Int. J. Morphol.,
38(6)1779-1785, 2020.

The Architecture of Alveolar Capillaries in the
Lungs of Bactrian Camels Qamelus bactrianup

Arquitectura de los Capilares Alveolares de Pulmones de Camellos Bactrianosamelus bactrianus

Xiaohua Du'; Xia Liu ? & James Blackar Mawol@

DU, X.; LIU, X. & MAWOLO, J. B. The architecture of alveolar capillaries in the lungs of Bactrian ca@aisdlus bactrianysint.
J. Morphol., 38(6)1779-1785, 2020

SUMMARY: The Bactrian camel, which is native to China and Mongolia, is large in size and is an even-toed ungulate species.
The double humps on the Bactrian camel back differentiate it from the dromedary camel, which has a single hump. Thisspecies ha
adapted to unsuitable conditions (lack of food and water) in the Gobi Desert and is advanced in unique anatomical andgdhysiolog
characteristics during a prolonged evolution period. Several studies have been conducted on the anatomical featuresiari the Bact
camel, but none have given attention to the alveolar capillaries of the Bactrian camel lung. Therefore, the current &ilekpkires
the architecture of the alveolar capillary in the Bactrian camel lung and further explain the mechanism of blood flonginTitelu
current study extracted and examined the architecture of the alveolar capillary in the lung of the Bactrian camel (Caiasls) badt
further explained the mechanism of blood flow by performing lung casting and replica scanning electron microscopy methods. The
reports showed that the resources of the alveolar-capillary originated from the capillaries of the subpleural spaceitaristgtolim,
sometimes originating from the precapillary arterioles or directly from the terminal arterioles. The alveolar capillaoe®aadsind
formed a single layer of dense, basket-like network surrounding the alveolus. The mash diameter of the alveolar-capikamasetwo
larger than that of the capillary, and the appearance of the mash was oval and elliptical. Many of the collapsed aleglartapiks
were found in the alveolar microvascular architecture in the lung of the Bactrian camel. The study found that, due tcapset coll
alveoli in the Bactrian camel lung, the disproportional pressure between the pulmonary alveoli induced less imbaland®wfiblood
the alveolar capillary, which affected the gas exchange efficiency. Therefore, the function of the anastomosing capiiamapranc
likely to regulate the blood flow between the alveolar-capillary network.
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INTRODUCTIO N

The Bactrian camel is a special ruminant that still live@n the microvasculature of the lungs of large mammals,
in a wild state in the Gobi Desert and nearby dry stepgspecially the Bactrian camel, are extremely limitede¥u
(grassland) of Central Asia, especially China and Mongoli@!- (2004) studied the architecture of the subpleural
The two-humped back of this species remains a differentiatifigicrovasculature of the lung in the Bactrian camel but did
feature from other camels. A Bactrian camel weighs betwe&At mention the architecture of the alveolar capillary of the

600 and 1000 kg (1,320 to 2,200 Ib) and stands over 2 mlgng. Buchackeet al (2019) reported that the alveolar-
ft) tall. capillary network (ACN) in newborn mice has double

capillary layers that are connected. An arteriole path linking

The architecture of the microvasculature of the lung$€ venule was extracted and straightened to permit cross-
in humans and other mammals has been studied g@ctional visualization within apIane.ThiS action enables the
transmission electron microscopy (TEM) and scanningfructural characterization that erythrocytes process through
electron microscopy (SEM) (Weibel & Gomez, 1962; Smitthe ACN. Another study, Het al (2019) conducted on
& Campbell, 1976; Westt al, 1977; Hijiya & Okada, 1978; bronchus-associated lymphoid tissue (BALT) in Bactrian
Kendall & Eissmann, 1980; Guanggiial. 1981; Fujietal, camels documented that the lungs are characterized by various

1981; Ruiet al, 1993; Yu, 1997a, 1998a); However, studie§egions. The cranial lobe, which is one of the regions, was
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narrow, while the caudal lobe was well advanced (nearly fourstruments such as scalpels, forceps, and scissors. Later, these
times the size of the cranial lobe), and the accessory appeasanhples were placed in running water to remove the ABS
smaller than the cranial lobe. The bronchial tree containingsalution. The researchers were aware that there might be cross-
tracheobronchial branch has a system of the dorsal, vent@ntamination; therefore, the samples were taken to a nearby
lateral, and medial bronchioles. Johnseinal. (2014) room and examined on a table disinfected by trained
explained that the increase in age could increase the mediensonnel. These personnel were protected and wore face
alveolar surface area; likewise, the age decrease could camsesks, gloves and donned gowns. The collected and labeled
a lower median alveolar surface area. The point of lineaamples were placed in plastic bags in a cooler containing ice
intercept also increases as age advances within each lun@plofcks and sent to the laboratory. The samples were
the horse, and the surface of the alveolar area was reportettaosported within 2 hours to the laboratory and kept 4580

be higher than the endothelial surface area. Meanwhile, studigsil further examination. All efforts were applied to minimize
conducted on the human lung explained that the alveolar amgimal pain and the usage of animals.

its surface areas play an essential role in gas exchange between

air and blood, which aids in increasing lung size (Weibel &pecimen Examination by Scanning Electron Microscopy
Gomez). The conductive zone elements show a poléBEM). Proper small pieces of specimens were collected from
orientation in the human lung. However, there are extremetjfferent extracted lung lobes, and were then cut into SEM
limited reports on the architecture of alveolar capillaries ispecimens and placed into 10 % hydrochloric acid at room
the lungs of Bactrian camels. Therefore, lung casting and temperature for 2 weeks. Later, they were washed in flowing
plica scanning electron microscopy methods were appliedu@ter in a net box slowly. Then, the residues were washed
extract and examine the architecture of alveolar-capillagut, and the casts were selected, dried and bumble-coated with
lungs and the adaptability to drought and arid environmerg®ld-palladium and examined under a Hitachi S520 scanning
in the Bactrian camel. electron microscope.

Statistical analysis Data analysis was performed using SPSS
MATERIAL AND METHOD for Windows version 7. T-test statistical analysis was
considered.

Animals and setting. Before being sacrificed, the animals
were fed. These animals were pulled out of their housing alR&ESULTS
one after another by trained animal care-takers and moved to
the slaughterhouse of the Right Alasan Banner Food Company
in the Inner Mongolia Autonomous Region, China. The whole The decomposed casts of the alveolar capillary showed
lungs of 6 adult and healthy Bactrian camels (4 males andiZomplex triple-dimensional network completely; however,
females) were collected from all animals involved in thishere were no evident differences among camel lungs or lung
study. The six adult and healthy Bactrian camels were dividémbes.
into two groups: 4 males and 2 females. Only camel without
diseases were involved in this study. The procedures appli®&dpply of alveolar-capillary (Table 1). The resources of the
during sampling were fully reviewed and approved by thBactrian camel alveolar capillaries were rich and they
Animal Ethical and Welfare Committee of Gansu Agriculturabriginated from the capillaries of the subpleural space or
University (GAU-AEW-2019-0021). interlobular septulum, sometimes from the precapillary
arterioles or the terminal arterioles directly (Figs. 1, 2 and 3).
Animal Sacrifice. A10 % ABS solution of butanone (ternarylt was often observed that one alveolar capillary network was
copolymer of acrylonitrile, butadiene, and styrene) Chaoyaupplied by two or three kinds of capillary sources
(1988) was injected immediately through the pulmonargimultaneously. Under SEM, there was a representative stretch
artery. Samples were taken from sacrificed Bactrian camedattern when the precapillary arterioles gave off capillaries
on two (2) occasions (for two weeks). During each collectioto form one alveolar capillary network (Fig. 4). The
period, samples were extracted from Bactrian camel lungsecapillary arteriole extended along the entrance of the
Six (6) Bactrian camels were sampled: 4 males (5 years oldyeolus with a circular line and gave off branches. These
and 2 females (7 years old). The entire lung was sampledlimanches spread forward to the bottom of the alveolus and
trained personnel. communicated with each other to form the alveolar-capillary
network. The alveolar-capillary networks were collected into
Tissue samples weighing 1-2 g were collectethe postcapillary venules at the bottom of the alveolus, which
aseptically from various lung regions by applying medicakas drained by the collected venule.
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Table I. Supply of alveolar-capillary in different mammals.

Experimental objects Supply of alveolar-capillary

Human Subpleural or interlobular septulum capillary; branch of the precapillary arteriole.

Dog Branch of the precapillary arteriole.

Monkey Branch of precapillary arteriole; a capillary branch of terminal arteriole directly.

Mouse Sub pleural or inter lobular septulum capillary

Laboratory rabbit, pika Same as humans.

Bactrian camel Subpleural or interlobular septulum capillary; branch of precapillary arteriole; a capillary branch of

terminal arteriole directly.

As observed in the table, there exist some similarities and differences in the alveolar-capillary among humans and these mammal

Fig. 1 Supply of alveolar-capillary. *The sub-pleuraFig. 2 Supply of alveolar-capillary. *The precapillary arteriole
capillaries extended into the alveolar capillaries directly(Pa) gave off the capillary branches (Ca) to form the alveolar-
capillary network (Sc). *The precapillary arteriole was curved
in process.

The precapillary arterioles were curved in process, which
seemed to be squeezed or to have extensive space.

The architecture of the peculiarity alveolar capillary
network. Thealveolar-capillary network displayed the three-di-
mensional architecture of pulmonary alveolar-capillary under low
power SEM, in which there were large numbers of the alveolar
cluster that showed a honeycombed configuration and arterioles
or venules penetrating the alveolar interspace (Fig. 5).

In the architecture of the alveolar capillary in the Bactrian
camel, the capillaries of the normal alveolus extended
completely and formed the alveolar-capillary network, which

is plump and smooth in appearance. Meanwhile, there were
172106 $SaB T T e many alveolar capillaries that shrank up and therefore caused
Fig. 3 Supply of alveolar-capillary. *The arrow (/) the collapse of these alveoli. Compared with the normal alveoli,
showed the alveolar-capillary originated from the termithe collapsed alveoli showed differences in the caliber and plump
nal arteriole (Ta) directly. degree of the alveolar lumina.
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The current SEM observation on alveolar-capillary
corrosion casts showed that a sort of capillary anastomosing
branch connected the alveolar-capillary ring adjacently. This
kind of anastomosing branch was commonly given off from
one point of the capillary ring located at the entrance of the
alveolus and curved on the entrance of the alveolus with the
“Y” type to communicate with the other points of the
capillary rings of the alveoli adjacently. Due to a lack of
description by previous studies, these vessels are referred to
as the “Y-type anastomosing branch” in the current study

(Fig. 6).

Fig. 4 Supply of alveolar-capillary. *The rectangle (?) showed t
stretch pattern of the precapillary arterioles (Pa) extending in
the alveolar-capillary.

Fig. 6 Capillary anastomosing branches connecting alveolar
capillary network adjacently. *The arrow)(showed the joint of
the anastomosing branches with an alveolar-capillary ring.

Peculiarity surface of the alveolar-capillary cast.There
were no circular-diagonal smooth muscle cell imprints on
the surface of the alveolar capillaries, which were smooth-
faced. The endothelial nuclei oval imprints appeared on the
surface of the alveolar-capillary casts, which were arranged
longitudinally along the microvasculature (Figs. 7 and 8).

The alveolar capillaries were relatively uniform in
. diameter, all of which were bulged in flat form and plump.

Fig. 5 The alveolar cluster capillary network arranged i -
honeycombed patterns. *The star (*) showed the collapsed alveg‘-ihe'r diameters ranged from 4 mm to 8 mm (Table 1), and

The black line showed the range of one normal capillary netwoik® Capillaries communicated with one another to form a
(Sc). single layer of the basket-like network surrounding the
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Table Il. Diameters of alveolar-capillary and mesh of capillary network (mm).

Regions Capillary Ribbon widthof mesh ~ Minimum width of mesh
Right accessory lobe 6.87+0.94 8.41+1.18 5.01+0.94
Right apical lobe 6.73+1.02 9.17+2.13 4.86+0.76
L eft diaphragmetic | obe 6.92+1.05 8.93+2.07 4.74+0.84
L eft middle lobe 6.45+0.79 8.35+1.70 4.46+1.08
Total~ 6.74+0.95 8.72+1.77 4.77+0.91

* Fifty capillaries and thirty meshes were measured in

each lung lobe.

** There was no evident difference among lung lobes on the t-test (P>0.05).

Fig. 7 The smooth muscle cells on the surface of the alveol
capillary.

Fig. 8 The endothelial nuclei appeared on the surface of the alveo
capillary casts.

alveolar lumina. As the diameter of the alveolar capillary
was larger than that of the mesh, the whole network was
dense. Meanwhile, the meshes of the alveolar-capillary
network in the superficial layer of the lung were looser than
those of the deep layer. The meshes of the alveolar-capillary
network were mainly oval and elliptical, and hexagonal,
polygonal, and irregular meshes were also observed. The
capillaries that organized the mesh network of the alveolar
capillary were gently curved, and the edges were smooth.

DISCUSSION

Supply of alveolar capillary. There were different results
regarding the supply of the alveolar capillary that have been
studied in the pulmonary microvasculature of humans and
6{;n_ammals. A study by Ohtani (1980) explained that the
pulmonary artery, after entering the lung, branched repeatedly
to extend into the capillary. These capillaries communicated
with one another to form a dense, reticular sheath-like alveolar
capillary network around the alveolar wall and were drained
by the branches of the pulmonary vein. Similarly, the present
study found that the capillaries united with one another into a
single layer of a dense network around the alveolus, and by
contrast, the alveolar-capillary networks were arranged in
honeycombed structures.

Guanggiet al (1981, 1983) found that the alveolar-
capillary network was supplied by the branches of the
precapillary arteriole in dog lungs, while in humans and
monkeys, Ruet al reported that only the microvasculature
was supplied by branches, which were formed by grades from
the terminal arteriole to the precapillary arteriole. In monkeys,
in addition to the branching of the pulmonary
microvasculature, the terminal arteriole directly gave off
capillary branches to unite with the alveolar-capillary network,
which was different than in humans. Contrary to these results,
the current research showed that the mesh density of the
alveolar-capillary network in the pulmonary superficial layer
was small in the deep layer, which was suggested to be a
iransitional phenomenon of the capillary network from loose
to dense in the course of the subpleural capillary extending
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into the alveolar-capillary. Additionally, the capillaryin the Bactrian camel, which was found living in a drought
diameter was larger than that of the mesh; the capillacpnditions and hot environments for long periods of time.
possessed a majority of proportions in the alveolar septum,
which increased the capillary contact area, and the air in The peculiar architecture of the alveolar-capillary
the alveolus was involved in gas exchange. network. By studying the histological characteristics of
pulmonary tissue in the Bactrian camel glial (1998) found
Studies reported by Binyai al (1990) showed that that many alveoli collapsed in the lung. The study further
the supplied form of the alveolar-capillary network in thexplained that the respirational function was accomplished
human lung could be divided into two classes: the terminlay the alveoli being plumped in normal conditions. For
arteriole, which directly gave off the branches, was curvedstance, running for a long period, a cataclysm of the
along the entrance of the alveolus and sent off capillarieavironment can cause collapsed alveoli to be reactivated.
during processing to form the alveolar-capillary networkSimilarly, the current reports on the Bactrian camel found
another was the continuity from the subpleural or ththat there are many alveolar capillaries that shrank and caused
interlobular septum capillary. However, the present repdtte collapse of these alveoli. This proved the existence of the
showed that the capillaries unite with each other into a sistructures in the Bactrian camel lung from the angle of
gle layer of a dense network around the alveolus. pulmonary microvasculature architecture. It was presumed
that the lung in the Bactrian camel contains a high respirational
Huigin et al. (1988) observed that the alveolampotential, the alveoli in normal conditions were generally
capillary continued from the subpleural or the interlobulasufficient for respirational needs, and only the normal alveoli
septum capillary in rats, which was similar to the findings/ere insufficient due to cataclysm of the environment or
of Guanggiet al (1983). The pulmonary arteriole and thestrenuous exercise. The collapsed alveoli would be reactivated,
terminal arteriole gave off many branches during processinghich were likely to be the structural foundation of the
and then the branches extended into precapillary arteriotespirational potential. Additionally, the redundant alveoli
to curve along the entrance of the alveolus and give daffirinking contributed to reducing the water consumption from
capillaries on their way. Similar to the current reportetling in the normal condition of the Bactrian camel.
results, the alveolar capillary extended from the subpleural
or the interlobular septum capillary. It was supplied directly Kendall & Eissmann, who studied pulmonary
by the capillary branches of the precapillary arteriole or theapillaries in humans, used a latex replication method and
terminal arteriole. reported the presence of unbranched capillary vessels
interconnected widely and separated with the alveolar-
By applying the replica scanning electrorcapillary rings, which were termed “interconnections.” In
microscopic method, Yu & Chongyang (1995), Yu & Qibincontrast, the present research found a type of anastomosing
(1996) and Yuet al (1997b, 1998b) observed the threebranch connecting the alveolar capillary network adjacently,
dimensional characteristics of the pulmonaryermed “Y-type anastomosing branches.”
microvasculature in laboratory rabbits, pikas, golden
monkeys, and mice. Their results showed that the alveolar
capillaries were not only continued from the subpleural @ ONCLUSION
the interlobular septum capillary but were also supplied
directly by the precapillary arteriole. The present study found
that the resources of the alveolar capillary in the Bactrian The study documented that there were many collapsed
camel lung were richer than those in these mammals. Taéleeoli in the Bactrian camel lung, and the disproportionable
alveolar capillaries in the Bactrian camel lung were not onfyressure between the pulmonary alveoli induced an easy
extended from the subpleural or the interlobular septuimbalance of the blood flow in the alveolar capillary and
capillaries, but were also supplied directly by the capillargffected the efficiency of gas exchange. Therefore, the current
branches of the precapillary arteriole or the terminaksearch suggested that the function of the anastomosing
arteriole. Meanwhile, it was commonly observed that oneapillary branch was likely to be regulating the flow of blood
alveolar capillary network was the environment. Howevebetween the alveolar-capillary network, balancing the blood
in the Bactrian camel, because of the rich supply forms déw volume, and improving the gas exchange efficiency in
the alveolar capillary, the blood could be supplied in pulmonary alveoli.
compensatory manner from other branches to maintain nor-
mal blood circulation while blocking the microvasculatureData Availability. The analyzed data are provided in full in
Therefore, the diversity of the supply forms of the alveolathe results section of this manuscript. Raw data are available
capillary was suggested to be one of the adaptable structueeBOI:10.6084/m9.figshare.11482887.
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