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ABSTRACT
The supercritical fluid extraction of Dahurian Angelica Root (Bai Zhi) and Szechwan Lovage Rhizome (Chuan Xiong)
was named as BCC. In the study, we investigated whether BCC had effects on left ventricular hypertrophy (LVH) and
myocardial fibrosis in spontaneous hypertensive rats (SHR). For SHR + BCC group, BCC (0.3 g/kg) was orally administered daily for 12 weeks. The SHR group and the Wistar Kyoto rats (WKY, normal control) group, the equal volume
of 5‰ CMC-Na distilled water. After 12 weeks, left ventricle was segregated from each rat in the groups, and the left
ventricle weight/body weight (LVW/BW) calculated. The volume fraction of collagen (VFC) in myocardium and the
diameter of cardiac muscle cell (DCMC) were examined by histological staining. Biochemical indicators of blood sample such as Angiotensin II (Ang II), Aldosterone (ALD), Hyaluronic Acid (HA), Laminin (LN), Procollagen III (PC III)
and Collagen type IV (CIV) levels were detected by using radioimmunoassay (RIA). And also NOS and iNOS levels
were measured by means of ultra-violet spectroscopy (UV). The results shown that in SHR + BCC group, the
LVW/BW, DCMC and VFC decreased significantly versus SHR group, the same as biochemical indicators except NOS
and iNOS. All of above index was similar to WKY group. Statistically significant correlations were found among the
plasma Ang II level, the mean systolic blood pressure (SBP), and the NOS level of the three groups. Our study indicates
that the BCC can control the LVH and myocardial fibrosis in SHR.
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1. Introduction
Hypertension is one of the most significant risk factors in
the development and progression of a variety of cardiovascular diseases including cardiac hypertrophy and
myocardial fibrosis. Clinical studies suggest that a high
arterial pressure is associated with myocardial hypertrophy and interstitial fibrosis [1]. In the hypertensive state,
a number of adaptive changes occur in heart [2] such as
left ventricular hypertrophy (LVH) and myocardial interstitial fibrosis. At the same time, these structural abnormalities may play an important role in the development
and maintenance of hypertension [3,4]. In addition, some
studies shown that the Angiotensin II (Ang II), Aldosterone (ALD) Hyaluronic Acid (HA), Laminin (LN), Procollagen III (PC III) and Collagen type IV (CIV) levels
had an increase in myocardial interstitial fibrosis [5].
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The effectors/hormones of Ang II and ALD could
stimulate fibroblast-mediated collagen synthesis [6,7],
and Ang II additionally suppresses collagenase activity
[6], which synergistically leads to myocardial collagen
accumulation, induces HA, LN, PCIII, CIV increased.
Recent study showed reduced NOS derived NO production contributes to the hypertrophic growth and phenoltype of cardiac muscle cells [8]. All of these changes
would aggravate LVH, and exacerbate hypertension.
In clinic, some drugs such as angiotensin-converting
enzyme inhibitors, angiotensin II receptor antagonists
and calcium channel antagonists etc can not only decrease blood pressure, but also reverse the LVH and
myocardial interstitial fibrosis. In recently years, some
traditional Chinese medicines were reported to be effective against the hypertension [9]. Previous studies in our
lab indicated that the Bai-Chuan capsule (BCC), a complex prescription of supercritical fluid extraction of Dahurian Angelica Root (Bai Zhi) and Szechwan Lovage
Rhizome (Chuan Xiong) as a traditional Chinese mediCM
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cine, in different dosages (0.6, 0.3 and 0.15 g/kg) could
obviously reduce the blood pressures in SHR [10,11]. In
this paper, we will investigate the effects of the BCC on
left ventricular hypertrophy (LVH) and cardiac fibrosis
as an anti-hypertensive medicine in SHR. Therefore, we
treated 14-week-old male SHR with chronic hypertension, advanced LVH, and myocardial fibrosis, as well as
age- and sex-matched normotensive WKY for 3 months
with BCC. It was the first report about the effects of
BCC on the structure of LVH and myocardial fibrosis in
SHR.

ET AL.

measured in the morning after intragastric administration
2 hour. The maximum pressure of inflation was set 20 40 mmHg above anticipated SBP. The instrument was set
for a maximum inflation pressure of 160 mmHg for
WKY rats that were expected to have pressures in the
normal range and was increased to 250 or 300 mmHg for
markedly SHR rats. A typical run involved 6 repetitions
of the automated inflation-deflation cycle with a 2-minute interval till Rats’ pulsatory signals from the arteria
caudilis were displayed steadily, then the mean of 3 readings within a 5 - 10 mmHg range was taken as SBP of
rat.

2. Materials and Methods
2.1. Composition of BCC
BCC was prepared with the supercritical fluid extraction
of Dahurian Angelica Root (Bai Zhi) and Szechwan
Lovage Rhizome (Chuan Xiong) according to 1:1, which
was provided by our lab and named as Bai-Chuan Capsule (BCC). Briefly, BCC improved in the Chinese folk
medicine “Du Liang Wa”, which had been used for over
1000 years in China. Prescriptions can be found in “Shi
Zhai Bai Yi Xuan Fang” by Miao Wang (during the Song
Dynasty) and recent drug standards issued by Beijing in
1983.

2.2. Protocol
Sixteen male SHR, age of 14 weeks, 270 - 290 g, and
eight male WKY rats, age of 14 weeks, 280 - 320 g were
purchased from Chengdu Da Shuo Biological Technology Co., Ltd. (Chengdu, China). Rats were housed in
temperature (24˚C ± 2˚C) and humidity (50% ± 10%)
controlled room with a 12-h on/12-h off light cycle. Solid
rodent chow and autoclaved water were given ad libitum.
Animals were allowed a period of 1 week of acclimatization prior to entry into any experimental protocol. To
obtain an accurate blood pressure reading, rats remained
still and unperturbed throughout the measurement period.
Rats were conditioned to the restraint and the warming
chamber for 10 - 20 min/day of 37˚C before measurements. After 1 week, 16 SHR were randomly divided
into two groups: SHR group and SHR + BCC group (n =
8 equally). Eight WKY rats were the normal control
group. Rats in the SHR + BCC group were intragastric
administration BCC at 0.3 g/kg (equal to 11-fold of clinic
dosage), which was suspended in 5 ml of 5‰ CMC-Na
distilled water, once a day for 12 weeks. The WKY and
the SHR control groups were administrated an equal
volume of 5‰ CMC-Na distilled water.

2.3. Measuring of Systolic Blood Pressure (SBP)
The SBP was measured once a week for the first 3 weeks,
and then measured fortnightly till the end of the experiment (eight times totally). After training period, SBP was
Copyright © 2012 SciRes.

2.4. Measurement of Left Ventricular
Hypertrophy Ratio
Twelve weeks later, the rats were weighed and anesthetized with 20% Ethylurethanm (5 ml/kg, intraperitoneal
injection). The chest cavity was rapidly opened, and the
heart was removed and rinsed in two washes of ice-cold
saline. Major blood vessels and connective tissue was
removed, the heart blotted dry, weighed, and the LVW/
BW ratio calculated. Other organ weights were determined and weight to total body weight ratios calculated.

2.5. Myocardial Histological and Morphological
Assay
Part of the left ventricle, about 0.5 cm above apex cordis,
was segregated, fixed in 4% paraformaldehyde, embedded in paraffin, sectioned at 4 μm, and stained with Hematoxylin-Eosin (HE) and Weigert Hematoxylin-Victoria blue’B-Ponceau. Myocardial slices, 16 of those
round or similar to round were chose randomly from
each group. The morphometric result for each section
was the average of measurements from its volume fraction of collagen (VFC) and the diameter of cardiac muscle cell (DCMC). Because of the lack of universal consensus on the definition of myocardium VFS, animals
with a >30 μm width collagen were classified as 2/severe
myocardial fibrosis, 5 - 30 μm as 1/medium, and <5 μm
as 0/normal myocardium. At the same time, Myocardial
hypertrophy was defined DCMC >45μm as 2/severe hypertrophy, 30 - 45 μm as 1/medium, and <30 μm as
0/normal cardiac muscle cell.

2.6. Measurement of Plasma Ang II, ALD, NOS
and iNOS
Blood samples from all of the subjects were obtained
from abdominal aorta in the morning after overnight
fasting and were collected in vacuum tubes with EDTA
as an anticoagulant. After being centrifuged at 3000 rpm
for 20 minutes at 4˚C immediately after collection, the
plasma samples were then kept frozen at −40˚C until
analyzed. Blood Ang II and ALD levels were measured
CM
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by radioimmunoassay (RIA) with commercially available
kits (Beijing North Institute of Biotechnique). NOS and
iNOS levels were measured by ultraviolet spectrophotometry (UV) with NOS and iNOS assay kits (Nanjing
Jiancheng Bioengineering Institute).

2.7. Measurement of Serum HA, LN, PCIII and
CIV
Blood samples from all of the subjects were obtained
from abdominal aorta in the morning after overnight
fasting and were collected in vacuum tubes with nothing
as an anticoagulant. Sera were centrifuged after standing
for 4 hours at room temperature, and preserved at −20˚C
before assays. The serum level of HA, LN, PCIII and
CIV were detected by radioimmunoassay (RIA) with
commercially available kits (Beijing North biology technique institute).

Figure 1. Photomicrographs demonstrating VFC, DCMC of
SHR (SHR treated with BCC and WKY rats 12 weeks after
surgery (G). 2 means severe myocardial fibrosis/severe cell
hypertrophy, 1 medium, 0 normal.).

2.8. Statistical Analysis
Results are expressed as the mean ± S.D. Student’s t-test
was used for comparison between groups. Values of P <
0.05 were considered statistically significant.

3. Results
3.1. Comparison of LVW/BW, Left Ventricle
Morphology and Histology among Groups
At the end of the treatment, it was conspicuous in our
study that LVW/BW of the untreated SHR was higher
than WKY rats (2.78 ± 0.49 mg/g vs 1.93 ± 0.71 mg/g),
and animals treated by BCC had significantly lower
LVW/BW compared with untreated animals (2.78 ± 0.49
mg/g vs 3.35 ± 0.83 mg/g, P < 0.01). VFC and DCMC of
untreated SHR were significantly higher than of WKY
rats, but decreased in the SHR + BCC group (Figure 1).
Weigert Hematoxylin-Victoria blue’B-Ponceau staining showed that the VFC and numeral density of SHR
was more increasing; collagen fibers in media were hyperplasic, cardiac muscle cell was hypertrophy and round
(Figures 2(A) and (D)). In the BCC group (Figures 2(B)
and (E)), VFC was medium, the DCMC of cardiac muscle cell was smaller than untreated SHR, and shape was
approximation to WKY rats (Figures 2(C) and (F)).

Figure 2. Heart sections of SHR staining (counterstained
with HE staining (A, B and C) and Weigert Hematoxylin-Victoria blue’B-Ponceau staining (D, E, F). Magnification ×400.).

3.2. Serum HA, LN, PCIII and CIV Levels
Treatment with BCC caused significantly reduction in all
the level of HA, LN and CIV. The recorded levels of serum HA, LN, PCIII and CIV in WKY and SHR are shown
in (Figure 3). HA, LN, PCIII and CIV levels in the sera
from SHR with fibrotic changes were significantly higher
when compared to the WKY rats and treated SHR.

Copyright © 2012 SciRes.

Figure 3. Serum HA, LN, PCIII and CIV levels (The recorded levels of serum HA LN, PCIII and CIV in Untreated SHR, treated SHR and WKY. There was difference
in HA, LN, CIV between Untreated SHR and treated SHR
(P < 0.05).).
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3.3. Blood Plasma Ang II, ALD, NOS and iNOS
Levels
Treatment with BCC caused significantly reduction in
both the level of Ang II and ALD (Figure 4(a)), but
augmentation in both the level NOS and iNOS of SHR.
The untreated SHR, treated SHR and WKY showed inverse proportion for Ang II and NOS (Figure 4(c)). The
proportion of iNOS and NOS in treated SHR were distinctive 1:2, but the iNOS level was about 90% of NOS
in WKY (Figure 4(b)). Comparison of the three groups
showed that untreated SHR had ALD of 298.3 ± 57.7
pg/ml, whereas the SHR treated with BCC demonstrated
reduced ALD of 138.96 ± 25.2 pg/ml, which was near to
WKY ALD of 100.18 ± 38.8 pg/ml (Figure 4(a)).

(a)

4. Discussion
The results of our study showed an anti-hypertensive and
a reversal of the heart remodeling effect of the supercritical fluid extraction of Dahurian Angelica Root and
Szechwan Lovage Rhizome on SHR. The SHR treated
with a daily dose of BCC over a period of 12 weeks not
only demonstrated arrest of the development of hypertension, but a significant reduction myocardial fibrosis
and coherent index. Cardiac hypertrophy is a well-established major risk factor for cardiovascular disease, including sudden death. But, we also found that that LVW/
BW of the untreated SHR was higher than WKY rats,
and animals treated with BCC had significantly lower
LVW/BW compared with untreated animals in the model
group. Most antihypertensive drugs lower BP and also
cause regression of LVH (Jennings et al., 1997). However, the classic arterial vasodilators, hydralazine and
minoxidil, cause minimal regression [12] and can increase LV mass in hypertensive rats and humans. BCC
not only can protect BP, but also can cause regression of
LVH. Morphological studies indicate that the increment
in myocardial mass is caused by muscle hypertrophy and
a disproportionate accumulation of fibrillar collagen in
the interstitial space. Aldosterone emerges as important
determinants of myocardial fibrosis [13,14]. This factor
increases the synthesis of collagen I and III by cardiac
fibroblasts [6]. The direct pro-fibrotic effect of ALD is
mediated through specific corticoid receptors in cardiac
fibroblast [15], and is independent of cardiac load and
LVH. In addition, experimental evidence has been collected on a cross-talk between ALD and ET. ET-1 has
been demonstrated to stimulate ALD secretion, both in
animals and in humans, having a direct secretagogue
effect on the adrenal cortex [16], equipotent to that of
Ang II, and ALD infusion in experimental models of
salt-loaded rats has been shown to enhance ET-1 production [17]. The possible effect of ALD on myocardial
performance is not obvious. Increased collagen content
Copyright © 2012 SciRes.
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Figure 4. Blood plasma Ang II, ALD, NOS and iNOS levels
(Comparison of Ang II and ALD in the three experimental
groups (a). Comparison of NOS and iNOS in the three
experimental groups (b). The correlation between NOS and
plasma Ang II in Untreated SHR, treated SHR and WKY (c;
r = 0.93; P < 0.01). Data are expressed as the mean ± S.D.
(n = 8 rats/group). *P < 0.01 means significantly different
from SHR group.).
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within myocardial interstitium can be presumed to impair
contractile behavior of myocardial fibers. Our data suggest that ALD-induced alterations in myocardial composition and geometry result in a subtle impairment of
myocardial performance. These alterations can also
modify myocardial stiffness and therefore LV diastolic
properties. The left ventricle morphology and histology
results show that collagen fibers in media were hyperplastic, elastic fibers decreased and disordered, part of
which were substituted by collagen fibers.
Recently, study has demonstrated that macrophage infiltration is an early key event for reactive myocardial
fibrosis, especially perivascular fibrosis in this model
[18]. Also, it has been shown that Ang II supports leukocyte transmigration via AT1 receptor-dependent, but
arterial pressure-independent, mechanisms [19,20]. Taken
together, the present study provides in vivo evidence that
Ang II might play an important role in early fibrotic
changes and the resultant reactive myocardial fibrosis in
hearts by activating the macrophage-mediated inflammatory process. Of course, Ang II is not the only proinflammatory mediator. Recent studies have suggested that
it is a strong proinflammatory factors, because mechanical strain can induce inflammatory cytokines, growth
factors, and oxidative stress, as well as tissue RAS in the
vessel wall [21]. The interplay of these factors might
regulate tissue Ang II production and the fibrotic process
in hearts.
Our study clearly demonstrated that BCC supplementation could block the effects of high blood pressure on
plasma Ang II, NOS level, Biochemical indicators of
myocardial fibrosis levels, and BP in SHR. These observations indicated that BCC might influence NOS by inhibiting the Ang II production and preventing the BP
elevation. The pharmacological results demonstrated that
the effective component of BCC in CMC system can act
on rat artery cell membrane as Verapamil, a calcium antagonist. And further studies showed that the effective
component had the effects of inhibiting vasoconstriction
in vitro on rat abdominal aorta segments. It would be our
next research project.
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