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Hypoxiais a major factor that affects the subsistence and development of multicellular organisms. Tibet
chicken, as a unique native chicken breed in altiplano, shows genetic adaptation to hypoxia comparing
with the breeds at the low altitude. In the present study, to explore effects of hypoxia on chicken fetal
livers, eggs of Tibet chicken and Shouguang chicken were collected and the samples from each breed
were divided into two groups, incubated in hypoxia and in normoxia respectively. The blood of embryos
on the 16th day of incubation was collected and the serum chemistry parameters indicating liver
metabolism were determined, which included glutamic-pyruvic transaminase (GPT), aspartate
aminotransferase (GOT), total bilirubin (TB), direct bilirubin (DB), total bile acid (TBA), gamma
glutamyltransferase (GGT), alkaline phosphatease (ALP), lactate dehydrogenase (LDH), creatine kinase
(CK), glucose and creatinine. The results show that biochemical indices varied significantly between
hypoxia and normoxia except for GPT and glucose. Moreover, the concentration of ALP and LDH
showed significant differences between the breeds and the incubations. The results suggest that the
livers of both Shouguang chicken and Tibet chicken suffered damages in hypoxia, but the former was
more serious. The results of this study support the opinion that Tibet chicken had better genetic
adaptability on hypoxia, and made a good basis for further study of the genetic mechanism of
adaptation to hypoxia.
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INTRODUCTION

Hypoxia is a major causative factor of diseases in 1990; Archer et al., 2004). Previous studies have shown
altiplano, which influences seriously the subsistence and that chronic intermittent hypoxia can lead to liver injury
development of multicellular organisms, such as plants, and nonalcoholic fatty liver disease, via oxidative stress
animals, and human beings (Heacock and Sutherland, and excessive glycogen accumulation, and then resulted)
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Abbreviation: GPT, Glutamic-pyruvic transaminase; GOT, aspartate aminotransferase; TB, total bilirubin; DB, direct bilirubin; TBA,
total bile acid; GGT, gamma glutamyltransferase; ALP, alkaline phosphatease; LDH, lactate dehydrogenase, CK, creatine kinase.
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Table 1. Serum chemistry parameters in Shouguang Chicken and Tibet Chicken under different

incubation conditions.

Serum component

Shouguang Chicken

Tibet Chicken

Normoxia Hypoxia Normoxia Hypoxia

GPT (IU/L) 3.26:0.41° 3.84+0.69° 3.67+0.36° 4.22+0.35
GOT (IUL) 21.83+0.35°  27.66+5.61"  18.61+0.73*  18.84+1.46°
TB (umol/L) 10.38+0.25%  16.34+0.35°  15.26+0.35" 13.140.31c
DB (umol/L) 0.56+0.026°  0.92+0.047°  0.80+0.042°  0.66+0.032"
TBA (umol/L) 0.66+0.036  1.14+0.036°  0.60+0.050°  0.86+0.028°
ALP (IU/L) 622.83+6.66° 1244.65+10.92° 806.09+7.27° 1011.13+10.37°
GGT (IUL) 1.21+0.14° 1.82+0.14° 1.44+0.17° 1.86+0.14°
CK (IU/L) 106.11+5.15"  119.60+5.92®  129.64+8.05°  116.22+4.75°
Glucose (umol/L) 5.44%0.060% 5.27+0.052% 5.77+0.061°% 5.39+0.047%
Creatinine (umol/L)  1.12+0.29? 4.73+0.31° 1.70+0.097%°  5.54+0.044°
LDH (1U/L) 207.20+4.54°  394.61+4.55° 199.83+7.27°  237.84+7.92°

Values in the same row with different letters means that the difference between them is significant
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difference (p<0.05).

changes on levels of some serum content including
glutamic-pyruvic transaminase (GPT), aspartate amino-
transferase (GOT), bilirubin, gamma glutamyltransferase
(GGT), alkaline phosphatease (ALP) (Puhl et al., 2005;
Tanne et al., 2005; Savransky et al., 2007a, b, 2009).
Therefore, the determination of those enzymes and
substances was performed to evaluate the potential
pathological changes of organisms (Nakamura et al,
2008).

In this study, we employed Tibet Chicken, a unique
native chicken breed inhabiting in Tibet altiplano with an
average altitude above 3 000 m, and aimed to study the
changes of fetal liver in hypoxia by determining the serum
chemistry, compared with Shouguang chicken, an
indigenous Chinese chicken breed in Shouguang county
of Shandong province with an altitude less than 100 m, to
explore the change patterns of the serum hepatic
chemistry of the two chicken breeds in hypoxia.

MATERIALS AND METHODS
Animals and sampling procedures

The fertile eggs of each breeds, Tibet chicken and Shouguang
chicken, from the experiment chicken farm of the China Agricultural
University (CAU, Beijing, 100m altitude) were divided into two
groups, and exposed to sustained normal oxygen partial pressure
(21% Oy) and hypoxia (13% O;) with the same other incubation
conditions (such as 37.8°C, 60% relative humidity and so on)
respectively, after the eggs and the incubators were sterilized. On
the 16th day of incubation, the eggshells were broken at the air-cell
and then the blood was taken using injector treated with heparin
sodium from the thickest artery on the chorioallantoic membrane
pulled out. Serum separated from blood samples after centrifuged
at 1000 g for 10 min. Ten (10) blood samples were collected from
each studied group to be analyzed separately and totally 40
samples were determined in the present study.

Determination of serum chemistry parameters

The serum chemistry assays were determined using automatic
biochemistry analyzer (Hitachi 7 600, Hitachi, Japan) in the 309
Hospital in Beijing, and performed in terms of glutamic-pyruvic
transaminase (GPT), aspartate aminotransferase (GOT), total
bilirubin (TB), direct bilirubin (DB), total bile acid (TBA), gamma
glutamyltransferase (GGT), alkaline phosphatease (ALP), lactate
dehydrogenase (LDH), creatine kinase (CK), glucose, and
creatinine.

Statistical analysis

Data of this study were subjected to variance analysis using SAS
software (Version 8.02, SAS Inc, US), and the significant level was
fixed to p < 0.05 and extreme significance p < 0.01. The model
using to analyze the data was:

Yik=f +ai + B + (aB)i + &ix

Where, Yik, is the parameter of serum hepatic chemistries of
embryo k from breed i and incubation condition j; y, is the overall
mean; q; is the main effect of breed i (n = 2); B;, is the main effect of
incubation condition j (n = 2); (aB);, is the interaction between breed
and incubation condition; and &g, is the random error term. Values
were shown as mean and standard error.

RESULTS AND DISCUSSION

The purpose of the study was to investigate the changes
in serum hepatic biochemistry of Tibet Chicken and
Shouguang Chicken incubated in hypoxia, and the results
are shown in Table 1.

Liver injury, which led to the elevations of serum
chemistries such as GPT, GOT, ALP, has been demon-
strated in hypoxia in many studies (Tanne et al., 2005;
Savransky et al., 2007a, b, 2009). The reports of the
effects in chronic intermittent hypoxia showed that chronic
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liver injury and nonalcoholic fatty liver disease included
isolated fatty liver, nonalcoholic steatohepatitis, fibrosis
and liver cirrhosis (Tanne et al., 2005; Kallwitz et al.,
2007; Mishra et al., 2008; Norman et al., 2008). However,
the levels of these enzymes can be elevated in a variety
of liver injury (Savransky et al., 2007a, b, 2009). Previous
studies interpreted that both hypoxia alone and
cooperating with other factors can lead to the changes of
serum hepatic chemistries, but the changes were not all
coincident. The ratio of GOT to GPT was sometimes
used in clinical diagnosis of hepatic disorders (Kang, et
al, 2013). Different ratios were present in a variety of
hepatic disorders, and mostly the ratio of GOT/GPT
greater than 2 was present in alcoholic hepatitis and
some other disorders such as Wilson’s disease (Sorbi et
al., 1999; Giannini et al., 2003). The GPT in the present
study, which was considered to be more specific for
hepatic injury because it exists mainly in the cytosol of
the liver and in low concentrations elsewhere (Giboney,
2005), was not significantly changed, but the ratios of
GOT/GPT (27.61£5.6064 IU/L(GOT), 3.84+0.6855 IU/L
(GPT) in Shouguang Chicken and 18.8+1.4560 |U/L
(GOT), 4.2+0.3464 IU/L(GPT) in Tibet chicken, respec-
tively) were more than 2-fold in hypoxia in our work,
which indicated that the fetal livers of both Shouguang
chicken and Tibet chicken were injured in hypoxia and
Shouguang chicken suffered more serious damages.
However, ratio utility had significant limitations. Except for
the hepatic disorders, some evidences showed sex-
related differences and physiological changes in
metabolism of avian can also induce the elevations of
GOT, GPT and bilirubin (Walzem et al., 1999; Scholtz et
al., 2009).

In this study, ALP and LDH showed dramatic changes
between the breeds and the incubations. Though both of
them are less specific than GPT and GOT in diagnosis of
hepatic disorders, they were sometimes employed to
provide further evidences about the patterns of liver injury
(Musana et al., 2004; Shokrzadeh, et al, 2012). Elevation
of ALP in serum were derived from the liver and bone
predominantly during the third trimester of pregnancy of
women and the rapidly growth of adolescents (Wolf,
1978; Pratt and Kaplan, 2000). Therefore, the elevation of
ALP in this study may be due to both liver injury and
embryonic growth predominantly, which should be
verified by other parameters because the damages of
kidney, intestine and placenta also elevate the level of
ALP slightly. While in hypoxia, the elevation of LDH may
be that, there was not enough oxygen to meet the need
of organism due to the lack of red blood cells in blood
(Garba and Ubom, 2005; Macedo et al., 2009), or the
organs of metabolism and respiration were damaged
(Granchi et al., 2010), and the expression of both LDH-A
mMRNA and protein were inducible by hypoxia (Robin et
al., 1984; Marti et al., 1994; Firth et al., 1994, 1995).
Several other evidences in which the production of LDH
increases in hypoxia support this point (Rees et al., 2001;

Koukourakis et al., 2006). In addition, the ratio of
GPT/LDH was also used in diagnosis of liver disorders
(Kotoh et al., 2008; Balasubramanian et al., 2010). In this
study, both ALP and LDH have shown significant
differences between the breeds and the incubations, and
the changes of Shouguang chicken in hypoxia was
greater than that of Tibet chicken, which may suggest
that Tibet chicken has a better adaptability to the changes
of oxygen partial pressure. But the various trends of other
parameters may be due to the decrease of the metabolic
levels of Tibet chicken in hypoxia or the limited samples
in our study.

In conclusion, our results suggested that though the
liver metabolism of both chicken breeds was affected
negatively by hypoxia, Tibet chicken suffered less
damage than Shouguang chicken in hypoxia. So our
study supported the opinion that Tibet chicken has better
genetic adaptability in hypoxia.
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