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Effects of Compound Herbal Formulary on Expression of Aquaporin 1 and
Aquaporin 5 in the Model of Rats with Phlegm Obstruction Due to

Lung-Deficiency Syndromes*
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ABSTRACT Objective: 1）To investigate the formative mechanism of phlegm obstruction due to lung-deficiency syndromes. 2) To

investigate the dynamic changes of the above parameters by detecting the effects of the herbal compound that "invigorates the lung and
promotes expectorant" on the expression of AQP1 and AQP5 in the phlegm obstruction due to lung-deficiency syndromes model rats.
Methods: Male SD Rats were randomly divided into three groups: normal, model, and treatment (with herbal Rats were treated by "invig-
orate lung expectorant" herbal compound). The pathologic changes of lung were analyzed by microscopy with H&E staining. The mRNA
and protein expressions of AQP1 and AQP5 were assayed by semi-quantitative RT-PCR and western blot respectively. Results: There
was no expression of AQP1 mRNAs in the model and treated groups,while the expression of AQP5 mRNAs increased in the model
group. Western blot analysis showed similar patterns of AQP5 protein being upregulated (P<0.01) while AQP1 downregulated (P<0.05).
The expression of the AQP5 protein in the treated group decreased compared with that in the normal group (P<0.05). Conclusions: 1)
One of the pathological mechanisms of the syndrome of "phelgm obstuction due to lung deficiency" is caused by the up-regulation of
AQP5 and down-regulation of AQP1 gene and protein expression in lungs of the alveolar epithelium of rats. 2) The expectorant herbal
compound treatment can regulate the gene and protein expression of AQP5 but can't regulate the AQP1 when the rats have this desease.
These results suggest that the mechanism of this compound acting on this desease is related to the regulation of the expression of AQP1
AQP5.
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Introduction
Zhenghou research is the main content, nodus and break-

through point in TCM theory. Going into zhenghou deeply is the
necessary path in the modernization of TCM. It will demonstrate
the uniqueness and superiority of TCM. The theory of Phlegm
zheng is a unique component of TCM. It effectively directs clinical
application. According to TCM, "phlegm" is the source of all
kinds of diseases.

However, untill now there were no studies on the pathogene-
sis of phlegm. Recent study of tanzheng is focused on the follow-
ing three aspects: First there is the nature of tanzheng and its ob-
jectivized index: character of the blood flow [1], saccharide, lipid
and energy metabolism [2], free radical damage, immune function [3],
autonomic nervous system function, gene expression [4]. The sec-
ond aspect is the standardizing of syndrome differentiation [5]. The
third aspect is the toxicity and pathogens of phlegm[6-7].

Aquaporins (AQPs) is a hot topic of research internationally.
Cell volume regulation is dominated by transmembrane ions[8]. It is
accomplished with passive transmembrane movement of water
driven by osmotic pressure [9]. The efficiency of water transmem-

brane movements which was, determined by plasmalemma' s per-
meability to water can also affect the migratory behavior and relat-
ed physiological as well as pathological processes in cells[10].

To investigate the formation mechanism of phlegm obstruc-
tion due to lung-deficiency syndromes, this research explain the
role of changes of AQP1 and AQP5 expression in this syndromes
and the effects of Compound Herbal Formulary on their expres-
sion.

1 Materials and methods

1.1 Herbal medicament preparation exerting 'invigorate
lung & expectorant'

Prescription consists of ginseng 10 g, prepared arisaenatis 6 g,
prepared pinellia 10 g, immature bitter orange 10 g, tangerine red
epicarp 6 g, poria cocos 15 g, tatarinow sweetflag rhizome 10 g,
bamboo shavings 10 g，prepared liquorice root 6 g.
1.2 Preparation techniques

After being sliced, ginseng was abstracted two times by re-
fluxing process by using 95% ethanol for 2h every time and the
extracting solution was combined. Recovery ethanol from this ex-
traction until no ethanol flavor can be snuffed. The dregs of gin-
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seng and the other herbal medicines in this prescription were de-
cocted two times. Combine the water extract and stored at 4 ℃
overnight. Filter and concentrated the water extract. Ginseng ab-
stracting solution was added into it, adjusted the solution concen-
tration to 200 %.
1.3 Model preparation

Male Sprague Dawley rats, weighing 200-250 g, were sup-
plied by Guangdong Medicine Laboratory Animal Research Cen-
ter (GDMLAC). They received standard rat chow with free access
to tap water. Forty rats were subjected to cold wind with a wind
chill effect of 5℃ lower than their normal surrounding for 10 min.
then they were put into a smog cabinet with 0.2 g sulfur powder
was besprinkled on Mugwort moxa stick liberally in it. Emblaze
moxa stick. After enkindling them for 2 h, the rats were taken out.
Twice a day, continued for 40 days.
1.4 Route of administration

At the 26 d after model mading, twenty rats were lavaged (10
ml/kg/d) with 'invigorate lung expectorant' herbal compound,
while the normal and model groups were lavaged with normal
saline (0.15 M) for 14 d.
1.5 Isolation and purification of total RNA from rat lung
tissues

Animals were killed by cervical dislocation. Their lungs were
rapidly removed and frozen on a bed of powdered dry ice and

stored at -80 ℃ . Total RNA was isolated from rat's lungs, they
were then frozen and pulverized in liquid nitrogen. RNA was ex-
tracted by using Trizol Reagent (GIBICOBRL) according to the
manufacturer's instruction. Purity and quality of RNA was quanti-
fied by spectroscopy at 260nm and tested by electrophoresis in 1.4
% agarose gel with GoldView NucleicAsid Stain respectively.
Samples were aliquoted and stored at -80 ℃ until further process-
ing.
1.6 RT-PCR

The first cDNA strands were synthesized with the Easyscript
First-strand cDNA Synthesis Supermix Kit (GIBICOBRL) accord-
ing to the suggestion of the manufacturer. In each PCR reaction,
0.15 μg total RNA was used as template. The amplifications were
performed with genes' specific primers listed in table 1. The PCR
reaction was carried out in a 25 μl volume of buffer also contain-
ing: 0.2 μM each primers and 12.5 μl 2×EasyTaq PCR Super-
Mix. Standard PCR cycle conditions were 94 ℃ for 30 s, 25 cy-
cles of 92℃ for 10 s，60℃ for 30 s and 72℃ for 30 s. Followed
by 72 ℃ for 10 min. Beta-actin was amplified for each sample to
serve as an internal control, and the observed mRNA expression
was normalized to the expression of β-actin. Amplification prod-
ucts were analyzed by electrophoresis in 1.4 % agarose gels. Each
reaction was repeated three times.

Gene Primer, 5'-3'(for and rev) Product size(bp)

AQP1 TCCGGCATCACCTCCTCCCT 319

TGAATGGTCCCACCCAGAAA

AQP5 CAAGGCGGTGTTCGCAGAGTTCC 730

CCTCTCGAAGATCTTCCCAGTCC

β- actin GACCTGACTGACTGACTACCTCAT 542[11]

TCGTCATACTCCTGCTTGCT

Table 1 Primers

1.7 Western blotting
Protein extracted from rat lung was isolated by Cyto Buffer.

Protein was collected and protein concentrations were detected by
using the Bradford method (Bio-Rad). Fifty micrograms of lung
protein was dissolved in sample buffer and boiled for 5min prior to
loading onto a 12% acrylamide gel. After SDS-PAGE, proteins
were transferred to a polyvinylidene difluoride membrane, blocked
with 5 % BSA in Tris-buffered saline containing 0.1% Tween-20
(TBST), and incubated with mouse anti-polyclonal antibody to
AQP1 and goat anti-polyclonal antibody to AQP5 1h at 1:200. Af-
ter washing with TBST, blots were incubated with goat anti-rabbit
horseradish peroxidase-conjugated secondary antibody and visual-
ized with enhanced chemiluminescence kits. Films were scanned
with a Quantiti-one and the bands of AQP1, AQP5 and beta-actin

were quantified with Quantiti-one software. The intensity of bands
was normalized to the intensity of beta-actin.
1.8 Statistical analysis

All data were analyzed by using the StatView program (Aba-
cus Concepts). The effect of drug stimulation on the expression of
AQP mRNAs was analyzed by using multivariate analysis of vari-
ance (MANOVA), where there were two variables. When statisti-
cal significance was observed, one-way ANOVA with Scheffe's
post-hoc test was carried out for each set of variables. P-values
less than or equal to 0.05 were considered significant.
1.9 Histology staining

The regular pieces of each lung was dehydrated with alcohol
in the usual matter, then clarified with toluene and embedded in
paraffin. Each tissue block was microtomed into serial sections of
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4μm thickness, stained with hematoxylin-eosin, the light micro-
scope was used to both examine and photomicrograph lung tis-
sues. Values are means±S.E.M., n≥20 from 20 rats each group,
*P<0.05 vs. model group.

2 Results
2.1 Effects of treatment on the expression of AQP1 and

AQP5 mRNA
Semi-quantitative expression data showed that AQP1 mRNA

was only found in the normal lung. There was no mRNA in model
and treated lungs (Fig.1). The AQP5/β-actin ratio was significantly
higher for the treated group and normal group than for the model
group (Fig.2, P<0.01).

Fig.1 AQP1mRNA expression Fig.2 AQP5 mRNA expression

2.2 The impact of herbal treatment on the induced expres－
sion of AQP1 and AQP5 at the protein levels

Theprotein levelsofAQP1andAQP5wereanalyzedbywestern
blotting. There was AQP5 protein bands with molecular weights of

35kDa.AQP5 in themodel groupwas remarkablyhigher than that in
the normal (P<0.01) and treated group (P<0.05) (Fig.4). AQP1 was
28 kDa and in the model and treated group, decreased remarkably
when compared with that the normal group(P<0.05) (Fig.3).

Fig. 3 Protein expression of AQP1 Fig. 4 Protein expression of AQP 5

32· ·



现代生物医学进展 www.shengwuyixue.com Progress inModern Biomedicine Vol.12 NO.1 JAN.2012

2.3 Histological observation
In the normal group, the pulmonary alveoli were quite uni-

form in dimensions, with even thickness of the alveolar septa.

There was no sign of engorgement and inflammatory infiltrate, no

sign of fibroplasia and no inflammatory exudate in the alveolar lu-

men. Bronchial and bronchiolar epithelia and cilia were intact, and

there was no obvious inflammatory infiltration. In the model

group, lymphocyte and plasmocyte infiltration was observed in the

bronchioles. Cilia of some bronchiolar mucosa were collapsed.

Epithelial cells lost; alveolar septa were thickened, their small ves-

sels congested and chronically infiltrated. As for the treatment

group, there was significant relief of symptoms of the model

group, and there was no difference when compared with that in the

normal group (Fig.5).

3 Discussion
Phlegm is the pathologic product of the obstructed

metabolism of body fluid. The normal maintenance of body fluid

depends on the coordination of viscera function. The viscera are

related closely to body fluid metabolism of the zang-fu. Of the five

zang organs three are more closely related to fluid metablolism:

lung, spleen and kidney. Their functional disorders can lead to

body fluid metabolic disorders, lead to the accumulation of damp-

ness to form phlegm, cumulating to be a tangzheng[12-14].

Phlegm in this research is caused by the deficiency syndrome

of the lung. Invigorate lung expectorant complex is aimed at

Phlegm obstruction due to lung-deficiency syndromes and treating

both manifestation and root cause of disease. This prescription

come from added erchen decoction. Ginseng is a key reagent in

treating qi deficiency of both lung and spleen by tonifying mid-

dle-Jiao and Qi. The character of pinellia is Xinwen and is the key

reagent of eliminating dampness and resolving phlegm. Poria co-

cos is able to clearing damp and promoting diuresis. Tangerine red

epicarp can promote the circulation of qi and eliminating damp-

ness and resolving phlegm. Tatarinow sweetflag rhizome can clear

damp and Kaiwei, eliminating phlegm from the heart to restore to

consciousness. Arisaenatis have the damp-drying and phlegm-e-

liminating ability. Bitter orange, relieving stagnant Qi and resolv-

ing accumulation, eliminating phlegm and a lump in the abdomen.

Bamboo shavings have the ability of clearing heat and eliminating

phlegm, restless and stopping vomiting. Liquorice is in harmo-

nious proportion of every elements in this prescription, which can

promote every elements work together to enhance function of toni-

fying lung and eliminating phlegm.

Aquaporins (AQPs) are a family of subcellular channels

which are expressed ubiquitously in biological membranes. They

are highly selective in transport of water and are a highly special-

ized group of channels. Untill now, AQP1,AQP3, AQP4, AQP5,

AQP8, AQP9 are found to be expressed in lung tissues [15].

AQP1and AQP 5 are highly permeable to water but not to other

solutes. They not only participate in fluid transport under physio-

logical conditions but are also associated with the imbalance of

fluid transport in pathology conditions [16]. The permeability of wa-

ter in AQP1 and AQP5 knockout mice lung decreased significant-

ly. As for the syndrome of 'lung-deficiency leading to phlegm ob-

struction", because of lung asthenia, the functions of dispersing

and descending functions of lungs are lost.

The clinical condition of the commonly seen visible phlegm

of respiratory diseases was examined and respiratory disease mod-

elling was used to investigate the mechanisms of phlegm forming.

The theory is based on the principle of that the lungs are the upper

source of phlegm which has the responsibility to regulate water

pathways. The model combines the disease with the syndrome in

the form of animal models of chronic bronchitis. It can be sup-

posed that the active water transport function of alveolar epitheli-

um is carried out by lung to regulate water passage. They are the

Fig. 5 Pathology detection for rat lungs tissue (100×)：A: norma group;B: model group;C: treated group groupgroup
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physiological foundation of water's upper source. Abnormal water

active transport function is one of the mechanisms of the syndrome

of lung deficiency leading to phlegm obstruction. We further select

the investigational targets of AQP that can reflect the water active

transport function of alveolar epithelium at the molecular level.

By detected the expression of both mRNA and protein of

AQP1 and AQP5 in the lung, it was found that their activities and

related gene expression. Measurement of such parameters and dy-

namic changes both before and after administrations of TCM com-

bination formularies, the relationship between pathogenesis of this

syndrome and the perspective of lung epithelium's active water

transport function can be explored. In this study, the intrapul-

monary gene expression of AQP1 was not expressed in the model

and treated group and the protein expression of AQP1 was signifi-

cantly attenuated compared with that in the normal group. The rea-

son may be that AQP1 gene was silenced while the half-life of

protein is longer than that of gene. AQP1 and AQP5 expressed in

lungprovide the principal route for osmotic drivenwater transport [17].

When AQP1 absence, the water couldn't be transported facilely

from the plasma membrane which led to pulmonary edema. So,

the disease may play an important role in regulating the expression

of AQP1 but the treatment has no effect on this disease by regulat-

ing it. The relevance and role of AQP1 in human diseases is being

discussed in various researches [18-20]. This research is only a com-

plementation in this field with TCM feature.

The mRNA level of AQP5 is higher in the model group than

in the normal group. When treated this disease, the level can be

lowered than the model group so did AQP5 protein. The regula-

tion of AQP5 is affected by different surroundings, stages of lung

development [21], physiological condition and cell phenotype [22].

The AQP5 is a target of intrapulmonary diseases in other than the

mechanisms cAMP dependent phosphorylation[23-24]. In the process

of treating patients with pulmonary diseases suggests potential

roles of AQP5 in the regulating some disease for example regulat-

ing airway hyper secretion. In phlegm Obstruction Due to

Lung-Deficiency syndromes situation, AQP5 may by upregulated

by this stress. The role of AQPs in this research has not yet been

clearly defined. Furthermore, they may provide attractive thera-

peutic targets.
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肺虚痰阻证模型大鼠肺组织水通道蛋白 1 和 5 分子表达与补肺化痰方对

其影响 *
江 湧 李小兵△ 刘小虹 王丽新 任明能 吴启端 谢宇晖 吴建奇

（广州中医药大学第一附属医院 广东 广州 510405）

摘要 目的：1）从肺泡上皮水主动转运功能的角度探讨肺虚痰阻证的发生机理。2）通过观察肺虚痰阻证模型的 AQP 的活性及其

相关基因、蛋白的表达和补肺化痰中药复方治疗前、后的对比，观察这一过程中上述指标的变化情况。方法：将雄性 SD 大鼠随机

分为正常组、模型组、中药治疗组。模型组和治疗组造模 40 天,治疗组在造模 26 天后，药物灌胃治疗 2 周。采用组织化学染色法，

对大鼠肺进行病理分析；RT-PCR 的方法检测大鼠肺组织中 AQP1、AQP5 基因表达；western blot 法检测大鼠肺组织中 AQP1、
AQP5 蛋白水平。结果：1）与正常组相比，模型组局部出现明显炎症反应（P<0.01），治疗组局部炎症反应减轻（P<0.05）。2）mRNA
结果显示，AQP1 在正常组有表达，在模型组和治疗组未见表达。AQP5 模型组与正常组相比，表达量显著增高（P<0.01）；治疗组与

模型组比较，表达量显著降低（P<0.01），但与正常组无显著差异。3）蛋白水平上，AQP1 在模型组和治疗组与正常组相比差异显著

（P<0.05），表达下降。AQP5 模型组与正常组相比，显著升高（P<0.01）；治疗组与模型组比较，显著下调（P<0.05）；正常组表达低于

治疗组，差异显著(P<0.05)。结论：1）AQP1 和 5 基因及蛋白表达量变化是肺虚痰阻证的病理机制之一。2）补肺化痰中药复方可调

节肺虚痰阻证模型大鼠肺组织 AQP 5 基因及蛋白表达。提示补肺化痰中药复方治疗肺虚痰阻证其作用机制与调节 AQP5 有关。
关键词：AQP1；AQP5；大鼠肺；肺虚痰阻证；补肺化痰中药复方
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