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Abstract: Background and objective: Hepatic sinusoidal obstruction syndrome (HSOS) is characterized by painful
hepatomegaly, ascites, increased body weight, and jaundice. Gynura segetum (Compositae), a plant widely used in
Chinese traditional medicine, often leads to the development of HSOS. However, the mechanism is unclear. The aim
was to study the role of matrix metalloproteinase-9 (MMP-9) in the onset of HSOS induced by Gynura segetum.
Methods: Twenty-five male Sprague-Dawley rats were randomly divided into two groups. Twenty were exposed to
600 mg/kg daily Gynura segetum extract solution for three weeks; five control rats were exposed to tap water alone.
Liver sections were evaluated by light microscopy with a modified scoring system. Routine transmission electron
microscopy (TEM) methods were used to evaluate the ultrastructual features of fixed liver tissue, and blood samples
were collected to determine liver enzyme concentrations. MMP-9 expression was assessed by both immunohisto-
chemical staining and enzyme-linked immunosorbent assay (ELISA) methods. Results: A stable and reproducible rat
model of HSOS was achieved by long-term exposure to Gynura segetum extract. The treated rats presented clinical
symptoms and the histopathological manifestation of HSOS, including abnormal liver enzyme concentrations (alanine
aminotransferase (ALT): (84.8+13.62) vs. (167.0+72.63) U/L, P<0.05; aspartate aminotransferase (AST): (27.6+6.31)
vs. (232.8+108.58) U/L, P<0.05). Hematoxylin and eosin (H&E) staining and TEM together revealed deposition of red
blood cells, the damage and destruction of hepatic sinusoidal endothelial cells, collapse of hepatic sinusoids, hem-
orrhage of subendothelial cells, atrophy and destruction of hepatocytes, etc. Compared with controls, the expression of
MMP-9 in the blood sample, the lung and liver tissues of HSOS rats was increased. Conclusions: MMP-9 may have an
important role in early pathological changes of HSOS, and thus the onset of the disease.
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1 Introduction (HVOD), is characterized by painful hepatomegaly,
ascites, increased body weight, and jaundice

Hepatic sinusoidal obstruction syndrome (Wadleigh et al., 2003). Willmot and Robertson
(HSOS), also called hepatic veno-occlusive disease  (1920) first reported that HSOS is caused by herbal
tea which contained pyrrolizidine alkaloids (PAs).
Since then, more scientists have reported that some
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remedy extensively used to treat hemorrhage, trauma,
neurosis, and hypertension (Chen et al., 2007). Pa-
tients who use Gynura segetum have been diagnosed
with HSOS by physicians and pathologists in China
(Lin et al., 2011). Scientists consider the PAs in
Gynura segetum to be the cause of HSOS, though the
pathogenesis is still unclear. To investigate HSOS
pathogenesis, a stable animal model must be estab-
lished. The classic HSOS rat model was established
using monocrotaline (a single large dose of
160 mg/kg) (DeLeve et al., 1999), despite the narrow
therapeutic window, and lack of detectable of sinu-
soidal fibrosis. Therefore this classic HSOS model
still needs to be improved.

Matrix metalloproteinases (MMPs) can degrade
most of the constituents of the extracellular matrix
(ECM) (Hiller et al., 2000; Nagase et al., 2006).
Twenty-three different MMPs are expressed in the
human body; MMP-9 belongs to the gelatinases
(Visse and Nagase, 2003). Disturbing the well-
balanced equilibrium of MMPs results in many dis-
eases, such as arthritis, nephritis, cancer, encepha-
lomyelitis, chronic ulcers, and fibrosis. (Patterson et
al., 2001). Tissue inhibitors of metalloproteinases
(TIMPs) and MMPs combine to coordinate the deg-
radation and remodeling of the ECM (Stolow et al.,
1996; Chen et al., 2008). During the early stage of
HSOS, the hepatic sinusoidal endothelial lining is
damaged in a manner associated with increased MMP
expression, which degrades the ECM surrounding the
sinusoidal endothelial cells (SECs) and destroys the
continuity of hepatic SECs. Herein, we establish a
stable rat model of HSOS by exposure to Gynura
segetum, and observe the expression of MMP-9 to
detect the disease in its early phases.

2 Materials and methods

2.1 Extraction and component analysis of alka-
loids in Gynura segetum

The root of Gynura segetum from Zhejiang
province was identified by Dr. Bing WU of the Col-
lege of Pharmacy, Zhejiang University, Hangzhou,
China. The Gynura segetum root (10 kg) was ex-
tracted with ethanol for 1 h thrice. The resulting
solution was concentrated to 420 g of Gynura
segetum extract. To analyze the components, the

extract was extracted with 70% ethanol thrice and
then heated to evaporate the ethanol. A total of 2 ml
of the residue was acidified to pH 3 with hydro-
chloric acid (12 mol/L) and was extracted thrice with
chloroform. This solution was then alkalized to pH
10-11 with ammonia (16.5 mol/L) and extracted
with chloroform thrice. The extracted solution was
dried and reconstituted in 1 ml methanol, which was
centrifuged (10000 r/min) for 10 min. The super-
natant was subjected to gas chromatography using
an Agilent SB C-18 column with a methanol mobile
phase (A) or 10 mmol/L formic acid/10 mmol/L
ammonium acetate (B). The sample was eluted using
a 5%-95% gradient for 60 min with a flow rate of
1.0 ml/min. The resulting solutions were analyzed
on an Agilent 1100 series LC/Finnigan LCQ Deca
XP plus ion trap mass spectrometer (Thermo Fin-
nigan, San Jose, CA) using electrode spray ioniza-
tion (ESI), with cation detection, using an m/z qual-
ity scanning scope (100-1200).

2.2 Rat HSOS model

Twenty-five male Sprague-Dawley rats weighing
200-250 g were provided by the Laboratory of the
Department of Surgery, the First Affiliated Hospital,
School of Medicine, Zhejiang University, Hangzhou,
China. The study protocol was according to the Guide
for the Care and Use of Laboratory Animals as adopted
and promulgated by the United States National Insti-
tutes of Health and was approved by the Animal Ethic
Review Committees of Zhejiang University. Rats were
randomly divided into two groups. Twenty were ga-
vaged with 600 mg/kg Gynura segetum extract solu-
tion daily for three weeks. The five rats in the control
group were gavaged with tap water alone. Two of the
rats in the treatment group died (on Days 14 and 16,
respectively); their livers were excised and histopa-
thological slides prepared as described below. The
other 23 rats in the treatment group were killed after
three weeks. Blood samples were taken to determine
the levels of liver enzyme activity. Their livers and
lungs were excised; parts of both organs were frozen at
—80 °C for enzyme-linked immunosorbent assay
(ELISA) analysis, and the rest was immersed in for-
maldehyde for sectioning.

2.3 Histopathology

Liver tissues were fixed in 10% buffered
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formalin and embedded in paraffin for light mi-
croscopy. Liver sections were evaluated by light
microscopy by experienced pathologists who
worked at Department of Surgery, the First Affili-
ated Hospital Medical School, Zhejiang University,
Hangzhou, China, with a modified scoring evalua-
tion system based on DeLeve et al. (1999)’s which
includes six parameters: endothelial damage of the
central venules, coagulative necrosis of hepatocytes;
subendothelial hemorrhage of central venules, si-
nusoidal hemorrhage, subendothelial fibrosis of the
central venules, and sinusoidal fibrosis. For trans-
mission electron microscopy (TEM), the fresh rat
livers were cut into 1 mm” sections and immersed in
2.5% glutaraldehyde at 4 °C overnight. Routine
TEM (JEM-1230, JEOL Ltd., Japan) methods were
used to evaluate the ultrastructual features of the
tissue samples.

2.4 MMP-9 immunohistochemistry (IHC)

Tissue sections were prepared as described for
the hematoxylin and eosin (H&E) staining, then
deparaffinized and dehydrated. Staining was per-
formed using the Goat Histostain-Plus kits (Tianjin
Haoyang Biologics, China). Following dehydration,
the liver sections were treated with 3% H,O, for
5-10 min to block endogenous peroxidase activity,
and then washed and immersed in phosphate-
buffered saline (PBS) for 5 min. Antigen retrieval
was performed by microwaving the samples for
15 min. Non-specific protein binding was blocked
with rabbit serum at room temperature for 15 min
prior to incubation with an MMP-9 sheep
anti-human polyclonal antibody (Santa Cruz Bio-
technology, Santa Cruz, CA; 1:200 dilution) at 4 °C
overnight. The next morning, the samples were
washed thrice with PBS for 3 min, and then incu-
bated with the secondary antibody at room tem-
perature for 10—15 min and washed thrice with PBS
for 3 min. Diaminobenzamidine (DAB) was used to
detect the secondary antibody colorimetrically, re-
sulting in a dark brown color. The tissue samples
were washed with tap water, then stained with H&E
and dehydrated. Coverslips were mounted using
resin. As a staining control, PBS was used in place of
the primary antibody. Ten fields were observed for
each slide under high power magnification (400x)
by observers who were unaware of the treatment.

2.5 ELISA determination of MMP-9

To determine serum concentrations of MMP-9,
the tails were cut off, and 2 ml of blood was removed
from each rat and centrifuged (10000 r/min) for
15 min. The resulting supernatant was instantly fro-
zen at —20 °C. To determine liver and lung tissue
concentrations of MMP-9, fresh liver tissue and lung
tissue taken by celiotomy were cut into small pieces.
Cold saline was added to the liver and lung tissues in
test tubes. ELISA was performed using a kit from
Shanghai Xitang Biologics (China) according to the
manufacturer’s instructions. The sensitivity of the
assays of MMP-9 was 15 pg/ml.

2.6 Statistical analysis

All the data were analyzed by the statistical
software package SPSS 16.0. The data obtained is
presented as the meantstandard deviation (SD).
Correlations were assessed using the Student’s #-test.
A P-value of less than 0.05 was considered statisti-
cally significant.

3 Results
3.1 Alkaloids in Gynura segetum

Results of analysis of mass spectrometry (Fig. 1)
revealed four kinds of alkaloids: seneciphylline,
seneciphylline-N-oxide, senecionine, and senecionine-
N-oxide (Table 1).

Table 1 Analysis results of Gynura segetum extract

Retention time in mass

Alkaloid spectrometer (min) miz
Seneciphylline 19.78 333
Seneciphylline-N-oxide 22.31 349
Senecionine 23.48 335
Senecionine-N-oxide 25.85 351

3.2 Rat model of HSOS

A group of 20 rats were exposed to Gynura
segetum extract (600 mg/kg daily) for three weeks.
Ascites occurred in 10 rats (50%). Two rats died, one
on Day 14 and the other on Day 16. All 20 rats had
piloerection, jaundice of the skin and mucosa, and
decreased movement. Analysis of the liver tissue of
these rats revealed obvious hemostasis, hepatomegaly,
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Fig. 1 Mass spectrometry of Gynura segetum extract

and cirrhotic nodules in the livers. H&E staining
revealed hepatic sinusoidal hemostasis, deposition of
red blood cells, endothelial injury of central venules,
hemorrhage of subendothelial cells, coagulative ne-
crosis, atrophy, and destruction of hepatocytes, and
inflammatory cells infiltration in hepatic lobules
(Fig. 2). The damage and destruction of hepatic si-
nusoidal endothelial cells, collapse of hepatic sinu-
soids, deposition of red blood cells, infiltration of
macrophages and monocytes in hepatic sinusoids,
fibrosis and necrosis of hepatic parenchymal cells,
and venular fibrosis were not prominent in central
venules of hepatic lobules as determined by TEM
(Fig. 3). In concordance with these results, blood
work revealed that alanine aminotransferase (ALT),
total bilirubin (TB), and aspartate aminotransferase
(AST) levels were distinctly higher in the treated rats
than in the control rats (Table 2).

(a)

Fig. 2 Damage in hepatic tissue of the the rats exposed to
Gynura segetum extract

(a) Liver tissue from a control rat. (b) Liver tissue from an HSOS
rat reveals hemostasis, deposition of red blood cells (arrow),
injured central venular endothelial cells in the hepatic lobules,
subendothelium hemorrhage (triangle), and coagulative necrosis,
atrophy and destruction of hepatic cells. Magnification: 400x

Table 2 Altered liver enzyme activity in Blood panel
results

ALT AST
Group (U/L) (U/L) TB (umol/L)
Control (n=5) 84.8+13.62 27.6+6.31 0.6+0.89

HSOS (n=20) 167.0+72.63°  232.8+108.58" 26.8+19.50"

* P<0.05, compared to the control group. ALT: alanine aminotrans-
ferase; TB: total bilirubin; AST: aspartate aminotransferase

Fig. 3 Rat liver tissues from the HSOS group
(a) Incomplete hepatic sinusoidal endothelial lining (EC: endo-
thelial cell); (b) Disrupted structure of hepatic sinusoids (BC:
blood cell); (c) Fibrosis of hepatic sinusoids, entrance of red
blood cells into the space of Disse; (d) Red blood cells deposi-
tion in damaged hepatic sinusoids with disrupted structures.
Magnification: (a) 4000x%, (b) 5000x, (c) 6000x, (d) 4000x
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3.3 Expression of MMP-9 in the HSOS rats

IHC revealed few MMP-9 positive cells in liver
tissue from the control group, especially compared to
the tissue from the treated rats. MMP-9 positive cells
in these tissues were found primarily in the portal
area and in hepatic sinusoids with significant red
blood cell deposition (Fig. 4). ELISA analysis of the
plasma, liver, and lung tissues of treated rats revealed
significantly higher MMP-9 expression than that of
the control group (P<0.05) (Table 3).

4 Discussion

Herein, to understand the mechanism by which
Gynura segetum extract induces HSOS, we examined
the expression of MMP-9, which was elevated in the
liver, as well as in the lung tissue. We established a rat
model of HSOS using long-term exposure to Gynura
segetum root extract, to correlate with patients with
HSOS caused by Gynura segetum treatment. Com-
ponent analysis of Gynura segetum root revealed four

Table 3 ELISA determination of MMP-9 concentration

Group Blood (ug/ml) Liver (ug/ml)  Lung (ng/ml)
Control  1.144+0.006  1.145£0.007  0.839+0.011
HSOS  1.83620.175"  1.454+0.264"  0.996+0.139*

* P<0.005, compared to control group, 7 P<0.005, compared to
control group, * P<0.05, compared to control group

kinds of alkaloids: seneciphylline, seneciphylline-
N-oxide, senecionine, and senecionine-N-oxide, all of
which are PAs. In accordance with preliminary ex-
periments, we chose a dosage of 600 mg/kg daily for
three weeks. The higher dosage necessary for an ef-
fect is most likely the result of a different extraction
method of the Gynura segetum preparation. The
HSOS rat model was established successfully, as
demonstrated by histopathology and blood work.
While the dosage we used for the gavage was larger
than that used by other researchers, we performed our
extraction by a different method, which would ex-
plain the differing efficacies of the preparations. Fi-
nally, based on the stable HSOS rat model, we could
investigate more unknown mechanism of Gynura
segetum-induced HSOS.

The classical scoring system for HSOS histo-
logical sections (DeLeve ef al., 1999) includes seven
parameters: endothelial damage of the central venules,
coagulative necrosis of hepatocytes, subendothelial
hemorrhage of central venules, sinusoidal hemor-
rhage, subendothelial hemorrhage of the central
venules, inflammation of the central venules, and
lobular inflammation. Chen et a/. (2008) published an
improved HSOS scoring system, adding sinusoidal
fibrosis. Observing paraffin sections under a light
microscope and an electron microscope, revealed that
the sinusoidal fibrosis was more distinct than the
lobular central venular fibrosis in the treated rats. In
accordance with recent research into the pathogenesis
of HSOS, sinusoidal damage occurred at an early

Fig. 4 Differential MMP-9 expression and localization in the livers from control rats and HSOS model rats
(a) Control liver tissue has very few MMP-9 positive cells, and the tissue appears normal. (b, ¢) Liver tissue from treated
rats revealed many MMP-9 positive cells (arrows). These positive cells were found primarily in portal areas and in hepatic
sinusoids with red blood cells (triangles). The hepatic cells were not organized, and the hepatic sinusoids had a significant
loss of structural integrity. Magnification: 400x
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stage of HSOS (DeLeve et al., 2002), which resulted
in sinusoidal fibrosis, sinusoidal stenosis or obstruc-
tion, blockage of blood flow, degeneration and ne-
crosis of hepatocytes, and finally fibrosis, stenosis,
and occlusion in central venules (Richardson and
Guinan, 1999). Changes in the adventitia of lobular
central venules occurred in later stages of HSOS.
Therefore, adventitial fibrosis is not suitable to detect
HSOS at an early stage. Our research will improve the
evaluation of HSOS by scoring, which is beneficial to
the diagnosis and treatment of HSOS.

The pathogenesis of HSOS is not clear, but it is
associated with glutathione (GSH) depletion, nitric
oxide (NO) depletion, increased MMP expression,
and known factors involved in hepatic fibrosis. The
role of GSH depletion in HSOS pathogenesis has
been demonstrated in vitro and in vivo (DeLeve, 1994;
1996; DelLeve et al., 1996). GSH is markedly de-
pleted in SECs, which precedes cell death, and is the
most common biochemical change induced by drugs
and toxins implicated in HSOS. Furthermore, main-
taining GSH levels in the presence of such toxins
prevents cell death, and continuous infusion of GSH
or N-acetylcysteine prevents the development of
HSOS in the monocrotaline model (DeLeve et al.,
2003). GSH infusion 24 h after monocrotaline expo-
sure only reduces the degree of hepatic sinusoidal
injury, but to a lesser extent than prophylactic treat-
ment with glutathione (DeLeve et al., 2003). In par-
allel with the decline in hepatic flow, NO levels in the
hepatic vein decrease (DeLeve et al., 2003). Indeed,
inhibition of NO synthesis in the rat HSOS model
caused by a sub-toxic dose of monocrotaline aggra-
vated the disecase. In addition, infusion of a
liver-specific NO precursor prevents the morpho-
logical changes associated with HSOS, as well as the
clinical symptoms. This effect suggests involvement
of vasoconstriction and NO depletion in the devel-
opment of HSOS (DeLeve et al., 2003).

Hyaluronic acid (HA) is a polysaccharide, which
is cleared by hepatic sinusoidal endothelial cells. The
level of serum HA reflects damage to the SECs. Se-
rum HA levels are increased in patients with HSOS,
and correlate with the severity of the disease (Petaja et
al., 2000; Fried et al., 2001). In addition, levels of
N-terminal propeptide for type III procollagen
(P-III-P), a sensitive index of hepatic fibrosis, in-
crease in patients with HSOS. In fact, serum P-III-P

levels prior to exposure might predict which patients
are at risk for developing HSOS (Rio et al., 1993;
Tanikawa et al., 2000). A recent study showed that the
hemochromatosis C282Y allele is a risk factor for
HSOS, and that polymorphisms in carbamyl-
phosphate synthetase, a rate-limiting urea cycle en-
zyme, may counteract its adverse effects (Kallianpur
et al., 2005).

The ECM assists in the maintenance of cell
morphology and organ development. MMPs are a
family of structurally and functionally related cal-
cium and zinc endopeptidases that can degrade most
ECM constituents (Hiller et al., 2000; Nagase et al.,
2006). In the early stages of HSOS, damage to the
integrity of the sinusoidal endothelial lining is as-
sociated with increased MMP expression, which
degrades the ECM and destroys the continuity of
hepatic sinusoidal endothelial cells. In vivo and in
vitro SEC studies (DeLeve et al., 2003) have shown
that monocrotaline causes F-actin depolymerization
in SECs; blocking F-actin depolymerization de-
creased the expression of MMP-9. We found that
MMP-9 was over-expressed in the livers of treated
rats. IHC revealed that MMP-9 positive cells were
primarily SECs and the vascular endothelial cells in
portal areas, which suggests that hepatic SECs are
the primary secretors of MMP-9.

Like Gynura segetum, monocrotaline is a PA,
which has proven liver toxicity and can cause pul-
monary injury (Chojkier, 2003). A rat model of pul-
monary artery hypertension after peritoneal injection
of monocrotaline has been successfully established
(Kolettis et al., 2007; Maruyama et al., 2007). ELISA
results revealed MMP-9 in the pulmonary tissues of
treated rats was much higher than that of control rats.
Gynura segetum has both liver and lung toxicity, and
can cause MMP-9 over-expression in the liver. In
addition, MMP-9 metabolites can reach the lungs,
producing pathophysiological changes.

In conclusion, MMP-9 has an important role in
the pathogenesis of HSOS, and the over-expression of
MMP-9 in rat lungs could be associated with pul-
monary artery hypertension. For further study of
HSOS pathogenesis, we presented a stable rat model
of HSOS. The events inducing increased MMP-9
expression could be explored further. The patho-
logical changes in multiple organs of HSOS rats
demonstrate that patients with HSOS caused by
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taking Gynura segetum must take steps to protect
multiple organs.
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Abstract: Dysfunction of inhibitory synaptic transmission can destroy the balance between excitatory and
inhibitory synaptic inputs in neurons, thereby inducing epileptic activity. The aim of the paper is to investigate
the effects of successive excitatory inputs on the epileptic activity induced in the absence of inhibitions.
Paired-pulse orthodromic and antidromic stimulations were used to test the changes in the evoked responses in
the hippocampus. Picrotoxin (PTX), y-aminobutyric acid (GABA) type A (GABA,) receptor antagonist, was
added to block the inhibitory synaptic transmission and to establish the epileptic model. Extracellular evoked
population spike (PS) was recorded in the CA1 region of the hippocampus. The results showed that the ap-
plication of PTX induced a biphasic change in the paired-pulse ratio of PS amplitude. A short latency increase
of the second PS (PS2) was later followed by a reappearance of PS2 depression. This type of depression was
observed in both orthodromic and antidromic paired-pulse responses, whereas the GABAergic PS2 depression
[called paired-pulse depression (PPD)] during baseline recordings only appeared in orthodromic-evoked
responses. In addition, the depression duration at approximately 100 ms was consistent with a relative silent
period observed within spontaneous burst discharges induced by prolonged application of PTX. In conclusion,
the neurons may ignore the excitatory inputs and intrinsically generate bursts during epileptic activity. The
depolarization block could be the mechanisms underlying the PPD in the absence of GABA, inhibitions. The
distinct neuronal responses to stimulations during different epileptic stages may implicate the different an-
tiepileptic effects of electrical stimulation.




