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EXPERIMENTAL STUDY

Effects of therapies for regulating and reinforcing lung and kidney
on osteoporosis in rats with chronic obstructive pulmonary disease
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INTRODUCTION

Chronic obstructive pulmonary disease (COPD), char-
acterized by persistent and progressive airflow limita-
tion, is a major cause of mortality worldwide." Osteo-
porosis (OP) is one of the most common extrapulmo-
nary complications of COPD.” OP is a bone metabolic
disease characterized by low bone mass and degrada-
tion of bone tissue micro-structure, as well as increased
bone fragility. The morbidity of OP in COPD patients
is very high. A previous study indicated that at least
60% of COPD patients were also suffering from meta-
bolic bone disease, 34% of them had low bone mass,
while 29% of them had developed OP’ The prevalence
of OP in COPD varies between 4% and 59%, depend-
ing on the diagnostic methods used, the population
studied, and the severity of the underlying respiratory
disease.” Graat-Verboom e a/ ° found that the preva-
lence of OP in COPD patients increased from 47% to
61% in a period of 3 years. The causes of COPD, in-
cluding smoking, chronic inflammation, hypoxia, vita-
min D deficiency, malnutrition, and genetic sensitivity,
are also considered as risk factors for OP. Patients with
OP always suffer from decreased activity, an increased
fracture incidence, and reduced vital capacity, which
may further aggravate chest tightness, shortness of
breath, dyspnea, and other symptoms. Moreover, un-
bearable body pain owing to OP may promote acute
exacerbations of COPD.*

COPD patients may be at increased risk for vitamin
D [25(OH)D] deficiency, then develop into OP and
treatments are available for those who are diagnosed
early” However, a retrospective cross-sectional study
found that a large number of vertebral fractures in
males with COPD were undiagnosed, and few anti-os-
teoporotic agent therapies were used for treatment of
patients who were diagnosed.’

COPD is a lung-distention syndrome (Feizhang Bing)
according to Traditional Chinese Medicine (TCM). In
the stable phase, deficiency of lung-spleen Q7, deficien-
cy of lung-kidney Q7, and deficiency of lung-kidney Qi
and Yin are the three most common patterns.”” Our
previous clinical trials and animal experiments indicate
that the representative prescriptions of the three thera-
pies for regulating and reinforcing the lung and kidney,
Bufeijianpi granule, Bufeiyishen granule, and Yigizish-
en granule, can reduce the frequency and duration of
acute exacerbations of COPD, improve 6-minute walk
distance and quality of life, decrease pulmonary and
system inflammation, and lessen histological impair-
ments in the lung, and these good effects even exist at
the 3-12-month follow-up."* However, there is limit-
ed evidence concerning its mechanism and the relation-
ship with OP.

In this study, we aimed to explore the short- and
long-term effects of the three therapies for regulating
and reinforcing lung and kidney on pulmonary func-
tion, cytokines, bone mass densicy (BMD), and bone

mineral content (BMC) in COPD rats to provide evi-
dence for its further study and clinical application.

MATERIALS AND METHODS

Animals

Sixty male and sixty female specific pathogen-free
Sprague-Dawley rats, weighing (200 + 20) g (2 months
old), purchased from Laboratory Animal Center of
Henan Province (SCXK [YU] 20050001),
housed in individual ventilated cages (Fengshi, China)
for seven days before the experiment, with free access

were

to sterile food and water. Experimental protocols were
approved by the Experimental Animal Care and Ethics
Committees of the First Affiliated Hospital of Henan
University of Traditional Chinese Medicine, Zheng-
zhou, China (2012HLD-0001).

Bacteria

Klebsiella pneumoniae (strain: 46114) was purchased
from the National Center For Medical Culture Collec-
tion (Beijing, China), and diluted with normal saline
(Double-crane pharmaceutical Co., Ltd., Beijing, Chi-
na) into the concentration of 6 x 10° colony forming
units/mL before administration to animals.”

Cigarettes

Honggqiqu filter cigarettes, flue-cured tobacco type,
each containing tar 10 mg, nicotine 1.0 mg, and car-
bon monoxide 12 mg, was provided by Henan Tobac-
co Industry Co., Ltd. (Anyang, China).

Grouping of animals and preparation of COPD rat
model

Overall, 120 rats were randomized into control, mod-
el, Bufeijianpi, Bufeiyishen, Yiqizishen, and aminophyl-
line groups according to a random number table, with
20 in each group. Repeated smoke inhalations and bac-
terial infections were used to duplicate the stable
COPD rat model.” COPD rats was evaluated accord-
ing to the symptoms, pulmonary function and histolog-
ical changes ."

Drugs and reagents

The three Chinese medicines are composed of the fol-
lowing herbs: (a) Bufeijianpi granule: Huangqi (Radix
Astragali Mongolici) 15 g, Dangshen (Radix Codonopsis)
15 g, Baizhu (Rhizoma Arractylodis Macrocephalae) 12 g,
Fuling (Poria) 12 g, Chuanbeimu (Bulbus Fritillariae
Cirrhosae) 9 g, Dilong (Pheretima Aspergillum) 12 g;
(b) Bufeiyishen granule: Renshen (Radix Ginseng) 9 g,
Huangqi (Radix Astragali Mongolici) 15 g, Shanzhuyu
(Fructus Corni) 12 g, Yinyanghuo (Herba Epimedii
Brevicornus) 9 g, Gouqizi (Fructus Lycii) 12 g, Wuweizi
(Fructus Schisandrae Chinensis) 9 g; (c) Yiqizishen gran-
ule: Renshen (Radix Ginseng) 9 g, Huangjing (Rhizoma
Polygonati Sibirici) 15 g, Shudihuang (Radix Rehmanni-
ae Praeparata) 15 g, Maidong (Radix Ophiopogonis Ja-
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ponici) 15 g and Wuaweizi (Fructus Schisandrae Chinen-
sis) 9 g. The granules were prepared into fluid- extrac-
tum according to the standard operating procedures es-
tablished by the Department of Pharmaceutics, the
First Affiliated Hospital of Henan University of TCM,
Zhengzhou, China. Aminophylline tablets (Xinhua,
China) were crushed before being administrated to ani-
mals. Rat tumor necrosis factor-oc (TNF-«), interleu-
kin (IL-1B), and IL-6 enzyme-linked immunosorbent
assay (ELISA) kits were purchased from Boster Biologi-
cal Technology (Wuhan, China).

Administrations

From weeks 9 through 20, normal saline was adminis-
tered to the rats in the control and model groups,
2 mL/animal, i.g., b.i.d. Bufeijianpi (4.84 g-kg '-d "),
Bufeiyishen (4.44 g-kg '-d '), and Yiqizishen (4.84 g-
kg '-d™") granules, and aminophylline (2.3 mg-kg'-d"")
were respectively i.g. administrated in the Bufeijianpi,
Bufeiyishen, Yiqizishen, and aminophylline groups, b.i.
d. The dosages were adjusted every week according to
body mass. Half of the rats in each group were sacri-
ficed at week 20. The survivors were raised in normal
conditions without exposure or treatment, and were
sacrificed at week 32. The equivalent dosages were cal-
culated by the formula: Di.c = Dhuman % (Lue/ Thuaman) x (Wi
wman/ W) ?, in which D means dose; I means body shape
index; and W means body weight.

Pulmonary function tests

Tidal volume (V7), peak expiratory flow, and expirato-
ry flow at 50% V: (EF50) were measured by an unre-
strained whole body plethysmograph (Buxco) at weeks
0, 8, 20, and 32.

Femur weight and morphology

After the rats were sacrificed, all femurs were immedi-
ately sampled. The weight of the right femur was mea-
sured, then kept in a freezer at - 80°C for measure-
ment of BMD and BMC. The left femur, including
the femoral head, was cut and fixed in 4% paraformal-
dehyde solution for 72 h, and then decalcified with a
formalin-nitric acid solution for 3 days. The samples
embedded in paraffin were sliced into 6 pm sections,
stained with hematoxylin-cosin, and then photo-
graphed using a PM-10AD optical microscope (Olym-

pus, Japan).

BMD and BMC

After placement into a Plexiglas box and immersion in
distilled water, the excised femurs were scanned by
DPX-NT dual-energy X-ray absorptiometry (GE, Fair-
field, CA USA), and then analyzed by en-CORE soft-
ware. BMD and BMC were expressed as absolute val-
ues (g/cm’). The coefficient of variation was less than

3%.

Cytokines
The levels of TNF-a, IL-1B, and IL-6 in serum were

measured by ELISA kits (Boster, Wuhan, China) ac-
cording to the instructions strictly.

Statistical analysis

SPSS 19.0 software (IBM; Armonk, NY, USA) was
used for data analysis. Data are expressed as mean +
standard deviation ( & +5). One-way analysis of vari-
ance was employed for multiple comparisons. A paired
sample #-test was used to analyze the difference be-
tween weeks 20 and 32. The Pearson correlation analy-
sis method was used to analyze the correlation of lung
function and BMD, BMC, as well as cytokines and
BMD and BMC. P < 0.05 was considered statistically
significant.

RESULTS

General conditions

From the third week, the fur of COPD model rats
withered and became yellow. The rats gradually be-
came weak and asthenic with mucous hypersecretion,
anorexia, body weight reduction, polyuria, and diar-
thea. The three TCM therapies, especially Bufeiyishen

granule, could relieve these symptoms.

Short- and long-term effects of the therapies for
regulating and reinforcing lung and kidney on
pulmonary functions

At week 8, Vr (Figure 1A), PEF (Figure 1B), and EF50
(Figure 1C) decreased significantly in COPD rats
compared with those in the control group (P <
0.01). There were no statistical differences in any
treatment group compared with the model group. At
weeks 20 and 32, Vi, PEE and EF50 decreased sig-
nificantly in the model rats compared with the con-
trol group (P < 0.01). PEE Vi, and EF50 in the
three TCM-treated groups were higher than those in
the model group (P < 0.05, P < 0.01), while PEF in
the aminophylline-treated group was higher than that
in the model group only at week 20 (P < 0.05),
with no significant differences among the three
TCM-treated groups. Compared with that of week
32, PEF at week 20 in the Bufeijianpi and Bufeiyish-
en-treated groups was higher (7 < 0.01).

Short- and long-term effects of the therapies for
regulating and reinforcing lung and kidney on femur
morphology

As shown in Figure 2, thinning of the femoral cortex,
expansion of the marrow cavity, thinning of the bone
texture and decreased density of the trabecular bone
were observed in model rats at week 20. At week 32,
pathological impairments of the femur were found in
more COPD rats than non-COPD rats, especially in
the model group, while there were improvements in
the three TCM-treated groups.
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Figure 1 Time course changes of tidal volume, peak expiratory flow, and peak expiratory at 50% tidal volume in Bufeijianpi-, Bu-

feiyishen-, Yigizishen- and aminophylline-treated rats

A: tidal volume; B: peak expiratory flow; C: peak expiratory at 50% tidal volume. The control and model groups were treated with
normal saline (2 mL); the Bufeijianpi group with Bufeijianpi granules (4.84 g-kg '-d '); the Bufeiyishen group with Bufeiyishen
granules (4.44 g-kg '-d""); the Yigizishen group with Yigizishen granules (4.84 g-kg '-d "); and the aminophylline group with
aminophylline (2.3 mg-kg '-d'). The data are expressed as mean + standard deviation. Significant differences compared with
the control group at the parallel time point are designated, as °P < 0.05, and with the model group, as °P < 0.05.

Short- and long-term effects of the therapies for
regulating and reinforcing lung and kidney on body
mass and femur mass

As shown in Figures 3A and B, the femur mass, but
not body mass, decreased significantly in the model
group at both week 20 and 32 compared to the control
group (P < 0.01). The femur mass was significantly
higher in the three TCM- and aminophylline-treated
groups than that in the model group (P < 0.01), and it
was significantly higher in the Bufeijianpi and Bufeiy-
ishen-treated groups than in the aminophylline group
(P < 0.01), with no statistical differences among the
three TCM-treated groups or between week 20 and 32
(P >0.05).

Short- and long-term effects of the therapies for
regulating and reinforcing lung and kidney on BMD
and BMC

At weeks 20 and 32, BMD (Figure 3C) and BMC (Fig-
ure 3D) of femurs decreased significantly in the model
group compared with the control group (P < 0.01),
while they were higher in the three TCM- and amino-
phylline-treated groups than those in the model group
(P <0.05, P <0.01). BMD in the Bufeijianpi- and Bu-
feiyishen-treated groups was higher than that in the
aminophylline group (P < 0.05, P < 0.01). At week 20,
BMD in the Bufeiyishen group was higher than that in
the Yiqizishen group (2 < 0.05). BMC in the Bufeijian-
pi and the Bufeiyishen groups was significantly higher
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Figure 2 Femoral pathological changes in the rats treated with Bufeijianpi, Bufeiyishen, Yigizishen granules, or aminophylline at
weeks 20 and 32 (HE staining, x400)

A1: control group at week 20; A2: control group at week 32; B1: model group at week 20; B2: model group at week 32; C1: Bufeiji-
anpi group at week 20; C2: Bufeijianpi group at week 32; D1: Bufeiyishen group at week 20; D2: Bufeiyishen group at week 32; E1:
Yigizishen group at week 20; E2: Yigizishen group at week 32; F1: aminophylline group at week 20; F2: aminophylline group at
week 32. The control and model groups were treated with normal saline (2 mL); the Bufeijianpi group was treated with Bufeijianpi
granule (4.84 g-kg '-d"); the Bufeiyishen group with Bufeiyishen granule (4.44 g-kg '-d"); the Yigizishen group with Yigizishen
granule (4.84 g-kg'-d"); and the aminophylline group with aminophylline (2.3 g-kg " '-d'). HE: hematoxylin-eosin.
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Figure 3 Change of body mass, femur mass, bone mass density and bone mineral content in each group
A: changes in body mass; B: femur weight; C: bone mass density; D: bone mineral content. The control and model groups were
treated with normal saline (2 mL); the Bufeijianpi group was treated with Bufeijianpi granule (4.84 g-kg " '-d " "); the Bufeiyishen
group with Bufeiyishen granule (4.44 g-kg '-d"); the Yigizishen group with Yigizishen granule (4.84 g-kg '-d"); and the amino-
phylline group with aminophylline (2.3 g-kg '-d ). Data are expressed as mean + standard deviation. Significant differences
compared with the control group at parallel time points are designated as °P < 0.05 and with the model group, the Bufeijianpi
group, the Bufeiyishen group, the Yigizishen group at parallel time points as P < 0.05, °P < 0.05, °P < 0.05, and P < 0.05, respective-
ly.°P < 0.05 indicates week 32 vs week 20 in the same group.

than that in the aminophylline group (2 < 0.01), and Bufeijianpi and Yigizishen groups (P < 0.05, P <
it was higher in the Bufeiyishen group than that in the 0.01). At week 32, BMD in the Bufeijianpi- and Bu-
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feiyishen-treated groups was higher than that in the
Yigizishen group (P < 0.05, P < 0.01), while BMC in
the three TCM-treated groups was significantly higher
than that in the aminophylline group (? < 0.01).

Short- and long-term effects of therapies for
regulating and reinforcing lung and kidney on
cytokines

As shown in Figure 4A, IL-1P was significantly higher
in the model group than that in the control group at
both weeks 20 and 32 (P < 0.01). However, IL-1B was
lower in the three TCM- and the aminophylline-treat-
ed groups than that in the model group (P < 0.01). At
week 20, it was lower in the three TCM-treated groups
than that in the aminophylline group (P < 0.01), and
also lower in the Yiqizishen group than that in the Bu-
feiyishen group (P < 0.01). At week 32, there were no
statistical differences among all the treated groups or
compared to week 20.

As shown in Figure 4B, IL-6 was significantly higher in
the model group than that in the control group at
week 20 (P < 0.01), while it was lower in the three
TCM- and aminophylline-treated groups than that in
the model group (P < 0.01). Among the four treated
groups, 1L-6 was lower in the three TCM-treated
groups than that in the aminophylline group (P <
0.01). Additionally, it was lower in the Bufeijianpi
group than that in the Bufeiyishen and Yigizishen
groups (P < 0.05, P < 0.01). IL-6 was also lower in the
Yigizishen group than that in the Bufeiyishen group
(P < 0.01). At weeks 32, IL-6 was significantly higher
in the model group than that in the control group (P <
0.01), but lower in the Bufeijianpi and Bufeiyishen
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groups than that in the model, Yiqizishen, and amino-
phylline groups (” < 0.05, P < 0.01). There were no
significant differences between weeks 20 and 32.

As shown in Figure 4C, TNF-a was significantly high-
er in the model group than that in the control group at
both weeks 20 and 32 (P < 0.01), while it was lower in
the three TCM-treated groups than that in the model
group (P < 0.05, P < 0.01). At week 20, TNF-a was
significantly lower in the three TCM-treated groups
than that in the aminophylline group. It was also lower
in the Bufeijianpi group than that in the Bufeiyishen
and Yigqizishen groups (P < 0.05, P < 0.01). At week
32, TNF-a in the Bufeijianpi and Bufeiyishen groups
was lower than that in the Yigizishen group and the
aminophylline group (P < 0.05, P < 0.01), with no sig-
nificant difference between weeks 20 and 32.

Correlations between pulmonary function and BMD
and BMC

As shown in Table 1, Vi, PEE and EF50 were positive-
ly correlated with BMD and BMC at both weeks 20
and 32.

Correlations between cytokines and BMD and BMC
As shown in Table 2, IL-1B, IL-6, and TNF-a were
negatively correlated with BMD and BMC at both
weeks 20 and 32.

DISCUSSION

COPD is characterized by persistent airflow limitation
and pulmonary function decline, and is accompanied
by various extra-pulmonary morbidities, such as skele-
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Figure 4 Levels of serum interleukin (IL)-13, IL-6, and tumor necrosis factor (TNF)-a in rats treated with Bufeijianpi, Bufeiyishen,

Yigizishen granules, or aminophylline at weeks 20 and 32

A: IL-13; B: IL-6; C: TNF-a. The control and model groups were treated with normal saline (2 mL); the Bufeijianpi group was treated
with Bufeijianpi granule (4.84 g - kg "'-d '); the Bufeiyishen group with Bufeiyishen granule (4.44 g-kg '-d '); the Yigizishen
group with Yigizishen granule (4.84 g-kg '-d "); and the aminophylline group with aminophylline (2.3 g-kg '-d " "). The data are
expressed as mean + standard deviation. Significant differences compared with the control group at parallel time points are des-
ignated as °P < 0.05 and with the model group, the Bufeijianpi group, the Bufeiyishen group, and the Yigizishen group at parallel
time points as °P < 0.05,°P < 0.05,°P < 0.05, P < 0.05, respectively. ‘P < 0.05, indicates week 32 vs week 20 in the same group.
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Week 20 Week 32
BMD  BMC Vi EF50 PEF BMD BMC Vi EF50 PEF
BMD  Cor 1 0.854* 0.757* 0.606" 0.621° 1 0.846" 0.637* 0.535° 0.575°
P value - 0.000 0.000 0.000 0.000 - 0.000 0.000 0.001 0.000
BMC  Cor - 1 0.730* 0.635" 0.607° - 1 0.622° 0.606" 0.600"
P value - - 0.000 0.000 0.000 - - 0.000 0.000 0.000
Vi Cor - - 1 0.634" 0.634" - - 1 0.500* 0.544"
P value - - - 0.000 0.000 - - - 0.002 0.001
EF50  Cor - - - 1 0.352° - - - 1 0.516°
Pvalue - - - - 0.000 - - - - 0.001
IREE Cor - - - - 1 - - - - 1

Notes: Cor: pearson coefficient of correlation’P: significance (2-tailed). *Correlation is significant at the 0.01 level. BMD: bone mass densi-
ty; BMC: bone mineral content; Vx: tidal volume; PEF: peak expiratory flow; EF50: expiratory flow at 50% tidal volume.

Week 20 Week 32
BMD BMC IL-1B IL-6 TNF-a BMD BMC IL-1B IL-6 TNF-a
BMD Cor 1 0.854* -0.809° -0.835" -0.841" 1 0.846" -0.742° - 0.804" - 0.756"
Pvalue - 0.000 0.000 0.000 0.000 - 0.000 0.000 0.000 0.000
BMC Cor - 1 -0.843"  -0.924* -0921° - 1 - 0.783" - 0.821° - 0.802°
P value - - 0.000 0.000 0.000 - - 0.000 0.000 0.000
IL-18 Cor - - 1 0.921* 0.922* - - 1 0.649* 0.778*
Pvalue - - - 0.000 0.000 - - - 0.000 0.000
IL-6 Cor - - - 1 0.999* = - - 1 0.776°
Pvalue - - - - 0.000 - - - - 0.001
TNF-a Cor - - - - 1 - = = - 1

Notes: Cor: pearson coefficient of correlation”P: significance (2-tailed). *Correlation is significant at the 0.01 level. BMD: bone mass densi-
ty; BMC: bone mineral content; IL: interleukin; TNF-a: tumor necrosis factor-a.

tal muscle atrophy/dysfunction, and OP. OB, one of
the most common complications, has been reported in
several studies.' The National Health and Nutrition Ex-
amination Survey 1999-2008 (14 828 subjects aged
45+, including 995 with COPD) showed that 16.9%
of the subjects aged 45 + with COPD suffered from
OPD and the incidence increased with age.” Cigarette
smoking, chronic systemic inflammation, inactivity,
malnutrition, and other factors are involved in this pro-
cess. Cigarette smoking, which is the main cause of
COPD, is also considered to be one of the risk factors
leading to OP™ Cigarette smoking can reduce the
thickness of the cortical bone and gene expression of
the bone matrix.” BMD and BMC are always mea-
sured to diagnose OP and judge the severity. Other-
wise, hypoxia and emphysema can cause muscle atro-
phy, and reduce BMD through protease hydrolysis or
load increases, which then result in OR™ A previous
study showed that vitamin D intake in COPD patients
was less than the recommended intake, and a lack of vi-
tamin D can reduce calcium absorption, and eventual-

ly result in OPR."” However, systemic corticosteroids are
the most common cause of drug-related OP A me-
ta-analysis concludes that the use of more than 6.25 mg
prednisone daily can lead to the risk of decreased of
BMD and increase in fracture.” In contrast, the effects
of the long-term use of inhaled corticosteroids on
BMD remain controversial.”"** Some studies demon-
strated a relationship between BMD and airflow limita-
tions. Forced expiratory volume in 1 second (FEV))
was found to be a significant predictor of low BMD
aside from BMI and the COPD stage.” Therefore, air-
flow obstruction is an important risk factor for OP.

OP is an atrophic debility of bones (Guwei) or bone
rheumatism (Gubi) syndrome in TCM. Deficiency of
the kidney and spleen are considered to be the cause of
OP* Based on our previous studies, there are three
common patterns of stable COPD, lung-spleen Qi defi-
ciency, lung-kidney Qi deficiency, and lung-kidney
Qi-Yin deficiency. Patients with lung-spleen Qi defi-
ciency generally have poor digestion, which may cause
less appetite, vitamin D deficiency, malnutrition, and
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result in OP. Patients with lung-kidney Qi deficiency
may directly generate osteopenia and increase bone fra-
gility. Lung-kidney Qi-Yin deficiency often occurs in
severe COPD. Kidney deficiency is believed to be the
key pathogenesis of OP for COPD. Therefore, regulat-
ing and reinforcing lung and kidney should be used as
early as possible.”

COPD patients with OP have significantly lower body
mass index (BMI) and leptin expressions.” Studies
have identified a direct positive relationship between se-
rum leptin and bone mass in nonobese women.”
Leptin enhances differentiation of bone marrow cells
into osteoblasts, and reduces osteoclast formation and
bone resorption.” Decreases in BMI increase the odds
ratio for OP, while high BMI reduces the risk of OP”
In this study, most COPD rats had low body mass and
femur weight, while the Bufeijianpi, Bufeiyishen, Yig-
izishen granules and aminophylline treatments could
increase femur weight. Bufeijianpi and Bufeiyishen
granules showed more benefits in increasing femur
weight than aminophylline. The primary means of di-
agnosing OP is BMD by dual energy absorptiometry
scanning. A low BMD value in COPD indicates the
occurrence of OP? Whole-body BMD is affected by
BMI, COPD stage, and leptin.”* Smoke exposure can
decrease BMC and BMD, and increase bone turnover
(inhibiting bone formation and stimulating its resorp-
tion), as well as affect bone histomorphology. Epimedi-
um pubescen flavonoid has a beneficial effect on pre-
venting bone loss in passive smoking rats, which is
shown by maintained BMD and BMC at the femur
neck and lumbar vertebrae.” Our results indicate that
BMD and BMC decreased significantly in COPD rats,
which is in line with previous studies. Bufeijianpi, Bu-
feiyishen, Yigizishen granules, and aminophylline
could improve BMD, but Bufeijianpi and Bufeiyishen
granules are superior to aminophylline. Bufeiyishen
granules showed more benefits in improving BMC
than Bufeijianpi and Yiqizishen granules, and had bet-
ter long-term effects after a three-month course of treat-
ment.

As one of the common complications of COPD, OP is
closely related to limited airflow. A study with the
NHANES Il data demonstrates that airflow obstruc-
tion is independently associated with reduced BMD.”
OP causes a reduction in rib mobility and decrease in
respiratory muscle function, which can lead to reduc-
tions in FEViand FVC, and then aggravation of air-
flow.” In this study, it was found that tidal volume,
peak expiratory flow, and peak expiratory at 50% tidal
volume were positively correlated with BMD and
BMC of the femur, which is in accordance with the
current literature.

Systemic inflammation in COPD is possibly a contrib-
uting factor to OP. In addition, physical inactivity may
be a major cause for systemic inflammation, and lead
to exacerbations of OP* Recently, the relationship be-
tween high levels of systemic inflammation and a high

risk of osteoporotic fractures in COPD was identified.
The serum levels of C-reactive protein, TNF-a, and
IL-6 in patients with OP are higher than those without
OP’ Our study found that the three TCM granules
could more significantly decrease the expressions of
IL-1B, IL-6, and TNF-« than that of aminophylline af-
ter a 12-week treatment. We also found that IL-6 and
TNF-a remained lower in the Bufeijianpi- and Bufeiy-
ishen-treated rats than those in the aminophyl-
line-treated rat after a 12-week follow-up.

Bufeijianpi, Bufeiyishen, and Yiqizishen granules can
improve BMD and BMC of femur in COPD rats, alle-
viate airflow limitations and systemic inflammation,
and help prevent and treat OP, with favorable long-
term effects.

ACKNOWLEDGMENTS

The authors thank associate professors Cui Lin, Liu
Weihong and Wang Xiaoxiao (Department of Central
Laboratory, The First Affiliated Hospital of Henan Uni-
versity of Traditional Chinese Medicine) for their tech-
nical assistance in the experiment.

REFERENCES

1 Global initiative for chronic obstructive lung disease.
Global strategy for the diagnosis, management, and pre-
vention of chronic obstructive
2014-02-07, cited 2014-03-11; 1:
from URL: http: //www. goldcopd. org/uploads/ users/
files/ GOLD_ Report2014_Feb07.pdf.

2 Graat-Verboom L, vanden BE, Smeenk FW, Spruit MA,
Wouters EE Osteoporosis in COPD outpatients based on

pulmonary  disease,
2 screens. Available

bone mineral density and vertebral fractures. J Bone Min-
er Res 2011; 26(3): 561-568.

3 Tantucci C. COPD and osteoporosis: something more
than a comorbidity. Endocrine 2012; 42(1): 5-6.

4 Lehouck A, Boonen S, Decramer M, Janssens W. COPD,
Bone metabolism and osteoporosis. Chest 2011; 139(3):
648-657.

5 Graat-Verboom L, Smeenk FW, van den Borne BE, et al.

Progression of osteoporosis in patients with COPD: a

3-year follow-up study. Respir Med 2012; 106(6):
861-870.
6 Katsura H, Kida K. A comparison of bone mineral densi-

ty in elderly female patients with COPD and bronchial
asthma. Chest 2002; 122(6): 1949-1955.

7 Franco CB, Paz-Filho G, Gomes PE, et al. Chronic ob-
structive pulmonary disease is associated with osteoporosis
and low levels of vitamin D. Osteoporos Int 2009; 20(11):
1881-1887.

8 Carter JD, Patel S, Sultan FL, et al. The recognition and
treatment of vertebral fractures in males with chronic ob-
structive pulmonary disease. Respir Med 2008; 102(8):
1165-1172.

9  Chronic Obstructive Pulmonary Disease Group, Chinese

Society of Respiratory Diseases. TCM Diagnosis and treat-

JTCM | www. journaltcm. com

182

April 15,2015 | Volume 35 | Issue 2 |



Tian YG et al. / Experimental Study

10

11

12

13

14

15

16

17

18

19

20

21

ment guide of chronic obstructive pulmonary disease
(2011 revised edition). Zhong Yi Za Zhi 2012; 53(1):
80-84.

Professional Committee of Pulmonary Disease of Internal
Medicine Branch of China Association of Chinese Medi-
cine. Syndrome diagnostic criteria of Traditional Chinese
Medicine for chronic obstructive pulmonary disease (2011
version). Zhong Yi Za Zhi 2012; 53(2): 177-178.

Li SY, Li JS, Wang MH, et al. Effects of comprehensive
therapy based on traditional Chinese medicine patterns in
stable chronic obstructive pulmonary disease: a four-cen-
ter, open-label, randomized, controlled study. BMC Com-
plement Altern Med 2012; 12: 197.

Li JS, Li Y, Li SY, et al. Long-term effects of therapies for
regulating and reinforcing lung and kidney on systemic
and local inflammation responses in rats with stable chron-
ic obstructive pulmonary disease. Zhong Xi Yi Jie He Xue
Bao 2012; 10(9): 1039-1048.

LiY, Li SY, Li JS, et al. A rat model for stable chronic ob-
structive pulmonary disease induced by cigarette smoke in-
halation and repetitive bacterial infection. Biol Pharm Bull
2012; 35(10): 1752-1760.

Li SY, Li Y, Li JS. Effects of Bufeijianpi recipe on dia-
phragmatic neural discharge and diaphragmatic muscle
function in rats with chronic obstructive pulmonary dis-
ease. Zhong Guo Zhong Xi Yi Jie He Za Zhi 2012; 32(6):
812-816.

Schnell K, Weiss CO, Lee T, et al. The prevalence of clini-
cally-relevant comorbid conditions in patients with physi-
cian-diagnosed COPD: a cross-sectional study using data
from NHANES 1999-2008. BMC Pulm Med 2012; 12:
26.

Martinez CH, Han MK. Contribution of the environ-
ment and comorbidities to chronic obstructive pulmonary
disease phenotypes. Med Clin North Am 20125 96(4):
713-727.

Gao SG, Li KH, Liu WH, et al. Effect of epimedium pu-
bescen flavonoid on bone mineral status and bone turn-
over in male rats chronically exposed to cigarette smoke.
BMC Musculoskelet Disord 2012; 13: 105.
Graat-Verboom L, Spruit MA, van den Borne BE, et al.
Correlates of osteoporosis in chronic obstructive pulmo-
nary disease: an underestimated systemic component.
Respir Med 2009; 103(8): 1143-1151.

De BJ, Romieu I, Anto JM, et al. Dietary habits of firstly
admitted Spanish COPD patients. Respir Med 2009; 103
(12): 1904-1910.

Pobeha P, Lazirovd I, Tkdcovd R. Osteoporosis in chronic
obstructive pulmonary disease. Vnitr Lek 2010; 56(11):
1142-1149.

Sasagawa M, Hasegawa T, Kazama J]J, et al. Assessment of
bone status in inhaled corticosteroid user asthmatic pa-

22

23

24

25

26

27

28

29

30

31

32

33

34

tients with an ultrasound measurement method. Allergol
Int 2011; 60(4): 459-465.

Mathioudakis AG, Amanctopoulou SG, Gialmanidis I, et
al. The impact of long-term treatment with low-dose in-
haled corticosteroids on the bone mineral density of chron-
ic obstructive pulmonary disease patients: aggravating or
beneficial? Respirology 2013; 18(1): 147-153.

Vrieze A, de Greef MH, Wijkstra PJ, Wempe JB. Low
bone mineral density in COPD patients related to worse
lung function, low weight and decreased fat-free mass. Os-
teoporos Int 2007; 18(9): 1197-1202.

Wang XX, Zhang YL, Huang QF. Discussion on the main
pathogenesis in Traditional Chinese Medicine and etiology
about primary osteoporosis. Zhong Xi Yi Jie He Xue Bao
2010; 8(12): 1119-1123.

Wang G, Li TQ, Yang DZ. Study on correlation be-
tween bone mineral density and syndrome type of TCM
in patients with chronic obstructive pulmonary disease.
Zhong Guo Zhong Xi Yi Jie He Za Zhi 2003; 23(4):
261-264.

Pobeha P, Ukropec J, Skyba B, et al. Relationship between
osteoporosis and adipose tissue leptin and osteoprotegerin
in patients with chronic obstructive pulmonary disease.
Bone 2011; 48(5): 1008-1014.

Lorentzon M, Landin K, Mellstrom D, Ohlsson C.
Leptin is a negative independent predictor of areal BMD
and cortical bone size in young adult Swedish men. ] Bone
Miner Res 2006; 21(12): 1871-1878.

Holloway WR, Collier FM, Aitken CJ, et al. Leptin inhib-
its osteoclast generation. ] Bone Miner Res 2002; 17(2):
200-209.

Graat-Verboom L, Smeenk FW, van den Borne BE, et al.
Risk factors for osteoporosis in Caucasian patients with
moderate chronic obstructive pulmonary disease: a case
control study. Bone 2012; 50(6): 1234-1239.

Fountoulis GA, Minas M, Georgoulias P, Fezoulidis IV,
Gourgoulianis KI, Vlychou M. Association of bone miner-
al density, parameters of bone turnover, and body composi-
tion in patients with chronic obstructive pulmonary dis-
ease. ] Clin Densitom 2012; 15(2): 217-223.

Sin DD, Man JP, Man SE The risk of osteoporosis in Cau-
casian men and women with obstructive airways disease.
Am J Med 2003; 114(1): 10-14.

Schlaich C, Minne HW, Bruckner T, et al. Reduced pul-
monary function in patients with spinal osteoporotic frac-
tures. Osteoporos Int 1998; 8(3): 261-267.

Vogelmeier CF, Wouters EF. Treating systemic effects of
chronic obstructive pulmonary disease. Proc Am Thorac
Soc 2011; 8(4): 376-379.

Liang B, Feng Y. The association of low bone mineral den-
sity with systemic inflammation in clinically stable

COPD. Endocrine 2012; 42(1): 190-195.

JTCM | www. journaltcm. com

183

April 15,2015 | Volume 35 | Issue 2 |





