Acta Parasitologica (2019) 64:520-527
https://doi.org/10.2478/511686-019-00064-6

ORIGINAL PAPER q

Check for
updates

Vaccaria n-Butanol Extract Lower the Production of Proinflammatory
Cytokines and the Infection Risk of T. spiralis In Vivo

Fei Xu' - Bao Hou' - Xuexue Zhu' - Yixiao Liu' - Xuelin Shi' - Shuangshuang Li' - Zhongjie Li' - Weiwei Cai' -
Yuetao Zhou' - Liying Qiu’

Received: 29 January 2019 / Accepted: 2 May 2019 / Published online: 13 May 2019
© Witold Stefanski Institute of Parasitology, Polish Academy of Sciences 2019

Abstract

Introduction Trichinellosis is a severe zoonosis involving the activation of inflammatory cells, accompanied by the promi-
nent expressions of proinflammatory cytokines in the host. Semen vaccariae, the seeds of Vaccaria segetalis (Neck.) Garcke.
ex Asch. (Caryophyllaceae), is a famous traditional herb that is rich in vaccaria n-butanol extract (VNE). Vaccarin is one
major active component of VNE, and it is reported in the treatment of stranguria disease. Hypaphorine is another main
active component of VNE and has good anti-inflammatory effect, whereas the potential bioactivity of VNE in trichinellosis
treatment is still unknown.

Materials and methods This study was designed to evaluate the potential anthelmintic and anti-inflammatory activity of
VNE toward T. spiralis infection. ICR mice were used to assess the effect of VNE on repression larvae and adult worms
in vivo. Immunohistochemistry analysis was performed to evaluate the expression levels of IL-1f, IL-6, TNF-a, and COX-2.
Results Our results showed that VNE could effectively depress the expressions of proinflammatory cytokines, including
IL-1p, IL-6, TNF-a, and COX-2. The adult worms were decreased by 79.53%, while the muscle larvae were diminished by
77.70% as compared to the control.

Conclusion These results demonstrated that VNE may be a promising therapeutic agent against the inflammation and dis-
eases caused by T. spiralis infection.

Keywords Zoonosis - Trichinellosis - Vaccariae semen - Hypaphorine - Vaccarin - Proinflammatory cytokines

Introduction

Trichinellosis is a worldwide severe zoonosis, which is
transmitted mainly due to the ingestion of raw or under-
cooked pork as well as the meat of other animals containing
infective Trichinella larvae [1, 33]. Trichinosis is not only
a threat to the meat industry, especially the pig industry,
but also seriously endangers human health [28]. Trichinosis
infection shows main symptoms as fever and muscle inflam-
matory limb weakness [25]. Severe complications such as
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myocarditis can even lead to death [26]. During the infec-
tion, the larvae in the host can produce a variety of antigens,
which directly induce the host immune system response
against the antigens. It has been reported that China has
suffered an outbreak of human trichinellosis with 11 deaths
out of 828 cases during 2000-2004 [34]. In some developing
countries in Africa, Central and South America and Asia,
the risks of the outbreak of trichinellosis has been continu-
ously increasing in the countryside [3].

Trichinellosis is an infectious disease that is caused by a
parasite. It influences the host in the enteral and muscular
phases [30]. In the muscle stage, the larvae induce a cor-
relative inflammatory reaction when they invade the skeletal
muscle bundles [1, 4]. Inflammation may be considered a
response of the tissue immune system against the invasion.
However, excessive regulation signals of inflammation can
result in cellular destruction and tissue damage, which is
responsible for inflammation-associated diseases [27]. In
the host, Trichinella spiralis activate inflammatory cells
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to overexpress cyclooxygenase-2 (COX-2) [24], inducible
nitric oxide synthase (iNOS) [11], tumor necrosis factor-a
(TNF-o) [22], interleukin-1p (IL-1p) [17] and IL-6 [14].

Albendazole (ABZ) is a widely used commercial vermi-
fuge for the treatment of human trichinellosis [12]. However,
its low water solubility limited its absorption and bioactiv-
ity. Moreover, it is banned for pregnant women and chil-
dren under 3 years old [37]. There is thus an urgent need
to develop safe and efficient anti-trichinosis drugs with low
side effects and high tolerance [2].

Traditional Chinese Medicine (TCM) as a complemen-
tary and alternative therapy has been clinically used for the
treatment of various diseases for decades [9]. TCM is based
on natural herbs; despite long-term treatment with TCM may
cause liver or kidney damage, short-term treatment in a con-
trolled dose range would be safe and effective. However, the
active ingredients of the vast majority of the Chinese herbs
are often unclear despite the tremendous efforts made so
far [36, 38]. Our recent research showed that vaccarin, as
one of the main constituents of VNE, demonstrated biologi-
cal activity in the protection from oxidative stress-induced
injury on endothelial cells via regulating Notch signaling
[35]. Vaccarin is also believed to treat vascular diseases, as
the increased level of inflammation factors in endothelial
cells’ response to LPS was obviously prevented by vaccarin.
Vaccaria total saponin (VTS) was another main component
in Vaccaria segetalis (Neck.) Garcke. ex Asch. (Caryophyl-
laceae). Saponins from other traditional herbs may exert
whole-body anti-inflammatory effects by negatively regu-
lating NF-xB p65 activation [32], However, to the best of our
knowledge, the bioactivity of VTS has been rarely reported.
Hypaphorine, as an important active ingredient, has been
proved to have good anti-inflammatory effect. In this study,
the bioactivity of VNE toward trichinellosis in depressing
the inflammation was investigated using 7. spiralis-infected
mice and we hypothesized that the anti-inflammation role
of VNE might be a potential underlying mechanism of the
insecticidal effect.

Materials and Methods
Experimental Animals and T. spiralis Infection

The ISS 534 strain of T. spiralis was originally obtained
from a domestic pig in the Henan Province of China and was
maintained by consecutive passages in ICR mice in Jiangsu
Institute of Parasitic Diseases [19].

Six-week-old male ICR mice, weighing 25-30 g each,
were experimented. The animals were obtained from
Jiangsu Institute of Parasitic Diseases. During the research,
the mice were housed in suitable environmental aspects
with controlled humidity and temperature on a 12:12 light/

dark cycle and fed a standard diet. Experimental mice were
orally infected with 300 larvae in accordance with Dunn
and Wright [10]. All animals handling procedures were per-
formed on the basis of the national and institutional guide-
lines for the care and use of laboratory animals.

Drugs and Materials

Albendazole (Sigma-Aldrich, Shanghai, China) suspension
was orally administered at a dose of 50 mg/kg day [2].

Plant Materials and Powder Preparation

Vaccaria was purchased from Wuxi Shanhe Group Chinese
Medicine Slices Co., Ltd. Medicinal materials were crushed,
sieved and extracted with ten volumes of 75% ethanol for 2 h
twice. All ethanol extracts were pooled together, filtered,
evaporated and spray dried. The total extracts were extracted
in turn with petroleum ether, dichloromethane, ethyl acetate,
n-butyl alcohol and spray dried again. The dried extracts
were stored at +4 °C for subsequent experiments. Vacca-
rin, hypaphorine and total saponins were contained in VNE,
and their contents were about 12%, 1.2% and 86.8%, respec-
tively, detected by HPLC. The VNE obtained as described
above was orally administered at a dose of 5 mg/kg day. The
group receiving ABZ was the positive control group.

Experimental Groups and Design

Mice infected with 7. spiralis were randomly classified into
five main groups—group I (control, n==6): infected non-
treated group; group II (intestinal phase, n=06): received
VNE starting from the 2nd dpi and lasting for 3 days; group
III (intestinal phase, n=6): received ABZ starting from the
2nd dpi and lasting for 3 days; group IV (muscular phase,
n=06): received VNE starting from the 7th dpi and last-
ing for 14 days; group V (muscular phase, n=6): received
ABZ starting from the 7th dpi and lasting for 14 days. Mice
were killed by cervical dislocation on the 7th and 40th dpi,
respectively. Muscle samples were obtained and reserved in
10% formalin for the histopathological analysis and immu-
nohistochemical studies on the 40th dpi.

Assessment of Load of Muscle Larvae

Each carcass of the experimental mouse was decorti-
cated, eviscerated, minced and digested in 250 mL pre-
pared digestion solution with 1% concentrated HCI and
1% pepsin (1:10,000). Then the mixture was agitated at
37 °C for 2 h using a magnetic stirring apparatus. The
digested mixture was filtered through an 80-mesh sieve.
The liquid supernatant was discarded and the larvae were
collected after sedimentation for 30 min, and then washed
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and counted using a McMaster counting chamber under a
dissecting microscope (Nikon, Japan) [8].

Assessment of Burden of Adult Worms
in the Intestine

The duodenum—ileum region of the small intestine was
cut into small pieces 1 cm each and incubated at 37 °C in
saline for 3 h; then the worms were collected. The saline
was pipetted and the pieces of intestine were rinsed several
times with saline. All of the fluid was collected in centri-
fuge tubes and centrifuged at 1500 rpm for 5 min. The
supernatant was removed and the precipitate was resus-
pended with 2-3 mL saline and counted at a magnification
of 10x [31].

Histopathological Study

Histopathological evaluation of muscle tissue samples was
conducted. Tissue specimens were fixed with 4% formal-
dehyde, flushed, dehydrated, cleared, wax immersed and
then embedded in paraffin blocks. Paraffin blocks were sec-
tioned at 5 pm thickness using microtome and dyeing with
hematoxylin and eosin (H&E) and photographs taken under
microscope (Nikon, Japan). For muscle specimens, histo-
pathological analysis of the following parameters was taken
on: the burden of muscle larvae per low power field (100 X)
and the magnitude of inflammatory reaction surrounding the
capsuled larvae per high power field (400 X).

Immunohistochemistry Analysis

Paraffin sections were baked at 65 °C for 1 h and then
deparaffinized and permeabilized with 0.1% Triton X-100
in phosphate-buffered saline (PBS) for 15 min, then rinsed
with PBS three times. Afterward, endogenous peroxidase
activity was blocked using 3% hydrogen peroxide in PBS at
room temperature for 10 min and then washed in PBS three
times. After incubation with 10% goat serum for 30 min, an
overnight incubation was done with the indicated primary
antibody against IL-1, IL-6, TNF-a (1:100, Proteintech,
China), and COX-2 (1:50, Abcam, UK) in a humidity cham-
ber at 4 °C. Histologic sections were then incubated with
HRP anti-rabbit IgG for half an hour. Sections were cov-
ered with 3-3’-diaminobenzidine tetrahydrochloride (DAB)
chromogen for 5 min. Eventually, sections were redyed with
hematoxylin, dehydrated and mounted. The signals were vis-
ualized by a microscope (Nikon, Japan). At least ten regions
were selected and the integrated optical density (IOD) cal-
culated with Image-Pro Plus software.
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Insecticidal Experiment In vitro

The in vitro insecticidal experiment was conducted in nine
groups according to the dose administered in vivo: respec-
tively, the control group, ABZ low-dose group (0.625 pg/
pL) and high-dose group (6.25 pg/pL), VNE low-dose group
(0.0625 pg/pL) and high-dose group (0.625 pg/pL), vaccarin
low-dose group (7.5 ng/pL) and high-dose group (75 ng/pL),
hypaphorine low-dose group (0.75 ng/pL) and high-dose
group (7.5 ng/pL). Muscle larvae-containing dilution (about
100 live larvae per group) was added to a 24-well plate, and
incubated at 37 °C with drug treatment. The number of live
larvae was then counted under a microscope after incubation
for 30 min and 90 min, respectively. The insecticidal rate
was then calculated.

Statistical Analysis

All results were expressed as mean + SD. Comparisons were
made by Student’s ¢ test for two group comparisons. The
probability of significant differences between groups was
performed by ANOVA/Dunnet ¢ test. The difference was
deemed statistically significant when P <0.05.

Results

The Amount of Main Components in VNE Measured
by HPLC

VTS, vaccarin and hypaphorine are the major effective
components in vaccaria n-butanol extract (VNE). We meas-
ured the amount of these effective components by HPLC
(Fig. la—d). VNE contained the most abundant amount
of VTS, followed by vaccarin (Fig. 1b) and hypaphorine
(Fig. 1a). Three parallel experiments showed that the con-
tent of hypaphorine is 0.060 +0.006 mg, and the content
of vaccarin is 0.596 +0.117 mg in the n-butanol extraction
(Table 1). We have a complete extraction process, and the
chemical substance content in each group is stable, which
can be used as a research standard for quantitative admin-
istration in vivo.

VNE Reduced Both Adult and Muscle Larvae In Vivo

The mean number of adult worms in the small intestine
was significantly reduced after administration of VNE
(40 +8) and ABZ (37 +8) in comparison to the control
infected untreated group (197 +15) (P <0.001). A reduc-
tion of 79.53% in adult worms was observed in groups
treated with VNE, which is 81.22% in the ABZ group,
respectively. Similarly, total larvae counts were signifi-
cantly lessened in both drug-received groups, as the mean
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Fig.1 HPLC profile of hypaphorine, vaccarin and VNE. a-c The
HPLC spectrum of standard product hypaphorine, vaccarin and
hypaphorine + vaccarin, respectively. d The fingerprint of vaccaria
n-butanol extract (VNE). The x-axis represents time in minutes. The
y-axis represents electrical signals in millivolts

number of total larvae in muscles in the VNE treated
group was significantly reduced to (10,500 +3523) and
(4500 +918) with ABZ treatment, with a percentage of
reduction 77.7% and 90.7% in the VNE- and ABZ-treated
group (Table 2), respectively, in comparison to the control
infected untreated group (47,133 +3189).

Table1 The content of vaccarin and hypaphorine in 5 mg VNE
(n=3)

Components Content (mg) Mean + SD (mg)

0.058
0.056
0.067
0.731
0.522
0.535

Hypaphorine 0.060+0.006

Vaccarin 0.596+0.117

Larvae Reduction Rate and Inflammatory
Phenotype were Improved by VNE

Histopathological changes were studied in both diaphragm
and gastrocnemius sections of the infected mice without any
treatment and the drug-treated groups. Both diaphragm and
gastrocnemius of the control groups possessed a massive
number of encysted larvae, accompanied by degeneration
of the muscle fibers (Fig. 2a, b). Besides, a mass of inflam-
matory cellular infiltrations surrounding 7. spiralis larvae
and in between the muscle bundles were observed in groups
without treatment (Fig. 2a, b). The inflammatory cells
mainly included lymphocytes, eosinophils, plasma cells and
histiocytes, while these phenotypes were markedly improved
in either the VNE- or ABZ-treated group, with significant
difference (P <0.05) in comparison with the infected group
without drug therapy (Fig. 2).

VNE Reduced the Expression of Inflammatory
Factors in the Muscle

It is well accepted that inflammatory factors are activated
after T. spiralis infection [14, 17, 22]. VNE abolished the
upregulation of inflammatory factors at the transcriptional
level, as IL-1p, IL-6 and TNF-a significantly decreased in
the muscle tissues (Fig. 3a) and ABZ was used as a positive
control. VNE showed significant reduction effect on muscle
larva, but less effective than ABZ (Fig. 3b).

COX-2 is overexpressed in T.spiralis-infected mice [24].
The infected control group demonstrated strong COX-2
expression. However, in VNE- and ABZ-receiving groups,
the COX-2 expression was significantly reduced by VNE
and ABZ (Fig. 3c, d). But it seemed like ABZ had a more
effective role in insecticidal effect in the current concentra-
tion (Fig. 3b).

To verify whether VNE has direct insecticidal effect on
T. spiralis, or by affecting the anti-inflammatory function
of infected mice to achieve the insecticidal effect, we con-
ducted in vitro insecticidal experiments. The results showed
that neither VNE, vaccarin, nor hypaphorine had significant
direct killing capacity toward T. spiralis muscle larvae in
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Table 2 Trichinella spiralis

. Studied groups T. spiralis adult count T. spiralis larvae count
adult and total larval counts in
the control and drug-treated Mean+SD P Efficacy (% Mean=+SD P Efficacy
groups reduction) (% reduc-
tion)

Infected and non-treated 197 +15 47,133 +3189

VNE 40+8 <0.0001 79.53 10,500 +3523 0.0002 77.70

Albendazole 37+8 <0.0001 81.22 4500+918  <0.0001 90.70

A Tsp-Dia Tsp-VNE-Dia Tsp-ABZ-Dia

Fig.2 Histopathological changes of 7. spiralis-infected mice (H&E)
in striated muscular tissue of mice receiving VNE and ABZ on day
7 after T. spiralis infection. a Representative images showing the
number of encysted larvae and the expression of inflammatory cell in
diaphragm in different groups. b Representative images showing the
number of encysted larvae and the expression of inflammatory cell in

both standard concentration group and higher concentration
group (Fig. 4). While it showed direct insecticidal effect only
after 30 min of ABZ administration with standard concern-
tration to the muscle larvae. Furthermore, with 1.5 h ABZ
treatment, both the standard concentration group and higher
concentration group showed strong insecticidal effect, nearly
leading to a reduction of 50%.

Discussion and Conclusion
An ever-increasing number of researchers have strong inter-

est in the clinical applications of natural products including
drug compounds from medicinal plants, which may have

@ Springer

Number of muscle larvae

Diaphragm Gastrocnemius

gastrocnemius in different groups. ¢ Quantitative analysis of encysted
larvae deposition of diaphragm and gastrocnemius in these groups.
Values are presented as group mean+SD. *P <0.05 vs. infected non-
treated group, n=6 for each group. Tsp, T. spiralis; VNE, vaccaria
n-butanol extract; ABZ, albendazole; Dia, diaphragm; Gas, gastroc-
nemius

positive therapeutic effect on diseases caused by T. spiralis
infection [6].

Accumulated evidences indicate that inflammatory
mediators are involved in the muscular pathogenesis of T.
spiralis infection and accelerate the development and pro-
gression of myositis associated with this phase [5]. In the
present study, it was proved that VNE can be used against
the disease caused by T. spiralis infection through lowering
the parasite burden in the intestine and muscle tissues and
alleviating muscular inflammatory reaction.

Monokines, such as IL-1, IL-6, IL-8, TNF-a and G-CSF,
are immune molecules that are secreted mainly by mono-
cyte and macrophages [18, 29]. Emerging researches sug-
gest that monokines play a vital role in mediating and
regulating immune and inflammatory reactions as reflected
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Fig.3 The anti-inflammatory effect of VNE in vivo. Immunohis-
tochemistry sections of diaphragm. a, ¢ Representative expression
levels of IL-1pB, IL-6, TNF-a and COX-2 in different groups. TNF-
a, tumor necrosis factor-a; IL-1f, interleukin-1p; Tsp, 7. spiralis;
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Fig.4 The insecticidal effect of VNE in vitro. The insecticidal effect
of drugs to muscle larvae with different concentrations after incuba-
tion in vitro for 30 min and 1.5 h, respectively. **P <0.01

by overexpression of different proinflammatory mediators
and cytokines [15, 16]. IL-1f is a crucial proinflammatory
cytokine produced by mononuclear cells, endothelial cells,
fibroblasts and other types of cells in response to infec-
tion. IL-1f is a pivotal immune mediator that responds to
cellular infections and danger signals [20]. Previous stud-
ies have indicated that T. spiralis infection can induce the
secretion and activation of IL-1p [21]. TNF-a is a potent
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VNE, vaccaria n-butanol extract; ABZ, albendazole; Dia, diaphragm;
COX-2, cyclooxygenase-2. b, d Analysis of inflammatory cytokines
expression levels in diaphragm. Values are mean+SD. *P<0.05,
**P<0.01, ***P<0.001

proinflammatory factor, which performs its biological func-
tion in a pleiotropic way on multiple cell types and plays a
pivotal role in the pathogenesis of chronic inflammatory dis-
eases [13]. Consistent with these earlier studies, our present
study displayed that 7. spiralis infection obviously upregu-
lated proinflammatory cytokines expressions of IL-1p, IL-6
and TNF-a, while both VNE and ABZ depressed the expres-
sions. These results indicated that VNE has anti-inflamma-
tory effect on the diseases caused by Trichinella infection.

COX-2 is an enzyme that mediates the production of
prostaglandins (PGs) and thromboxane, resulting in pain
and inflammation [7]. In turn, inflammation in many cells
and tissues triggers considerable production of COX-2 [23].
In the present study, our results showed that VNE may be a
potential anti-inflammatory agent in case of T. spiralis infec-
tion via depressing the expression of COX-2 in the muscle
tissues. In both VNE- and ABZ-treated groups, the expres-
sions of COX-2 were dramatically decreased as compared
with the infected control group.

Herein, the experimental results clearly demonstrated that
both VNE and ABZ were effective against intestinal adult
worms and muscle larvae. In addition, IL-1p, IL-6, TNF-a
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and COX-2 were controlled at low levels due to the bioactiv-
ity of VNE, which indicated a powerful anti-inflammatory
function of VNE in T. spiralis disease. Furthermore, in
in vitro insecticidal experiments, the results showed that nei-
ther VNE, vaccarin nor hypaphorine had significant direct
killing capacity toward 7. spiralis muscle larvae compared
with ABZ. Therefore, VNE may achieve anti-inflamma-
tory effect by alleviating the inflammatory response of the
infected mice and ultimately achieve the insecticidal effect
of T. spiralis. The blood urea nitrogen of mice was signifi-
cantly increased at high doses of 1000 mg/kg (as minimum
lethal dose is 1500 mg/kg, data not shown) in vivo, suggest-
ing VNE may cause damage to the kidney. But it should be
mentioned that the usage of VNE at a low dose of 200 mg/kg
(as minimum toxic dose is 100 mg/kg, data not shown) did
not show significant injury in vivo. The VNE concentration
used here to test its insecticidal effect was much lower than
the minimum toxic dose. Notably, although ABZ plays a
more effective function in reducing the burden of T. spiralis
larvae, due to its limitation in clinical use VNE may be an
ideal alternative solution to human trichinellosis.

In conclusion, our data demonstrated that vaccaria
n-butanol extract from Vaccariae semen may be a promis-
ing anthelmintic against 7. spiralis.
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