.0 0.1630 104.5 0.1255 104.0 0.1335 

T. crassiceps 50.0 0.1430 99.5 0.1190 122.0 0.1610 

T. hydatigena 56.0 0.1630 99.5 0.1185 96.5 0.1230 

T. multiceps 55.0 0.1590 110.5 0.1335 103.0 0.1325 

T. saginata 54.0 0.1560 104.5 0.1255 103.0 0.1325 

T. solium 55.0 0.1590 90.5 0.1070 105.0 0.1355 

T. laticollis 54.0 0.1560 111.5 0.1345 129.0 0.1710 

T. madoquae 53.0 0.1530 102.5 0.1230 97.0 0.1235 

T. martis 55.0 0.1600 99.5 0.1190 110.0 0.1435 

T. ovis 56.0 0.1630 101.5 0.1215 100.0 0.1275 

T. parva 54.0 0.1560 122.5 0.1505 139.0 0.1855 

T. serialis 57.0 0.1660 101.5 0.1215 96.0 0.1225 

T. taeniaeformis 59.0 0.1720 117.5 0.1425 143.0 0.1910 

T. twitchelli 48.0 0.1370 99.5 0.1195 118.0 0.1555 

T. mustelae 10.0 0.0270 3.5 0.0035 4.0 0.0045 

 
Terrestrial carnivorous predators act as hosts for the adult 
worms, while their prey, such as the zokors and other 
rodents, act as intermediate hosts for the cystic larvae. 
Zokors are commonly thought to have only rare contact 
with predators because of their absolute underground 
habitat. An earlier study noted that the numbers of 
plateau zokors in the pellets and food remains of Buteo 
hemilasius and Bubo bubo only consisted ~5% of total 
prey individuals (Cui et al, 2003). Likewise, the average 
feeding intensity by predators of the zokor, such as the 
red fox (Vulpes vulpes), polecat (Mustela eversmanni) 
and weasel (M. altaica) of plateau zokor was much lower 
than that of the sympatric distributed plateau pika 
(Ochotona curzoniae) (Yang et al, 2007). Moreover, as a 
typical subterranean rodent, plateau zokors mainly feed 
on underground roots and shoots of plants (Zhang, 1999), 
both of which are less likely to be contaminated by 
cestode eggs contained in the feces of carnivorous hosts. 

Collectively, these characteristics make the zokors 
somewhat unlikely infectious targets for taeniid cestodes. 
The reality that zokors can indeed be infected by both 
Taenia and Echinococcus larvae shows that an underg-
round habitat alone cannot prevent infection by such 
parasites, which may then hold some interesting 
implications for studies of similar parasitic organisms  

One possibility that may explain the infection is that 
when zokors collect food items from underground, they 
may also pull down the aboveground parts of plants. In 
fact, recent studies on winter caches of plateau zokors 
showed that they collected considerable amount of 
aboveground plant parts, some of which are even 
positively selected as food sources (Xie et al, 2013). This 
novel observation gives some credence to our observed 
infection of zokors by parasites, because if zokors 
actually harvest aboveground sources of food, they may 
have more chances to become infected by cestodes as 
expected. Another possibility is that while zokors 
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constitute only a small part of food resources of predat-
ors, some carnivores, such as the polecat, frequently 
invade to their burrows in search of food (Zheng et al, 
1983) Even when unsuccessful, such forays into the 
underground zokor burrows may increase the probability 
of contamination of cestodes eggs (from feces) in the 
zokor habitats and consequently increase their infection 
rate. Since there are many predators and other herbiv-
orous mammals such as plateau pika, root vole (Microtus 
oeconomus), hamster (Cricetulus longicaudatus), and 

marmot (Marmota himalayana) that are sympatrically 
distributed with plateau zokors, the taeniid parasites that 
infect zokors may complete their life cycles locally, 
placing many of these wild mammals of the plateau at 
risk for cestodiasis, though this clearly needs further 
detailed follow-up. Accordingly, we suggest that the 
health challenges of endoparasites from zokors (and 
probably other subterranean rodent species) should not 
be neglected and indeed warrant greater attention and 
observation. 
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Abstract: While the roles of glutamic acid (Glu), arginine vasopressin (AVP) and their respective receptors in anxiety have been 
thoroughly investigated, the effects of interactions among Glu, N-methyl-D-aspartic acid (NMDA) receptor, AVP and a-amino-3-
hydroxy-5-methylisoxazole-4-propionic acid (AMPA) receptor on anxiety are still unclear. In the present study, the agonist and 
antagonist of the NMDA receptor and AMPA receptor, as well as the antagonist of AVP V1 receptor (V1aR) were introduced into 
BALB/cJ mice by intracerebroventricular microinjection, and the anxiety-like behaviors of the mice were evaluated by open field and 
elevated plus-maze tests. Compared with C57BL/6 mice, BALB/cJ mice displayed higher levels of anxiety-like behavior. Significant 
anxiolytic effects were found in the NMDA receptor antagonist (MK-801) and the AMPA receptor or V1aR antagonist (SSRI49415), 
as well as combinations of AVP/MK-801 and SSRI49415/DNQX. These results indicated that anxiety-like behaviors expressed in 
BALB/CJ mice may be due to a coordination disorder among glutamate, NMDA receptor, AMPA receptor, AVP and V1aR, resulting 
in the up-regulation of the NMDA receptor and V1aR and down-regulation of the AMPA receptor. However, because the AMPA 
receptor can execute its anxiolytic function by suppressing AVP and V1aR, we cannot exclude the possibility of the NMDA receptor 
being activated by AVP acting on V1aR.  

 
Keywords: Anxiety; AMPA receptor; NMDA receptor; AVP; V1aR 

Many hypotheses have been proposed in regards to 
the pathogenesis of anxiety e.g. monoamine neurotran-
smitter receptor disorder, Glu system disorder, and neu-
ronal plasticity. However, all these theories have limita-
tions. In recent years, one of the most important targets 
in anxiety research has been the glutamic acid (Glu) 
system, which closely interacts with monoaminergic 
neurons, peptidergic neurons, and neurotrophic factors, 
and plays a vital role in the adjustment of emotion-
directed behaviors (Hashimoto, 2011; Rios et al, 2009; 
Teuchner et al, 2010). Molecular and behavioral studies 
have shown that the N-methyl-D-aspartic acid (NMDA) 
receptor is critical in the neuronal plasticity of the 
prefrontal cortex (Chen et al, 2008; Fontán-Lozano et al, 
2007; Valenzuela-Harrington et al, 2007). Furthermore, 
the antagonist of the NMDA receptor, MK-801, 
significantly down-regulates anxiety-like behaviors in 
animals (Herman & Cullinan, 1997; Müller & Holsboer, 
2006), whereas, excessive activation of the NMDA 

receptor induces anxiety or depression (Hashimoto, 2011; 
Skolnick, 1999). However, the AMPA receptor agonist of 
Glu not only produces remarkable anxiolytic and anti-
depression effects (McEwen, 1999), but also increases 
mRNA expression of brain derived neurotrophic factor 
(BDNF) and significantly reduces levels of anxiety and 
depression (Katz, 1982; Sapolsky, 2000). 1 

Skolnick (1999) found that expression levels of 
arginine vasopressin (AVP) and AVP V1 receptor (V1aR) 
were higher in patients with anxiety than those in normal 
people. Appenrodt & Schwarzberg (2000) found that 
V1aR knock-out reduced levels of anxiety in mice, 
suggesting that excessive activation of V1aR greatly 
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influenced levels of anxiety-like behavior in mice.  
Correlations between the Glu and AVP systems have 

been indicated in many studies. Patchev et al (1994) 
found that the NMDA receptor and its agonist induced 
AVP release in vitro; however, intracerebroventricular 
microinjection of NMDA receptor antagonists, other 
than its metabotropic receptor (Yamaguchi & Watan-
abe, 2005), interdicted AVP release in vivo (Iwanaga 
et al, 2011; Yamaguchi et al, 2005). Intracerebrovent-
ricular microinjection of NMDA was found to increase 
levels of serum AVP (Maione et al, 1992), with AVP 
known to then increase excitatory responses of Glu 
and NMDA in the brain (Joëls & Urban, 1984). How-
ever, the mechanisms underlying the regulation of 
anxiety-like behaviors via the interaction between 
different types of Glu receptors and the AVP system 
are yet to be elucidated.  

Animals’ anxiety-like behaviors are determined by 
multiple factors with various mechanisms. Under anxiety, 
remarkable changes can be found in the levels of AMPA 
and NMDA receptors of Glu, as well as in V1aR 
expression. However, effects of their interactions on 
levels of anxiety are still not known. In the present study, 
we performed intracerebroventricular microinjection of 
drugs in BALB/cJ (BALB) mice, which are character-
rized with innate high levels of anxiety-like behaviors, 
and then evaluated changes in levels of anxiety by open 
field and elevated plus-maze tests. We investigated the 
interactions and individual roles of Glu, AVP and their 
respective receptors in adjusting anxiety-like behaviors 
in adult BALB/cJ mice. 

MATERIALS AND METHODS 
Animals and grouping 

Healthy four-week-old male BALB/cJ and C57BL/6 
(C57) mice, weight 23±3 g, were provided by the 
Laboratory Animal Center of Xi′an Jiao Tong University, 
Xi′an, China. Animals were housed in the breeding room 
of the College of Life Sciences, Shaanxi Normal Univ-
ersity, Xi’an, China, using wooden chips as bedding mat-
erials. The study animals were fed ad libitum with 
standard mice food. The light cycle was 12 D:12 L 
(08:00−20:00) and the temperature was set at 24±2 °C. 
Animals were allowed one week to accommodate. Due 
to the low sociality and high anxiety in BALB/cJ mice 
(Skolnick, 1999), C57 mice, which are characterized 
with high sociality and low anxiety, were taken as the 

normal controls. Animals were randomly placed into ten 
groups (eight animals in each group): (1) BALB/SAL 
group (BALB/cJ normal control group), animals were 
intracerebroventricularly microinjected with saline water; 
(2) C57/SAL group (C57 normal control group), animals 
were intracerebroventricularly microinjected with saline 
water; (3) BALB/AVP group, BALB/cJ mice were 
intracerebroventricularly microinjected with AVP; 
(4) BALB/AVP group, BALB/cJ mice were intracerebro-
ventricularly microinjected with AMPA; (5) BALB/ 
NMDA group, BALB/cJ mice were intracerebrove-
ntricularly microinjected with NMDA; (6) BALB/MK-
801 group, BALB/cJ mice were intracerebroventricularly 
microinjected with NMDA receptor antagonist, MK-801; 
(7) BALB/DNQX group, BALB/CJ mice were 
intracerebroventricularly microinjected with AMPA 
receptor antagonist, DNQX; (8) BALB/AVP+MK-801 
group, BALB/CJ mice were intracerebroventricularly 
microinjected with AVP and MK-801; (9) BA-
LB/SSRI49415 group, BALB/CJ mice were intracer-
ebroventricularly microinjected with V1aR antagonist, 
SSRI49415; (10) BALB/SSRI49415+DNQX group, BA-
LB/CJ mice were intracerebroventricularly microinjected 
with SSRI49415 and DNQX. 

 
Experimental reagents 

AMPA, DNQX (AMPA receptor antagonist), NM-
DA, MK-801 (NMDA receptor antagonist) (Xu, 1999), 
AVP and SSRI49415 (V1aR antagonist) (Yayou et al, 
2008) were obtained from Sigma, USA. Pentobarbital 
sodium was purchased from Merck, USA (repackaged by 
Chinese Pharmaceutical (Group) Shanghai Chemical 
Reagent Company).  

 
Stereotactic surgery 

Animals were anesthetized with 2% pentobarbital 
sodium (40 mg/kg, i.p), with the head fixed on a WDT-
II stereotaxic instrument. Accurate coordination of the 

lateral ventricle (AP: 0.46 mm, RL: ±1.2 mm, H: 
2.25 mm) was determined by referring to the stereota-
ctic atlas of mice (Paxinos & Franklin, 2004). A stainless 
steel catheter (internal diameter=0.47 mm) was 
stereotaxically implanted into the lateral ventricle and 
was then secured to the skull using phosphate cement 
and dental acrylic. Animals were postoperatively injected 
with penicillin (105 U) for 3 days, and were allowed to 
eat and drink ad libitum. One week’s recovery was 
allowed before the commencement of the intracere-
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broventricular microinjections (Maeng et al, 2008; Yayou 
et al, 2008). 
Intracerebroventricular microinjection 

Reagents were prepared with saline water, 
including AMPA (0.5 µg/µL) (MacMaster et al, 2008), 
NMDA (0.5 µg/µL) (McKinnon et al, 2009), DNQX 
(1.68 µg/µL), MK-80 (0.5 µg/µL) (MacMaster et al, 
2008), AVP (0.5 µg/µL) and SSRI49415 (0.5 µg/µL) 
(Yayou et al, 2008). Target reagents (0.1 µL) were infu-
sed into bilateral ventricles smoothly by a microman-
ipulator (CMA402, Swiss) through the planted catheter 
(Müller & Holsboer, 2006). Each microinjection was 
completed within 1 min and the micromanipulator was 
kept in the position for another minute to prevent 
effusing. An interval of 10 min was necessary when 
reagents were given in combination.  

Animals were euthanized immediately after behavi-
oral tests. Their brains were collected, fixed and sectio-
ned (40 µm). Samples with inaccurate coordination (less 
than 10% in each group in this study) were excluded 
from statistical analysis.  

 
Evaluation of anxiety-like behaviors  
Open field test 

Experimental mice were placed into an open field 
test arena (50 cm×50 cm), the bottom of which was 
divided into 16 squares (12.5 cm×12.5 cm). The 16 
squares were further divided into two areas, with the 
surrounding 12 squares considered as area 1 and the four 
squares in the middle considered as area 2. Individual 
mice were videotaped with a camera mounted above the 
center of the open field. Animals were allowed to stay in 
the arena for 5 min, individually, and the percentage of 
time spent in the central area, frequency of total 
transitions, and total moving distance were recorded. The 
arena was deodorized with 5% alcohol after each trial. 
Animal behaviors were analyzed via the versatile 
VideoMot2 video tracking system (TSE, Germany). The 
anxiety level of the animals decreased with increasing 
time spent in the central area (area 2). High frequency of 
total transitions indicated that the animal was more 
explorative. Long moving distance represented high 
locomotor activity. 

 
Elevated plus-maze 

The elevated plus-maze (50 cm high) consisted of 
two open and two enclosed arms, 30 cm×5 cm, intercon-
nected by a 5 cm square central area. Individual mice 

were placed into the central area and were under observ-
ation for 5 min. Time spent in the open arms, frequency 
of transitions to each arm and total moving distance were 
recorded. The maze was deodorized with 5% alcohol 
after each trial. Animal behaviors were analyzed via 
VideoMot2. The anxiety level of the animal decreased 
with increasing time spent in the open arms. High 
frequency of arm intercross indicated the animal was 
more explorative. Long moving distance represented 
high locomotor activity. 

 
Statistical analysis  

All behavioral variables were analyzed via SPSS-
10.0 (SPSS inc., Chicago, IL, USA). Data were 
expressed as mean±SE. Differences between groups were 
determined by One-way ANOVA, with P<0.05 
considered statistically different and P<0.01 considered 
significantly statistically different. 

RESULTS 

Open field test  
ANOVA results showed that drug treatments signifi-

cantly influenced time spent in the central area (F(9, 87)= 
18.22, P=0.0013), frequencies of total transitions (F(9, 87)= 
25.64, P=0.0024) and total running distance (F(9, 87)= 
37.61, P=0.0036) in the open field. In the BALB/SAL 
group, these behaviors were all significantly lower than 
those in the C57/SAL group (P=0.00017; P=0.0028; 
P=0.0026, respectively), whereas, no significant differ-
ences were found in the BALB/AVP group, BALB/ 
DNQX group and BALB/NMDA group compared with 
the BALB/SAL group (AVP: P=0.165, P=0.678, P= 
1.082, respectively; DNQX: P=0.356; P=0.182, P=0.176, 
respectively; NMDA: P=0.741, P=0.382, P=0.933, 
respectively).  

Increases in the percentage of time spent in the 
central area, frequency of total transitions and total runn-
ing distances were found in the BALB/AMPA group, 
BALB/MK-801 group, BALB/SSRI49415 group, ALB/ 
AVP+MK-801 group, and BALB/SSRI49415+DNQX 
group when compared with the BALB/SAL group 
(AMPA: P=0.0038, P=0.021, P=0.0686, respectively; 
MK-801: P=0.0031, P=0.0031, P=0.0024, respectively; 
SSRI49415: P=0.0022, P=0.0031, P=0.0045, respecti-
vely; AVP+MK801: P=0.0016, P=0.0055, P=0.0064; 
SSRI49415+DNQX (SSDN): P=0.0057, P=0.0042, P= 
0.0038, respectively) (Figure 1). 
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Figure 1 Behaviours of mice in the open field test 
A: Percentage of time spent in central area; B: Total transitions; C: Total 

moving distance.﹡: P<0.05; **P<0.01 (one-way ANOVA). 

 
Elevated plus-maze 

Results of the elevated plus-maze tests showed that 
drug treatments had significant effects on time spent in 
the open arms, frequency of transitions to each arm and 
total moving distance (time spent in the open arms: F(9, 87)= 

34.63, P=0.0016; transitions to each arm: F(9, 87)=38.65, 
P=0.0041; total moving distance: F(9, 87)=36.25, P= 
0.0017). These behaviors in the BALB/SAL group were 
all significantly lower than those in the C57/SAL group 
(P=0.0034, P=0.0024, P=0.027, respectively); however, 
no differences among these behaviors were found when 
comparing the BALB/AVP group, BALB/ DNQX group 
and BALB/NMDA group with the BALB/SAL group 
(AVP: P=1.653, P=0.962, P=0.894, respectively; DNQX: 
P=0.866, P=1.033, P=0.886, respectively; NMDA: 
P=0.653, P=0.965, P=1.312, respectively).  

However, increases in the percentage of time spent 
in open arms, frequency of total transitions and total 
running distances were found in the BALB/AMPA group, 
BALB/MK-801 group, BALB/SSRI49415 group, ALB/ 
AVP+MK-801 group, and BALB/SSRI49415+DNQX 
group compared with the BALB/SAL group (AMPA: P= 
0.00085, P=0.0012, P=0.0837, respectively; MK-801: 
P=0.0018, P=0.0031, P=0.0034, respectively; SSRI4-
9415: P=0.00046, P=0.0056, P=0.0038, respectively; 
AVP+MK801: P=0.00048, P=0.0057, P=0.028; SSRI49-
415+DNQX (SSDN): P=0.0055, P=0.0076, P=0.0045, 
respectively) (Figure 2). 

DICUSSION 

Using the open field and elevated plus-maze tests, 
BALB mice were characterized with higher levels of 
anxiety-like behaviors, lower locomotor activities and 
lesser exploration compared with the C57 mice, which 
was consistent with previous findings (An & Tai, 2010). 
These results suggest that BALB mice could be applied 
in pharmacological and pathological studies as a high-
anxiety animal model.  

In this study, significant anxiolytic effects were 
found in mice treated with MK-801. When mice were 
under DNQX (blocker of AMPA receptors) treatment, 
their NMDA receptor expressions increased. Therefore, 
AMPA receptors and NMDA receptors were correlated 
and played an important role in the regulation of anxiety-
like behavior. Although anxiolytic effects can be induced 
by AMPA receptor agonists and NMDA receptor 
antagonists, DNQX (AMPA receptors antagonist) and 
over-activation of NMDA receptors could result in 
increased anxiety and depression levels, as supported in 
our study.  

Kole et al (2004) found that the expression of the 
NMDA receptor was markedly high in the brains of 
patients with anxiety. Matthews et al (1995) found that  
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Figure 2 Behaviors of mice in the elevated plus-maze test 
A: Percentage of time spent in open arms; B: Total transitions to each arm; 

C: Total moving distance.﹡: P<0.05; **: P<0.01 (one-way ANOVA). 

 

although levels of the NMDA receptor and AMPA 
receptor in animals with anxiety or depression were 
altered obviously, their effects were antergic, i.e., BDNF 
expression increased with the activation of AMPA 
receptors to protect and nourish neurons, which is 

supported by our study. Other studies have claimed that 
the specific antagonist of the NMDA receptor, MK-801, 
can significantly increase the expressions of AMPA 
receptors, and thereafter, induce anxiolytic effects 
(Bergink et al 2004). Our results add further evidence 
that these two receptors interacted to regulate anxiety-
like behaviors.  

We found that BALB mice intracerebroventricularly 
microinjected with AVP displayed high levels of anxiety; 
however, when the V1aR antagonist, SSRI49415, was 
microinjected, anxiety levels were significantly reduced. 
These results are consistent with previous findings that 
AVP regulates emotions. Yayou et al (2008) reported that 
anxiety could be induced by activation of V1aR, whereas, 
anxiety levels could be reduced by the V1aR antagonist, 
SSRI49415. Appenrodt & Schwarzberg (2000) reported 
that anxiolytic effects could be found when V1aR was 
suppressed or knocked-out.  

The Glu and AVP systems are both vital in the 
regulation of anxiety-like behaviors. However, previous 
research has mainly focused on the pharmacological 
mechanisms targeting stress-induced animals with high 
levels of anxiety. Thus, it is not yet clear whether the 
reported conclusions or hypotheses could be applied in 
BALB mice with innate high levels of anxiety-like 
behaviors. The neural mechanism underlying emotion 
adjustment is a complex synergic action executed by 
many neuronal chemical factors. In BALB mice, the 
interactions between Glu and AVP systems have not yet 
been reported. 

Using adult male BALB mice as experimental 
subjects in this study, the vital roles of the NMDA 
receptor, AMPA receptor, and V1aR in the regulation of 
anxiety were confirmed through intracerebroventricular 
microinjection. Microinjection with AVP, NMDA and 
DNQX produced significant effects on anxiety in BALB 
mice, which may be based on the high innate anxiety 
level in BALB mice, and thus no dramatic changes were 
observed following treatment with anxiety-inducing 
drugs. However, significant anxiolytic effects were found 
when BALB mice were treated with AMPA, MK-801 
and SSRI49415. Moreover, animals given drugs in 
combination, e.g. MK-801+AVP and DNQX+SSRI4-
9415, also produced significant anxiolytic effects. These 
results are consistent with previous findings that stress-
induced anxiety is due to the over-activation of the 
NMDA receptor or V1aR. 

In our study, no antergic effects on anxiety-like 
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behaviors were found between V1aR and AMPA/NMDA 
receptors, suggesting that anxiety-like behaviors in 
BALB mice were associated with disorders of Glu and 
its AMPA/NMDA receptors, as well as AVP and V1aR. 
However, in BALB mice with high levels of anxiety-like 
behaviors, the effects induced by AMPA and NMDA 
receptors were different.  

The anxiolytic effects induced by MK-801, AMPA 
and SSRI49415 treatments were more obvious compared 
with the anxiety-inducing effects found in AVP, NMDA 
and DNQX (AMPA receptors antagonist) treatment, 
suggesting that anxiety-like behaviors in BALB mice 
may be induced by changes in activity of the NMDA 
receptor and V1aR and deceasing activity in the AMPA 

receptor. We hypothesize that anxiety-like behaviors 
were induced by the NMDA receptor activating AVP 
release; therefore, the anxiolytic effects were induced by 
the NMDA receptor antagonist, MK801, which blocks 
the release of AVP (Hashimoto, 2011; Yamaguchi & 
Yamada, 2006). Whereas, the anxiolytic effects of the 
AMPA receptor were executed through suppressing AVP 
and V1aR. However, the possibility that anxiety could 
also be induced by AVP through V1aR via activating the 
NMDA receptor may not be excluded. The blocker of 
AVP receptor was possibly able to relieve anxiety by 
reducing the activities of Glu and NMDA in the brain 
(Joëls & Urban, 1984). However, the underlying mecha-
nisms still need to be elucidated using other techniques.  
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Abstract: In the current study, 5-nydroxytryptamine (5-HT) and gastrin (GAS) cells in the digestive canals of Rana chensinensis 
tadpoles at different developmental stages were investigated by immunohistochemistry. Results showed that the 5-HT cells were only 
detected in the duodenum before metamorphosis began, and were extensively distributed in the stomach, duodenum, small intestine, 
and rectum thereafter, with the highest counts found in the duodenum and rectum when metamorphosis was completed. The GAS 
cells were only distributed in the stomach and duodenum, and only rarely detected in the duodenum before metamorphosis began, but 
increased in the stomach during metamorphosis and showed zonal distribution in the gastric mucosa when metamorphosis was 
completed. Metamorphosis is a critical period for amphibians, during which structural and functional physiological adaptations are 
required to transition from aquatic to terrestrial environments. During metamorphosis, the differentiations of 5-HT cells in the 
gastrointestinal canals of tadpoles could facilitate mucus secretion regulation, improve digestive canal lubrication, and help water-
shortage food digestion in terrestrial environments. Conversely, GAS cell differentiations during metamorphosis might contribute to 
the digestive and absorptive function transition from herbivore to omnivore. 

 
Keywords: Rana chensinensis tadpole; Digestive canal; 5-nydroxytryptamine (5-HT) cell; Gastrin (GAS) cell；Ontogeny 

The digestive canal is not only involved in digestion 
and absorption functions, but is the largest endocrine 
organ in the animal body. The digestive canal is 
comprised of various endocrine cells that play important 
roles in digestion, absorption and many other physiolo-
gical activities. Species-specific cell types and local 
distributions in different areas of the digestive canal are 
found in different animals (Solcia et al, 2000; Rehfeld, 
2004).  

In general, the argentaffin or argyrophilia gastroint-
estinal endocrine cells, such as 5-hydroxytryptamine (5-
HT) cells and gastrin (GAS) cells, are individually 
spread among epithelial cells. As a monoamine neuron 
transmitter, 5-HT can induce contractions in smooth 
muscles by acting on cholinergic excitatory neurons and 
thus adjust gastrointestinal motility and secretory funct-
ion (Grundy, 2008; French et al, 2014). GAS stimulates 
secretions of gastric acid and pepsin, promotes growth of 
gastrointestinal mucosa, and facilitates gastrointestinal 
development (Baldwin et al, 2010; Duritis et al, 2013). 

The distribution of endocrine cells in digestive 
canals is closely correlated with the habitats and food 
choices of animals, e.g. water content in food and 
external environments (Reinecke et al, 1999). In amphi-
bians and reptiles, the distribution of 5-HT is affected by 
feeding habits (Gibson et al, 1976). Most amphibians 
experience metamorphosis, during which animals under-
go habitat (aquatic to terrestrial)1and feeding habit (herb-
ivorous to carnivorous) transitions. However, studies on 
the differentiations of 5-HT and GAS cells in the 
digestive canals of tadpoles during metamorphosis are 
rare. The morphological and structural changes in the 
digestive canals of tadpoles, feeding habit adaptations, as 
well as the differentiations and roles of 5-HT and GAS 
cells during postembryonic development need to be 
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elucidated. 
Earlier studies found that the digestive canal wall in 

Rana chensinensis tadpoles thickened during metamor-
phosis as a likely adaption to changes in their feeding 
habits (Li & Zhang, 2008). In the present study, immuno-
histochemistry was applied to detect the differentiations 
and distribution patterns, as well as roles in metamo-
rphosis and adaptation, of 5-HT and GAS cells in the 
digestive canals of tadpoles. 

MATERIALS AND METHODS 

Experimental animals 
Rana chensinensis zygotes were collected from water 

bodies surrounding Dayu Reserve, Changan district, Xi’an, 
Shaanxi Province, China, and were hatched in the 
laboratory setting. The stomach, duodenum, intestine (jej-
unum and ileum) and rectum were sampled from the 
tadpoles at G28, G35, G36, G38, G39, G41, G42, G45 and 
G46 stages (Gosner, 1960) and were then fixed in impr-
oved Bouin’s solution. Regular paraffin sections (6 μm) 
were prepared for immunohistochemistry examination. 

 
Experimental methods 

StreptAvidin-Biotin complex (SABC) was used for 
immunohistochemistry staining. After regular dewaxing 
and rehydration, paraffin sections were incubated in 3% 
H2O2 for 10 min to quench endogenous peroxidase 
activity. Sections were washed three times for 5 min each 
with distilled water. Sections were then soaked in 0.01 M 
citrate buffer (pH 6.0), and were heated to boiling point 
(above 95 °C) with a microwave oven. This heating 
process was repeated twice with a 10-min interval. Secti-
ons were washed twice for 5 min each with PBS buffer. 
After adding normal goat serum (blocking solution), the 
sections were incubated at room temperature for 20 min. 
After adding properly diluted primary antibodies of 5-HT 
and GAS (polyclonal, rabbit-anti-human, 1:100, Boster), 
sections were incubated at 4 °C overnight. Sections were 
washed three times for 2 min each with PBS buffer. After 
adding properly diluted biotinylated secondary goat-anti-
rabbit antibody, sections were incubated at 37 °C for 30 
min and were then washed three times for 2 min each 
with PBS. SABC (Boster) was added to the sections, 
which were then incubated at 20−37 °C for 30 min and 
then were washed four times for 5 min each with PBS. 
Sections were stained with DAB (Boster) chromogenic 
reagent and were incubated at room temperature for 
5−30 min and were then washed with distilled water. The 

sections were then dried by baking, were put on a drop of 
mounting medium and were sealed with a cover slide for 
observation under a microscope. Negative control para-
ffin sections were treated with PBS instead of primary 
antibody. 

 
Data collection and statistical analysis  

Five inconsecutive sections were selected for each 
part of the tadpole digestive canal at the G28, G36, G39, 
G42 and G46 stages, and each of the sections were 
chosen from five serial sections, respectively. Under a 
microscope (Olympus) (×400), four fields of vision were 
picked randomly and the immunopositive cells within 
were counted and the relative cell densities were 
obtained (n=20). The densities of the immunopositive 
cells (mean±SD) in a specific part of the digestive canal 
at different developmental stages were analyzed by one-
way ANOVA via SPSS13.0. Differences among various 
groups were determined by Duncan test. P<0.05 and 
P<0.01 was set as statistical differences and significant 
statistical differences, respectively. 

RESULTS 

5-HT cells  
No immunopositive 5-HT cells were found in the 

stomach walls of tadpoles at G28 to G38 stages, but they 
were detected in the gastric intrinsic membranes at G39 
(Figure 1A), the gastric mucosa at G42 (Figure 1B) and 
the gastric gland at G46 (Figure 1C). The 5-HT cells 
with weak immunoreactions were extensively distributed 
in the duodenum (Figure 1D). At G36, the 5-HT cells 
were bottle-shaped (Figure 1E), with their cellular 
processes pointing toward the intestinal cavity. Remark-
able differentiations were observed in cell locations, 
which were interspersed among the mucous epithelium. 
The 5-HT cells at G42 were round (Figure 1F). At G46, 
the immunopositive 5-HT cell counts in the enteric 
epithelium were increased and interspersed among the 
intestinal villus epithelium (Figure 1G).  

In the intestine, the immunopositive 5-HT cells 
were detected from G39 and were found in the crypts 
(Figure 1H) at G42, and the mucous epithelium and 
intestinal lamina propria at G46 (Figure 1H, I). In the 
rectum, 5-HT cells were not detected from G28 to G41 
(Figure 1J), but were randomly observed in the 
epithelium at G42 (Figure 1K). These immunopositive 5-
HT cells were bottle-shaped and distributed along the 
basal area of the epithelium with their cellular processes 
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Figure 1 5-HT cells in the digestive tract of R. chensinensis tadpoles 
A−C: 5-HT cells in stomach walls (A: G39; B: G42; C: G46); D−G: 5-HT cells in duodenum (D: G28; E: G36; F: G42; G: G46); H−J: 5-HT cells in small 

intestine (H: G42; I: G46; J: G46); K−N: 5-HT cells in rectum (K: G28; L: G41; M: G42; N: G46); O: negative control. The bottom left corners are 

enlargements of positive cells (×400).  

 
pointing toward the intestinal cavity (Figure 1L). At G46, 
these 5-HT cells were mainly located in the mucous 
epithelium folds (Figure 1M). 

Cell densities were analyzed by quantifying the 
immunopositive 5-HT cell counts in tadpoles at different 

developmental stages (Table 1). In the stomach walls, 
immunopositive 5-HT cells were detectable from G39, 
and density significantly increased at G42 (P<0.05) but 
not at G46 (P>0.05). In the duodenum and intestine, no 
significant differences in the immunopositive 5-HT cell 
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densities were found among G36, G39 and G42 (P>0.05), 
but a dramatic increase was observed in the duodenum at 
G46 (P<0.01). No significant differences in immunop-
ositive 5-HT cell densities were found in the rectum at 
G39 and G42 (P>0.05), though a dramatic increase was 
observed at G46 (P<0.01). 

 
GAS cells  

Individual immunopositive GAS cells near the  

Table 1 Densities of 5-HT cells in the digestive canal of R. 
chensinensis tadpoles at different developmental stages 

Gosner stage Stomach Duodenum Small intestine Rectum 

G28 0a 0a 0a 0a 

G36 0a 0.8±0.20b 0a 0a 

G39 0.6±0.22a 1.1±0.23b 0.7±0.21b 0.4±0.16a,b

G42 1.4±0.31b 1.3±0.30b 0.8±0.29b 0.9±0.23b

G46 1.5±0.27b 4.2±0.39c 1±0.21b 3.6±0.37c

Data were based on microscope (×400) observations. Different superscript 

letters in the same column represent significant differences.   

cavosurface were detected in the stomach wall at G39, 
but not at G28 or G36 (Figure 2A). Immunopositive dark 
GAS cell groups were found in the lamina propria at G42 
(Figure 2B), and were significantly increased in the 
gastric mucosa epithelium and submucous layer at G46 
(Figure 2C, D).  

In the duodenum, no immunopositive GAS cells 
were found at G28 and G36, but they were randomly 
observed in the epithelium at G38 (Figure 2E). 
Immunopositive GAS cells were interspersed in the 
epitheliums and lamina propria at G39 and G42 (Figure 
2F, G), which increased at G46 (Figure 2H).  

Cell densities were analyzed by quantifying the 
immunopositive GAS cell counts in tadpoles at different 
developmental stages (Table 2). In the stomach wall, no 
difference in the counts of immunopositive GAS cells 
were found between G39 and G42 (P>0.05), though a 
dramatic increasing was observed at G46 (P<0.01). In 
the duodenum, GAS densities exhibited no significant 
differences among G39, G42 and G46 (P>0.05).  

 

 

Figure 2 GAS cells in the stomach and duodenum of Rana chensinensis tadpoles 
A−D: GAS cells in stomach walls (A: G39; B: G42; C: G45); E−H: GAS cells in the duodenum (E: G38; F: G39; G: G42; H: G46); I: negative control. Bottom 

left corners are enlargements of positive cells (×400).  
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Table 2 Densities of GAS cells in the stomach and 
duodenum of R. chensinensis tadpoles at different 

developmental stages 

Gosner stage Stomach Duodenum 

G28 0a 0a 

G36 0a 0a 

G39 0.4±0.16b 0.5±0.17b 

G42 0.8±0.25b 0.6±0.22b 

G46 3.7±0.40c 0.8±0.20b 

Data were based on microscope (×400) observations. Different superscript 

letters in the same column represent significant differences.  

DISCUSSION 

Differentiations of 5-HT cells in the digestive canal of 
tadpoles and their adaptations to terrestrial environments 

Studies found that differentiations in 5-HT 
cells began at an early stage of the evolution of 
vertebrate animals (El-salhy et al, 1985). These cells are 
distributed along the digestive canal and inhibit gastric 
acid secretion, promote the autonomic and coordinated 
stomach wriggle, and adjust animal feeding and 
vasodilatation (Ormsbee & Fondacaro, 1985; Grundy, 
2008；French et al, 2014). In Paralichthys olivaceus, no 
5-HT cells were found in 3- to 9-day-old larvae and only 
a scattering were found in 15-day-old larvae, whereas, a 
similar 5-HT cell distribution as found in adults was 
observed in 50-day-old larvae (Shi et al, 2006). In 
Xenopus laevis adults, 5-HT cells were found to be 
distributed along the duodenum, intestine and rectum at 
relatively low densities (Zhen et al, 2007). In R. 
temporaria tadpoles, immunopositive 5-HT cells were 
detected in the stomach and fore-intestine at G26-G35 
(Villaro et al, 2001). In this study, relatively few 5-HT 
cells were found in the stomach of R. chensinensis 
tadpoles at G36. Therefore, differentiations in 5-HT cells 
would appear to be species-specific.  

Although the duodenum wall in R. chensinensis 
tadpoles has already differentiated into a four-layer 
structure at G38, the remaining intestine is characterized 
by slow pre-metamorphosis development and morpholo-
gical changes during metamorphosis (Li & Zhang, 2008). 
In this study, detectable 5-HT cells were found earlier in 
the duodenum than in the intestine, and at the same 
developmental stages, the densities of 5-HT cells in the 
duodenum were also higher than those in the intestine. 
We propose that the high 5-HT cell densities could result 
in high levels of 5-HT cells in the duodenum of tadpoles, 

and therefore is beneficial in adjusting stomach wriggle. 
Zhang et al (2005) found that the densities of 5-HT 

cells in the intestines of Bufo melanostictus and R. 
nigromaculata adults were significantly high, which was 
likely related to their habitats being far from water but 
their digestive canals needing hydration. The high counts 
of the 5-HT cells found in the intestine and rectum of 
Takydromus amurensis also support their role in water 
retention (Li, 2004). Fang & He (2006) reported that 5-
HT cells in the fore-intestine of Schizothorax davidi 
functioned in digestion and 5-HT cells in the hind-
intestine stimulated smooth muscle contractions and 
evacuation. In metamorphosed juvenile R. chensinensis 
(G46), the densities of 5-HT cells in the rectum increased, 
which aids adaptation to the terrestrial environment by 
increasing mucus secretion and promoting stomach 
wriggle. As an important neurotransmitter, the differenti-
ations of 5-HT cells also play roles in improving 
digestive ability (Grundy, 2008; French et al, 2014). 

 
Differentiations of GAS cells in the digestive canal of 
tadpoles and their adaptations to feeding habits 

Mammalian GAS cells are mainly distributed in the 
stomach and duodenum, and function to stimulate gastric 
acid secretion and promote growth and differentiation of 
the gastrointestinal mucous membrane (E1-Salhy et al, 
1981; Wang & Shi, 1989; Ryberg et al, 1990). Shi et al 
(2006) found that in P. olivaceus, the GAS and 5-HT 
cells shared similar differentiation patterns. Fang & He 
(2006) found that GAS cells in S. davidi were distributed 
along the fore-intestine. In juvenile R. temporaria, the 
GAS cells in the digestive canal already exhibited the 
ultrastructure of mature cells, but GAS cell counts 
continued to increase in adults (Villaro et al, 2001). The 
increased GAS cells from juveniles to adults are 
considered an adaptation to transit from herbivorous to 
carnivorous (Shi & He, 2006; Baldwin et al, 2010; 
Duritis et al, 2013). 

In R. chensinensis tadpoles, GAS cells in the 
stomach began to increase from G42 and especially at 
G46 (after metamorphosis). During metamorphosis, 
individuals transition from herbivorous to omnivorous, 
and then carnivorous. The GAS cells can promote the 
development of the gastrointestinal mucous membrane, 
and therefore can help an individual adapt to novel 
digestive functions. Although GAS cells were found in the 
duodenum in the present study, no significant fluctuation 
in quantity was observed during the development. No 
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GAS cells were detected in the intestine and the rectum. 
During metamorphosis, R. chensinensis tadpoles 

must transition both morphologically and functionally to 
adapt to the change from aquatic to terrestrial 
environments. Increased 5-HT cells were found during 
the metamorphosis, which was likely because they 

promote secretions of gastrointestinal mucus to 
lubricate and protect the digestive canal from low water 
food in terrestrial habitats. Whereas, increased GAS 
cells in the stomach wall of R. chensinensis tadpoles 
was correlated with feeding habit transition from 
herbivore to carnivore.  
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Abstract: Though light conditions are known to affect the development and anti-predation strategies of several aquatic species, 
relatively little is known about how different species react to light, or how light can affect these species during different points in 
their life-cycle. In this study, we used four sympatric anuran tadpoles (Bufo gargarizans, B. melanostictus, Pelophylax 
nigromaculatus and Microhyla fissipes) as animal system to examine species-specific activities of the underdoing different light 
intensity treatments, so as to better understand how they respond to light.  We exposed four different species of tadpoles to 1660 and 
14 lux light intensity treatments and then measured several parameters including development stage, body length and tail length, and 
as well as their basic activities. The results of this observation and analysis showed that the activities of tadpoles were significantly 
greater in B. gargarizans and B. melanostictus than in P. nigromaculatus and M. fissipes; and were also significantly greater during 
times of high light intensity as compared to during low light intensity. Moreover, the observed relationship between species and light 
intensity was significant. The activities of B. gargarizans and B. melanostictus tadpoles were greater in high light, while the activity 
of P. nigromaculatus tadpoles was greater in low light intensity, while M. fissipes tadpoles showed no differences in either low or 
high intensity light. Furthermore, the activities of B. gargarizans, B. melanostictus and M. fissipes tadpoles in terms of developmental 
stage, body size or tail length did not seem to differ with light intensity, but during early larval developmental period of P. 
nigromaculatus, the activity of tadpoles was negatively correlated with development stage, but irrelevant to either body size or tail 
length in different light intensities. These results lead us to conclude the observed activities of the four sympatric anuran tadpoles are 
closely correlated with their specific anti-predation strategies. 

 
Keywords: Anura; Activity; Developmental stage; Light intensity; Tadpole 

Activities of anuran tadpoles are known to be finely 
sculpted by aquatic predators (Relyea, 2005; Smith et al, 
2008; Smith & Awan, 2009; Nelson et al, 2011a, b), as 
well as several additional factors such as group size 
(Spieler, 2005) or developmental stage (Golden et al, 
2000), but one of the most intriguing is light conditions 
(Beiswenger, 1977; Griffiths et al, 1988; Warkentin, 
1992; McClure et al, 2009). Light conditions during the 
day or night can induce both the spatial and temporal 
differences in the distribution and feeding behaviors of 
tadpoles (Branch, 1983). Tadpoles could likewise initiate 
orientation behaviors to match the photoperiodic changes 
they sense in surrounding environments (Justis & Taylor, 
1976). Such phototactic behavior is common not only in 
adult anurans (Jaeger & Hailman, 1976), but also in their 
larvae, e.g., in tadpoles of Rana temporaria (Ashby, 
1969), Ascaphus truei (de Vlaming & Bury, 1970) and 

Bufo americanus (Beiswenger, 1972).1 
Among the various parameters of light that can 

anuran affect tadpoles, light intensity is one of the most 
important ones in shaping behavior, growth and develop-
ment. Indeed, light intensity is one of the key factors in 
differing anti-predation to counter both diurnal and 
nocturnal predators (Taylor, 1983; Holomuzki, 1986). 
High light intensity can, for example, increase the range 
of vision in tadpoles and enhance their ability in 
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identifying predators, accordingly aiding in better anti-
predation reaction and higher levels of activity. For 
example, in wood frog tadpoles (R. sylvatica), light 
conditions do not influence the activity level in 
undisturbed tadpoles, but do affect the response to the 
shadow stimulus, with the greatest responses being 
during conditions of bright light (McClure et al, 2009). 
Better light conditions also cause environmental effects 
that can be beneficial, such as an increase water tempe-
rature which benefits the growth and development of 
thermophilic tadpoles (Wright et al, 1988), and also 
induces tadpoles’ aggregation (Beiswenger, 1977).  

Despite the previous observations, it is not entirely 
clear how species-specific some of these effects are, nor 
is it clear how different species respond to different light 
conditions. In this study we used tadpoles from four 
sympatric anuran amphibians—B. gargarizans, B. 
melanostictus, Pelophylax nigromaculatus and Micro-
hyla fissipes—all of which are endemic to China in Zhe-
jiang, Jiangxi and Fujian province. All four species have 
breeding seasons from April to May, and their larvae are 
also sympatric (Fei et al, 2009). Using tadpoles from 
these four sympatric anurans as an animal system, we 
focused on investigating two key unanswered questions: 
(1) Are there species-specific behavior to light intensities 
in sympatric anuran tadpoles under different light 
intensities; and (2) Are there correlations between light 
intensity, activity and developmental stage, tail length 
and body length among these four tadpoles. 

MATERIALS AND METHODS 

Animal collection and rearing 
From March to April in 2011, tadpoles of B. 

gargarizans, B. melanostictus, P. nigromaculatus and M. 
fissipes were collected by net from the water bodies of 
suburban farmlands in Lishui, Zhejiang (N28°27', 
E119°54') and brought back to our laboratory at Lishui 
University. Tadpoles of each species were housed 
separately in four dedicated breeding tanks (60 cm×40 
cm×40 cm, length×width×height) containing 20 cm of 
24-hour-decholorinated tap-water. Aquatic plants, such 
as confervoid and algae were added to the tanks to 
imitate the natural environment of the tadpoles. 
Tadpoles were fed with abundant egg yolk and fish 
powder. Prior to experimentation, one week was 
allowed for tadpoles to become acquainted with the 
new tank environment.  

Experimental design 
Totally, 20 tadpoles with intact tails of each species 

were randomly selected from the four tanks and housed in 
80 small plastic containers (30 cm×30 cm×10 cm, 
length×width×height) containing 3 cm of water. These 
containers were placed in a psychrometric room with air 
temperature adjusted to 30±0.5 °C, and the light cycle 
(light period: 0700h−1900h) mimicked by fluorescence 
lights (28 W, 169 lux). During the trials, lighting conditi-
ons were created by turning off the fluorescence light and 
to create different intensities, light from an artificial 
camera (1  300 W, 1  660 lux) was used to mimic high light-
ing and a calico covered desk lamp (15 W, 14 lux) to 
mimic low lighting. Trials were conducted from 1100h. 
After a one-hour acclimation period, six one-minute 
observations were conducted every 20 minutes to deter-
mine the swimming activities of tadpoles. Only swim-
ming activities lasting 10 seconds and longer were 
considered as valid, otherwise they were discarded as 
being irrelevant.  

Following the light intensity trials, high and low 
lighting were turned off and the fluorescence light was 
switched back on. Tadpoles were ad libitum for 3 hours, 
and then water was changed. Before next day’s trials, 
tadpoles were under fasting conditions for 18 hours. 
Tadpoles movement was evaluated based on its valid 
swimming activities during the 6 observations (Indivi-
dual’s activity=valid swimming activities/times of obse-
rvation×100%). Each lighting treatment combination was 
duplicated twice, yielded a total timeframe of four days. 
At the end of the experiment, tadpoles were examined 
under a Nikon XTS30 lens and staged according to the 
staging tables developed by Gosner (1960). Body length 
(from snout to vent) and tail length (from base to tip of 
the caudal fin) were determined using ImageJ 1.44 
(±0.01 mm).  
Data analyses 

All statistical analyses were conducted using 
Statistica 6.0 (Tulsa, OK, USA). All variables were 
tested for normality and homogeneity before further 
analysis. As the lighting conditions had no effects on the 
activity of duplicate measurement of the tadpoles from 
each species (paired-sample t-test; all P>0.58), the data 
from each duplicated experiment were pooled for 
analysis. Multiple regression, paired-sample t-test, 
ANOVA and repeated-measures ANOVA were used to 
evaluate relevant data. Variables with significant differe-
nces were analyzed by Tukey’s post hoc comparisons. 
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Throughout this study, all values are expressed as mean 
SE, with =0.05 being significant.  

RESULTS 

The descriptive statistics of the developmental stage, 
body length and tail length of the four sympatric anuran 
tadpoles are shown in Table 1. Taking species as factor, 
ANOVA analysis was used to evaluate the linear 
regression residuals for the developmental stage, body 
length and tail length of the four sympatric anuran 
tadpoles, which showed significant interspecies differen-
ces in both the developmental stage and morphological 

traits (all P<0.0001). Under the differing light treatments, 

the developmental stage was more advanced in B. 

gargarizans tadpoles than in the other three tadpoles 

(Tukey’s test; all P<0.001; Figure 1). In general, there 

was also different observed mean values in terms of body 

length, ranging from the smallest, P. nigromaculatus, to 

B. gargarizans, B. melanostictus and finally M. fissipes 

tadpoles being the largest (Tukey’s test; all P<0.001; 

Figure 1). Similarly, P. nigromaculatus and M. fissipes 

tadpoles had much longer tails than those of B. 

gargarizans and B. melanostictus tadpoles (Tukey’s test; 

all P<0.001; Figure 1).  

Table 1 Descriptive statistics of developmental stage, body length and tail length in the four sympatric anuran tadpoles 

 B. gargarizans B. melanostictus P. nigromaculatus M. fissipes 

Sample size (n) 20 20 20 20 

Developmental stage 35.40.2 (3437) 30.60.2 (2932) 30.20.2 (2932) 30.10.2 (2932) 

Body length (mm) 8.760.13 (7.749.63) 7.520.14 (6.368.90) 10.610.16 (9.2512.25) 4.080.11 (2.974.70) 

Tail length (mm) 11.270.23 (9.1812.92) 9.360.25 (6.5311.74) 18.190.45 (14.5922.30) 5.980.33 (3.338.91) 

Note: data presented as means±SE 

 

 
Figure 1 Mean regression residuals of tail length against body 

length in four sympatric anuran tadpoles 
 

Taking species as between-subject factor and light 
intensity as within-subject factor, the activities of the 
four sympatric anuran tadpoles were evaluated by 
repeated-measures ANOVA, which indicated significant 
interspecies differences (F3,76=34.25, P<0.0001). The 
activities of B. gargarizans and B. melanostictus tadpoles 
were significantly greater than those of P. nigromacu-
latus and M. fissipes tadpoles (Tukey’s test; both 
P<0.001). The activities of tadpoles under different light 
intensity treatments were also significantly different 
(F3,76=52.23, P<0.0001), being greater during high light 
intensity than in low light intensity (Tukey’s test; 
P<0.001). Moreover, the activity was also affected by the 

interaction between species and light intensity (Tukey’s 
test; P<0.001) (Figure 2). Intraspecific analyses showed 
the activities of B. gargarizans, P. nigromaculatus and B. 
melanostictus tadpoles were significantly affected by 
light intensity (pair-sample t test, all P<0.04), though not 
for M. fissipes tadpoles (pair-sample t test, t=0.95, df=19, 
P=0.356). B. gargarizans and P. nigromaculatus tadpoles 
were likewise more active under high light intensity, 
while B. melanostictus tadpoles seemed more active low 
light intensity (Figure 2) and M. fissipes tadpoles acted 
no differently under either.    

 
Figure 2 Mean activity of four sympatric anuran tadpoles 

under different light intensity treatments 
 ***： P<0.0001; *：P<0.05. 
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Taking the developmental stage, body length and 
tail length as independent variables, and taking activity 
as dependent variable, multiple regression showed that 
under different light intensity treatments, the activities of 
B. gargarizans, P. nigromaculatus and M. fissipes 
tadpoles were not associated with their developmental 
stage, body length nor tail length (all P>0.216), but the 
activity of B. melanostictus tadpoles was negatively 
correlated with its developmental stage, and not 
connected with its body length and tail length (all 
P>0.137). 

DISCUSSION 

The results of our study showed that B. gargarizans, 
B. melanostictus tadpoles are more active under high 
light intensity treatments, while their activities were 
reduced 35% and 32% under low light intensity 
treatments, respectively (Figure 2). B. rufus and B. bufo 
tadpoles were previously shown to be inactive at night, 
but when a light is shined on them they become active 
(Eterovick & Sazima, 1999; Griffiths et al, 1988). 
Similarly, the activity of B. americanus tadpoles increase 
as light increases, and decreases on overcast days 
(Beiswenger, 1977), so much so that typical daytime 
behaviors could be induced in inactive tadpoles by 
creating artificial lighting conditions during nighttime 
(Branch, 1983). These studies not only suggest the 
specific activity rhymes of Bufonidae tadpoles, but also 
indicate that their activity patterns are likely influenced 
by light conditions. Conversely, in P. nigromaculatus 
tadpoles activity under high light intensity treatment was 
found to be some 4% lower than under low light 
intensity (Figure 2), which was in accordance with the 
results previously reported for R. palmipes and R. 
catesbeiana tadpoles in caliginous environment, such as 
during night or evening (McIntyre et al, 2004; Smith et al, 
2007). Compared with Bufonidae and Ranidae tadpoles, 
different light intensity treatments showed no significant 
effects on the activities of M. fissipes tadpoles (Figure 2), 
but with no other species to test against, it is not possible 
to determine if this phenomenon is universal in Micro-
hyla tadpoles still needs further study and more data.  

Under different light intensity treatments, the 
activity of P. nigromaculatus tadpoles in their early 
developmental period was all negatively correlated with 
developmental stage (Figure 3), which manifested in 
impacts of developmental stage on individual’s activity 

(Golden et al, 2000). Huey (1980) reported that the 
swimming ability of tadpoles before Gosner stage 40 
were significantly positively correlated with their 
developmental stage and Anholt et al (2000) found that 
tadpoles with low swimming ability moved more 
frequently to increase preying rate. As such, the high 
observed activity level of P. nigromaculatus tadpoles in 
their early developmental period could function as 
compensation to their low swimming abilities. A similar 
phenomenon was found in Xenopus laevis tadpoles 
(Golden et al, 2000). But in our study, this specific 
correlation between activity and developmental stage 
was not found in the other three anuran tadpoles (all 
P>0.05), though this may be due to the small sample size. 

    

Figure 3 Relationships between activity and developmental 
stage in P. nigromaculatus tadpoles under different 
light intensity treatments 

 

In this study, the mean values for activities of B. 
gargarizans and B. melanostictus tadpoles were signif-
icantly greater than those of P. nigromaculatus and M. 
fissipes tadpoles (Figure 2), which were correlated with 
their specific anti-predation strategies. There may be 
some factors that help explain this difference. Bufonidae 
tadpoles can release toxic chemicals to decrease their 
palatability as prey, so some aquatic predators would 
accordingly choose to avoid Bufonidae tadpoles after 
they have tasted them once (Laurila, 1998; Álvarez & 
Nicieza, 2009; Nelson et al, 2011a, b; Wei et al, 2013). 
Likewise, by moving more frequently, Bufonidae tadp-
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oles can accelerate the release of those toxic chemicals 
and alert other individuals, thus decreasing their chances 
of being preyed upon (Hews, 1988; Van Buskirk, 2001). 
In our study, a high active level was found in B. 
gargarizans and B. melanostictus tadpoles (Figure 2). 
Paired alongside their ability to release toxic chemicals 
such activity could effectively increase both their 
individual and species defense against predators. 
Compared to the Bufonidae tadpoles, Ranidae tadpoles 
are usually pleasant food for aquatic predators (Van 
Buskirk & McCollum, 2000; Laurila et al, 2002; Wilson 
et al, 2005), and accordingly they decrease their active 
levels to lower risks of encountering predators and 
increase their survival rates (Lefcort, 1996; Anholt et al, 
2005). Similarly, in this study, tail morphological traits of 
P. nigromaculatus and M. fissipes tadpoles were much 
more apparent than those of the other two Bufonidae 

tadpoles (Figure 1). This makes sense—longer tails 
endow individuals with greater burst speed (Lardner, 
2000; Van Buskirk & McCollum, 2000; Dayton et al, 
2005; Arendt, 2010). Presumably then, the decrease in 
activity and increase in burst speed may offer effective 
anti-predation strategies of the two Ranidae tadpoles.    

In conclusion, our study suggests three things.  First, 
that B. gargarizans and B. melanostictus tadpoles are 
more active under high lighting conditions, and the 
activity of P. nigromaculatus tadpoles decrease as light 
intensity increase, whereas, light intensity had no effects 
on the activity of M. fissipes tadpoles. Second, that 
during the early developmental period, the activity of P. 
nigromaculatus tadpoles is negatively correlated with 
their developmental stage. And finally, that the specific 
activity patterns of these four sympatric anuran tadpoles 
under different light intensities are closely correlated 
with their anti-predation strategies. 
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Abstract: The cheer pheasant Catreus wallichi is a globally threatened species that inhabits the western Himalayas. Though it is well 
established that the species is threatened and its numbers declining, updated definitive estimates are lacking, so in 2011, we 
conducted a survey to assess the density, population size, and threats to the species in Jhelum valley, Azad Kashmir, which holds the 
largest known population of cheer pheasants in Pakistan. We conducted dawn call count surveys at 17 points clustered in three survey 
zones of the valley, 11 of which had earlier been used for a 2002−2003 survey of the birds. Over the course of our survey, 113 birds 
were recorded. Mean density of cheer pheasant in the valley was estimated at 11.8±6.47 pairs per km2, with significant differences in 
terms of both counts and estimated density of cheer were significantly different across the three survey zones, with the highest in the 
Chinari region and the lowest, that is the area with no recorded sightings of the pheasants, in Gari Doppata. The total breeding 
population of cheer pheasants is estimated to be some 2 490 pairs, though this does not consider the actual area of occupancy in the 
study area. On the whole, more cheer pheasants were recorded in this survey than from the same points in 2002−2003, indicating 
some success in population growth. Unfortunately, increasing human settlement, fires, livestock grazing, hunting, and the collection 
of non-timber forest products continue to threaten the population of cheer in the Jhelum valley. To mitigate these potential impacts, 
some degree of site protection should be required for the conservation of cheer pheasants in Pakistan, and more effective monitoring 
of the species is clearly needed.  

 
Keywords: Abundance; Habitat analysis; Cheer Pheasant; Jhelum valley; Pakistan 

The cheer pheasant Catreus wallichi (hereafter 
referred to as cheer) is distributed throughout the sout-
hern foothills of the western Himalayas, occurring in 
northern Pakistan, India and central Nepal (Birdlife 
International, 2012). Pakistan marks the western limit of 
the distribution of cheer which, historically, extended to 
the mountains of Kahaber Pakhtoon Khawa and Azad 
Kashmir (BirdLife International, 2003). In the early 
twentieth century, this species was recorded at Qazinag 
on the fringes of Azad, Jammu and Kashmir at Qazinag 
(Baker, 1930), in Kishtwar and the hills of the Jhelum 
valley (Osmaston, 1927; Ward, 1926), Jhelum valley 
(Awan et al, 2004; Awan, 2011; Dar, 2006; Khan et al, 
2006; Ridley & Islam, 1982), Machiara National Park 

(Islam & Crawford, 1986), and Neelum valley (Roberts, 
1991) including Salkhala Game Reserve (Mirza, 1978). 
Despite the variety of these early reports, early records 
points can actually create difficulties in accurately 
detecting the species (Rattray, 1905; Whistler, 1930) by 
compounding compounded statements of scarcity or 
estimates of abundance (Baker, 1930; Osmaston, 1927; 
Ward, 1926). 1 

Typically, cheers are most frequently found on 
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steep, rocky terrain between 1 200−3 000 m (Johnsgard, 
1999; Birdlife International, 2012), but also sometimes 
as low as 600 m in Pakistan (Roberts, 1991). Compared 
to most other Galliforms of the region this species is 
relatively sedentary (Whistler, 1926; Roberts, 1991; Ali 
& Ripley, 1998), showing little seasonal altitudinal 
movement (Johnsgard, 1999). Cheers likewise seem to 
favour open forest and scrub, particularly juniper and 
rhododendron scrub, with tall grassy cover (Ali & Ripley, 
1998; Gaston et al, 1981; Garson et al, 1992; Roberts, 
1991; Singh et al, 2011), and as such cheers are strongly 
associated with successional grasslands, the ultimate 
outcome of which is a naturally fragmented population 
(BirdLife International, 2012).  

To date, the known population of cheer is decli-
ning due to hunting and egg collection, conversion of 
grasslands to agricultural land, burning and livestock 
grazing, all of which result in habitat degradation, loss 
and isolation, and disturbance from the collection of non-
timber forest products (BirdLife International, 2012). 
While the global conservation status of the cheer is 
currently listed as Vulnerable, there is evidence to 
support upgrading the species to Endangered on the 
grounds of a lower existing population size than origi-
nally predicted (BirdLife International, 2012). Several 
surveys back this assertion: they found several small 
subpopulations (Islam & Crawford, 1986; Roberts, 1991; 
Young et al, 1987) that in some cases are considered on 
the brink of local extirpation (Chaudhry, 1993). In 
Pakistan, records of cheer in Machiara National Park 
(Islam & Crawford, 1986) and the Pir Chinasi area of 
Jhelum valley (Young et al, 1987) were the first 
recordings of the birds seen in decades, as the species 
was previously thought to be nationally extinct (Severin-
ghaus, 1979). Further wider and more recent surveys 
have recorded the species elsewhere in Jhelum valley 
and Phalla Game Reserve, confirming its current 
presence in Pakistan (Awan et al, 2004; Awan, 2011; Dar, 
2006; Khan et al, 2006).  

On one hand, these studies offer some hope for the 
status of cheers in Pakistan, as they confirm that the 
species was still present in the area. On the other hand, 
several studies show that the cheer is totally absent in 
other areas it previously inhabited. For example, while 
the cheer were encountered frequently in Salkhala Game 
Reserve, Neelum valley (Mirza, 1978), it now appears 
locally extirpated from the reserve (Awan et al, 2012). 
Likewise, reintroduction attempts in the Margalla 

National Park and Province of Khyber Pakhatoon Khawa 
have proven unsuccessful (Mirza, 2005). Consequently, 
the remaining areas of cheer inhabitation, the Jhelum 
valley in particular, are an extremely important site for 
the conservation of cheer in Pakistan. In the present study 
we aimed at providing an updated survey to estimate the 
present density and population size of cheer and provide 
recommendations for future monitoring efforts to identify 
the threats to the species in Jhelum valley.  

METHODS 

Study area 
Jhelum valley is situated between an elevation range 

of 750−3  765 m in the foothills of the western Himalaya, 
Azad Kashmir, in northeast Pakistan (N34°12′, E73° 43′; 
Figure 1). Covering 589.8 km2 it comprises habitats of 
the Himalayan subtropical pine forests dominated by 
Quercus, Pinus and Rhododendron species. The majority 
of the human population in the catchment (90%) is 
spread across small, rural settlements; the remaining 
10% is settled in comparatively large towns (AJ & K 
Government, 2011). In the area, livelihoods are based 
mainly upon subsistence agriculture, distributed as small, 
scattered farms, and livestock farming. People living in 
this region also depend directly or indirectly upon the 
valley’s natural resources, especially during habitation of 
the summer houses they use when farming (AJ & K 
Government, 2011). This dependence creates some 
unique circumstances, especially since the human popul-
ation in Azad Kashmir has grown from 2.973 million in 
1998 to 4.059 million in 2011, of which 88% live in the 
rural areas. This increasing population and associated 
development of infrastructure is putting increasing 
demands on the natural resources of the area (Awan, 
2011) but the area lacks a conservation management plan 
for natural resources and biodiversity (AJ & K Govern-
ment, 2011; Awan, 2011).  

 
Population surveys of cheer 

For observing the cheer population in the Jhelum 
valley, the valley was divided into three zones, A (Pir 
Chinasi), B (Gari Dopata) and C (Chinari) (Figure 1). 
The Pir Chinasi zone is situated in Muzaffarabad district 
while the other two zones are located in Hattian district 
southwest of Muzaffarabad city. Himalayan pheasants 
are best surveyed in May−June, when they are breeding 
and tend to be most vocal (Gaston, 1980), although cheer 
also call frequently in October−November (Ali & Ripley, 
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Figure 1 Map of 2011 survey points (CH01-17) along with habitat identified as potentially suitable for cheer habitation in the 
Jhelum valley (From AJ & K, Pakistan) 

 

1998). Both male and female cheer gives loud calls in the 
early morning and evening during these months (Young 
et al, 1987).  In May 2011, we counted calling cheer 
using a dawn call count technique (Gaston, 1980) that 
has been widely used in surveys of Himalayan pheasants 
(e.g. Singh et al, 2011; Awan et al, 2004). Totally, across 
the three regions, 17 points, including 11 points used in 
previous surveys in the valley (Dar, 1997; Awan et al, 
2004), were positioned in potential cheer habitat as 
follows: three points in Pir Chinasi (Points 1−3), two in 
Gari Dopata (Points 4−5), and 12 in Chinari (Points 6−17; 
Table 1). The locations of the six new survey points were 
based on discussions with Wildlife Department field staff, 
hunters and local communities. Points were established 
at vantage points at least 600 m apart to minimise double 
counting birds and maximise the area surveyed in each 
zone. Observers arrived at points the night before a 
survey. Counts started before dawn (04：30) and lasted 
for 60 minutes (Awan et al, 2004). The direction and 
distance to each calling bird heard within a 300 m radius 
of each point was estimated by the observers. Each point 
was surveyed once and all surveys were led by the main 
author with additional field observers from the Wildlife 

Department. 

 
Data analysis 

While previous abundance estimates of cheer from 
call count data in Jhelum valley were based on a 60-
minute count period (Awan et al, 2004) we consider this 
too long for reliable population assessment. Himalayan 
pheasants appear to move after remaining stationary for 
the first 15−20 minutes following waking at their roosts 
(Kaul & Shakya, 2001). Consequently, it stands to reason 
that there is a high chance for a cheer to either moving 
into a survey area once the count has started (Granholm, 
1983) and after 15−20 minutes of the first calls or being 
double-counting due to undetected movement within a 
survey area (Fuller & Langslow, 1984; Reynolds et al, 
1980; Scott & Ramsey, 1981), resulting in an over-
estimation of abundance. Accordingly, based on count 
period length employed elsewhere for surveying cheer 
(Singh et al, 2011), we analysed the field data using a 
shorter count period of 15 minutes from the time of the first 
call heard in each of the original 60-minute dawn counts. 

A fixed radius approach was used to estimate cheer 
density wherein numbers of calling birds heard at each  
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Table 1 2011 Survey point description and density estimates  

Survey locationa Coordinates  Elevation (m)  Aspect Number of birdsb Density (pairs/km2)

Zone A – Pir Chinasi:      

CH01 – Siki* N34°23'44.4", E73°31'44.2" 2 090 SW 1 (0) 1.8 

CH02 – Hari Wala Par* N34°22'37.9", E73°32'41.9" 2 387 SW 6 (2) 10.6 

CH03 – Ban Wali Gali** N34°22'42.8", E73°34'51.9" 2 067 SW 8 14.1 

Zone B – Gari Doppata:      

CH04 – Tarari** N34°15'46.2", E73°37'49.3" 1 971 SW 0 0 

CH05 – Low Gali* N34°16'51.6", E73°38'58.1" 2 155 SW 0 (1) 0 

Zone C – Chinari:      

CH06 – Nanga Tuk* N34°12'33.1", E73°50'29.7" 3 023 W 8 (4) 14.1 

CH07 – Thera Gali* N34°13'25.6", E73°50'10.6" 2 813 SW 5 (3) 8.8 

CH08 – Garang* N34°11'57.9", E73°51'40.6" 2 419 SW 5 (4) 8.8 

CH09 – Shinger* N34°13'33.9", E73°51'49.1" 2 530 SW 7 (0) 12.4 

CH10 – Cheeta* N34°12'12.1", E73°53'31.4" 2 080 S 10 (12) 17.7 

CH11 – Batal* N34°11'59.9". E73°54'58.3" 2 666 SW 7 (5) 12.4 

CH12 – Copra Gali** N34°12'45.7", E73°55'01.6" 2 930 SW 8 14.1 

CH13 – Shanger Bari* N34°13'07.1", E73°55'50.4" 2 330 W 8 (6) 14.1 

CH14 – Khatar Nar* N34°10'31.7", E73°54'25.6" 2 202 S 6 (2) 10.6 

CH15 – Tal Patra** N34°08'56.8",E73°52'56.8" 2 158 SW 12 21.2 

CH16 – Soka** N34°08'07.8", E73°53'53.8" 1 455 W 10 17.7 

CH17 – Nalai** N34°08'29.7", E73°56'12.6" 2 244 SW 12 21.2 

a Points also surveyed in 2002−2003 are indicated by *; new survey points are indicated by **. b Where available, the number of birds counted in the 2002−2003 

survey are in parentheses. 

 
point was then used to calculate encounter rates and 
densities (with standard deviations, SD) for each survey 
zone and the overall valley, based on the assumption that 
all birds were heard calling within 300 m of a point 
(single point area=0.28 km2). Cheer encounter rates in 
the three zones were compared using a Kruskal-Wallis 
test with non-parametric post-hoc test, while densities 
were compared using Z test (P<0.05). Where comparable 
data were available, we also compared counts of cheer 
from those points surveyed in this and the previous 
survey (Awan et al, 2004) using a Wilcoxon signed rank 
test, though the results of this are speculative at best, 
since  because in this study we used a shorter count 
period.  

Using a Geographical Information System-based 
overlay analysis of key habitat variables in ArcGIS 9.3 
we were able to calculate the area of potential habitat 
suitable for cheer in Jhelum valley. The variables used 
were as follows: elevation (from ASTER Global Digital 
Elevation Model of 30 m spatial resolution); slope; 
aspect (derived from the Digital Elevation Model); land 
cover variables (derived from ALOS AVNIR 2 multisp-

ectral satellite data of 10 m spatial resolution); drainage; 
settlements; roads/tracks digitized from topographic 
sheets of scale 1:100  000; and the sighting data collected 
during the field surveys. We then used the habitat suita-
bility analysis results and survey densities to estimate the 
breeding population of cheer in Jhelum Valley. The 
breeding popular estimates were based on the assumption 
that cheers are paired during the breeding season, similar 
to the Hainan partridge where both male and female call, 
and this could indicate a fixed pair in cheers (Singh et al, 
2011; Yang et al, 2011).  

RESULTS  
Cheers were recorded at all points except the two 

located in Zone B (Gari Dopata) where none were 
detected (Table 1). Totally, 113 cheers were heard calling 
at a mean encounter rate of 6.6±3.66 per point. The 
number of calling cheer recorded was significantly 
different across all three zones (H2=6.45, P=0.040), with 
the highest being Zone C (Z=2.394, k=3, P<0.05) and the 
lowest in Zone B were no calls were heard. Overall cheer 
density was estimated at 11.8±6.47 pairs per km2 and 
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highest in Zone C (Table 2). Density was significantly 
different between Zones A and C (Z=2.181, P<0.05). On 
the whole, Cheer counts at the 11 points previously 
surveyed (Awan et al, 2004) differed significantly 
between 2002−2003 and 2011 (T=7.5, n=11, P=0.022). 
On average, more cheers were recorded per point in the 
2011 survey (5.7±2.97) than in 2002−2003 (3.5±3.42), 
though this may be explainable by differing 
methodologies in measurement 

Table 2 Cheer encounter rates (day-1±SD) and pair densities 
(km2±SD) for the three study areas and Jhelum valley  

Study zone Survey effort Encounter ratea Density 

A – Pir 
Chinasi 

3 5.0±3.61 (15) 8.8±6.38 

B – Gari 
Dopata 

2 (0) (0) 

C – Chinari 12 8.2±2.41 (98) 14.4±4.26 

Overall 17 6.6±3.66 (113) 11.8±6.47 

a: Number of encounters are in parentheses. 
 
Habitat analysis classified 211.15 km2 (35.8%) of 

the survey area as suitable cheer habitat (Figure 1). At an 
average density of 11.8 pairs/km2, this would give a total 
potential breeding population in Jhelum valley of 2 490 
pairs (1 840−3 140; 95% CI).  

DISCUSSION 

Totally, cheers were recorded in two of the three 
zones at a mean density of 11.8±6.47 pairs/km2. The 
results of this survey suggest a significant breeding 
population of cheer persists in Jhelum valley (2  490±650 
pairs) despite a growing human population and 
utilization of natural resources. Cheer breeding has been 
further confirmed by Awan and Lee (2013), who found 
on average, 0.5±0.21 SE nests per search and at a density 
of 0.1±0.06 SE nests/km2 in suitable cheer pheasant 
habitat.  Our estimate is at the upper end of the range of 
densities from most other surveys (5 to 12.4 pairs/km2; 
Gaston & Singh, 1980; Garson, 1983; Lelliott, 1981; 
Singh et al, 2011), although densities of up to 24 
pairs/km2 have been estimated in India (Subedi, 2003). 
This is especially true considering the global population 
is currently estimated to number 2700−4 000 mature 
individuals (BirdLife International, 2012). Our estimates 
may be somewhat optimistic, since cheers are extremely 
susceptible to hunting and local eradication (Young et al, 
1987). Our estimates may instead reflect the carrying 
capacity of the valley and be distorting the reality of the 
situation. This possibility underscores the need to 

thoroughly survey and monitor other locations in Jhelum 
valley to quantify the actual area of occupancy, rather 
than relying on the basic approach we have employed 
here to gain a population estimate. Furthermore, it would 
be useful to consider the conservation genetics of cheer 
in the valley to assess population viability; since cheers 
are capable of raising large clutches (Johnsgard, 1999), 
these small, isolated subpopulations may be particularly 
vulnerable to inbreeding (Corder, 2013).  

While it appears from both this and the 2002−2003 
surveys that the main breeding population is located in 
Chinari (Zone C), it is difficult to make any further 
inferences for two main reasons. First, we used a shorter 
count period (to reduce the potential problem of double 
counting) and yet recorded significantly more birds than 
in 2002−2003. Indeed, of the points surveyed in 
2002−2003 and 2011, Awan et al (2004) estimated 39 
calling birds while we estimated 63 calling birds from 
the same 11 points (Table 1). This might represent a real 
increase in numbers of breeding cheer, but the 
differences in methodology make it difficult to make a 
comparison, so such comparisons should be treated with 
caution.  Second, it is not entirely clear how numbers of 
breeding pairs were estimated in the 2002−2003 surveys, 
making it impossible to compare our estimates with 
theirs in order to conduct additional analysis. The 
discrepancies between the two studies emphasizes the 
need for an agreed survey protocol to be put in place and 
adhered to annually for effective monitoring that 
supports conservation management of Galliforms in the 
Jhelum valley and, potentially, elsewhere in the region. 

While we are confident that distances to calling 
birds were estimated consistently and accurately with 
only random, small errors, it is worth noting that cheer 
density estimates generated from this type of survey are 
susceptible to inaccurate distance estimation and either 
under- or over-estimating density (Symes, 2013). We 
attempted to make our results as accurate as possible, 
and , since the main author was active in all surveys, but 
still reliability of our estimates, and others, may also be 
influenced by the coverage of a comparatively small 
survey area around each point. To improve reliability in 
these abundance measurements, and to support ongoing 
monitoring of the species in this important location for 
its conservation in Pakistan, more efforts should be 
focused on training wildlife staff and standardizing an 
agreed monitoring protocol (Awan et al, 2012). While the 
basic dawn call count method remains suitable for 
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surveying this species (Gaston, 1980), consideration 
should be made for applying appropriate techniques for 
the imperfect detection of calling birds around survey 
points (Thomas et al, 2009). 

While our survey results showed that the number 
cheer appears to have increased in Jhelum valley over the 
last decade, the cheer population remains under intense 
pressure due to an increasing human population and 
associated degradation, clearance and conversion of 
cheer habitat into agricultural land (Awan, 2011). This 
pressure is exacerbated by increased land conversion due 
to a local shortage of food following the Kashmir earthq-
uake in 2005 that damaged and destroyed many of the 
existing agricultural lands in the area (Awan et al, 2012). 
As a consequence, in the rebuilding process more houses 
were built than originally present as this released greater 
amounts of financial relief from the government (Awan 
et al, 2012).  

To mitigate the potential impact of the situation in 
the region, two approaches may help: 1) developing a 
strong conservation education and awareness campaign; 
and 2) improving the socio-economic condition of the 
communities within the valley to make them less reliant 
on natural resources, especially by focusing on 
community enterprise development for women (Awan, 
2011). The success of these two actions will go a long 
way to determine the conservation future of cheer within 
the Jhelum valley.  

Locally based initiatives, like those described above, 
are key in dealing with the situation in the region, but 
overall habitat degradation and over-hunting in the 
Himalayan foothills are thought to have severely reduced 
cheer populations over the past century, and in Pakistan 
its status is not secure (Garson et al, 1992). Nationally, 
increasing demands on natural resources across Pakistan 
has reduced the cheer population range, pushing it closer 
towards the line of control of the disputed area where 
there is far less human disturbance as a result of military 
tension in the area (Awan, 2011). The Jhelum valley is 
currently thought to hold the main population of this  

threatened species in Pakistan, but unfortunately the area 
lacks any protected area and clear wildlife management 
planning, something greatly needed (AJ & K Governm-
ent, 2011; Awan, 2011). This area requires some degree 
of immediate protection to enable the effective conse-
rvation of cheer in Pakistan. Likewise, conservation 
efforts in the Jhelum Valley would benefit may other 
species: as Himalayan black bear (Ursus thibetanus; 
Vulnerable, Garshelis & Steinmetz, 2008), the Leopard 
(Panthera pardus; Near Threatened, Henschel et al, 
2008), and Himalayan monal (Lophophorus impejanus), 
koklass pheasant (Pucrasia macrolopha) and kalij 
pheasant (Lophura leucomelanos). 

The lack of protected area in the Jhelum valley 
weakens any conservation management of threatened 
species in the area, and the available resources are 
currently inadequate to effectively manage the biodiv-
ersity of the area. We strongly recommend that consider-
ation should be made for designating at least some of the 
Jhelum valley as a protected area for cheer, and other 
threatened species, while also implementing a commun-
ity-inclusive management plan to support the long term 
conservation of cheer in Pakistan. If action is not taken, 
pressure for resources and associated habitat disturbance, 
degradation and loss increases, the cheer population 
will be on decline in this site, ultimately resulting in its 
extinction in Pakistan. Consequently, a current and 
quantitatively informed conservation management 
action plan for natural resources and biodiversity in the 
area is required (AJ & K Government, 2011; Awan, 
2011). 
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Species’ extinction risk is driven by multiple ecolo-
gical factors (Cardillo et al, 2005, 2008), including small 
population size (Legendre et al, 2008), small range size 
(Harris & Pimm, 2008), large body size (Cardillo & 
Bromham, 2001) and degrading habitat conditions 
(Halley & Iwasa, 2011). One key focus of current 
macroecological studies is understanding the ecological 
correlates of species’ extinction risks, in order to both 
better understand change in demographics and to 
implement more effective conservation measures 
(Cooper et al, 2008; Keane et al, 2005; Reynolds et al, 
2005).  

Global patterns of the extinction risks of mammals 
have been well quantified (Cardillo et al, 2004, 2005, 
2006; Jones et al, 2009), but it is unknown whether 
the relevant ecological determinants attributed to 
extinction risks of mammals on a global scale can be 
applied at regional or local scales. The central goal of 
the present study is to evaluate drivers of extinction 
risks of mammals at the regional scale, specifically 
examining the ecological causes of extinction risk for 
mammals endemic to China and accounting for 
phylogenetic inertia (Carrascal et al, 2008). There are 
over 200 known mammal species endemic to China, 
with the full distributional ranges only limited to the 
terrestrial boundaries of modern China. However, 

because of limited data access, only a subset of 
endemic mammals has been included in the present 
analysis, though I deal with the corresponding pote-
ntial constraints. 

MATERIALS AND METHODS 

Data sets 
Distributional records of endemic mammals were 

derived from the China Species Information Service 
(http://www.baohu.org/) and literature related to 
mammalian fauna of China (Smith & Xie, 2008; Wang, 
2003). For the selected species, phylogeny was recons-
tructed from the previously established meta-phylogeny 
of global mammals (Bininda-Emonds et al, 2007). The 
tree for the subsequent analyses is presented in Figure 1. 
The threatened status of each species was obtained from 
the International Union for Conservation of Nature 
(IUCN; http://www.iucn.org/). 1 

                                                           
Received: 05 August 2013; Accepted: 28 February 2014 

Foundation items: This work was supported by the China Scholarship 

Council (CSC)(201308180004) 

*Corresponding author, E-mail: haydi@126.com; yhchen@zoology. 

ubc.ca 



 Ecological predictors of extinction risks of endemic mammals of China 347 

Kunming Institute of Zoology (CAS), China Zoological Society Volume 35  Issue 4 

 
Figure 1 The phylogeny of 53 mammals endemic to China 

(redrawn from Binind-Emonds et al，2007) 
 

Ecological variables 
Range size for each endemic mammal was calculated  

using digital distribution range maps (http://www. Iuc-
nredlist.org/technical-documents/spatial-data). Climatic 
variables included precipitation, minimal temperature, 
maximal temperature, mean temperature, evaporation, 
humidity and solar radiation. These data are interpol-
ations of observed data collected from 1950−2000. Data 
were calculated and exacted from grid cells with the 
presence of the species using the WorldClim database 
(http://www.worldclim.org). Data are available from the 
author upon request.  
 
Data analyses 

I used phylogenetic eigenvector regression (PVR) 

(Carrascal et al, 2008; Diniz-Filho et al, 1998, 2011; 
Kuhn et al, 2009; Morales-Castilla et al, 2012; Seger 
et al, 2013) to quantify and account for phylogenetic 
signals inherited in tip species due to non-independent 
history caused by cladogenesis and anagenesis events 
(Inglis, 1988). The core of the PVR method is to 
construct a matrix of pairwise phylogenetic distances 
among concerned species and a principal coordinates 
analysis (PCoA) is performed on this matrix. The 
matrix of phylogenetic distances for the endemic 
mammals of China is available from the author upon 
request. The most important axes accounting for most of 
total variance were retained to represent the major 
components of phylogenetic signal for subsequent 
analyses (Carrascal et al, 2008; Diniz-Filho, et al, 2012c).  

To remove phylogenetic autocorrelation within the 
climatic variables and life-history traits for endemic 
mammals, all the explanatory variables were regressed 
onto the selected eigenvectors so as to obtain residuals to 
study the correlations between explanatory variables and 
extinction risk. 

Variation partitioning followed the methods of 
previous studies (Legendre & Legendre, 1998; 
Carrascal et al, 2008). In detail, climatic variables 
were used as group A, while life-history traits formed 
group B. During the multiple regression analysis when 
extinction risks of species served as the response 
variable, the difference between the variation VAB 
explained by A+B and the variation VA explained by A 
became the independent contribution of group B for 
explaining the total variation of extinction risk. 
Similarly, the independent contribution of group A for 
explaining the total variation of extinction risks of 
species was given by VAB−VB. Unexplained variation 
inside the response variable was 1−VAB. 

As a comparison, variation partitioning without cont-
rolling phylogenetic inertia was also performed to 
evaluate the relative influence of phylogenetic inertia. 
The variation partitioning procedure was identical to the 
above-mentioned method, except that all variables were 
not phylogenetically corrected.  

RESULTS 

When phylogenetic inertia was controlled using 
PVR, there was still a large fraction of unexplained 
variation for the extinction risks of endemic mammals of 
China, with only 13% of total variation being explained 
by the ecological variables included here (Figure 2). The 
influential role of climate was identified, which explains 
approximately 13% of the variance independently. As 
such, almost all the fraction of explained variation was 
attributed to climate. By contrast, the role of range size 
was not important, because only 1% of total variation 
was explained by this trait (Figure 2). 
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Figure 2 Partitioning of variation attributed to different 

explanatory variable groups after controlling for 
phylogenetic inertia effects  

 
When variation partitioning was performed without 
controlling for phylogenetic inertia (Figure 3), the results 
were similar to those resulting from phylogenetic 
adjustment (Figure 2), but the role of range size in 
extinction risk became more important, accounting for 
7.4% of the total variation in extinction risk and climate 
explained 11.2% of total variation (Figure 3).  

 
Figure 3 Partitioning of variation attributed to different 

explanatory variable groups without controlling for 
phylogenetic inertia effects 

 
As a consequence, the influence of phylogenetic 

inertia could be determined via comparison of these two 
methods (contrast Figure 2 and Figure 3). The variation 
partitioning results for the situation with phylogenetic 
adjustment would partially eliminate the influence of 
range size when explaining the extinction risks of species.  

DISCUSSION 

There are a suite of statistical methods to detect and 
remove phylogenetic inertia effects (Blomberg et al, 2003, 
2012; Diniz-Filho et al, 1998, 2012b; Pagel, 1999), but 
many are strongly correlated and robust for handling 
alternative evolutionary models (Diniz-Filho et al, 2012b; 
Seger et al, 2013). The merit of the PVR method and its 
extension (Diniz-Filho et al, 2012a) is that it is able to cap-
ture nonlinear  components of phylogenetic signals and 

elegantly evaluate the deviation of Brownian motion for the 
evolution of those examined traits (Diniz-Filho et al, 2012a). 

Previous studies found that range size is an important 
attribute that can predict extinction risk over different 
taxonomic groups (including global mammals) (Cardillo et 
al, 2005; Cooper et al, 2008; Harris & Pimm, 2008; Hanna 
& Cardillo, 2013; He, 2012). However, for the endemic 
mammals of China, threatened status is principally 
predicted by climate, and not life-history or range size (Figs. 
2 and 3). One reason for the weak explanatory power of 
range size in my findings is that the distribution information 
for endemic taxa in China may be incomprehensive, 
reducing the explanatory power of range size on structuring 
extinction risk. Furthermore, limited phylogenetic sampling 
of endemic species may have contribute to the reduced 
explanatory power of range size.  

Despite interesting findings, there are a few 
shortcomings to note. First, the weak phylogenetic inertia 
signal detected may be due to the fact that many variables 
influence species’ extinction risk besides or in addition to 
climate and distribution; for example, human disturbance 
(Kong et al, 2013) and environmental pollution. A lack of 
comprehensive and comparable data on such topics for use 
in examining extinction risk makes for a less convincing 
or robust analysis. Moreover, since I did not include non-
endemic species in the analysis, the phylogenetic signal is 
weakened because the role of evolution is weak when 
influencing species’ range sizes, due to limited 
evolutionary divergence amongst endemic taxa.  

A further potential limitation of the present study is 
the comparatively small sample of 53 endemic mammals, 
conspicuously less than the total number of endemic 
mammals in China. As a consequence, these findings 
may not be robust enough to represent the true ecological 
correlates of extinction risk for this group. The power of 
phylogenetic signals is also reduced due to this limited 
sampling. Unfortunately, there is no clear remedy to this 
shortcoming, as only 53 endemic mammalian species 
were able to be included due to data, e.g., global 
mammalian phylogeny does not contain many mammals 
endemic to China (Bininda-Emonds et al, 2007), some of 
which may be yet identified as new endemic species or 
become a synonym/subspecies of a wide-ranging species 
(Li et al, 2006). Further research in the area may allow for a 
more detailed replication of this analysis at a later date. 
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Abstract: Three Asian green pit vipers were collected in August 2013 during a field trip in Fanjin Mt. National Conservation 
Area, Guizhou. These specimens were identified as Sinovipera sichuanensis, based on subsequent examination and comparison. 
This is a new record of the genus Sinovipera and S. sichuanensis in Guizhou, and the first time that male specimens have been 
collected in the field. 
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During a field trip to Fanjing Mt. National Conser-
vation Area in August 2013, three male specimens of 
the Asian green pit viper were collected at Jiangkou 
County, which were later identified as Sinovipera 
sichuanensis (Guo & Wang, 2011). This is the first time 
that S. sichuanensis has been found outside the type 
locality (Hejiang County, Sichuan), and also the first 
time that male samples have been collected in the field. 
We record and describe them in this paper. All 
specimens (YBU13226−28) were deposited in the 
Zoology Diversity and Evolution Lab of Yibin 
University. 

EXTERNAL MORPHOLOGY 

The following description is based on the speci-
mens YBU13226, YBU13227, and YBU13228. 

All three specimens collected are male. The body 
is elongated, cylindrical, and stout. Total body length 
(TL) ranges from 865 mm to 920 mm; snout-vent 
length (SVL) ranges from 690 mm to 740 mm; tail 
length (TAL) ranges from 165 mm to 180 mm. Head is 
distinctly triangular and elongated, distinct from the 
neck. Dorsal body is nearly uniformly green, lacking 
postorbital and ventrolateral stripes; the upper lips are 
slightly lighter. The tail is distinctly prehensile, with 
one quarter to one third of the TAL rusty red dorsally. 
Below the head, the body and tail are yellow white; the 
eye is deep red and the pupil is vertical. 

The top1of the head is covered with small scales; 
supraoculars are the largest paired scales. There are 11-
12 small scales between the supraoculars. Internasals 
are separated by one small scale, and do not touch the 
rostral. The rostral is trapeziform and invisible from 
above. Supraoculars are bordered by 7−10 small scales 
(excluding postoculars and preoculars). There are three 
elongated preoculars, the middle and lower ones and 
the third supralabial forming the border of the pit cavity. 
Postoculars 3 or 2, the lowest one elongated and 
extending beyond the eye, the subocular one elongated 
and forming the lower edge of the eye. Supralabials 9 
or 10 on both sides; the first separated from the nasal 
by a distinct suture; the second is the highest, forming 
the anterior border of the pit cavity and separated from 
the nasal by two small vertically arranged scales; the 
third is the largest, separated from the eye by an 
elongated postocular; the fourth supralabial is separated 
from the eye by three scales, with the upper two in line. 
Infralabials 11−14, the first pair elongated and 
contacted after the mental. One pair of chin shields, 
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contacting with the first three pairs of infralabials. 
There are 5−7 small scales in a line between the first 
preventral and the chin shields. Body scales feebly 
keeled except the outer two to three rows. 

Ventrals 170−179; anal entire; dorsal scales 21-21-
15 rows. Body scale reduction from 21 to 19 rows 
(21/19VS), from 19 to 17 rows (19/17VS), and from 17 
to 15 rows (17/15VS) occurs at the 107th, 114th, and 
123rd ventral positions, respectively. Subcaudals 68−74 
pairs; scale reduction from 8 to 6 rows (8/6SC) and 
from 6 to 4 rows (6/4SC) occurs at the 11th and 28th 
subcaudals, respectively. 

The retracted hemipenis is forked at the 4th to 5th 
subcaudal, extending to the 7th to 8th subcaudal plates. 
Sulcus is prominent, forked at the 2nd subcaudal, 
extending to the tips of the organ. The base of the organ 
is covered with tiny spines, but change to larger hard 
spines gradually. It is calyculate distally, without spines. 
The demarcation between spines and calyces is distinct 
but does not extend in a straight line across the organ. 

The specimens were collected in two close locations 
beside streams in an evergreen forest at an elevation of 
878 m (N27°59', E108° 46'), with two specimens found 
beside a large stone at about 2000h after rain.  

DISCUSSION 

Sinovipera sichuanensis was initially described 
based on two females from Hejiang, Sichuan, in 2011 
(Guo & Wang, 2011). It has not been found in other loca-
lities previously. The occurrence of S. sichuanensis in 
Jiangkou, Guizhou, not only expands it distribution, but 
the collection of males provides further diagnostics data. 

After a morphological comparison between the 
three males collected from Guizhou and the two females 
from the type locality, we found these specimens showed 
a very similar external morphology including scalation 
and color. For example, they were uniformly green in 
body, without postorbital and ventrolateral stripes; the 
ventrals and subcaudals did not vary significantly; they 
has similar dorsal (21/19VS, 19/17VS, 17/15VS) and 
subcaudal (8/6SC, 6/4SC) scale reduction patterns (Table 
1). Based on the five specimens, however, the females 
were obviously longer than the males. The SVL of the 
two females was up to 1  010 mm, while the longest male 
was 740 mm. Due to the small number of samples, we 
cannot be sure whether the differences between the two 
sexes are significant, or whether they are the result of 
sexual polymorphism. 

Table 1 Morphological comparison of Sinovipera sichuanensis 

Specimens YBU13226 YBU13227 YBU13228 YBU071077 YBU030116 

Locality Guizhou Guizhou Guizhou Sichuan Sichuan 

Sex Male Male Male Female Female 

SVL (mm) 740 690 700 900 1010 

TAL (mm) 180 175 165 180 210 

Ventrals 170 179 172 172 171 

Subcaudals (pairs) 68 74 70 66 68 

Preoculars 2 2 2 3 1 

Postoculars 2/3 2/3 2 3 2/3 

Supralabials 10 9/10 10 10 10/12 

Infralabials 11/12 12/14 12/13 13 14/13 

21/19VS 105 106 110 104 109 

19/17VS 113 111 117 114 115 

17/15VS − 118 127 126 136 

8/6SC 12 9 11 11 12 

6/4SC 26 23 33 33 39 

References This study This study This study Guo & Wang, 2011 Guo & Wang, 2011 

 
Sinovipera sichu-anensis and Viridovipera stejne-

geri are sympatric in Hejiang and Jiangkou; however, 
there are several external morphological differences 
between them: 1. lateral stripes are absent in S. 
sichuanensis (Figure 1, Figure 2), but red and/or white 
stripes are present in V. stejnegeri (David et al, 2002; 
Zhao, 2006) (Figure 3); 2. S. sichuanensis is obviously 
larger than V. stejnegeri in body size. The largest V. 

stejnegeri is about 625 mm in males and 765 mm in 
females (David et al, 2001, 2002), while the largest 
male of S. sichuanensis is 920 mm and the largest 
female is 1 220 mm in total body length. 

On the basis of retracted hemipenis morphology, that is, 
deeply forked, spinous proximally and calyculate distally, 
Sinovipera sichuanensis appears similar to snakes of 
Viridovipera but distinctly different from Cryptelytrops 
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Figure 1 General view of adult male Sinovipera sichuanensis 
from Jiangkou, Guizhou 

 

Figure 2 Holotype of Sinovipera sichuanensis (female) from 
Hejiang, Sichuan 

 

Figure 3 Adult male Viridovipera stejnegeri from Jiangkou, 
Guizhou 

albolabris (Guo & Zhang, 2001). Whether the similarity 
between S. sichuanensis and Viridovipera species indicates 
they have a close relationship might be resolved by further 
molecular phylogeny research. 

In the description of Sinovipera sichuanensis, Guo 
& Wang (2011) predicted the possibility that this 
species inhabited Chongqing and Guizhou, and its 
occurrence in Jiangkou, Guizhou, confirmed this 
speculation. With further study and extensive sampling, 
S. sichuanensis may be found in more localities 
between Hejiang and Jiangkou. 
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苏州科铭生物技术有限公司自主研发、生产和销售 CominbioR生化试剂盒，
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论；最后，计算所需数量，一般按照 4 次重复来计算，以保证满足统计分析需要。 

试剂盒签收和保存注意事项：首先，在签收时必须立即对照说明书中“试剂与配

制”部分核对试剂种类和数量，是否存在错发、短缺和漏液等问题，如果有问题，

请马上联系客服，并且提供相关证据；其次，按照试剂瓶标示的条件，分类保存

各试剂；最后，及时完成测定，一般在收到后两周内用完为好，以免因为试剂盒

储存时间过长导致测定失败。建议分批订购，一般提前一周订购即可，不要长期

大量储存试剂盒。 

试剂盒使用注意事项：首先，所有操作要严格按照说明书进行，特别注意温度和

加液体积准确，不要擅自改动；其次，先测定预计差异比较大的 2 个样品，如果

有问题及时与技术支持联系，以免浪费样品和试剂；最后，如果测定效果不好，

应该坦诚与技术支持沟通，以找出真正的原因，从而得到可靠的测定结果，如果

确实是试剂盒质量问题，公司将负责改进质量并且提供新的试剂盒。 

公司责任：及时提供原理科学、操作简便和质量可靠的试剂盒，以及全面的技术

支持。公司只能对试剂盒质量本身负责。对于因为试剂盒误购、试剂盒保存不当、

样品本身问题和实验操作不当，以及公司其它无力控制的因素造成的问题等不负

责任。 

 

地址: 苏州工业园区星湖街 218 号生物纳米园 A2 楼, 邮编 215123。 
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