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SUMMARY: Respiration and water-liquid transportation are controlled by many factors in the lung. The aim of this study was to
explore the structure and proteins expression in lungeryhocephalus viangalidy means of gross anatomy, light microscope observation,
scanning electron microscope and immunohistochemistry. Results show that there were many alveoli in the lung and theoladsdf a
capillaries were very thin. The inner surface of the lung was divided into many cystic chambers by reticular diaphragme tarod kfod
pulmonary capillaries was dense. Immunohistochemistry showed that AQP1 was mainly expressed in the epithelium of irtecsiitial b
parabronchiole endothelium, capillary endothelium and alveolar epithelial cells. VIP positive nerve fibers are mainlgdisttifachea,
bronchial smooth muscle layer, the walls of pulmonary vessels and bronchial vessels and around submucosal glands. CBGOR2 is dist
in peripheral capillaries and small. Investigations of structure and proteins biology could be relevant with the adagiveosiraught
and hypoxia environment Bhrynocephalus viangalii
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INTRODUCTION

Phrynocephalus vlangaliis one of the special tissues, airway hydration, mucosal secretion and alveolar
species in Qinghai-Tibet Plateau (&inal, 2007). Along fluid production are all related to the permeability of
with low oxygen and drought conditions during their lifeairway epithelial cell membrane and endothelial cell
the organism try to keep its species attributes unchanga@mbrane. While the specific expression of various
and they have become accustomed to the changipgteins contributes to the normal development and
environmental conditions in characteristics at the same timmaintenance of lung function. AQPs are proteins that allow
But efficient metabolism in terrestrial animals usually needbe transcellular water transportation driven by osmotic
high- quality energy supply, so natural selection endovierces. AQPs are classified into essentially permeable to
the species with plasticity, which makes the structure amgater and the permeability to water also maintain
function of an organism suitable for its survival andntracellular and extracellular fluid balance (Lanaspa
continuation under specific environmental conditional., 2010). When the lung was damaged, the decrease of
(Romanes, 1888). As an important structural organ &fQP1 expression hindered the fluid reabsorption in the
terrestrial animals, lungs play an important role in inhalingulmonary interstitial edema tissue, then resulting in a
oxygen, discharging carbon dioxide and regulating liquihrge amount of fluid accumulation among alveoli,
transportation throughout the body (Berend, 1984pulmonary interstitium and capillaries, which will cause
Hypoxia and water shortage are unfavorable factors for tbe aggravate pulmonary edema. The expression of AQP1
normal development of lung function (Tudkral, 2007). will gradually increase when pulmonary edema gradually

improved (Wangt al, 2020). Vasoactive intestinal peptide

As the guardian of life, the physiological activitiegVIP) is also one of the most important neuropeptides in
of the lung are controlled by many factors. In normal lunthe lung, which has anti-inflammatory, anti-injury and cell
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protection effects. When the airway epithelium iissues preparation and Immunohistochemistry.
damaged by ozone stress, the expression of VIP in afissues obtained from animals were fixed with 4 %
mal lung tissue first increases and then decreases. Vip#&aformaldehyde for no less than 24 h, then the tissues
highly expressed when asthma and acute lung injumere thoroughly washed in PBS, dehydrated in graded
occur, which may be the stress reaction of the body aathanol and embedded in paraffin. Five micrometer-thick
thus slowing down the damage of the disease to the bamhctions were cut from each tissue. Tissue sections were
(Fanet al,, 2017). Alveolar macrophages are not affectedleparaffinized in xylene, washed in alcohol and
by VIP at rest, but when macrophages are activated amthydrated in PBS. Antigen retrieval was performed in a
immune inflammation is induced, VIP can inhibit thanicrowave oven in 0.01M PBS (pH7.4) for 15 min, then
activation of alveolar macrophages, control thée sections were cooled at room temperature and washed
inflammatory reaction in the lung and protect lun@gain in PBS. Endogenous peroxidase was blocked by
parenchyma cells from inflammatory damage (B&al., using 3 % hydrogen peroxide for 30 min. After washing
2015). CECR2 was first found in the Cat's eye syndronie PBS three times, the goat serum(10 %) was used for
(Dawe et al, 2011) and expressed in the developind0 min to avoid any non-specific reactions. Then, the
myoblasts and spinal cord, suggesting that this gene naymary antibody polyclonal rabbit anti-AQP1, VIP,
also be related to myogenesis. Numerous chromosonzCR2 was applied (sigma, dilution 1:500) and incubated
regions genetically linked with susceptibility or resistancen a moist chamber at 4 °C overnight. Sections were
to pulmonary adenomas have been described in mioeubated with biotin-labelled secondary antibodies and
using inbred strains showing widely differentavidin-HRP third antibodies, positive staining was
susceptibilities to formation of both spontaneous amdktected using DAB. The sections were counterstained
chemical induced lung tumors (Fairbridgieal, 2010). with hematoxylin. Negative control sections were subject
CECR2 as an candidate gene is responsible ftrthe same procedure with the exception of omitting the
susceptibility or resistance to lung cancer (Lenedbn primary antibody.
al.,2002).
Analysis. A light microscopy was utilized for the
To sustain physiological homeostasis, animals maystology studies of the sections (Zeiss, Germany), and
adjusts its body and have its adaptive evolutiophotomicrographs were recorded with a digital camera
characteristics. This study through gross anatomy, ligfermany).
microscope observation, scanning electron microscope
and immunohistochemistry methods to study the tissue
structure and protein expression of lung IRESULTS
Phrynocephalus vlangaliwhich is of great significance
to reveal its characteristics in drought environment and
for further study in its physiological function. Gross anatomy and light microscope The lungs of
Phrynocephalus vlangalére spindle-shaped sacs which
located on both sides of the chest. In the front, it is
MATERIAL AND METHOD connected with the inner surface of the body cavity
through serosa and the rear end extends to the digestive
system. Each bronchus enters its lung on the medial side
Animals. The present study was carried out offrom the apex. The outer wall of the lung is thin in gross
Phrynocephalus vlangahlvhose body lengths measuredanatomy. At low magnification, the lung is a cystic
50mm or more. Animals were randomly selected durirgfructure surrounded by thin walls (Fig. 1.A). There are
September to November from the GeErMu, QingHabundant blood vessels (Fig. 1.B), tubular structures and
Province, China. alveoli on the inner surface. There is a small amount of
hyaline cartilage in the outer membrane (Fig. 1.C,D),
Tissues preparation for SEM.Tissues were fixed using which is composed of smooth muscle and connective
a mixture of 2 % paraformaldehyde and 2.5 %issue (Fig. 1.E). Alveolus is the main part of gas exchange
glutaraldehyde in 0.05M cacodylatebuffer(pH7.4)(Fig. 1.F), with a large number, which increases the
Subsequently, tissues were fixed in a mixture of 1.6 @dficiency of gas exchange. The alveoli are surrounded
K4FeCN6 and 2 % OsQ After fixing, tissue sections by abundant capillaries and elastic fibers. The alveolar
were dehydrated in series of alcohols and acetatall and capillary wall are very thin, only one layer of
solutions, critical-point dried, and prepared to examinatiapithelial cells, which are beneficial to the gas exchange
in SEM S3400 using standard procedures. between alveoli and blood.
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Fig. 1 Histology
the lung. (D)Lumen of pulmonary capillary. (E)Smooth muscle beneath the connective tissue in the respiratory bronchipkel (F) Ty
pneumonocyte and type Il pneumonocyte in the alveoli.

Scanning electron microscopeThe outer wall of the into polygonal recesses(Fig. 2.B-D). The intermediate
lung is thin and the interior of the lung contains numerowsepta subdivide these recesses into smaller areas, each of
thin septa (Fig. 2.A). These septa are attached to the lumlgich is further subdivided by the shortest septa into
wall and their free ends serve to delineate the marginsstfallow depressions, which referred to as 'air sacs'. The
the axial air channel (Fig. 2.B-D). On the basis of thegores of the septa consist of collagenous, elastic tissue
length, the septa can be classified into three groups andether with lesser amounts of smooth muscle fibers (Fig.
the longest septa divide the internal surface of the lu2ge-F).
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Fig. 2 Scanning electron microscopy images of the lungs Rbrynocephalus vlangali{A) Numerous thin septa in the lung. (B-D) The
aveoli, primary septa, secondary septain the lung. (E-F) Collagenous, elastic tissue together with lesser amounts ofdmioattentursy.
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Immunohistochemistry. In lung, strong positive endothelium of capillaries (Fig. 3.C), the endothelium of
reactions of AQP1 was detected in the epithelium eofnules (Fig. 3.D) and the epithelial cells of pulmonary

Fig. 3. Immunohistochemistry of AQP1 in the lungRbfrynocephalus viangali{A)-(C) Immunostaining for AQP1 on the epithelial cells.
(D) AQP1 expression in the venules. (E) Localization of AQPL1 in the capillary and alveolar epithelial cells. (F)The negatiyvi|aeehich
primary antibodies were omitted.

Vasoactive intestinal peptide positive neuron ar@ the wall of pulmonary vessel(Fig. 4.D), in the wall of
mainly distributed in smooth muscle layer of trachea (Figpronchial vessels and around submucosal glands (Fig.
4.A,B), in smooth muscle layer of bronchial (Fig. 4.C)4.E).

D

Fig. 4. Immunohistochemistrgl of VIP in the lung Rifirynocephalus vlangali{A)-(C) Immunostaining for VIP on the epithelial cells. (D) VIP

expression in the venules. (E
were omitted.
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In lung, strong positive reactions of CECR2 was detecteslall of respiratory bronchiole (Fig. 5.C) , the wall of bronchus
in the alveolar septum (Fig. 5.A), alveolar wall (Fig. 5.B), théFig. 5.D) and the wall of pulmonary vascular (Fig. 5.E).
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Fig. 5 Immunohistochemistry of CECR2 in the lundPbfynocephalus vlangali{A) In alveolar septum. (B) On the alveolar wall. (C) In the
wall of respiratory bronchiole. (D) In the wall of bronchus and. (E) In the wall of pulmonary vascular. (F) the negatiVeircovitioh
primary antibodies were omitted.

DISCUSSION

Phrynocephalus vlangalis a viviparous, agamid the surface of capillaries composed of monolayer flat cells,
sand lizard endemic to the north Tibetan plateau with a brofmming a blood-blood barrier similar to that of mammals.
altitudinal range from 2000 m to 4600 m. They showatural selection endows the organism with plasticity, and
extensive variation of morphology along altitudinal gradient®ng-term morphological adaptation enables them to survive
(Jin et al, 2007). Faced with water shortage, droughgnd continue under certain environmental conditions.
hypoxia and so on, their organism has become accustomed
to the varying characteristics of the environmental In physiological condition, lung governs respiration,
conditions, Either short or long term adjustments in gas bahich is the source of body fluid, thus, the lung plays an
lance could be made by the respiratory system and circulatamyportant role in body fluid metabolism. The transport and
system. Little is known of the responses of these organsreabsorption of water in lung mainly include passive
continuous adjustments. In this study, according to theansport and active transport, both of which maintain the
anatomy and scanning electron microscope, the lungsrairmal transport of water in lung. Through the spreading
Phrynocephalus vlangalare hollow and thin-walled sacs, function of the lung, the water delivered by the spleen is
with two equal lobes. There are many thin diaphragms farther pushed and delivered to the fur of the whole body,
the lungs, which divide the inner surface of the lungs inttus nourishing the skin. Through the descending function
polygonal depressions. The walls of alveoli and capillaries the lung, water and other subtle substances are released
are very thin, which is beneficial to the gas exchange betweeto the bladder, so as to ensure the smooth operation of
alveoli and blood. A large number of alveoli increase theater and liquid and to facilitate urination. Thereare all kinds
efficiency of gas exchange. Alveolar bread is surrounded by AQPs that exist on the surface of airway and lung, which
abundant vascular network and elastic fibers, which not orfyomote the selective and rapid bidirectional movement of
supports the morphological maintenance of the lung walkater (Wanget al, 2015, 2016). In normal lung tissue, airway
but also makes the lung resist temporary dysfunctiohydration, mucosal secretion and alveolar fluid production
Epithelial cells lined on the surface of alveoli wrap aroundre all related to the permeability of cell membrane, while
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the cross-cell flow of water molecules between capillary Pulmonary vasoconstriction can increase pulmonary
endothelial cells and alveolar epithelial cells depends on thetery pressure during asphyxia in dogs (Bradford &
selective transport of water by AQP (Wittekindt & Dietl,Dean,1894) and this physiological significance lies in
2019). Studies have confirmed that some diseases of watetieving the deficiency of alveolar ventilation capacity by
liquid balance disorder are closely related to AQP, and AQRcreasing the ventilation ratio of alveoli (Von Euler & Von
in normal physiological state may be involved irLiljestr, 1946). In HPV, it has been found that pulmonary
humidification of lung respiratory tract and absorption o¥ascular endothelial cells interact with smooth muscle cells
liquid in alveoli (Verkman, 2007). In this study, it was foundhrough a variety of signaling pathways, causing pulmonary
that AQP1 was mainly expressed in the epithelium afasoconstriction (Kizuket al, 2013). At the same time,
interstitial bronchi, parabronchiole endothelium, capillaryasodilators produced by pulmonary vascular endothelial
endothelium and alveolar epithelial cells. Dry environmergells such as NO, ET-1, CO and so on, also act on the
will lead to dehydration of the body, which affects the lungurrounding smooth muscle cells through paracrine or
ventilation function. The blood-air barrier formed betweeimtercellular junction and are involved in regulating the
alveolar epithelial cells and capillary endothelial cells is anccurrence of HPV and HPVR (Sratial, 2012). Cecr2
important place for gas exchange, and the liquid balanceviras first identified in the analysis of human cat's eye
this structure has an extremely important influence on tilsgndrome and it contains 19 exons and encodes a protein of
gas exchange of the lungs. The expression of AQP11464 amino acids (Dawet al, 2011). It was found that
obviously helpful to the regulation of water carrying, CECR2 was significantly expressed in developing myoblasts
promoting oxygen to pass through the blood gas barriemd spinal cord, and also distributed in developing body
relieving lung inflammation (Hentiet al, 2018). The decrease segments and neural tubes (Nortbal, 2022), suggesting
of AQP1 expression will hinder the fluid reabsorption irthat this gene is related to embryonic development and
pulmonary interstitial edema tissue, resulting in a large amoumtyogenesis. This study found that CECR2 was expressed
of fluid accumulation among alveoli, pulmonary interstitiunin endothelial cells, bronchioles and alveoli confined to
and capillaries and the expression of AQP1 will graduallgeripheral capillaries and venules. Contraction of smooth
increase with the gradual reduction of pulmonary edema, saiscle causes bronchial spasm, while relaxation causes
active transporters in lung may be consistent with the overaitonchial relaxation. Stimulating vagus nerve endings can
concept of lung governs respiration make smooth muscle contract; stimulating sympathetic
nerves can relax bronchial smooth muscle, and the use of
Vasoactive intestinal peptide (VIP) is an importanadrenaline drugs in asthma patients can show this
peptide in endocrine and immune regulation. It consists ofechanism. The high expression of CECR2 in pulmonary
28 amino acid residues and has the functions of vasodilationicro vessels may be an adaptive compensation for high
anti-inflammation, anti-injury and cell protection (Beshayaltitude hypoxia, which is of great significance for reducing
et al, 2021). In this study, it was found that VIP positivgoulmonary vascular resistance, enhancing oxygen diffusion
nerve fibers were mainly distributed around tracheapbility and ensuring smooth blood circulation and oxygen
bronchial smooth muscle layer, pulmonary and bronchitdansportation. It is proved that hypoxic pulmonary
vessel walls and submucosal glands. The distribution w&soconstriction is an adaptive physiological mechanism to
vasoactive intestinal peptide positive nerve fibers in thesgtimize blood oxygen saturation, which can increase
areas had the functions of dilating pulmonary vesselgulmonary vascular resistance in areas with poor pulmonary
relieving airway smooth muscle and promoting airwayentilation and make pulmonary blood flow to areas with
mucus secretion. In lung tissue, VIP not only can dilate blogghod (Olsoret al, 2006; Ariyaratnanet al, 2013), this is
vessels, but also has the functions of relaxing airway smogtlso the characteristic change of pulmonary arteriole smooth
muscle, inhibiting alveolar macrophage phagocytosis andiiuscle cells on alveolar hypoxia (Maddsral, 1992).
lymphocyte proliferation, reducing the release of
inflammatory mediators, and promoting the injury and repair As a species that has inhabited the Qinghai-Tibet
of airway epithelium, etc. When ozone stress causes airn@lateal for quite some time, morphological and
epithelial injury, the expression of VIP in animal lung tissuphysiological adaptations are essential for survival in such
increases at first and then decreases (Ragtshéy 2007). It surroundings. Changes in the structure and function of the
is an important substance to maintain the physiologicedspiratory system, such as the loss of elasticity and
function of lung tissue and prevent and treat lung diseasesraction of blood vessels, increase of chest wall hardness,
(Fryeet al, 2020). VIP has been proved to have a significaniecrease of respiratory muscle strength, decrease of alveolar
inhibitory effect on lung inflammation in clinical and expe-surface area, and pulmonary perfusion of capillaries, may
rimental studies of novel coronavirus and acute lung injull affect adequate ventilation and pulmonary gas exchange,
(Sunet al, 2018). resulting in VO2max limitation. However, in the lung of
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