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Oxygen is essential for most life forms. Insufficient oxygen supply can disrupt homeostasis and 
compromise survival, and hypoxia-induced cardiovascular failure is fatal in many animals, including 
humans. However, certain species have adapted and evolved to cope with hypoxic environments and 
are therefore good models for studying the regulatory mechanisms underlying responses to hypoxia. 
Here, we explored the physiological and molecular responses of the cardiovascular system in two 
closely related hypoxia-adapted species with different life histories, namely, Qinghai voles (Neodon 
fuscus) and Brandt’s voles (Lasiopodomys brandtii), under hypoxic (10% O2 for 48 h) and normoxic 
(20.9% O2 for 48 h) exposure. Kunming mice (Mus musculus) were used for comparison. Qinghai voles 
live in plateau areas under hypoxic conditions, whereas Brandt’s voles only experience periodic 
hypoxia.  

Histological and hematological analyses indicated a strong tolerance to hypoxia in both species, but 
significant cardiac tissue damage and increased blood circulation resistance in mice exposed to hypoxia. 
Comparative transcriptome analysis revealed enhanced oxygen transport efficiency as a coping 
mechanism against hypoxia in both N. fuscus and L. brandtii, but with some differences. Specifically, 
N. fuscus showed up-regulated expression of genes related to accelerated cardiac contraction and 
angiogenesis, whereas L. brandtii showed significant up-regulation of erythropoiesis-related genes. 
Synchronized up-regulation of hemoglobin synthesis-related genes was observed in both species. In 
addition, differences in cardiometabolic strategies against hypoxia were observed in the rodents. 
Notably, M. musculus relied on adenosine triphosphate (ATP) generation via fatty acid oxidation, 
whereas N. fuscus shifted energy production to glucose oxidation under hypoxic conditions and 
L. brandtii employed a conservative strategy involving down-regulation of fatty acid and glucose 
oxidation and a bradycardia phenotype. In conclusion, the cardiovascular systems of N. fuscus and 
L. brandtii have evolved different adaptation strategies to enhance oxygen transport capacity and 
conserve energy under hypoxia. Our findings suggest that the coping mechanisms underlying hypoxia 
tolerance in these closely related species are context dependent. 
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Mammals' auditory capabilities are influenced by social behaviour, habitat, and developmental stages. 
Research on rodent hearing has evolved from studying morphology to cochlear mechanisms and 
molecular levels. Current studies on surface-active rodents primarily examine age-related hearing loss 
and the effects of high-altitude hypoxia on auditory function. In contrast, research on subterranean 
rodents focuses on their low-frequency hearing mechanisms. These rodents, living in dark underground 
burrows, have adapted their communication and auditory physiology to their environment, favouring 
mid-low frequency sounds while being less sensitive to high frequencies compared to surface-active 
rodents. For example, the specialized auditory structures in subterranean rodents may compensate for 
diminished other senses. By comparing the auditory abilities, structural differences, and molecular 
mechanisms of hearing between subterranean and surface-active rodents, we can understand the 
adaptability and changes in auditory systems across different environments, offering insights into the 
evolution and function of these systems.  

The present study compares the auditory physiological differences between a subterranean rodent, 
the mandarin vole (Lasiopodomys mandarinus), and a surface-active rodent, the Brandt's vole 
(Lasiopodomys brandtii), to elucidate the adaptive evolution of their auditory systems to unique 
acoustic environments. Auditory capabilities were assessed using Auditory Brainstem Response (ABR) 
tests. The results showed that the auditory ranges of the mandarin vole and the Brandt's vole are 
similar, with overlapping sensitive frequency ranges, and the most sensitive frequencies lie between 
5000 and 7000 Hz. The average auditory thresholds of the mandarin vole in the 500-2000 Hz and 
16000-24000 Hz frequency bands are comparable to those of the Brandt's vole. However, significant 
differences were observed: the click threshold of the mandarin vole is significantly higher than that of 
the Brandt's vole; the auditory thresholds of the mandarin vole at frequencies between 4000 and 
12000 Hz are significantly higher than those of the Brandt's vole; and the average auditory thresholds 
of the mandarin vole between 2000 and 16000 Hz are higher than those of the Brandt's vole. These 
findings suggest that the mandarin vole has weaker auditory capabilities than the Brandt's vole, 
possibly indicating auditory degeneration during the adaptive evolution to the subterranean 
environment. Comparison of the tympanic bulla structures revealed that the mandarin vole has a 
shorter tympanic bulla diameter, smaller tympanic bulla spacing, and a narrower external width 
compared to the Brandt's vole. Additionally, the tympanic bulla of the Brandt's vole is more fragile with 
a thinner external wall. Micro-CT and histological section observations of the cochlear structures 
showed typical spiral configurations in both species, with the cochlea of the mandarin vole being flatter 
than that of the Brandt's vole. 
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