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1. Introduction

Decreased oxygen availability and decreased temperature 
make life at such altitudes challenging, though many species 
have managed to successfully adapt via considerable 

physiological changes. There are several factors (low 
temperature, hypoxia, strong ultraviolet light, and dryness) 
at high altitudes that affect the survival of mammals 

Abstract
Background: The brain is an organ that serves as the center of the nervous system in all vertebrate and most invertebrate 
animals. Aim: The study examined the expression of Neuroglobin (Ngb) and Hypoxia-inducible factor-1α (Hif-1α) in 
adult and young yak brain tissues, and provided researchers with meaningful insight into the anatomy, physiology, and 
biochemistry of this mammal. Method: The study employed immunohistochemistry (IHC), quantitative real-time PCR 
(qRT-PCR), and Western blot (WB) to obtain the results. Results: Ngb and Hif-1α were significantly (P<0.05) expressed 
in the cerebellar cortex, piriform lobe, medulla, and corpus callosum of the adult yak while in the young yak brain 
tissues, the protein expressions were significantly found in the white matter of the cerebellum, pineal gland, corpus 
callosum, and cerebellar cortex. The Ngb and Hif-1α expression showed similarities and differences. This may have 
resulted from similar animal species, source of nutrition, age factors, brain size, emotional activities, and communication. 
The findings documented that Ngb and Hif-1α are commonly expressed in various adult and young yak brain tissues. 
Multiple roles in the brain tissues of the adult and young yaks are involved in the expression and distribution and are 
proposed to play a significant role in the adaptation of the yak to the high altitude environment. Conclusion: This 
study provides meaningful data to understand the adaptive mechanism to hypoxia and recommended researchers 
to expand on the adaptive mechanism and brain tissues that are not recorded.
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Resumo
Contexto: O cérebro é um órgão que funciona como o centro do sistema nervoso em todos os animais vertebrados e na 
maioria dos invertebrados. Objetivo: O estudo examinou a expressão de neuroglobina (Ngb) e fator-1α indutível por 
hipóxia (Hif-1α) em tecidos cerebrais de iaques adultos e jovens e forneceu aos pesquisadores uma visão significativa 
da anatomia, fisiologia e bioquímica desse mamífero. Método: O estudo utilizou imuno-histoquímica (IHC), PCR 
quantitativo em tempo real (qRT-PCR) e western blot (WB) para a obtenção dos resultados. Resultados: Ngb e Hif-1α 
foram significativamente (P < 0,05) expressos no córtex cerebelar, lobo piriforme, medula e corpo caloso do iaque 
adulto, enquanto nos tecidos cerebrais do iaque jovem as expressões proteicas foram encontradas significativamente 
na substância branca do cerebelo, glândula pineal, corpo caloso e córtex cerebelar. A expressão de Ngb e Hif-1α 
apresentou semelhanças e diferenças. Isso pode ter resultado de espécies animais semelhantes, fonte de nutrição, 
fatores de idade, tamanho do cérebro, atividades emocionais e comunicação. Os resultados documentaram que o 
Ngb e o Hif-1α são comumente expressos em vários tecidos cerebrais de iaques adultos e jovens. Múltiplos papéis 
nos tecidos cerebrais de iaques adultos e jovens estão envolvidos na expressão e distribuição e são propostos para 
desempenhar um papel significativo na adaptação do iaque ao ambiente de alta altitude. Conclusão: Este estudo 
fornece dados significativos para compreender o mecanismo adaptativo à hipóxia e recomendou que os pesquisadores 
expandissem o mecanismo adaptativo e os tecidos cerebrais que não foram registrados.
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350–585 kg, respectively. The animals were maintained at 
a temperature between -7 ºC and -8 ºC and had free access 
to food and water. Every effort was applied to reduce the 
number of animals used and minimize animal suffering 
during the sampling process.

2.1.1. Treatment and Specimen Sampling

Animals were retrieved one at a time from their living 
areas and minimally immobilized to facilitate sacrificing and 
then extraction of the brain. Per the guidance of resident 
veterinarians, this practice was undertaken to reduce harm 
and pain to the animals. Upon sacrificing each animal, 
the whole brain was quickly extracted by craniotomy. 
Subsequently, other brain tissues were extracted. Tissue 
samples prepared for immunohistochemistry were fixed 
in 4% paraformaldehyde (PH 7.4, w/v) and samples for 
quantitative reverse transcription-polymerase chain 
reaction (qRT-PCR) and western-blotting were stored 
at -80 °C.

2.1.2. Reagents and instrumentations

Quantitative real-time polymerase chain reaction 
(qRT-PCR) reagents and supplies are: AG RNAex Pro 
RNA kit, SYBR Green Pro Taq HS kit, Evo M-MLV reverse-
transcription kit (removal gDNA reagent), and Rox were 
purchased from Accurate Biotechnology (Hunan) Co. Ltd. 
P.R. China. Western-blotting reagents and supplies are: 
Rabbit Anti-Ngb, Polyclonal Antibody (bs-1859R), Rabbit 
Anti-HIF-1, Alpha Polyclonal Antibody (bs-0737R), Rabbit 
Anti-beta-Actin (Loading Control), Polyclonal antibody (bs-
0737R), and goat anti-rabbit IgG/HRP(bs-0295G-HRP) were 
purchased from Bioss Co. Ltd. P.R. China. RIPA tissue or cell 
rapid lysate was purchased from Bio topped and 0.22μm 
PVDF membranes, 4 × protein loading buffer (DTT), Rainbow 
245 broad-spectrum protein marker (11-245KD), and ECL 
hypersensitivity luminescent solution were purchased from 
Solarbio Co. Ltd. P.R. China. Immunohistochemical reagents 
and supplies are: Immunohistochemical staining kit and 
HRP-DAB kit were purchased from Beijing Zhongshan 
Golden Bridge Biotechnology Co. Ltd. P.R. China.

2.1.3. Total RNA isolation and qRT-PCR

Total RNA was isolated using the TRIzol reagent 
(Accurate Biotechnology, China). Eight hundred nanograms 
of total RNA was reverse transcribed using the Evo M-MLV 
cDNA synthesis kit (Accurate  Biotechnology, China). 
Real-time PCR was performed using Quant Studio 5. The 
qRT-PCR primer sequences and accession numbers are 
shown in Table 1. Reaction mixtures (20 μL) consisted of 
10 μL SYBR Green Pro Taq (Accurate Biotechnology, China), 
0.8 μL forward and reverse primers (0.2 μmol/mL), 0.4 μl 
Rox, 2 μl cDNA, 6 μl ddH2O. The thermocycler was set to 
50 °C 2min, 95 °C 2min, 40 cycles at 95 °C 10s, annealing 
for 34s (annealing temperatures are shown in Table 1), 
with melting temperatures examined from 65 °C to 
95 °C, increments of 0.5 °C every 5s. The 2-ΔΔCt method 
was used to analyze the expression of Ngb and Hif-1α 
mRNA relative to β-actin mRNA expression according to 
the system-generated Ct value.

especially deoxygenated atmosphere which leads to 
inadequate oxygen reaching the animal’s body. Although 
the brain has 2-5% of the total body weight, however, it is 
one of the largest and most complex organs in the animal’s 
body and controls functions of the entire body. Therefore; 
limited oxygen supply to the brain may have an enormous 
effect on other body parts. Ngb is a neuronal hemeprotein 
that shares its capability for oxygen binding while Hif-1α is 
a transcription factor that responds to decreases in available 
oxygen in the cellular environment or hypoxia. In early 
2000, Burmester et al.revealed that Ngb is expressed in 
the vertebrate nervous system especially occupying the 
central and peripheral nervous system (CNS and PNS), 
(Burmester et al., 2000). Other researchers reported that 
Ngb is also found in some endocrine, auditory tissues and 
brain tissues of humans, mice, turtle, and pig (Reuss et al., 
2002; Wystub et al., 2003; Laufs et al., 2004; Reuss et al., 
2016; Fabrizius et al., 2016). In subsequent time, studies 
revealed that the strongest Ngb transcription was observed 
in the human Hypothalamus (Fabrizius  et  al., 2016; 
Hundahl et al., 2013). In mammals and other non-vertebrate 
species, the primary transcriptional factor that response to 
hypoxic stress is mediated by a dimeric protein called the 
Hif-1α. Burmester et al. reported that Hif-1α regulation 
in response to hypoxia occurs primarily on the level of 
protein stability due to posttranslational hydroxylation 
and proteasomal degradation (Burmester  et  al., 2000). 
Despite these reported results and several years of research, 
the exact function, pattern, and quantities of expression 
and mechanism of Ngb is still a debate among scientists, 
and a large variety of alternative and scientific analysis 
has been documented but attention has not been given 
to the Ngb and Hif-1α expression in the adult and young 
yak brain. Therefore; the current study sought to provide 
detailed references about Ngb and Hif-1α expression in 
the brain tissues of the adult and young yak. The yak is 
critical for the economic and social activities of people on 
the vast and inhospitable Qinghai-Tibetan plateau and in 
the surrounding mountainous areas. The present study 
provides important morphological, physiological, and 
biochemical data which contributes to the advancement 
of Ngb and Hif-1α.

2. Materials and Methods

2.1. Animals and setting

All experimental procedures performed in this study 
were reviewed and approved by the Animal Ethics and 
Welfare Committee of Gansu Agricultural University 
in October of 2019 (AEWC-GAU-2019-039). All animals 
were housed at the cooperative city of Gannan Tibetan 
Autonomous Prefecture in Gansu Province in China. Six (6) 
healthy adult yak (3 years old) and young yak (3 months old) 
were purchased from the center. The animals were housed 
and monitored by trained personnel and fed on grasses and 
sedges, such as Carex, Stipa, and Kobresia. In the plateau 
environment of Gannan Tibetan Autonomous Prefecture, 
the altitude was 3000m. Experiments were carried out 
using adult and young yak weighing 550-720 kg and 
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and incubated at 37 ° C for 15 minutes. In the pieces, 
streptomyces avidin-peroxidase solution was applied, 
incubated at 37 °C for 15 minutes and rinsed with PBS 
3 times, 5 minutes each time. After eliminating PBS, the 
immuno-peroxidase color reaction was produced with 
the HRP-DAB substrate chromogen solution. The reaction 
was stopped by distilled water and the parts were lightly 
counterstained with hematoxylin, dehydrated, cleared and 
coated with mounting medium and cover slips (at 4 °C) 
at increasing ethanol concentrations.

2.1.6. Anesthesia or Euthanasia Procedures

Under the legislation of Gansu Agricultural University’s 
Animal Ethics and Protection Committee, all animals 
involved in the study were placed separately until they 
It has been confirmed to be safe. The animals were 
observed for two weeks before further procedures were 
conducted according to the committee regulations. 
Although under observation, the animals were free and 
the observation indicated that the animals were free of 
any infectious diseases which may have an adverse effect 
on the experimental procedures. The diet of the animals 
was given during observation and no shortage of food. To 
stop pain or mitigate it, the animals were treated calmly 
by trained personnel. Dealing with these large animals 
requires more personnel, so additional trained personnel 
were employed for assistance during the sacrifice. The 
animals were spoken to by the personnel and loud sounds 
were avoided to avoid the animals escaping. More food was 
simultaneously given to the animals to enable interaction 
between the animals and the personnel and supported a 
developing relationship with the personnel. The animals 
were made to lie on their side by scratching their back 
and flanks by the personnel. While in a calm state, the 
injections were administrated and scarification took place.

2.1.7. Animals housing conditions

In Hezuo town, Gansu Province, the People’s Republic 
of China, the Hezuo Xingfa Yak and sheep breeding 
collaboration is located. Hezuo has a subarctic alpine 
climate at nearly 3,000 meters (9,800 ft) in altitude, 
with winters that are long, very cold, dry, and short, mild 
summers. In January, the coldest month, the monthly 
standard everyday temperature is -9.3 ° C (15.3 °F), while in 
July, the warmest month, the same figure is 13.3 °C (55.9 °F); 
the annual average is 2.82 °C (37.1 °F). The bulk of annual 
precipitation is distributed from May to September. The 
town receives 2,370 hours of bright sunshine annually, with 

2.1.4. Western-blotting

Frozen tissue samples for Western blotting analysis 
were weighed from different areas (Song  et  al., 2018). 
After that, the tissues were homogenized using a glass 
rod in a lysis buffer at ice-cold temperature (1ml RIPA + 
10μl PMSF), shaken for 2 hours in an ice bath (120r / min), 
and centrifuged to absorb the supernatant for 10 minutes 
at 12,000 rpm at 4 °C. The protein was subjected to SDS 
polyacrylamide gel electrophoresis (PAGE). Separated 
proteins were transferred via a transfer apparatus to the 
polyvinylidene difluoride filter (PVDF) membrane at 110V 
for 60 minutes. The membranes were then blocked by 5% 
milk/PBST overnight at 4 °C and then incubated with primary 
antibodies called Alpha Polyclonal Antibody (bs-0737R) 
against Ngb, Hif-1 alpha, and β-actin at room temperature 
for 3 hours. The antibody concentrations (v/v) of Ngb, Hif-1α 
and β-actin were 1:800, 1:500, 1:3000. The membranes were 
washed thrice (10 min each) with PBST and incubated with 
secondary antibody (HRP-conjugated goat anti-rabbit IgG, 
1:4000) for 1 h at room temperature. The concentrations 
of Ngb, Hif-1 alp and β-actin antibodies (v/v) were 1:800, 
1:500 and 1:3000. The signals were analyzed using Image 
J software to determine the relative expression levels of 
Ngb and Hif-1 alpha (NIH, Bethesda, MD, USA).

2.1.5. Immunohistochemical staining

Tissue samples were fixed (4 percent paraformaldehyde) 
and trimmed (2 cm x 2 cm) from various regions of 
the young and adult yak brains. The tissue samples 
were processed through traditional gradient alcohol 
dehydration, rendered paraffin-embedded tissue wax 
blocks, cut tissues with serial parts (4 μm thickness), 
showing, patching, baking sheet sorting, regular staining 
of hematoxylin-eosin (HE), microscopy. The parts of the 
paraffin-embedded tissue were deparaffinized in xylene 
and rehydrated in graded alcohol. PBS (0.01mol/L, pH = 7.2) 
was rinsed 3 times, 5 minutes at a time. 0.125 percent of 
trypsin antigen was repaired for 30 minutes and 2 times 
rinsed in PBS. By incubating the parts for 10 minutes 
in a 30 mL/L hydrogen peroxide blocking solution, the 
endogenous peroxidase activity was blocked, and rinsed 
three times with PBS for 5 minutes each time to reduce the 
first antibody’s unspecific binding. For blocking purposes, 
regular sheep serum was added and incubated at room 
temperature for 15 minutes. In the parts, the corresponding 
primary antibody was inserted, incubated for 2 hours 
at 37 ° C and rinsed 3 times in PBS. After removal from 
the PBS, the required secondary antibody was added 

Table 1. Primer sequences of target and house-keeping genes.

Primer name Accession numbers Sequence(5’ to 3’) Tm/°C Amplicon size Note

Ngb JQ241373.1 F:CTTTCGCCAGGCTGTTTGA 60.0 134 qRT-PCR

R:CTGATGTGGTCCAGGAACTCG

HIF-1α NM_174339.3 F:CTACATTACCTGCCTCTGAAACTCC 59.8 146 qRT-PCR

R:ACGCTTTGTCTGGTGCTTCC

β-actin NM_173979.3 F: ATATTGCTGCGCTCGTGGT 60.2 158 qRT-PCR

R:TCATCCCCCACGTACGAGTC
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3. Results

3.1. Determination of results

Immunohistochemical (IHC), Real-time PCR (qRT-PCR), 
and Western Blot (WB)

An immunohistochemical analysis was conducted to 
determine the precise position of Ngb and Hif-1α between 
the adult and young yak brain tissues. Real-time PCR for 
Ngb and Hif-1α mRNA levels, quantification of adult and 
young yak brain tissue Ngb levels. Tables 2 and 3, mean 
± standard deviation, minimum and maximum level, 
percentage, and relevant level, present the study. Western 
blot was performed to detect and confirm the protein levels 
of Ngb and Hif-1α in the adult and young yak brain tissues.

monthly percent of potential sunshine ranging from 44 
percent in June and September to 71 percent in December.

2.1.8. Data analysis

Statistical analyses were performed using SPSS version 
22 (SPSS, Inc., Chicago, IL, USA). The data for Ngb and 
Hif-1α protein levels were subjected to analysis of variance 
(ANOVA), and the treatment means were separated by 
Duncan’s multiple range test at (p<0.05) using SPSS 22.0 
version. Data were presented as mean and standard 
deviation (SD). Statistical significance was defined as 
P<0.05. The expressions intensity was analyzed using 
image J software and calculated according to the software 
standard value.

Table 2. Ngb and Hif-1α expression in the brain tissues of adult yak.

Tissues Factors Mean ± SD Minimum Maximum % Significant rate

Medulla Ngb 12.150 ± 0.070 11.975 12.325 69.6% 0.638

Hif-1α 6.710 ± 0.073 6.529 6.893 35.9%

White matter of cerebellum Ngb 11.805 ± 0.212 11.278 12.331 67.2% 0.000*** 

Hif-1α 5.232 ± 0.059 5.084 5.379 35.3%

Anterior lobe vermis Ngb 8.558 ± 0.092 8.329 8.787 71.2% 0.001***

Hif-1α 3.781 ± 0.104 3.522 4.040 27.4%

Posterior lobe Vermis Ngb 9.687 ± 0.099 9.440 9.933 67.4% 0.003**

Hif-1α 4.692 ± 0.043 4.583 4.800 31.1%

Cerebellar cortex Ngb 12.179 ± 0.150 11.805 12.553 63.1% 0.000***

Hif-1α 5.276 ± 0.015 5.238 5.314 36.9%

Thalamus Ngb 10.884 ± 0.108 10.762 10.968 66.2% 0.008**

Hif-1α 5.551 ± 0.094 5.461 5.649 33.8%

Pineal gland Ngb 8.750 ± 0.080 8.550 8.950 73.5% 0.001***

Hif-1α 3.220 ± 0.098 2.977 3.464 26.9%

Pituitary gland Ngb 8.613 ± 0.174 8.180 9.045 73.5% 0.009**

Hif-1α 3.111 ± 0 .118 2.817 3.405 26.5%

Optic nerve Ngb 11.035 ± 0.142 10.681 11.389 66.2% 0.005**

Hif-1α 5.636 ± 0.003 5.628 5.643 33.8%

Frontal lobe Ngb 10.707 ± 0.065 10.544 10.869 67.2% 0.014**

Hif-1α 5.214 ± 0.142 4.860 5.568 32.8%

Parietal lobe Ngb 8.719 ± 0.096 8.480 8.958 68.5% 0.001***

Hif-1α 4.012 ± 0.235 3.428 4.595 31.5%

Temporal lobe Ngb 10.797 ± 0.041 10.693 10.900 67.2% 0.001***

Hif-1α 5.275 ± 0.058 5.130 5.419 32.8%

Occipital lobe Ngb 10.843 ± 0.042 10.738 10.738 66.6% 0.000***

Hif-1α 5.446 ± 0.055 10.948 10.796 33.4%

Piriform cortex Ngb 12.923 ± 0.054 12.788 13.058 64.7% 0.949

Hif-1α 7.046 ± 0.076 6.857 7.235 35.3%

Hippocampus Ngb 11.538 ± 0.118 11.243 11.832 65.1% 0.002**

Hif-1α 6.174 ± 0.043 6.065 6.282 34.9%

Basal nuclei Ngb 11.022 ± 0.152 10.644 11.400 66.3% 0.015**

Hif-1α 5.595 ± 0.118 5.300 5.891 33.3%

Cingulate gyrus Ngb 11.425 ± 0.163 11.018 11.831 66.0% 0.058*

Hif-1α 5.888 ± 0.155 5.501 6.274 34.0%

Corpus callosum Ngb 11.961 ± 0.008 11.941 11.984 63.1% 0.000***

Hif-1α 7.009 ± 0.028 6.939 7.079 36.9%

*Significant, **More significant, ***Highly significant.
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Ngb and Hif-1α in the adult yak brain tissue is shown in 
Table 2, and the analysis of the expression of Ngb and Hif-1α 
in the young yak brain is shown in Table 3. The results 
indicated that both adult and young yak Ngb and Hif-1α 
were significantly expressed in some brain tissues, while 
other tissues were higher, but not statistically significant. 

3.1.1. Results description

The descriptive statistics for the expression of Ngb 
and Hif-1α in the adult and young yak are presented into 
tables and graphs. Immunohistochemical outcomes are 
displayed in photos. The primary sequence is shown in 
Table 1, while the complete analysis of the expression of 

Table 3. Ngb and Hif-1α expression in the brain tissues of young yak.

Tissues Factors Mean ± SD Minimum Maximum % Significant rate

Medulla Ngb 14.289 ± 0.094 14.055 14.198 70.3% 0.943

Hif-1α 6.051 ± 0.109 5.778 6.324 29.7%

White matter of cerebellum Ngb 14.312 ± 0.284 13.604 15.019 69.5% 0.000*** 

Hif-1α 6.294 ± 0.047 6.176 6.412 30.5%

Anterior lobe Vermis Ngb 10.021 ± 0.540 8.677 11.364 66.4% 0.002**

Hif-1α 4.021 ± 0.160 3.623 4.419 28.6%

Posterior lobe Vermis Ngb 11.272 ± 0.187 10.806 11.739 67.9% 0.001***

Hif-1α 4.457± 0.184 3.998 4.916 28.3%

Cerebellar cortex Ngb 14.299 ± 0.309 14.414 15.230 72.8% 0.000***

Hif-1α 5.750 ± 0.391 6.709 7.117 27.2%

Thalamus Ngb 12.884 ± 0.065 12.722 13.046 66.2% 0.812

Hif-1α 6.642 ± 0.074 6.457 6.827 33.8%

Pineal gland Ngb 11.726 ± 0.039 11.629 11.824 67.3% 0.000***

Hif-1α 5.922 ± 0.036 5.831 6.013 26.9%

Pituitary gland Ngb 7.963 ± 0.154 7.579 8.346 67.1% 0.000***

Hif-1α 4.332 ± 0.038 4.235 4.428 26.5%

Optic nerve Ngb 13.023 ± 0.125 12.711 13.336 66.2% 0.002**

Hif-1α 8.062 ± 0.263 7.408 8.715 33.8%

Frontal lobe Ngb 11.308 ± 0.154 10.924 11.693 72.9% 0.057*

Hif-1α 4.214 ± 0.092 3.984 4.444 27.1%

Parietal lobe Ngb 9.113 ± 0.406 8.104 10.122 74.4% 0.030*

Hif-1α 3.143 ± 0.187 2.679 3.608 25.6%

Temporal lobe Ngb 11.328 ± 0.100 11.079 11.578 72.0% 0.302

Hif-1α 4.408 ± 0.111 4.131 4.684 28.0%

Occipital lobe Ngb 10.690 ± 0.321 9.891 11.489 73.1% 0.420

Hif-1α 5.346 ± 0.321 4.546 6.145 26.9%

Piriform cortex Ngb 10.037 ± 0.114 9.751 10.322 73.2% 0.823

Hif-1α 3.670 ± 0.124 3.361 3.978 26.8%

Hippocampus Ngb 10.111 ± 0.277 9.422 10.801 72.2% 0.029*

Hif-1α 3.884 ± 0.130 3.560 4.208 27.8%

Basal Nucleus Ngb 11.134 ± 0.062 10.979 11.290 70.7% 0.001***

Hif-1α 4.622 ± 0.008 4.601 4.643 29.3%

Cingulate gyrus Ngb 12.338 ± 0.553 10.964 13.712 69.9% 0.614

Hif-1α 5.305 ± 0.391 4.333 6.278 30.1%

Corpus callosum Ngb 13.292 ± 0.920 11.004 15.579 65.4% 0.002**

Hif-1α 7.030 ± 0.549 5.664 8.395 34.6%

*Significant, **More significant, ***Highly significant.
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yak tissues, while others displayed higher expression 
but no significant difference. Explanations of the mean 
expression and standard deviation of Ngb and Hif-1α in 
the young yak base can be found in Figure 3. (I-III). The 
comparison of Hif-1α means and standard deviation in adult 
and young yak neuronal tissues is shown in Figure 4 (I-III), 
while Immunohistochemical results in all brains tissues 
are mentioned in Figure 5 (I-II). The western blot results 
are correctly positioned.

In the adaptation of the yak to the high altitude climate, 
the significant and higher expressions play an important 
role. A comparison of the mean and standard deviation 
between Ngb and Hif-1α expression in the adult yak 
base is shown in Figure  1 (I-III), while Ngb expression 
in both adult and young yak brain tissues is shown in 
Figure 2 (I-II), and Ngb and Hif-1α expression in young 
yak brain tissues is shown in detail in Table 3. There was 
significant expression in some tissues, close to the adult 

Figure 1. I. The expression of Ngb and Hif-1α in the brain tissues of adult yak.

Figure 1. II. The expression of Ngb and Hif-1α in various brain tissues of adult yak.

Figure 1. III. The expression of Ngb and Hif-1α in the brain tissues of adult yak.
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Figure 2. I. Ngb expression in the brain tissues of adult and young yak.

Figure 2. II. Ngb expression in the brain tissues of adult and young yak.

Figure 3. I. The expression of Ngb and Hif-1α in the brain tissues of young yak.

Figure 3. II. The expression of Ngb and Hif-1α in the brain tissues of young yak.
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Figure 3. III. The expression of Ngb and Hif-1α in the brain tissues of young yak.

Figure 4. I. Hif-1α expression in the brain tissues of adult and young yak.

Figure 4. II. Hif-1α expression in the brain tissues of adult and young yak.

Ngb and a Hif-1α were significantly expressed in the 
cerebellar cortex, piriform lobe, and medulla while other 
regions demonstrated fewer expressions.

The comparison shows that Ngb and Hif-1α are highly 
found in the Cerebellar cortex and Medulla tissues.

Ngb and Hif-1α expressions show higher in the optic 
nerve, frontal lobe, and temporal lobe as compare to 
other regions.

The expression rate of Ngb and Hif-1α was recorded 
higher in the piriform cortex, corpus callosum tissues of 
the adult yak brain.

The expression rate of Ngb and Hif-1α was recorded 
higher in the piriform cortex, corpus callosum tissues of 
the adult yak brain.

The pattern of Ngb expression in the medulla, white 
matter, and cerebellar cortex was higher in adult yak than 
young yak but the pituitary gland showed higher in the 
young yak as compared to the adult yak.

The trend of Ngb expression was recorded higher in 
the corpus callosum, cingulate gyrus of the adult yak 
while the piriform cortex, hippocampus showed higher 
in the young yak.

The Ngb and Hif-1α are highly expressed in the white 
matter, pineal gland, corpus callosum, and cerebellar cortex 
while other regions recorded middle and lower expressions.

The comparison shows that Ngb and Hif-1α are highly 
found in the white matter of the cerebellum, cerebellar 
cortex, and medulla tissues.
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Figure 5. I. Ngb and Hif-1α expression in different tissues of the adult yak brain.

Figure 5. II. Ngb and Hif-1α expression in different tissues of the young yak brain.
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needs a massive amount of oxygen for synaptic plasticity, 
the distribution and expression of Ngb transcripts may have 
important functional implications. Whereas in the white 
matter couples, postnatal white matter angiogenesis, the 
Hif-1α expression, the integrity of axon, and the beginning 
of myelination in mammalians’ forebrain.

4.3. Anterior and Posterior Lobe Vermis

Since there are few references to the expression of 
Ngb and Hif-1α in many mammalian neuronal tissues, 
this research is the first study of adult and young yak 
anterior and posterior lobe vermis to document the 
expression of Ngb and Hif-1 alpha. The Ngb and Hif-1α 
expression trends were recorded differently. The Ngb 
and Hif-1α expression intensity in the adult yak anterior 
and posterior lobe vermis showed highly significance 
than the young yak. The different trends of expression 
may have resulted from the emotional activities (such as 
movement and defense against predators) in the adult 
yak than the young yak. The body structure of the adult 
yak is more mature than the young yak and this enables 
the adult yak to be involved in several external activities 
than the young yak. Additionally, the adult yak consumed 
more oxygen when the yak is covering long distances in 
the high altitudes environment and in the defense of the 
anterior and posterior lobe vermis during locomotion, 
Ngb and Hif-1α played an important role.

4.4. Cerebellar Cortex

Reuss et al., stated that Ngb is expressed predominantly 
in the cerebellar cortex of the rodent brain. The extent of 
Ngb mRNA expression (Reuss et al., 2002) was also shown 
by Purkinje cells of the cerebellar cortex. Similarly, a 
substantial degree of Ngb and Hif-1α expression in the adult 
and young yak cerebellar cortex has been documented in 
current research. However; the Ngb and Hif-1α expression 
in the structure of the cerebellar cortex differ between 
adult and young yak. The expression trend in the adult 
cerebellar cortex showed higher as compared to the young 
yak cerebellar cortex and this may have resulted from the 
flow of information received from other neuronal regions 
and how the adult yak response is more rapid than the 
young yak. The response to information by the adult and 
young have a function in control movement and influences 
many other functions within the cerebellar cortex. Ngb and 
Hif-1α expression aid in a protective role in the information 
collected from other body regions to the cerebellar cortex 
and mitochondrial functions. A research conducted by 
Christian et al. also confirmed the substantial expression 
of Ngb in the adult mouse brain cerebellar cortex, however 
Fabrizius et al. Interestingly, during fetal development of 
the mouse brain, a lower Ngb expression in the cerebellar 
cortex was revealed and continues to increase as the mouse 
reaches adulthood. In the human brain, a low Ngb expression 
was also reported (Hundahl et al., 2012). Meanwhile, Hif-1α 
expression was recorded significantly in the current study. 
However; Huquing et al. reported that Hif-1α expression 
increased with increasing age in the cerebellar cortex 
between 3 to 18 months (Huqing et al., 2012).

Ngb and Hif-1α expressions are higher in the optic 
nerve, pineal gland, and temporal lobe than other regions.

The expression rate of Ngb and Hif-1α was recorded 
higher in the corpus callosum and cingulate gyrus tissues 
of the young yak brain.

The trend of Hif-1α expression was recorded higher in 
the medulla and posterior lobe of the adult yak while the 
optic nerve, thalamus, and white matter showed higher 
in the young yak.

The pattern of Hif-1α expression in the piriform cortex, 
hippocampus, and cingulate gyrus was higher in adult yak 
than young yak and equal expression levels of Hif-1α were 
observed in the corpus callosum.

4. Discussion

4.1. Medulla

The expression of Ngb and Hif-1α in this neuron tissue 
plays a significant role in the adaptation of the yak to the 
high altitude environment. Previous studies have shown 
that in the rat medulla oblongata (Christian et al., 2008; 
Manotham  et  al., 2005), Ngb and Hif-1α are present. 
Christian et al. examined Ngb expression in the postrema 
region (AP) and the commensurate part of the tractus solitary 
nucleus, primarily in the medial part, while Manotham et al. 
observed the Hif-1α in the inner stripe and the inner medulla 
of normal rats (Christian et al., 2008; Manotham et al., 2005). 
Similarly, the present research has detected the expression 
and distribution in the medulla of both adult and young 
yak proteins. In the adult yak medulla, the pattern of Ngb 
and Hif-1α expression showed no significant difference as 
compared to the young yak medulla. This may have resulted 
from the mode of nutrition (grazing/eat grass) that both 
animals consume. The adult and young yak accumulate a 
layer of subcutaneous fat before winter which helps heat 
conservation and provides an energy reserve. The Ngb and 
Hif-1α expression in the adult and young yak medulla is 
also suggested to aid in respiration, heart rate, and other 
hematological factors (a declining trend) during the yak 
movement in the high altitude environment.

4.2. White Matter of Cerebellum

The expression strength in adult and young yaks of Ngb 
and Hif-1α was substantially consistent. The consistency 
may be involved in the neuroprotection of information 
channels between neuron tissues of the CNS in adult and 
young white matter. The skin thickness might be another 
factor for the similarity. The adult and young yak skin are 
highly pigmented and the predominant hair color is black. 
These attributes help to resist the effects of solar radiation. 
The expression of Ngb and Hif-1α in the rodent and other 
mammalian brains was discovered in previous studies 
(Reuss et al., 2002; Yuen et al., 2014). The Ngb expression 
in the rodent brain’s white matter indicates that Ngb mRNA 
is transported to provides protein synthesis in axons and 
dendrites in distal regions in nerve cell processes (Job and 
Eberwine, 2001). An example of Ngb mRNA expression in 
varicosities, synaptic terminals, and dendritic spines can 
also be this. An active metabolic mechanism that possibly 
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of Ngb and Hif-1α in the young yak’s optic nerve showed 
that the demand for oxygen in the young yak’s retina is 
higher relative to that of the adult yak. As Dloman and 
Quigley have documented (Quigley at al., 1989), as a 
result of decreased retinal ganglion cells and nerve fibers, 
aging or optic nerve aging can result in decreased visual 
sensitivity or loss of vision. In the optic nerve of the adult 
mouse retina, generating central optic axons exhibiting 
outgrowth is lacking (Kayo et al., 2017). The outgrowths 
are shown to enhanced Ngb expression in the mouse 
retina. Hif-1α stabilization in neuronal cells is important 
for cell survival in the hypoxic brain (Chen at al., 2008). 
Analysis by Cheng et al. found that Hif-1α was observed 
in humans in the retina and optic nerve. There is a level of 
Hif-1α expression in the adult and young yak optic nerve, 
as reported. This protein was involved in shielding nerve 
fibers from hypoxia in the optic nerve of the adult yak 
brain (Cheng et al., 2017).

4.8. Frontal lobe

Ngb expression in the frontal lobe was observed in 
the brain of a rat and its expression was measured and 
recognized by the enzyme-linked immunosorbent assay 
(ELISA) and Western blot (Liu et al., 2009). In the frontal 
lobe of the human brain, the expression of Ngb was also 
found (Fabrizius  et  al., 2016), Fabrizius  et  al. reported. 
Similarly, the current researchers reported a substantial 
level of Ngb and Hif-1α expression in the frontal lobe of 
adult and young yak, but the distribution pattern in the 
frontal lobe of adult yak was higher than that of the frontal 
lobe of young yak. The difference in expression may be 
derived from the body size of the adult yak which generates 
more heat during movement and longer frost-free periods. 
The sweat glands are distributed in the skin over the whole 
body of adult and young yak but fully mature in the adult 
yak than young yak. The highly neuroprotective maternal 
effect the female exhibit during delivery is observed to be 
another factor causing the differences. This research also 
indicated that the expression of Ngb and Hif-1α could 
increase the supply of O2 to the metabolically active 
neurons’ mitochondria. The existence of these proteins in 
metabolically active cells and subcellular compartments 
supports this hypothesis, arguing that Ngb may supply O2 
to the neuronal respiratory chain, especially the frontal 
lobe, which is the center of attraction (Liu et al., 2009). In 
the research reported ny Chen et al., Hif-1α is expressed 
in the frontal lobe of the rat model and apoptosis in the 
frontal cortex. The pattern of expression is shown to 
protect against cognitive impairment caused by chronic 
cerebral ischemic injury by an anti-apoptotic mechanism 
(Chen et al., 2013).

4.9. Parietal lobe

The expressions of Ngb and Hif-1α are substantially 
found in the parietal lobe of the parietal lobe of the adult 
and young yak, but the expression is greater in the parietal 
lobe of the adult than in the young yak. The difference in 
expression may be linked to the adaptability of the adult 
yak to a harsh temperature of 5,500 m in the lower ranges 
of the Himalayas in the Tibetan region, while the young 

4.5. Thalamus

The present results reported that Ngb and Hif-1α 
expression in the adult yak thalamus showed a significant 
rate of expression than the young yak thalamus. The 
different expressions may have resulted from the stress 
that the adult yak undergoes as compared to the young yak. 
Activities such as responding to predators can be stressful. 
Adult yaks respond to a predator’s approach by huddling 
closely together, lowering their horns as if ready to strike, 
with the yaks on the outside of the circle. By charging and 
defending her calves, Yak will also try to scare predators 
away. Reproduction is one of the most stressful behaviors 
of all adult animals, and this may be one of the factors that 
contribute to the adult and young yak thalamus’ various 
patterns of Ngb and Hif-1α. During delivery, the adult 
female yak displays a highly protective maternal instinct 
and doesn’t need aid from the herdsmen. Researchers’ 
observations revealed that the degree of Ngb expression in 
the thalamus of the human brain is similar to what is found 
in the thalamus of rats and mice, particularly in the regions 
heavily involved in stressful activities (Dellavalle et al., 2010; 
Hundahl et al., 2012; Laufs et al., 2004; Schubert et al., 2011). 
Although researches have a focus on Ngb expression in 
the thalamus, however, there still exist limited references 
detailing the Hif-1α expression in the thalamus.

4.6. Pineal and Pituitary gland

Results reported by Reuss et al. showed that the Ngb 
pattern of expression was limited to the anterior lobe 
of the pineal and pituitary gland, where the endocrine 
adenohypophysis cells showed a relatively strong signal 
(Reuss et al., 2002). Christian et al. study also confirmed 
Ngb expression in the pituitary gland of humans and its 
expression is at a normal level (Christian  et  al., 2013). 
The present study showed a highly significant degree of 
expression of Ngb and Hif-1α in the adult and young yak 
pineal and pituitary glands, and the expression pattern was 
consistently read. The significant level of consistency may 
have resulted from the hormones produced and regulated 
by the pineal gland which is involved with hair growth 
on the adult and young yak body. The long-coated hair 
on the species body aid the animals to sleep comfortably 
on the snow. Another factor showing the similarity is 
that the Hif-1α expressions might be associated with 
neuroprotection during the blood flow while the yak 
is at sleep during the winter. Kouroupi et al. stated that 
Hif-1α reactivity is associated with pituitary gland VEGF 
expression, indicating that under hypoxic conditions, the 
Hif-1α protein pathway can regulate vascular density and 
blood flow in the gland (Kouroupi et al., 2018).

4.7. Optic nerve

Ngb knockdown caused deleterious effects on retinal 
structure and function has been documented by a review. 
The optic nerves showed a major defect in complex I and 
III respiratory chain activity (Lechauve et al., 2012). Our 
research stated, however, that the expression of Ngb 
and Hif-1α was important in adult and young yak optic 
nerves, but the expression pattern was higher in the 
young yak than in the adult yak. The higher expression 
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the rat brain’s occipital lobe (Chávez et al., 2000). It has 
been shown that the rate of expression regulates hypoxic 
brain tissues, thus restoring neural impairment. In the 
occipital lobe of the adult and young yak occipital lobe, the 
present study found a higher degree of Hif-1α expression, 
but the expression pattern between adult and young yak 
differs. In addition to protecting the retina from neuron 
diseases, the Hif-1α may be involved in repairing neural 
tissues during hypoxia.

4.12. Piriform lobe

The present results showed high degree of Ngb 
expression and Hif-1α in the adult and young yak piriform 
lobe, but not important. The trend of expression has shown 
similar because of the two proteins which help to respond 
to the insufficient oxygen supply between neurons of the 
piriform lobe. In the piriform lobe of the rat brain, Ngb 
expression was observed throughout the piriform lobe 
in layer 2 (Hundahl  et  al., 2012). Immunostaining was 
applied by Avivi et al. and confirmed that Ngb was strongly 
expressed in the Spalax rat piriform lobe (Avivi et al., 2010). 
In the piriform cortex of the aged rat, Hif-1α is highly 
expressed and the expression is involved in mediating 
the adaptive response of mammalian cells and tissues 
to changes in tissue oxygenation (Ndubuizu et al., 2009). 
The pattern of Hif-1α in the piriform lobe of the adult 
and young yak is indicated to have a significant role in 
the response to hypoxia during respiration in the high-
altitude environment.

4.13. Hippocampus

Burmester et al. reported that in the vertebrae globin 
expression study, Ngb is expressed at 11 percent in the 
hippocampus of the human brain, while Reuss  et  al. 
suggested that the positive expression of Ngb identified is 
involved in the development of the rodent hippocampus 
(Reuss et al., 2002). A substantial level of Ngb and Hif-1α 
in the adult and young yak hippocampus has been 
recorded in the current findings. The trend of expressions 
is similar which may have originated from the same 
shape and volume of the suprachiasmatic nucleus of the 
hypothalamus that is involved with circadian rhythms. It 
is suggested that Ngb and Hif-1α may also have a function 
in the circadian rhythms of yak. Additionally, the current 
finding also hypothesizes that Ngb and Hif-1α regulate 
the total 20% of the oxygen the adult and young yak need 
during rest. Hif-1α was expressed in the rat hippocampus 
and the administration of rAAV-Hif-1α also induced robust 
and prolonged Hif-1α production in the rat hippocampus 
(Chai et al., 2014). The substantial level of Hif-1α in the 
adult and young yak hippocampus may have the capacity 
during apoptosis to attenuate hippocampal neurons.

4.14. Basal nuclei

In a 26 years old male, Ngb is highly expressed in 
the basal nuclei while a female of 42 years showed low 
expression (Hu  et  al., 2017). Age factors may have an 
influence on the expression of Ngb in neuronal tissues 
especially the basal nuclei. A substantial expression 
of Ngb and Hif-1α in the basal nuclei of the adult and 

yak may struggle to adapt to the high-altitude climate over 
a long period. The expression of Ngb and Hif-1α in the 
parietal lobe may also be involved in adapting the adult 
and young yak to the precipitous terrain and detecting the 
possibility of predators. According to a study conducted by 
Hu et al., Ngb expression is highly expressed in 39 years 
old adult human and lower in 33 years old adult human 
(Hu et al., 2017). The enzyme-linked immunosorbent assay 
(ELISA) and Western blot were used by Yang et al. to test 
the levels of Hif-1α in the parietal lobe of the epileptic rats 
(Yang et al., 2016). The study revealed that after induction 
of status epilepticus (SE) Hif-1α significantly increased in 
the parietal lobe and decreased when the amplified TNF-α 
expression is evoked by the epileptic status. However, in 
the current study, a major expression of Hif-1α in the 
parietal cortex was reported.

4.10. Temporal lobe

A previous study reported that Ngb expression in 
the 55 years old female (human) recorded higher than 
in the 45 years old female (human), and 48 years old 
male (human). This demonstrates that the age factor 
has an influence on Ngb expression in the temporal lobe 
(Hu et al., 2017). The present results showed that the Ngb 
expressions and Hif-1α were significantly expressed as 
opposed to young yak in the temporal lobe of the adult 
yak and showed greater but no significance. A previous 
study has reported that temporal lobe memory, especially 
when temporal interference is strong, begins to decline in 
adulthood (Lindsay et al., 2015). Ngb and Hif-1α expression 
play an important function in the neuroprotection as the 
temporal lobe decline in the adult yak as compare to the 
young yak. Wei-De et al. reported that the levels of Ngb 
protein significantly increased in the temporal cortex in 
Subarachnoid hemorrhage (SAH) groups and peaked at 
24 h after SAH (Yaohua et al., 2016). In the temporal lobe 
of humans (Yaohua et al., 2016), aberrant expression of 
Hif-1α has been expressed. In the adult yak temporal 
lobe, a moderate level of Hif-1α and higher expression 
in the young yak were, however, reported in the current 
result, but not significant. The level of expression of this 
protein in the temporal lobe depends solely on age-related 
variables, and current researchers also propose that Ngb 
and Hif-1α have a role in the yak retina during hypoxia.

4.11. Occipital lobe

A study showing the expression of Ngb in the occipital 
lobe showed that Ngb is involved in E2 treatment 
(Guglielmotto et al., 2016). The study also hypothesized 
that E2 may mediate the neuroprotective action of Ngb 
against neurotoxic stimuli, opening the way for aging 
hormone therapy. A significant level of Ngb and Hif-1α 
expression in the occipital lobe of the adult yak and a 
sufficient pattern of expression in the young yak have 
been revealed in current research, but not significant. 
The significant expression of Ngb and Hif-1α might aid 
in protecting the adult yak retina from neuron diseases. 
Burmester  et  al. confirmed that the expression of Ngb 
is 70% in adult humans’ occipital lobe (Burmester et al., 
2000), while Juan et al. stated that Hif-1α is expressed in 
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5. Conclusion

The researchers’ data argue against a single role of Ngb 
and Hif-1α and revealed that age factors play a significant 
role in the expression of Ngb and Hif-1α in mammals. The 
results also displayed a similar and different expression 
pattern of Ngb and Hif-1α in the brain tissues of the 
adult and young yak and explained the factors causing 
the changes. An interesting finding ascertained by this 
study is that Ngb and Hif-1α distribution and expression 
are suggested to influence the adaptive mechanism of the 
adult and young yak to the high altitude environment and 
protect neuron tissues against any factor that could cause 
apoptosis. The neuroprotective mechanism in yak may be 
related to its structural features. Because Ngb and Hif-1α 
have a high affinity for oxygen, it is hypothesized that these 
expressions in the brain of adult and young yak make it 
easier for adaptation to the high altitude environment. 
The overall expression of Ngb in the brain tissues showed 
higher than Hif-1α and have significant functions in the 
yak adaptation to high altitude. The results provide basic 
data for further studies on the mechanism of hypoxic 
adaptation of yak brain tissue at high altitude.
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