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Caffeoylxanthiazonoside exerts cardioprotective
effects during chronic heart failure via inhibition
of inflammatory responses in cardiac cells
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Abstract. Caffeoylxanthiazonoside (CYT) is an active
constituent isolated from the fruit of the Xanthium strumarium
L plant. The aim of the present study was to investigate the
cardioprotective effects of oral administration of CYT on
chronic heart failure (CHF) and its underlying mechanisms.
A rat model of CHF was first established, and cardiac func-
tion indices, including the heart/body weight index, left
heart/body weight index, fractional shortening (FS), ejection
fraction (EF), cardiac output (CO) and heart rate (HR), were
subsequently determined by cardiac ultrasound. Serum levels
of lactate dehydrogenase (LDH) and creatine kinase (CK),
and the levels of pro-inflammatory cytokines, including tumor
necrosis factor (TNF)-a, interleukin (IL)-6 and IL-1{ in heart
tissues and cardiac microvascular endothelial cells (CMECs)
were determined using ELISA. In addition, the protein expres-
sion levels of nuclear factor-kB (NF-kB) signaling pathway
members were determined by western blotting in CMECs.
The results demonstrated that oral administration of 10, 20,
40 mg/kg CYT significantly reduced cardiac hypertrophy and
reversed FS, EF, CO and HR when compared with CHF model
rats. In addition, CYT administration significantly decreased
the levels of TNF-a, IL-6 and IL-1{ in heart tissues, as well as
serum LDH and CK levels. Furthermore, exposure of CMECs
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to 20, 40 and 80 ug/ml CYT significantly decreased the
production of TNF-a, IL-1f and IL-6. The protein expression
levels of cytoplasmic NF-kB p65 and IkB were upregulated,
while nuclear NF-xB p65 was downregulated following
treatment of CMECs with 20, 40 and 80 pg/ml CYT when
compared with untreated CHF model controls. In conclusion,
the results of the current study suggest that CYT demonstrates
cardioprotective effects in CHF model rats by suppressing
the expression of pro-inflammatory cytokines and the NF-xB
signaling pathway.

Introduction

In recent years, heart failure (HF) has become a global
health problem and is a serious threat to human health (1).
Chronic heart failure (CHF) is a relatively stable state of
HF, and is a clinical syndrome with a complex pathophysi-
ology. CHF is used to describe any functional or structural
disorder that affects the heart and prevents the ventricles from
pumping blood efficiently and/or the heart chambers filling
completely (2,3). According to current treatment guidelines,
the available treatments for patients with CHF include angio-
tensin receptor inhibitors or angiotensin-converting enzyme
inhibitors, diuretics, 3-blockers, aldosterone receptor antago-
nists, vasodilating agents and digitalis (4). However, the use
of these drugs is limited by their serious side effects (5,6).
In addition, despite significant advances in the diagnosis and
treatment of patients with CHF, their prognoses remains poor,
with an unacceptably high risk of mortality (7). Therefore,
there is an urgent requirement for the identification of novel
therapeutic agents that effectively treat patients with CHF and
exhibit fewer side effects.

Xanthium strumarium L. (X. strumarium), from the
Asteraceae family, is a medicinal plant distributed widely
in North America, Brazil, China, Malaysia, and regions
of India with warm climates (8). The X. strumarium fruits
(also known as ‘Cangerzi’ in Chinese) are traditionally
used to treat rhinitis, rheumatism, tuberculosis, cancer,
ulcers and malaria (9). A previous report demonstrated that
X. strumarium contains a number of chemical constituents,
including flavones, saponins, affeyolquinic acids, caffeic acids,
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and sesquiterpene lactones (10). Caffeoylxanthiazonoside
(CYT; 7-hydroxymethyl-8,8-dimethyl-4,8-dihydrobenzol),
a thiazinedione heterocyclic compound isolated from the
fruits of X. strumarium, has been reported to possess
significant anti-allergy, anti-inflammatory and analgesic prop-
erties (10,11). However, to the best of the author's knowledge,
no studies published to date have investigated the cardiopro-
tective effects of CYT. Therefore, in the present study, a rat
model of CHF was generated to investigate the cardioprotec-
tive effects of CYT isolated from the fruits of X. strumarium.
The results suggest that this compound may be beneficial for
the clinical treatment of patients with CHF in the future.

Materials and methods

Chemicals and reagents. Dulbecco's modified Eagle's
medium (DMEM)-F12, fetal bovine serum (FBS) and
radioimmunoprecipitation assay (RIPA) lysis buffer were
purchased from Invitrogen; Thermo Fisher Scientific, Inc.
(Waltham, MA, USA). Creatine kinase (CK) (cat. no. A032)
and lactate dehydrogenase (LDH) (cat. no. A020-2) assay kits,
and pentobarbital were purchased from Nanjing Jiancheng
Bioengineering Institute (Nanjing, China). Tumor necrosis
factor (TNF)-a (cat. no. RTAO00), interleukin (IL)-6 (cat.
no. R6000B) and IL-1p (cat. no. RLB00) ELISA kits were
purchased from R&D Systems China Co., Ltd. (Shanghai,
China). The bicinchoninic acid assay (BCA) kit and primary
antibodies against nuclear factor-xB (NF-«B) p65 (cat.
no. AN371; dilution, 1:1,000), IxB (cat. no. AI096; dilu-
tion, 1:1,000) were obtained from Beyotime Institute of
Biotechnology (Haimen, China). The primary antibody
against histone H1 (cat. no, ab203337; dilution, 1:1,000) and
GAPDH (cat. no. ab9485; dilution, 1:1,000) were purchased
from Abcam (Shanghai, China). All additional chemicals and
reagents were of analytical grade.

Isolation, purification and identification of CYT.
X. strumarium fruits were purchased from the Tongrentang
Chinese herbal medicine store (Taiyuan, China), and their
identity was verified by professor Xiaoming Guo affiliated
to the Department of Traditional Chinese Medicine of the
Shanxi Cardiovascular Hospital (Taiyuan, China). A voucher
specimen was deposited in the herbarium of the Shanxi
Cardiovascular Hospital (specimen no. SP1507-07a). The
dried fruits of X. strumarium were powdered and extracted
with 75% EtOH by refluxing three times for 2 h each time
(solid: liquid ratio, 1:10 w/v). The extracts were then filtered,
and the solvent (75% EtOH) was evaporated at 50°C under
reduced pressure in a vacuum using a vacuum rotary evapo-
rator (Model, CA-1115D; EYELA; Tokyo Rikakikai Co.,
Ltd., Tokyo, Japan). The residue was successively extracted
with petroleum ether, ethyl acetate and n-butanol. Based on a
previous report (11), the n-butanol fraction was selected and
eluted through silica gel (100-200 mesh) with ethyl acetate
and MeOH (at ratios of 20:1, 15:1, 12:1, 10:1, 8:1, 5:1, 2:1 and
1:2), and a series of sub-fractions (I-IV) were obtained based
on the Thin-layer chromatography analysis. Fraction IV was
subjected again to a series of chromatographic separation
techniques, including silica gel columns (200-300 mesh)
(Qingdao Haiyang Chemical Co., Ltd., Qingdao, China)
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Figure 1. Chemical structure of caffeoylxanthiazonoside.

and Sephadex LH-20 media (GE Healthcare Life Sciences;
Little Chalfont, UK) and eluted with pure MeOH to purify
CYT. The molecular structure of CYT is presented in Fig. 1.
Purified CYT (5 mg for 'H, 20 mg for *C) was identified by
"H-NMR and "C-NMR recorded on Bruker AVANCE-III
(600 MHz for 'H and 150 MHz for "*C) spectrometer. The
size of the NMR tube was 5x177.8 mm and the speed of
rotation was 20 Hz. Data were acquired and processed using
the Bruker program TopSpin 2.1. The results were confirmed
by comparing with a previous study (12). An Agilent 1260
High-performance liquid chromatography system (Agilent
Technologies, Inc., Santa Clara, CA, USA) was used to
determine the purity of isolated CYT. Sample separation was
performed on a Diamonsil ODS column (250x4.6 mm) at
35°C. The mobile phase was consisted of acetonitrile (10%)
and 0.1% formic acid water solution (90%). The flow rate was
1.0 ml/min and the injection volume was 10.0 pl. The results
demonstrated that sample extracts were >98% pure.

Animals. A total of 80 male Sprague-Dawley (SD) rats
(21020 g; aged 6-7 weeks old) and 10 SD rats (8+1 g;
agedl1-3 days) were purchased from the Shanghai Laboratory
Animal Research Centre (Shanghai, China). Throughout the
experimental period, rats were housed under controlled condi-
tions at 21+2°C with 12-h light/dark cycles, and access to a
standard pellet diet (Nestlé Purina PetCare Company, St. Louis,
MO, USA) and water ad libitum. The rats were maintained
on this diet for 1 week prior to the initiation of experimental
procedures. All experimental protocols employed in the
present study were approved by the Animal Ethics Committee
at Shanxi Medical University (Taiyuan, China).

Generation of the CHF model. Rats were divided into the
following 5 groups at random (n=16 rats/group): Sham group,
CHF group, and three CYT treatment groups where CHF
rats were administered with 10, 20 and 40 mg/kg/day CYT,
respectively. CHF model rats were generated by ligating the
left anterior descending (LAD) coronary artery, according to
the methods described previously (13,14). Briefly, rats were
first anaesthetized by intraperitoneal injection of pentobarbital
(40 mg/kg). They were subsequently intubated and ventilated
with an automatic breathing machine (Shanghai Yuyan
Instruments, Co., Ltd., Shanghai, China) using the following
parameters: Respiratory rate, 80 cycles/min; tidal volume,
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4-6 ml; respiratory ratio, 1:1. The pericardium was then opened
under sterile conditions, the heart was exteriorized, and the
LAD coronary artery was ligated rapidly. Rats in the sham
group underwent the identical surgical procedure without
ligation of the LAD coronary artery. Rats were monitored for
24 h post-surgery, and those that survived were selected for
subsequent experiments (n=10 rats/group).

In the CYT-treated groups, rats were administered with
intraperitoneal injections of 10, 20 or 40 mg/kg/day CYT
continuously for 8 weeks, while rats in the sham and CHF
model groups were administered with an equal volume of
saline. Following 8 weeks of treatment, the cardiac functions
of rats were examined. In addition, rats were anesthetized
by intraperitoneal injection of 40 mg/kg pentobarbital, and
blood samples were collected from the abdominal aorta.
Furthermore, heart tissues were collected for the subsequent
biochemical analyses.

Determination of cardiac function. A cardiac sonography
was performed using a GE Vivid i Portable Ultrasound
System (GE Healthcare Life Sciences, Shanghai, China) with
a 12-MHz linear transducer (12 1), according to the methods
described previously (15). Rats were first anesthetized by
intraperitoneal injection of 40 mg/kg pentobarbital and fixed
in a supine position. Following removal of the chest fur, the
detector of the ultrasound system was placed on the left side
of the chest. The results were recorded using the workstation
supplied by the portable ultrasound system. This was used
to measure the following cardiac function indexes: Ejection
fraction (EF), heart rate (HR), fractional shortening (FS) and
cardiac output (CO).

Determination of TNF-a, IL-6 and IL-f3 levels in cardiac
tissues. The heart tissues of rats were collected and homog-
enized in RIPA lysis buffer (1:10, w/v), and centrifuged at
6,000 x g for 15 min at 4°C. The level of TNF-a, IL-6 and
IL-B cytokines in heart tissues was determined by using
commercial ELISA kits according to the manufacturer's
instructions (R&D Systems China Co., Ltd.). The absorbance
was measured at 450 nm using a microplate reader (Bio-Rad
Laboratories, Inc., Hercules, CA, USA).

Determination of serum LDH and CK levels. Blood samples
were collected from the abdominal aorta, and the serum was
separated from whole blood by high-speed centrifugation at
6,000 x g for 15 min at 4°C. The level of myocardial enzymes,
LDH and CK, were measured using commercial assay
kits according to the manufacturer's instructions (Nanjing
Jiancheng Bioengineering Institute). The absorbance was
measured at 340 nm using a microplate reader (Bio-Rad
Laboratories, Inc.).

Isolation of cardiac microvascular endothelial cells (CMECs)
and culture. CMECs were isolated from the heart tissues of
10 SD rats (8+1 g; aged 1-3 days) using the methods described
previously (16). The rats were sacrificed, and then the hearts
of the rats were separated and sterilized with 70% EtOH.
CMECs were subsequently isolated from heart tissues by incu-
bating tissues in 0.2% type 11 collagenase and 0.08% trypsin in
Hank's balanced salt solution for 35 min at 37°C. The solution
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was filtered and centrifuged at 1,000 x g for 10 min at 4°C.
to remove myocytes. The CMECs were then resuspended in
DMEM-F12 medium containing 20% FBS, and incubated
in culture flasks for 2 h at 37°C. The cells were subsequently
washed carefully with phosphate buffered saline three times
(30 sec each time) to remove any non-adherent cells and debris.
Isolated CMECs formed confluent monolayers at 5-7 days of
culture.

Determination of TNF-a, IL-1f3 and IL-6 levels in CMECs.
CMECs (1x10° cells/ml) were seeded in 96-well plates. The
cells in experimental groups were treated with 20, 40 or
80 ug/ml CYT for 24 h at 37°C in the presence of 100 ng/ml
lipopolysaccharide (LPS). The cells in the control group were
only cultured in DMEM-F12 medium containing 20% FBS,
whereas the model group cells were cultured in DMEM with
LPS stimulation (100 ng/ml). Cell culture supernatants were
collected and centrifuged at 6,000 x g for 15 min at 4°C. The
levels of TNF-a, IL-1p and IL-6 in the cell culture superna-
tants were subsequently measured using the same commercial
assay kits as mentioned above according to the manufacturer's
instructions (R&D SystemsChina Co., Ltd., Shanghai, China).
The absorbance was measured at 450 nm using a microplate
reader (Bio-Rad Laboratories, Inc.).

Western blotting. CMECs (1x10° cells/ml) were seeded
in 24-well plates. The experimental groups were treated
with 20, 40 or 80 yg/ml CYT and 100 ng/ml LPS. The
control group was only cultured in DMEM, whereas the
model group was cultured in DMEM with LPS stimulation
(100 ng/ml). Following incubation at 37°C for 24 h, nuclear
and cytoplasmic proteins were extracted from CMECs
by using the nuclear and cytoplasmic protein extraction
kits (cat. no. P0027; Beyotime Institute of Biotechnology)
according to the manufacturer's instructions. The protein
concentration was determined using a BCA protein assay kit.
For each sample, 30 ug total proteins were separated using
10% SDS-PAGE and blotted onto polyvinylidene difluoride
membranes (EMD Millipore, Billerica, MA, USA). The
membranes were blocked with 5% non-fat milk at room
temperature. They were subsequently incubated with the
corresponding primary antibodies including NF-kB p65
(dilution 1:1,000), IxB (dilution 1:1,000), histone H1 (dilution
1:1,000) and GAPDH (dilution 1:1,000) as mentioned above
for 24 h at 4°C, followed by incubation with horseradish
peroxidase-conjugated goat anti-mouse secondary antibody
(cat. no. A0216; 1:1,000 dilution; Beyotime Institute of
Biotechnology) for 1 h at room temperature. Protein bands
were subsequently visualized using the Beyo-ECL Plus
reagent (Beyotime Institute of Biotechnology). Target protein
expression levels were normalized to that of GAPDH, and the
fold-change in expression was determined.

Statistical analysis. The results are expressed as the
mean + standard deviation (n=3), and statistical analyses were
performed using SPSS software (version, 17.0; SPSS, Inc.,
Chicago, IL, USA). The results were analyzed by one-way
analysis of variance and Dunnett multiple comparisons test.
P<0.05 was considered to indicate a statistically significant
difference.
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Figure 2. Effect of caffeoylxanthiazonoside on (A) heart weight/body weight and (B) left heart weight/body weight indexes in CHF model rats. The results are
expressed as mean = standard deviation (n=10). #P<0.01 vs. sham group; "P<0.05; “P<0.01 vs. CHF model group. CHF, chronic heart failure.
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Figure 3. Effect of caffeoylxanthiazonoside on (A) EF, (B) FS, (C) HR and (D) CO indexes in CHF model rats. The results are expressed as the mean + standard
deviation (n=10). #P<0.01 vs. sham group; "P<0.05 and “P<0.01 vs. CHF model group. EF, ejection fraction; FS, fractional shortening; HR, heart rate; cardiac

output; CHF, chronic heart failure; BPM, beats per minute.

Results

Effect of CYT on the heart-body weight index. As demon-
strated in Fig. 2, a significant increase in the heart/body weight
and left heart/body weight indexes (P<0.01) were observed
in the CHF model group when compared with the sham
group. Notably, cardiac hypertrophy was reversed following
treatment of CHF model rats with CYT for 8 weeks, as
indicated by the significant reduction in the heart/body weight
and left heart/body weight indexes in the 10, 20 and 40 mg/kg
CYT-treated groups when compared with the CHF model
group (P<0.05, P<0.05 and P<0.01, respectively; Fig. 2).

Effect of CYT on cardiac function in CHF model rats. When
compared with rats in the sham group, the FS, EF, CO and HR
cardiac function indexes were significantly decreased in CHF
rats (P<0.01; Fig. 3). By contrast, treatment of CHF model
rats with 20 or 40 mg/kg CYT for 8 weeks was associated
with a significant increase in the EF and FS indexes when
compared with untreated CHF model rats (20 mg/kg, P<0.05;

40 mg/kg, P<0.01; Fig. 3A and B). Notably, HR was signifi-
cantly increased following treatment of CHF model rats with
10,20 and 40 mg/kg CYT (P<0.05, P<0.05 and P<0.01, respec-
tively; Fig. 3C). In addition, the CO index was significantly
increased following treatment with increasing concentrations
of CYT (P<0.05; Fig. 3D).

Effect of CYT on the level of TNF-a, IL-1f3 and IL-6 in cardiac
tissues from CHF model rats. As demonstrated in Fig. 4, the
production of TNF-a, IL-1p and IL-6 in cardiac tissues was
significantly increased in CHF model rats when compared
with sham group rats (P<0.01). By contrast, oral administration
of 10, 20 or 40 mg/kg CYT for 8 weeks was associated with a
significant and dose-dependent decrease in the production of
these pro-inflammatory cytokines when compared with rats in
the CHF model group (P<0.01; Fig. 4).

Effect of CYT on LDH and CK levels in CHF model rats.
As demonstrated in Fig. 5, serum LDH and CK levels in rats
from the CHF model group were significantly elevated when
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Figure 4. Effect of caffeoylxanthiazonoside on (A) TNF-a, (B) IL-1p and (C) IL-6 protein levels in the heart tissues from CHF model rats. The results are
expressed as the mean + standard deviation (n=10). ”/P<0.01 vs. sham group; “P<0.01 vs. CHF model group. TNF-a, tumor necrosis factor-a; IL, interleukin;
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Figure 5. Effect of caffeoylxanthiazonoside on serum (A) CK and (B) LDH levels in CHF model rats. The results are expressed as the mean + standard
deviation (n=10). #P<0.01 vs. sham group; “P<0.01 vs. CHF model group. CK, creatine kinase; LDH, lactate dehydrogenase; CHF, chronic heart failure.

compared with those in the sham group (P<0.01). By contrast,
treatment of CHF model rats with 10,20 and 40 mg/kg CYT for
8 weeks was associated with a significant and dose-dependent
reduction in serum CK and LDH levels when compared with
untreated CHF model rats (P<0.01; Fig. 5).

Effect of CYT on TNF-a, IL-13 and IL-6 levels in CMECs.
When compared with the control group, the level of TNF-a
IL-1p and IL-6 pro-inflammatory cytokines in the model group
were significantly elevated (P<0.01; Fig. 6). Consistent with
the observed expression of these factors in the heart tissues
from CYT-treated CHF model rats, treatment of CMECs
with 40 or 80 ug/ml CYT significantly decreased the level of
TNF-a (P<0.01), and treatment with 20, 40 or 80 pg/ml CYT
significantly decreased the levels of IL-1f3 and IL-6 (P<0.01)
when compared with the model group.

Effect of CYT on the expression of NF-xB signaling
pathway protein factors in CMECs. As demonstrated in
Fig. 7, the protein expression levels of nuclear NF-kB p65 in
LPS-induced CMECs were markedly elevated when compared
with normal cells, indicating increased inflammation. By
contrast, cytosolic NF-«kB p65 and IkB protein levels were

reduced in LPS-induced model group cells when compared
with untreated controls (Fig. 7). Notably, nuclear NF-kB p65
expression was significantly decreased following treatment of
LPS-stimulated CMECs with 20, 40 and 80 yg/ml CYT when
compared with the untreated model group. By contrast, the
cytosolic levels of NF-kB p65 and IkB protein were markedly
increased following treatment with 20, 40 or 80 ug/ml CYT
when compared with the model group (Fig. 7).

Discussion

The results presented in the current study suggest that CYT
may exert significant cardioprotective effects in vivo and
in vitro. In addition, the results indicate that these effects
may be mediated by inhibition of the release of inflammatory
mediators, myocardial enzymes and the expression of NF-kB
signaling pathway proteins.

Previous reports have demonstrated that CK and LDH are
sensitive markers of myocardial damage (17,18). Notably, CK
levels serve a vital role in the early diagnosis of myocardial
infarction and additional cardiac diseases, and it is known to
be a gold standard marker of cardiomyocyte injury (19,20).
In the present study, the serum levels of CK and LDH were
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Figure 6. Effect of caffeoylxanthiazonoside on (A) TNF-a, (B) IL-18 and (C) IL-6 protein levels in LPS-stimulated CMECs. The results are expressed
as the mean * standard deviation (n=4). *P<0.01 vs. control group; “P<0.01 vs. model group. TNF-a, tumor necrosis factor-a; IL, interleukin;

LPS, lipopolysaccharide; CMECs, cardiac microvascular endothelial cells.
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Figure 7. Effect of caffeoylxanthiazonoside on the protein expression levels of NF-kB signaling pathway proteins, NF-xB p65 and IkB, in LPS-stimulated
CMEC s, as determined by western blotting analysis. NF-kB, nuclear factor-kB; LPS, lipopolysaccharide; CMECs, cardiac microvascular endothelial cells;

(N), nuclear; (C), cytoplasmic.

significantly increased following LAD surgery; however, this
increase was attenuated by treatment with CYT. In addition,
the results demonstrated that CYT administration significantly
decreased the whole heart/body weight and left heart/body
weight ratios, and significantly increased cardiac function
parameters, including FS, EF, CO and HR. This indicates
that CYT may exert notable cardioprotective effects in LAD
surgery-induced CHF model rats.

Previous epidemiological studies have reported that
inflammatory lesions serve a central role in ischemia/reperfu-
sion (I/R)-induced cardiac injury, and cytokines have been
demonstrated to be closely associated with the inflammatory
response in the progress of I/R-induced cardiac injury (21,22).
It has been demonstrated that I/R increases the relative
levels of various cytokines in the myocardium, including
TNF-a, IL-1p and IL-6 (18,23). Taking these observations
into consideration, the level of these cytokines in the cardiac
tissues of CYT-treated CHF model rats was determined in
the present study. The results indicated that the expression
levels of these pro-inflammatory cytokines were significantly
increased in CHF model rats when compared with those in
the sham group. Notably, treatment of CHF model rats with

CYT effectively reversed this increase in TNF-a, IL-13
and IL-6 expression. Therefore, the authors of the present
study hypothesize that the cardioprotective effects of CYT
may be partly mediated by inhibition of pro-inflammatory
mediators.

The cardioprotective effects of CYT were further verified
using an in vitro model of cardiac inflammation, whereby
CMECs were induced with LPS. The results demonstrated
that CYT treatment decreased the levels of TNF-a, IL-1§ and
IL-6in LPS-induced CMECs. An increasing number of studies
have revealed that the NF-xB signaling pathway serves an
important role in regulating inflammatory responses (16,24).
NF-kB is comprised of NF-kB p50 and NF-xB p65 subunits,
which are generally localized in the cytoplasm together
with its inhibitor, IkB. NF-«B is transported to the nucleus
following dissociation with IxB, where it exerts its func-
tion as a transcription factor and induces an inflammatory
response (25,26). The results of the present study indicated
that CYT repressed nuclear NF-kB p65 expression, and
increased cytoplasmic NF-xB p65 and IkB expression. These
results suggest that CYT may regulate the NF-xB signaling
pathway in CMECs.
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In conclusion, the results of the current study provide

experimental evidence that CYT exerts cardioprotective
effects in a rat model of CHF induced by LAD surgery. The
mechanisms underlying the effects of CYT may involve
suppression of inflammatory mediators and members of the
NF-«B signaling pathway.
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