This article was downloaded by:

On: 22 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

e . Journal of Asian Natural Products Research
Publication details, including instructions for authors and subscription information:
4 [nul o http://www.informaworld.com/smpp/title~content=t713454007
Asian Natural
Products
Research Effects of isoliensinine on angiotensin II-induced proliferation of porcine
o Bﬂt-?i coronary arterial smooth muscle cells
e~ J. -H. Xiao®% Y. -L. Zhang”; X. -L. Feng?, J. -L. Wang?; J. -Q. Qian®
- Vo \('k * Department of Pharmacology, Tongji Medical College of Huazhong University of Science and
iy v _ @~ Technology, Wuhan, China ® Stomatology Centre, Tongji Hospital of Huazhong University of Science
'b., .ll, i i;; S\t and Technology, Wuhan, China

e £ Wty
PRI .o’ VAP )
s LT L AR

To cite this Article Xiao, J. -H. , Zhang, Y. -L., Feng, X. -L. , Wang, J. -L. and Qian, J. -Q.(2006) "Effects of isoliensinine on
angiotensin II-induced proliferation of porcine coronary arterial smooth muscle cells', Journal of Asian Natural Products
Research, 8: 3, 209 — 216

To link to this Article: DOI: 10.1080/1028602042000325609
URL: http://dx.doi.org/10.1080/1028602042000325609

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informworld. confterns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, fornmul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713454007
http://dx.doi.org/10.1080/1028602042000325609
http://www.informaworld.com/terms-and-conditions-of-access.pdf

19:19 22 January 2011

Downl oaded At:

) e Taylor & Francis
Journal of Asian Natural Products Research, Vol. 8, No. 3, April—-May 2006, 209-216 Taylor & Francis Group

Effects of isoliensinine on angiotensin II-induced proliferation
of porcine coronary arterial smooth muscle cells
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The inhibitory effects of isoliensinine (IL), a bisbenzylisoquinoline alkaloid extracted from the seed
embryo of the traditional chinese medicinal herb Nelumbo nucifera Gaertn, on the proliferation of
porcine coronary arterial smooth muscle cells (CASMCs) induced by angiotensin II(Ang II) and its
mechanisms of action were investigated. Counting cultured cell number, MTT assay, immunohisto-
chemical method and Western blot were adopted. Ang II 0.1 wmoll™' significantly evoked CASMC
proliferation by 42%, which could be dose-dependently inhibited by IL 0.01—3 wmoll~" and the
percentage of inhibition of IL 0.1 wmol 1~ was 25%. Irbesartan (Irb) 0.1 wmol1~" inhibited CASMC
proliferation by 22%. IL or Irb 0.1 wmol 1~ ' decreased Ang Il-induced overexpression of Platelet-derived
growth factor (PDGF)-B and basic fibroblast growth factor (bFGF), respectively. Both of them also
declined c-fos, c-myc and hsp70 overexpression, respectively. At the same concentration, the inhibitory
effects of IL on PDGF-f were even stronger than those of Irb (P < 0.05). In summary, the data showed
that IL possesses an anti-proliferative effect, which is related to the decrease of the overexpression of
growth factors PDGF-, bFGF, proto-oncogene c-fos, c-myc and hsp70.

Keywords: Isoliensinine; Angiotensin II; Coronary arterial smooth muscle cell; Proliferation; Growth
factor; Proto-oncogene; Hsp70

1. Introduction

Isoliensinine (IL) is a bisbenzylisoquinoline alkaloid extracted from the seed embryo of the
traditional Chinese medicinal herb Nelumbo nucifera Gaertn and its chemical structure is
shown in figure 1 [1]. Previous work from our laboratory has demonstrated that IL possesses
an anti-hypertensive effect, anti-hypertrophic effect on left ventricular hypertrophy induced
by banding rat abdominal aorta and an anti-arrhythmic effect [2,3]. Its analogues such as
liensinine and neferine have been shown to exert anti-proliferatory effects on vascular
smooth muscle cells (VSMCs) [4]. These prompted us to consider whether IL might afford
an inhibitory effect on proliferation of porcine coronary smooth muscle cells (CASMCs).
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Figure 1. Chemical structure of isoliensinine (IL).

OH

Angiotensin II (Ang II) is the main effective peptide of the renin—angiotensin system,
which plays an important role in several cardiovascular diseases associated with VSMC
overgrowth and inflammation, including hypertension, atherosclerosis and myocardial
infarction [5]. Ang II has been shown to stimulate the proliferation of VSMCs and trans-
activate platelet-derived growth factor (PDGF)-f, basic fibroblast growth factor (bFGF)
[6,7] and enhance expression of c-fos, c-myc and hsp70 that are related to its proliferative
effects on VSMCs [8].

This paper deals with the anti-proliferative effects of IL on porcine CASMCs induced by
Ang II and its related mechanisms such as PDGF- 3, bFGF, c-fos, c-myc and hsp70.

2. Results and discussion

2.1 Growth characteristics of porcine CASMCs

Porcine CASMCs exhibited hill and valley patterns at confluence under the optical
microscope. Expression of a-smooth muscle actin, regarded as the main characteristic of
smooth muscle cells, was detected in cytoplasm of almost all cells cultured by
immunohistochemical methods (purity >99%). According to the growth curve, CASMCs
went into logarithmic growth phase during 48—72h.

2.2 Effects of IL on Ang Il-induced proliferation of porcine CASMCs

To examine the inhibitory effects of IL on porcine CASMC proliferation, cells were exposed
to Ang II with or without IL or Irb for 24 h. Ang II 0.1 wmol 1! significantly promoted
the proliferation of CASMCs by 42%, and its effects were attenuated by IL 0.03—3 pumol 1~}
in a dose-dependent manner. Irb 0.1 wmoll~ ' as the positive control drug inhibited the
proliferation-promoting effects of Ang II on CASMCs by 22%. Moreover, there was no
significant difference between the anti-proliferative effects of Irb 0.1 wmoll™' and IL
0.1 pmol 1! (percentage of inhibition = 25%, P > 0.05) (table 1).

2.3 Effects of IL on overexpression of growth factors PDGF-f3 and bFGF in the
proliferating CASMCs

The cells were exposed to Ang I10.1 pmol 1™ " for 24 h. As shown in figure 2 and table 2, Ang
IT promoted expression of both PDGF- and bFGF. Absorbance values were raised from
0.196 £ 0.030 and 0.183 = 0.035 (as control) to 0.278 = 0.047 and 0.278 = 0.021,
respectively. Irb or IL 0.1 wmol 1" significantly inhibited their overexpression. Compared
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Table 1. Effect of irbesartan (Irb) and isoliensinine (IL) at different concentrations on the proliferation of porcine
CASMCs induced by Ang I (0.1 wmol 1™ 1).

Group Concentration (wmol ™) Absorbance (OD)
Control 0.297 = 0.017
Ang I 0.1 0.416 = 0.058""
Irb 0.1 0.327 * 0.034%
IL 0.03 0.389 + 0.041
0.1 0.337 + 0.037*
0.3 0.324 * 0.051%
1 0.349 + 0.020%
3 0.259 + 0.036™

%= 5. %P < 0.01 vs control. *P < 0.05, #P < 0.01 vs Ang II.

.

Figure 2.  Effects of isoliensinine (IL) on expression of PDGF and bFGF of proliferative CASMCs evoked by Ang
11(0.1 p.moll_l). A-D Immunohistochemical photomicrograph of expression of PDGF in CASMCs (10 X 10). (A)
control group; (B) Angllgroup; (C) Irb group; (D) IL group. (E—H) Immunohistochemical photomicrograph of
expression of bFGF in CASMCs (10 X 4). (E) control group; (F) Ang II group; (G) Irb group; (H) IL group.
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Table 2.  Effects of isoliensinine (IL) on expression of PDGF- 3 and bFGF of proliferative CASMCs evoked by Ang
IT (0.1 pmol 171,

Absorbance
Group
PDGF- bFGF
Control 0.196 + 0.030 0.183 + 0.035
Ang Il 0.278 * 0.047" 0.278 + 0.0217
Irb 0.219 + 0.032%# 0.186 + 0.035"
IL 0.193 = 0.006"#24 0.180 + 0.007*

n =130 fields. & = 5. **P < 0.01 vs control. *P < 0.01 vs Ang II, **P < 0.01 vs Irb.

with Irb, the inhibitory effect of IL on PDGF-f was stronger. Their inhibition on PDGF-£3
was 21% and 31% respectively.

2.4 Effects of IL on overexpression of proto-oncogenes c-fos and c-myc
in the proliferating CASMCs

It is well known that protooncogenes c-fos and c-myc belong to the family of immediate early
genes. Generally, The expression of c-fos and c-myc approached peak value at 30 and 60 min
after treatment, respectively. After treatment with Ang IT 0.1 wmol 1™, both c-fos and c-myc
expression of the cells was enhanced from 0.329 = 0.046 and 0.194 = 0.035 (as control) to
0.378 = 0.048 and 0.236 = 0.049, respectively. As shown in figure 3 and table 3, IL and Irb
0.1 wmol 1™ remarkably inhibited the overexpression of c-fos and c-myc, but the inhibitory
effect of IL on c-myc expression was weaker. Their inhibition on c-myc was 20% and 13%,
respectively.

2.5 Effects of IL on the protein content of Hsp70 in porcine CASMCs

As shown in figure 4, Angll 0.1 wumol1™" after treatment for 24 h clearly induced hsp70
overexpression from 100% (as control) to 196.8 + 68.4%. IL 0.1 pmol 1~ " inhibited hsp70
overexpression induced by Ang II from 196.8 * 68.4% to 101.9 * 36.0%. This inhibitory
effect of IL on hsp70 was not obviously different to that of Irb (117.2 = 58.8%).

2.6 Inhibition of Ang Il-induced proliferation of CASMCs by IL

Of many factors involved in stimulating proliferation of VSMCs, Ang II has been the focus of
considerable interest. It has been reported that Ang II exerts proliferation—promoting activity
on cultured VSMCs for 24 h [9]. In this paper, our results also demonstrated that Ang IT a the
proliferation-promoting effect on porcine CASMCs. Moreover, we found that IL could
inhibit Angll-induced proliferation of CASMCs.

2.7 A veryimportant role of PDGF-f3, bFGF, c-fos, c-myc and Hsp70 in the proliferation
of smooth muscle cells

The proliferation-promoting mechanism of Angllis related to the increase of the expression
of PDGF-B, bFGF, c-fos, c-myc and hsp70, which play a very important role in the
proliferation and hypertrophy of smooth muscle cells. PDGF-B8 and bFGF receptors,
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Figure 3. Effects of isoliensinine (IL) on expression of c-fos and c-myc of porcine proliferative CASMCs induced
by Ang II (0.1 pmol 1"). (A-D) Immunohistochemical photomicrograph of c-fos expression in CASMCs (10 X 10).
(A) control group; (B) Angllgroup; (C) Irb group; (D) IL group; (E—H) Immunohistochemical photomicrograph of
c-myc expression in CASMCs (10 X 10). (E) control group; (F) Angllgroup; (G) Irb group; (H) IL group.

belonging to tyrosine kinase receptors, activate nucleolus transcription factor, regulate
expression of nucleolus genes such as c-fos and c-myc, and cause cell division and
proliferation through Ras — Raf — MEK — ERK signal pathways. C-fos and c-myc,
immediately early genes, participate in the processes of cell proliferation, differentiation,
signal transduction and apoptosis. Hsp70 is the most important non-specific cell protective

Table 3.  Effects of isoliensinine (IL) on expression of c-fos and c-myc of porcine proliferative CASMCs induced by
Ang IT (0.1 wmol 17 1.

Absorbance
Group
c-fos c-myc
Control 0.329 + 0.046 0.194 *+ 0.035
Ang 11 0.378 + 0.048" 0.236 + 0.049™
Irb 0.327 + 0.048™ 0.190 * 0.014™
IL 0.331 + 0.047* 0.206 =+ 0.020%#24

n = 30 fields. X + 5. **P < 0.01 vs control, ®P < 0.01 vs Ang I, AAp < 0.01 ws Irb.
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Angll  control Irb IL

Figure 4.  Effect of isoliensinine (IL) on the protein content of hsp70 in porcine CASMCs by Western blot analysis.

protein (molecular chaperone). It combines with receptors and/or protein (tyrosine kinase
and serine/threonine kinase) in signalling pathways, then regulates their activity. It takes part
in not only important physiological processes such as stress protection, signal transduction,
development and differentiation, but also in the pathogenesis of some diseases such as
atherosclerosis and tumour [10,11]. The activity of all the above mediators is regarded as
intracellular Ca®"- dependence [12,13]. Ang II was able to elevate intracellular Ca’™
concentration in VSMC proliferation [14,15]. Hence, a decrease in intracellular Ca®"
concentration could reduce their activity.

2.8 The cause of decreasing expression of PDGF- 3, bFGF, c-fos, c-myc and HSP70 by IL

Although Both IL and Irb inhibited the overexpression of PDGF-g, bFGF, c-fos, c-myc and
hsp70 in proliferating cells, their mode of action was different. Irb, a specific blocker of AT,
receptors, exerts an effect at the receptor level. IL might not act on the same level. Because
the chemical structure of IL is quite different from that of Ang II receptor blockers, IL could
non-competitively inhibit aortic contraction induced by AnglI (data not shown). In addition,
IL could significantly inhibit porcine CASMC proliferation induced by phenylephedrine.

It has been reported that IL possessed a blocking effect on Ca** influx [3—5]. In another
study, the results showed that IL inhibited voltage-dependent L-type Ca®" current and
decreased intracellular Ca®" concentration of porcine CASMCs. So the inhibitory effects of
IL on expression of c-fos, c-myc and hsp70 may mainly result from decreasing intracellular
Ca”" concentration.

2.9 Conclusion

Our results demonstrated for the first time that IL. was able to significantly inhibit Ang II-
induced porcine CASMC proliferation. Moreover, IL reversed the overexpression of growth
factors PDGF- 3, bFGF and proto-oncogenes c-fos, c-myc and hsp70. Its anti-proliferative
effects were almost equal to or even stronger than those of Irb. The findings of the present
study may shed light on the pharmacological basis for its clinical application in
cardiovascular diseases.

3. Materials and methods

3.1 Drug and reagents

IL (FW = 610.72, purity > 95% by HPLC) was provided by the phytochemistry group of
the Department of Pharmacology, Tongji Medical College of Huazhong University of
Science and Technology (Chinese patent: ZL 98121706.0, CN 1257070A). It was dissolved
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in sterile distilled water and then stored at 4°C, pH 5-6. Dulbecco’s modified Eagle’s
medium (DMEM) and foetal bovine serum (FBS) were purchased from Gibco. Ang II and
collagenase I were purchased from Sigma Chemical Co. Irbesartan (Irb) was obtained from
Merck. Trypsin was purchased from Difco. Mouse a-smooth muscle actin monoclonal
antibody, rabbit PDGF- polyclonal antibody, rabbit bFGF polyclonal antibody, rabbit c-fos
polyclonal antibody, mouse hsp70 monoclonal antibody, mouse c-myc monoclonal antibody,
SABC test kit, DAB test kit and Western blot test kit were purchased from Wuhan Boshide
Company. All the other reagents were of analytical grade.

3.2 Porcine CASMC culture

Fresh porcine hearts were obtained from local abattoirs. Coronary arteries sterilely separated
from porcine hearts were put into sterilized PBS solution (g 17! NaCl 8.0, KC1 0.2, KH,PO,
0.2, Na,HPO,4-12H,0 1.54; pH 7.2—7.4) including 200 U/ml penicillin G and streptomycin.
After their fat and artery intima and extima were removed, the arteries were cut into pieces
(about 0.5 mm?>) and put into sterilized enzymatic solution (collagenase I 2 mg dissolved in
1 ml DMEM with 10% FBS) for 3—5h until the tissues became transparent and hairy. The
enzymatic solution was maintained at 37°C under regular vibration. Single cells were seeded
into sterile culture flasks in DMEM with 10% FBS and incubated at 37°C in humidified 5%
CO, +95% air. The medium was changed every 72h. Confluent monolayer cells were
established between 12 and 14 days after seeding. Single cell suspension was obtained by
0.25% trypsin. Porcine CASMCs were used from the second to the fourth passage.

3.3 Growth curve of porcine CASMCs

The second-passage cells were seeded in 24-well plates at a density of 2 x 10* cells/well and
incubated at 37°C in DMEM with 10% FBS. The cell numbers were counted with a
haemocytometer from the first to the seventh day according to conventional methods.

3.4 MTT assay for porcine CASMC proliferation induced by Angll

The cells at a density of 5 X 10° cells/well were seeded in 96-well plates and incubated at
37°C in DMEM with 10% FBS for 24 h. The former medium was replaced with DMEM with
2% FBS. AnglI 0.1 wmol/l was simultaneously added to the cells with IL (0.03—3 wmol/1™ ")
or Irb (0.1 wmol 1~ ") except the control cells for another 24 h. The anti-proliferative effects of
IL were evaluated by MTT assay [16]. The percentage of inhibition of cell growth was
derived from the following formula: percentage of inhibition = (1 — Ay b4anell/Aang-
1D X 100%.

3.5 Immunohistochemical methods for expression of PDGF-f3, bFGF, c-fos and c-myc

The cells were seeded in 24-well plates with slides at a density of 4 X 10* cells/well and
incubated in DMEM with 10% FBS at 37°C for 48 h. Then the cells were exposed to DMEM
supplemented with 2% FBS. The cells were treated with the drugs for another 24 h, except
the groups for detecting the expression of c-fos and c-myc (c-fos: 30 min, c-myc: 60 min).
Immunoperoxidase staining was performed using the streptavidin—biotin—peroxidase-
complex (SABC) method. Immunostaining procedures were carried out according to the
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guidelines of the manufacturer. To determine specificity of immunostaining, control
specimens were treated in the same way but without primary antibody.

3.6 Western blot for the protein content of Hsp70

The cells were seeded in 100 ml culture flasks at the same density and incubated in DMEM
with 10% FBS at 37°C. The cells were treated with the drugs for another 24 h. The total
protein solutions were collected and quantified. Then all solutions were subjected to SDS—
polyacrylamide gel electrophoresis and transferred to nitrocellulose membranes as described
previously [17]. Hsp70 on the membranes was assayed by antigen—antibody reaction
according to the instructions of the Western blot test kit. The immunoreactive bands were
visualised by a DAB test kit and quantified by grey degree that was measured by the
GeneGenius system (Sygene, USA).

3.7 Statistical analysis

Data were expressed as X = s and analyzed using the #-test. In all cases, differences were
considered significant at P < 0.05. Image analysis for PDGF-8, bFGF, c-fos and c-myc
positive cells was performed with HPIAS-1000 image analyser (Tongji Medical College of
Huazhong University of Science and Technology, Wuhan, China) at a magnification of 100
(X 10 objective lens). Data were expressed as the absorbance value of positive cells as
determined by counting 5 fields per cell slide (6 cell slides per group) under light microscopy.
Values are X = s obtained from 30 fields per group per experiment.
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