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A B S T R A C T

Marsdenia tenacissima exhibits biological activity with heat-clearing and detoxifying properties, relieving
coughs and asthma and exerting anticancer and anti-HIV effects. Tenacissioside H (TH) is a Chinese medicine
monomer extracted from the dried stem of Marsdenia tenacissima. We investigated the in vivo anti-inflammatory
activity of TH using three different zebrafish inflammation models: local inflammation induced by tail cutting,
acute inflammation induced by CuSO4, and systemic inflammation induced by lipopolysaccharide (LPS). Real
time-polymerase chain reaction (RT-PCR) was used to elucidate the mechanism of TH action against LPS-in-
duced inflammatory responses. Our results showed TH significantly reduced the number of macrophages in the
injured zebrafish tail, inhibited CuSO4-induced migration of macrophages toward the neural mound, and de-
creased the distribution of macrophages in tail fin compared to LPS-treated group. Furthermore, TH inhibits LPS-
induced inflammation responses in zebrafish by modulating the nuclear factor κB (nf-κb) and p38 pathways to
regulate inflammatory cytokines, such as tumor necrosis factor-α (tnf-α), cyclooxygenase (cox-2), interleukin-1b
(il-1b), interleukin-8 (il-8), interleukin-10 (il-10), nitric oxide synthase (nos2b) and prostaglandin E synthase
(ptges). In conclusion, TH possesses anti-inflammation activity via the regulation of the nf-κb and p38 pathways.
This finding provides a reference for the clinical application of Xiaoaiping (the trade name of Marsdenia tena-
cissima extract).

1. Introduction

Marsdenia tenacissima (Roxb.) Wight et Arn. is an herb that is
widely distributed in many tropical and subtropical Asia, including the
Yunnan and Guizhou provinces of China [1]. This herb belongs to the
family Asclepiadaceae and was first reported to be a medicinal herb in
‘Dian Nan Ben Cao’ by Mao Lan (1397–1470). Modern studies have
found that Marsdenia tenacissima exerts extensive pharmacological
activities, such as heat-clearing and detoxicating effects, cough and

asthma relief, and anticancer and anti-HIV properties [2,3]. Marsdenia
tenacissima extract, which is purified from the stem of Marsdenia te-
nacissima by water extraction and alcohol precipitation, has been
produced and marketed under the trademark Xiaoaiping since the
1990s [1,4]. To date, more than 150 compounds have been isolated
from Marsdenia tenacissima, including steroid glycosides, alkaloids,
phenolic acid, polysaccharides and volatile oil [3,5]. Of these com-
pounds, C-21 steroidal glycosides are the most abundant active com-
ponents. More than seventy C-21 steroidal glycosides and derivatives
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have been extracted from Marsdenia tenacissima and characterized,
including tenacissosides A-N and their derivatives [6,7]. Tenacissoside
H (TH) is detected at relatively high levels in Marsdenia tenacissima.
TH serves as the marker compound for quality control, as reported in
the 2015 edition of “Pharmacopoeia of People's Republic of China” [6].
Therefore, in the present study, we investigated the anti-inflammatory
effect of TH and elucidated its mechanism.

The zebrafish (Danio rerio) has become a popular animal model in
recent years, especially in the fields of developmental biology, mole-
cular genetics, drug development and toxicology [8–10]. This verte-
brate has the advantages of small size, rapid growth, high reproductive
rate, transparent embryos and easy maintenance, as well as exhibiting
morphological and physiological similarity to mammals. More im-
portantly, the genomic similarity between zebrafish and humans is
approximately 87% [11,12]. Zebrafish have well-developed innate and
acquired immune systems that are highly similar to the mammalian
immune system [13]. Moreover, many transgenic zebrafish lines have
been successfully cultivated, including the line expressing enhanced
green fluorescent protein (EGFP) in macrophages that is used in this
study. Based on these characteristics, zebrafish has been widely re-
cognized as a good model for testing the in vivo anti-inflammation ef-
fects of pharmacological compounds [14,15].

In the current study, we demonstrate that TH significantly inhibits
inflammatory responses in zebrafish in three different inflammatory
models (local inflammation induced by tail cutting, acute inflammation
induced by CuSO4, and systemic inflammation induced by lipopoly-
saccharide (LPS) [16–18]. Meanwhile, the mechanisms of TH action

against the LPS-induced inflammatory response were investigated in
zebrafish by real time-polymerase chain reaction (RT-PCR) and Western
blotting. These results showed that TH is able to restrain the in-
flammatory response by inhibiting the nf-κb and p38 signaling path-
ways in order to further to regulate their downstream target genes.

2. Methods and materials

2.1. Reagents

TH (molecular formula: C42H66O14) was provided by Baoji Herbest
Bio-Tech Co., Ltd., at a purity greater than 98%, as determined by HPLC
(Baoji, Shanxi, China). Polyclonal anti-rabbit P-p38 antibody and P-
iκbα antibody were purchased in Cell Signaling Technology (Danvers,
USA); Polyclonal anti-rabbit p38, iκbα, nf-κb and P-nf-κb antibody were
obtained from Boster Biological Technology (Wuhan, China). TH and
was dissolved in dimethyl sulfoxide (DMSO) to make a stock solution of
100mg/mL. CuSO4 and lipopolysaccharide (LPS) were obtained from
Sigma Aldrich (St. Louis, MO, USA). CuSO4 was dissolved in distilled
water to make a stock solution of 1.6 mg/mL. LPS was dissolved in
DMSO to make a stock solution of 250mg/mL. DMSO was purchased
from Sangon Biological Engineering (Shanghai, China). The final con-
centration of DMSO in all zebrafish exposure working solutions was less
than 0.5%. All stock solutions were diluted to working solutions using
fish water (5 mM NaCl, 0.17mM KCl, 0.4mM CaCl2, 0.16mM MgSO4)
before the experiments. All chemicals used in this study were analy-
tical-grade.

Fig. 1. TH alleviated the inflammation response in zebrafish after tail transection. (A) Overview of the experimental timeline and location of tail cutting; (B)
Representative images of tail-cut zebrafish treated with TH; (C) Macrophages in the region of interest (red boxes) were quantitatively analyzed. The data are
represented as the mean ± SE. ##p < 0.01 vs. the control group, *p < 0.05 vs. the tail-cut group, **p < 0.01 vs. the tail-cut group. (For interpretation of the
references to colour in this figure legend, the reader is referred to the Web version of this article.)

J.-j. Li et al. Fish and Shellfish Immunology 83 (2018) 205–212

206



2.2. Zebrafish maintenance

Transgenic zebrafish (Tg:zlyz-EGFP) expressing enhanced green
fluorescent protein (EGFP) in macrophages were used in this study.
Adult zebrafish were cultivated by Key Laboratory for Drug Screening
Technology of Shandong Academy of Sciences (Jinan, China). The
conditions of their maintenance were in accord with guidelines of the
Organization for Economic Co-operation and Development (OECD).
The fish were maintained under a 14/10 h light/dark cycle at constant
temperature (28 ± 0.5 °C) in a closed flow-through system with char-
coal-filtered tap water to ensure normal spawning. Zebrafish were fed
brine shrimp twice per day. Adult zebrafish laid eggs in a breeding tank.
The eggs were washed and moved to tanks filled with embryo medium
containing methylene blue. Finally, these embryos were cultured at
28 °C for subsequent experiments.

2.3. Tail transection model

Inflammatory responses were elicited in zebrafish embryos by tail
transection as previously described [16]. Larvae were anesthetized at
72 h post fertilization (hpf) by immersion in 0.25mg/mL Tricaine
(Sigma-Aldrich, St. Louis, MO), and transection of the tail using a
scalpel blade was performed as shown in Fig. 1A. These larvae were
washed twice with fresh fish water and were divided randomly into 6-
well plates (n=25/well). Next, the larvae were treated with different
concentrations (0, 0.05, 0.1 and 0.15mg/mL) of TH for 24 h, 48 h or
72 h respectively. Macrophages were observed and imaged at the site of
transection at 24 h post-tail transection (hptt), 48 hptt and 72 hptt using
a fluorescence microscope (Olympus, SZX16, Tokyo, Japan).

2.4. CuSO4-induced inflammation model

Healthy zebrafish larvae were selected and divided randomly into 6-
well plates (n=25/well) at 72 hpf. Exposure groups were segmented
into five groups, including a control group (fresh fish water), a model
group (3.2 μg/mLCuSO4), and three drug groups (3.2 μg/mL
CuSO4 + 0.05 mg/mL TH, 3.2 μg/mL CuSO4 +0.1 mg/mL TH, 3.2 μg/
mL CuSO4 +0.15 mg/mL TH). As is shown in Fig. 2A, CuSO4 was added
to the drug groups and incubated for 1 h after treatment with different
concentrations of TH for 24 h, 48 h, or 72 h, respectively. The model
group was treated the same as the drug groups but was incubated with
fresh water instead of TH. Finally, the inflammatory reaction was ob-
served and imaged after the addition of CuSO4 for 1 h. All treatments
were performed in triplicate, and all 6-well plates were maintained in a
5mL final volume of embryo medium. Each zebrafish larva was imaged
using a fluorescence microscope (Olympus, SZX16, Tokyo, Japan), and
the number of macrophages was recorded using Image-Pro Plus soft-
ware.

2.5. LPS-stimulated inflammation model

Healthy zebrafish larvae were selected and divided randomly into 6-
well plates (n=25/well) at 72 hpf. Different groups were treated as
follows: (1) Control groups were treated with 5mL fresh fish water from
72 hpf to 144 hpf; (2) The LPS group was treated with 0.025mg/mL
LPS from 72 hpf to 144 hpf; (3) Drug groups were treated with
0.025mg/mL LPS for 30min and supplemented with TH to a working
concentration of 0.05, 0.1 or 0.15mg/mL for 24, 48 or 72 h, as shown
in Fig. 3B. Finally, approximately 10 exposed zebrafish of each group
were transferred to fresh fish medium for observation and imaging
under a fluorescence microscope (Olympus, SZX16, Tokyo, Japan) at
24, 48 and 72 h post-LPS exposure, respectively. The number of mac-
rophages was recorded using Image-Pro Plus software.

2.6. Total RNA extraction and RT-PCR

Total RNA was extracted from 30 zebrafish larvae treated with
0.025 mg/mL LPS + TH (0.05, 0.1 and 0.15 mg/mL) at 24 hpe, 48 hpe
and 72 hpe using a NanoMag Animal and Fish RNA Isolation Kit
(Shannuo Scientific Company, Tianjin, China) according to the manu-
facturer's instructions. The synthesis of complementary DNA (cDNA)
was carried out using PrimeScript RT Master Mix (Takara
Biotechnology, Dalian, China). Real-time quantitative polymerase chain
reaction (RT-PCR) of each gene was performed in triplicate using the
BIO-RAD CFX96 Real-Time System. The thermocycling conditions of
cDNA amplification were 95 °C for 10 min followed by 40 cycles of
15 s at 95 °C, 60 s at 60 °C, and 65 °C for 15 s. Each reaction was
performed in a volume of 20 μL and included SYBR Premix Ex TaqTM II
(Takara Biotechnology, Dalian, China) (10 μL), forward and reverse
primers (500 nM), cDNA (1 μL) and ddH2O (7 μL). Relative quantitation
was performed using melt curves for quality control. The results ana-
lysis of gene expression in each sample was calculated by the com-
parative 2−ΔΔCt method with normalization to the level of β-actin ex-
pression. Primers were synthesized by Shanghai Generay Bio-tech Co.,
Ltd. (Shanghai, China). Primer sequences used in this study are shown
in Table 1.

2.7. Western blot analysis

At 72 hpe, 120 larvae treated with 0.025 mg/mL LPS + TH (0.05,
0.1 and 0.15 mg/mL) were washed twice with PBS (PH 7.4) and
homogenized to extract protein by ice-protein extraction buffer (Wuhan
Boster Biological Technology, China). Protein concentrations de-
termined using a BCA™ protein assay kit (Beyotime Institute of
Biotechnology, Nanjing, China). Equal amounts of proteins (70 μg)
were resolved by 12% SDS-PAGE and transferred to PVDF membranes.
Then, the membranes were blocked for 3 h and incubated with different
primary antibodies (1: 1000) at 4 °C overnight. After washing thor-
oughly three to five times with TBST for 5 min each time, secondary
antibodies (1:1500) were used to detect the primary antibodies, fol-
lowed by an additional 1.5 h incubation at room temperature. Finally, a
quantitative measure of proteins expression was obtained by densito-
metry, and band intensities were analyzed through computer Image J2x
software, with the results being normalized to actin expression levels.

2.8. Statistical analyses

All data analyses were performed using Statistical Package for the
Social Sciences (SPSS 13.0) and Excel (2013) software. The methods
used to calculate statistically significant differences were the two-tailed
unpaired t-test analysis and variance analysis (ANOVA), and the data
are represented as the mean ± standard error (SE). The differences
were considered to be statistically significant if the P-values were less
than 0.05(*) or 0.01(**).

3. Results

3.1. Inhibitory effect of TH on inflammation induced by tail cutting in
zebrafish

Tail transection in zebrafish is a physical trauma model used to
detect anti-inflammation activity. Our results showed that TH sig-
nificantly reduced the number of macrophages in the injured tissue in a
dose-dependent manner at 24 hptt and 48 hptt. The number of mac-
rophages in the control group at 48 hptt and 72 hptt was significantly
decreased compared to the control group at 24 hptt, which is due to the
recruitment of macrophages. Thus, at 72 hptt, the number of macro-
phages following treatment with 0.15mg/mL TH was markedly re-
duced compared to the control group.
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3.2. Inhibitory effect of TH on CuSO4-induced inflammation in zebrafish

CuSO4 is a substance that causes acute inflammation in zebrafish, as
characterized by the rapid migration of macrophages to the nerve

eminence (Fig. 2D). Certain anti-inflammation drugs cause these mac-
rophages to return, and we can use this observation to evaluate the anti-
inflammatory activity of TH. As shown in Fig. 2C and D, TH sig-
nificantly reduced the number of macrophages surrounding the

Fig. 2. TH alleviated the inflammation response in zebrafish after CuSO4 exposure. (A) Zebrafish model after CuSO4 exposure; (B) Outline of dosing time; (C)
Representative images of zebrafish treated with TH and CuSO4; (D) Macrophages in the region of the neuromast were quantitatively analyzed. The data are
represented as the mean ± SE. ##p < 0.01 vs. the control group, *p < 0.05 vs. the CuSO4 group, **p < 0.01 vs. the CuSO4 group.

Fig. 3. TH alleviated the inflammation response in zebrafish after LPS exposure. (A) Zebrafish model following control and LPS exposure; (B) Outline of dosing time;
(C–E) Representative images of zebrafish treated with LPS and TH. (a) represents the control group; (b) represents the LPS group alone (25 μg/mL); (c) represents LPS
+0.05 mg/mL TH; (d) is LPS +0.10 mg/mL TH; (e) is LPS +0.15 mg/mL TH. (F–H) Macrophages in the regions of interest (white boxes) were quantitatively
analyzed. The data are represented as the mean ± SE. ##p < 0.01 vs. the control group, **p < 0.01 vs. the LPS group.
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neuromast after CuSO4-induced inflammation, suggesting that TH ex-
hibits anti-inflammatory activity.

3.3. Inhibitory effect of TH on LPS-stimulated inflammation in zebrafish

LPS is an endotoxin that can trigger systemic inflammation in zeb-
rafish. In our study, we employed low-dose LPS to induce inflammation
in order to test the anti-inflammatory activity of TH. Compared with the
control group, treatment with 25 μg/mL LPS resulted in a marked in-
crease in the number of macrophages present in zebrafish larvae. TH
significantly decreased the number of macrophages in a dose-dependent
manner compared to the LPS group at 24 hpe, 48 hpe and 72 hpe
(Fig. 3).

3.4. Effect of TH on the expression of inflammation-related genes in
zebrafish

To determine how TH exerts an anti-inflammation effect, we ex-
amined the expression levels of inflammation-related genes using RT-
PCR. As shown in Fig. 4, the expression levels of the pro-inflammatory
cytokines tnf-α, il-1b, and il-8 were significantly increase in the LPS
treatment groups compared with control groups. In contrast, TH sig-
nificantly reduced LPS-induced mRNA expression of tnf-α, il-1b and il-
8. Furthermore, TH inhibited the activation of LPS-induced inflamma-
tion mediators such as nos2b, cox-2 and ptges in zebrafish. To further
determine the mechanism of TH action, we examined the expression
levels of myd88, nf-κb2, iκbαa, mapk8 and p38. Ours results show that
myd88, nf-κb2, iκbαa and p38 are significantly up-regulated in LPS
groups compared to control groups. However, TH significantly sup-
pressed the mRNA expression of myd88, nf-κb2, iκbαa and p38.

3.5. Effect of TH on the protein expression of p38, P-p38, nf-κb, P-nf-κb,
iκbα and P- iκbα in zebrafish

To further clarify the anti-inflammation mechanism of TH against
LPS-induced inflammation, the protein expression levels of p38, P-p38,
nf-κb, P-nf-κb, iκbα and P- iκbα were analyzed by western blot. The
results indicated that LPS increased the p38, iκbα and nf-κb

phosphorylation, while the levels of total p38, iκbα and nf-κb did not
show significant change. However, the phosphorylation of p38, iκbα
and nf-κb was ameliorated significantly by TH (Fig. 5). These results
implicated that the attenuated inflammatory responses in zebrafish by
TH was closely associated with nf-κb and p38 pathways.

4. Discussion

TH is a Xiaoaiping monomer that is widely used in the treatment of
tumors in clinics. Inflammation is a common response to infection and
injury, and occurs during the course of many diseases, including can-
cers. It has been shown that inflammation can contribute to the un-
derlying progression of many types of human tumors [19]; for example,
during the late stages of cancer, tumor cells migrate, inducing an in-
flammatory microenvironment and further promoting the proliferation
and migration of these cells [20]. Thus, inhibiting inflammation may
play an effective role in the treatment of tumors.

In the current study, we observed that TH exerts anti-inflammation
effects. TH significantly reduced the number of macrophages recruited
to the injured zebrafish tail, inhibited the migration of macrophages
toward the neural mound following CuSO4 treatment and decreased the
distribution of macrophages in the tail fin compared to the LPS-treated
group. Tumor necrosis factor-α (tnf-α) is a pro-inflammatory cytokine
that in combination with its receptors tumor necrosis factor receptor 1
(TNFR1) and tumor necrosis factor receptor 2 (TNFR2), acts to activate
activation protein-1 (AP-1) and nf-κb [21]. Interleukin 1b (il-1b) is
produced by activated macrophages and is an important mediator of
the inflammation response [22]. Interleukin 8 (il-8) can attract and
activate neutrophils, resulting in the production of a series of active
molecules by neutrophils and causing inflammatory reactions [23].
Interleukin 10 (il-10) is a multiple cell-derived and multifunctional
cytokine that participates in inflammatory reactions and im-
munosuppression. Il-10 has pleiotropic effects in immunoregulation
and inflammation [24]. Il-10 can block NF-kappa B activity and is in-
volved in regulating the JAK-STAT signaling pathway [25]. Our results
show that TH might simultaneously inhibit the expression of pro-in-
flammation cytokines (tnf-α, il-1b and il-8) and promote an anti-in-
flammation cytokine (il-10). In line with the phenotype, TH exhibits
obvious anti-inflammation activity.

It has been reported that LPS stimulates macrophages to release a
large amount of nitric oxide (NO) by expressing the enzyme inducible
nitric oxide synthase (inos) [26]. In zebrafish, inos exist two isoforms,
nos2a and nos2b. Aberrant release of NO can lead to tissue injury and
can amplify inflammation [27]. Our study shows that TH significantly
decreases the mRNA expression of nos2b compared with an untreated
group in zebrafish.

Cyclooxygenase (cox) is a vital enzyme that can regulate the
synthesis of prostaglandins by regulating its isoenzymes constitutive
cox-1 and inducible cox-2 [28]. Cox is generated in large quantities by
macrophages and other cells affected by inflammation. Inhibition of
cox-2 can ameliorate some symptoms of inflammation [29]. In this
study, we proved that TH reduces the number of macrophages in LPS-
stimulated zebrafish, as well as the level of pro-inflammatory cytokines.
Similar to our phenotypic results, the mRNA level of cox-2 following
stimulation by LPS was markedly decreased by TH treatment in zeb-
rafish embryos, supporting its potential anti-inflammatory activity.

Prostaglandin E2 is an accepted prognostic maker of inflammation
[30] and is often considered a therapeutic target during the in-
flammation response [31]. Prostaglandin E2 synthase (ptges) is a vital
enzyme that can adjust the production of prostaglandin E2. We there-
fore examined the level of ptges mRNA in response to inflammation in
the body. It has been reported that inos and cox-2 can activate ptges
[32], while tnf-α can induce the activation of nf-κb via the cox-2 pro-
moter [33]. In line with this, our study showed that the expression of
inos, cox-2 and ptges mRNA was up-regulated in a dose- and time-de-
pendent manner after LPS exposure in zebrafish. However, TH can

Table 1
Quantitative PCR primer sequences.

Gene Primer
orientation

Nucleotide sequence

β-actin forward 5′- AGAGCTATGAGCTGCCTGACG -3′
reverse 5′- CCGCAAGATTCCATACCCA -3′

tnf-α forward 5′-TGACTGAGGAACAAGTGCTTATGAG-3′
reverse 5′-GCAGCGCCGAGGTAAATAGTG-3′

il-1b forward 5′-ATGGCAGAAGTACCTAAGCTC-3′
reverse 5′-TTAGGAAGACACAAATTGCATGGTGAACTCAGT-3′

il-8 forward 5′-CAAGAACCATTGGGATGAAGGAC
reverse 5′-CCTTCAGTAGCCTCTGTCCTTGT

il-10 forward 5′-CGCTTCTTCTTTGCGACTGTGCT
reverse 5′-TCACCATATCCCGCTTGAGTTCC

nos2b forward 5′-ACTTTCGGCTGCTTTTCTTCT
reverse 5′-GGACCTTTTCCCTCCTGTGTA

cox-2 forward 5′-CAAGGGTGCGGGTGTAAT-3′
reverse 5′-GAACTCGCTTTGTCTCCA-3′

ptges forward 5′-ATCATTCTTGGAGCGGTCTACT
reverse 5′-TACTCTGAGCGATGACATAGGC

myd88 forward 5′-ACATGCGTGTGGACCATCG-3′
reverse 5′-GTAGACGACAGGGATTAGCCG-3′

nf-κb2 forward 5′-ACAAGACGCAAGGAGCCCAG-3′
reverse 5′-AACTGTCTCTTGCACAAAGGGCTCA-3′

iκbαa forward 5′-GGTGGAAAGACTCCTGAAAGC-3′
reverse 5′-TGTAGTTAGGGAAGGTAAGAATG-3′

p38 forward 5′-CCTGAGATCATGCTCAACTGG-3′
reverse 5′-GCTAGGCATCCTGCTTATTAGAGAG-3′

mapk8 forward 5′-TGAAGGTGAAGCTCTTCTTGAATGC-3′
reverse 5′-CTCCGGACCCGATTGGTCTTA-3′
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remit this increase, indicating that TH possesses preferable anti-in-
flammation activity.

To further elucidate the anti-inflammatory mechanism of TH, we
examined the expression of the transcription factors mapk8 (a zebrafish
homolog of jnk), p38 (mitogen-activated protein kinase p38, regulator
of pro-inflammation cytokines production in response to LPS), nf-κb2
(nuclear factor kappaB2, a zebrafish homolog of nf-κb, an important
transcription factor with multiple roles in inflammation and immunity)
and iκbαa (nuclear factor of kappa light polypeptide gene enhancer in
B-cells inhibitor, alpha).

It has been reported that LPS induces inflammation via different

signaling pathways, including tlr4, nf-κb, and mapks (p38, erk and jnk)
[34–36]. In zebrafish, there is no homolog of tlr4; therefore, we ex-
amined myd88 - a key gene of the tlr pathway [37]. nf-κb2 is a critical
functional transcription factor, the activation of which could regulate
the expression of many inflammatory enzymes and cytokines, including
inos, cox-2, tnf-α, il-1b and il-8. Generally, in resting macrophages, nf-
κb2 is inactive and binds to the protein iκbα to form a compound in the
cytoplasm [38]. nf-κb2 is activated and translocated to the nucleus
upon degradation of iκbα in response to different exogenous stimuli,
including LPS [39]. Mapks play a vital role in the inflammation re-
sponse by regulating nf-κb activation. Mapks are commonly subdivided

Fig. 4. TH effects on the expression of select inflammation-related genes in zebrafish.

Fig. 5. Protein expression levels of P-p38, p38, P-nf-κb, nf-κb, P-iκbα and iκbα. (A) Representive Western blots. (B–D) Relative levels of proteins estimated by
normalization against actin level. The data are represented as the mean ± SE. ##p < 0.01 vs. the control group, #p < 0.05 vs. the control group, **p < 0.01 vs.
the LPS group, *p < 0.05 vs. the LPS group.
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into three subgroups: p38, jnk and erk. These kinases participate in
regulating many inflammation responses in vivo and in vitro [40]. It has
been reported that LPS treatment stimulated cellular mapk pathways,
including the p38, erk, and jnk pathways, which are associated with the
inflammation response. Furthermore, p38 signaling could up-regulate
the production of inos and pro-inflammatory cytokines such as tnf-α
and il-8 in LPS-stimulated macrophages [40,41]. Based on these re-
ports, we infer that TH could exert anti-inflammation action against
LPS-induced pathways. Consistent with these reports, our results show
that 25 μg/mL LPS activates the mRNA expression levels of myd88, p38
and nf-κb2. In this study, TH inhibited the mRNA levels of myd88, p38
and nf-κb2 in a dose-dependent manner in LPS-stimulated zebrafish.
And the phosphorylation of p38, iκbα and nf-κb was also ameliorated
significantly by TH. These results implicated that TH may inhibit in-
flammation responses induced by LPS through down-regulating the nf-
κb and p38 signaling pathways (Fig. 6). However, whether TH directly
inhibited the nf-κb and p38 signaling pathways or TH affected other
molecules to inhibit the mRNA expression of nf-κb and p38 needs to be
further studied.

In conclusion, TH significantly alleviated the inflammation response
in zebrafish following tail transection, CuSO4 exposure and LPS ex-
posure. TH substantially suppressed the mRNA expression of in-
flammatory mediators, such as nos2b, ptges and cox-2, as well as var-
ious cytokines (il-1b, il-8 and tnf-α), and accelerated the expression of
anti-inflammation cytokine il-10 mRNA in response to inflammation in
LPS-induced zebrafish. TH therefore possesses anti-inflammatory ac-
tivity against the effect of LPS-induced inflammation by regulating the
nf-κb and p38 signaling pathways.

Conflicts of interest

The authors declared no conflict of interest.

Funding

This study was supported by National Natural Science Foundation of
China (No. 81703624); Natural Science Foundation of Shandong
Province, China (No. ZR2015YL010 and ZR2016YL009) and National
Key Research and Development Project, China (2016YFE0111600).

References

[1] H. Zhang, A.M. Tan, A.Y. Zhang, R. Chen, S.B. Yang, X. Huang, Five new C21
steroidal glycosides from the stems of Marsdenia tenacissima, Steroids 75 (2010)
176–183.

[2] W. Fan, L. Sun, J.Q. Zhou, et al., Marsdenia tenacissima extract induces G0/G1 cell
cycle arrest in human esophageal carcinoma cells by inhibiting mitogen-activated
protein kinase (MAPK) signaling pathway, Chin. J. Nat. Med. 13 (2015) 428–437.

[3] X. Pang, L.P. Kang, X.M. Fang, et al., Polyoxypregnane glycosides from the roots of
Marsdenia tenacissima and their anti-HIV activities, Planta Med. 83 (2016)
126–134.

[4] S.Y. Han, M.B. Zhao, G.B. Zhuang, P.P. Li, Marsdenia tenacissima extract restored
gefitinib sensitivity in resistant non-small cell lung cancer cells, Lung Canc. 75
(2012) 30–37.

[5] Z.R. Huang, H. Lin, Y. Wang, Z.Y. Cao, W. Lin, Q. Chen, Studies on the anti-an-
giogenic effect of Marsdenia tenacissima extract in vitro and in vivo, Oncol Lett 5
(2013) 917–922.

[6] C. Zhao, L. Han, W. Ren, et al., Metabolic profiling of tenacigenin B, tenacissoside H
and tenacissoside I using UHPLC-ESI-Orbitrap MS/MS, Biomed. Chromatogr. 30
(2016) 1757–1765.

[7] D. Li, C.P. Li, Y.Z. Song, et al., Marsdenia tenacssima extract and its functional
components inhibits proliferation and induces apoptosis of human Burkitt leu-
kemia/lymphoma cells in vitro and in vivo, Leuk. Lymphoma 7 (2015) 1–10.

[8] H.J. Den, Chemical genetics: drug screens in zebrafish, Biosci. Rep. 25 (2005)
289–297.

[9] F.B. Pichler, S. Laurenson, L.C. Williams, A. Dodd, B.R. Copp, D.R. Love, Chemical
discovery and global gene expression analysis in zebrafish, Biosci. Rep. 25 (2003)
879–893.

[10] C.B. Kimmel, C.B, Genetics and early development of zebrafish, Trends Genet. 5
(1989) 283–288.

[11] K. Howe, M.D. Clark, C.F. Corroja, et al., The zebrafish reference genome sequence
and its relationship to the human genome, Nature 496 (2013) 498–503.

[12] J. Zhou, Y.Q. Xu, S.Y. Guo, C.Q. Li, Rapid analysis of hypolipidemic drugs in a live
zebrafish assay, J. Pharmacol. Toxicol. Meth. 72 (2015) 47–52 2015.

[13] N. Iwanami, Zebrafish as a model for understanding the evolution of the vertebrate
immune systen and human primary immunodeficiency, Exp. Hematol. 42 (2014)
697–706.

[14] L.L. Yang, G.Q. Wang, L.M. Yang, Z.B. Huang, W.Q. Zhang, L.Z. Yu, Endotoxin
molecule lipopolysaccharide-induced zebrafish inflammation model: a novel
screening method for anti-inflammatory Drugs, Molecules 19 (2014) 2390–2409.

[15] K.H. Park, K.H. Cho, A zebrafish model for the rapid evaluation of pro-oxidative and
inflammatory death by lipopolysaccharide, oxidized low-density lipoproteins, and
glycated high-density lipoproteins, Fish Shellfish Immunol. 31 (2011) 904–910.

[16] A. Stephen, C.L. Renshaw, M.I. Daniel, S.E. Trushell, W. Philip, K.B. Moira,
Atransgenic zebrafish model of neutrophilic inflammation, Blood 108 (2006)
3976–3979.

[17] C. Wittmann, M. Reischl, A.H. Shah, et al., A zebrafish drug-repurposing screen
reveals sGC-dependent and sGC-independent pro-inflammatory activities of nitric
oxide, PLoS One 10 (2015) e0137286.

[18] C.A. d'Alencon, O.A. Pena, C. Wittmann, et al., A high-throughput chemically in-
duced inflammation assay in zebrafish, BMC Biol. 8 (2010) 151.

[19] N.N. Liu, C.H. Li, Y. Huang, et al., A function module-based explpration between
inflammation and cancer in esophagus, Sci. Rep. 5 (2015) 15340.

[20] C. Yan, Q. Yang, Z. Gong, Tumor-associated neutrophils and macrophages promote
gender disparity in hepatocellular carcinoma in zebrafish, cancer Res 6 (2017)

Fig. 6. Signaling pathways involved in anti-inflammatory activity of TH.

J.-j. Li et al. Fish and Shellfish Immunology 83 (2018) 205–212

211

http://refhub.elsevier.com/S1050-4648(18)30576-X/sref1
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref1
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref1
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref2
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref2
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref2
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref3
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref3
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref3
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref4
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref4
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref4
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref5
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref5
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref5
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref6
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref6
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref6
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref7
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref7
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref7
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref8
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref8
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref9
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref9
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref9
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref10
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref10
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref11
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref11
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref12
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref12
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref13
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref13
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref13
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref14
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref14
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref14
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref15
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref15
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref15
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref16
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref16
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref16
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref17
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref17
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref17
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref18
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref18
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref19
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref19
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref20
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref20


1395–1407.
[21] V. Baud, M. Karin, Signal transduction by tumor necrosis factor and its relatives,

Trends Cell Biol. 11 (2011) 372–377.
[22] H. Ghafelehbashi, M. Pahlevan Kakhki, L. Kular, S. Moghbelinejad,

S.H. Ghafelehbashi, Decreased expression of IFNG-AS1, IFNG and IL-1B in-
flammatory genes in medicated schizophrenia and bipolar patients, Scand. J.
Immunol. 86 (2017) 479–485.

[23] J. Zheng, H.Q. Zhang, X. Lu, et al., Influence of ulinastatin auxiliary general an-
esthesia on TNF-α,IL-6 and IL-8 levels of patients with chronic obstructive pul-
monary disease, J. North Sichuan Med. Coll. 18 (2017) 47–53.

[24] O. Garra, D. Fiorentino, A. Zlotnik, et al., IL-10 inhibits cytokine production by IL-
10 inhibits cytokine production by activated macrophages, J. Immunol. 147 (2016)
267-179.

[25] S. Dhingra, A.K. Sharma, R.C. Arora, J. Slezak, P.K. Singal, IL-10 attenuates TNF-α-
induced NF-κB pathway activation and cardiomyocyte apoptosis, Cardiovasc. Res.
82 (2009) 59–77.

[26] H. Ge, H. Tang, Y.B. Liang, et al., Rhein attenuates inflammation through inhibition
of NF-kappaB and NALP3 inflammasome in vivo and in vitro, Drug Des. Dev. Ther.
11 (2017) 1663–1671.

[27] S.C. Ko, Y.J. Jeon, Anti-inflammatory effect of enzymatic hydrolysates from Styela
clava flesh tissue in lipopolysaccharide-stimulated RAW 264.7 macrophages and in
vivo zebrafish model, Nutr Res Pract 9 (2015) 219–226.

[28] V. Stancova, A. Ziková, Z. Svobodová, W. Kloas, Effects of the non-steroidal anti-
inflammatory drug(NSAID) naproxen on gene expression of antioxidant enzymes in
zebrafish (Danio rerio), Environ. Toxicol. Pharmacol. 40 (2015) 343–358.

[29] E.Y. Ko, S.H. Cho, S.H. Kwon, et al., The roles of NF-kappaB and ROS in regulation
of pro-inflammatory mediators of inflammation induction in LPS-stimulated zeb-
rafish embryos, Fish Shellfish Immunol. 68 (2017) 525–529.

[30] W. Zhang, R. Zhang, T. Wang, et al., Selenium inhibits LPS-induced pro-in-
flammatory gene expression by modulating MAPK and NF-kappaB signaling path-
ways in mouse mammary epithelial cells in primary culture, Inflammation 37
(2014) 478–485.

[31] X. Sun, Y. He, Y. Guo, et al., Arsenic affects inflammatory cytokine expression in

Gallus gallus brain tissues, BMC Vet. Res. 157 (2017) 157–172.
[32] Y.J. Surh, K.S. Chun, H.H. Cha, et al., Molecular mechanisms underlying chemo-

preventive activities of anti-inflammatory phytochemicals: down-regulation of
COX-2 and iNOS through suppression of NF-kappa B activation, Mutat. Res. 11
(2001) 480–481.

[33] C.C. Chen, Y.T. Sun, J.J. Chen, K.T. Chu, TNF-alpha-induced cyclooxygenase-2
expression in human lung epithelial cells: involvement of the phospholipase C-
gamma 2, protein kinase C-alpha, tyrosine kinase, NF-kappa B-inducing kinase, and
I-kappa B kinase 1/2 pathway, J. Immunol. 165 (2000) 2719–2728.

[34] H. Mottaz, R. Schönenberger, S. Fischer, R. Eggen, K. Schirmer, K.J. Groh, Dose-
dependent effects of morphine on lipopolysaccharide (LPS)-induced inflammation,
and involvement of multixenobiotic resistance (MXR) transporters in LPS efflux in
teleost fish, Environ. Pollut. 221 (2017) 105–115.

[35] A.B. Dariel, L. Caroline, M. Christian, M.S. Malha, R. Samuel, T. Marc, The deubi-
quitinase USP47 stabilizes MAPK by counteracting the function of the N-end rule
ligase POE/UBR4 in Drosophila, PLoS Biol. 14 (2016) e1002539.

[36] H. Sun, X. Zhu, W. Cai, L. Qiu, Hypaphorine attenuates lipopolysaccharide-induced
endothelial inflammation via regulation of TLR4 and PPAR-gamma dependent on
PI3K/Akt/mTOR signal pathway, Int. J. Mol. Sci. 18 (2017) 844.

[37] M.P. Sepulcre, F. Alcaraz-Pérez, A. López-Muñoz, et al., Evolution of lipopoly-
saccharide (LPS) recognition and signaling: fish TLR4 does not recognize LPS and
negatively regulates NF-kappaB activation, J. Immunol. 182 (2009) 1836-1345.

[38] S.Y. Kim, S.M. Park, M. Hwanqbo, et al., Cheongsangbangpung-tang ameliorated
the acute inflammatory response via the inhibition of NF-kappaB activation and
MAPK phosphorylation, BMC Compl. Alternative Med. 17 (2017) 46.

[39] M. Magnani, R.C. Bianchi, A. Antonelli, The ubiquitin-dependent proteolytic system
and other potential targets for the modulation of nuclear factor-kb (NF-kB), Curr.
Drug Targets 1 (2000) 387–399.

[40] M.Y. Huang, J. Lin, K. Lu, et al., Anti-inflammatory effects of cajaninstilbene acid
and its derivatives, J. Agric. Food Chem. 64 (2016) 2893–2900 2016.

[41] J. Duan, H. Hu, L. Feng, X. Yang, Z. Sun, Silica nanoparticles inhibit macrophage
activity and angiogenesis via VEGFR2-mediated MAPK signaling pathway in zeb-
rafish embryos, Chemosphere 183 (2017) 483–490.

J.-j. Li et al. Fish and Shellfish Immunology 83 (2018) 205–212

212

http://refhub.elsevier.com/S1050-4648(18)30576-X/sref20
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref21
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref21
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref22
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref22
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref22
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref22
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref23
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref23
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref23
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref24
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref24
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref24
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref25
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref25
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref25
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref26
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref26
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref26
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref27
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref27
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref27
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref28
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref28
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref28
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref29
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref29
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref29
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref30
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref30
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref30
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref30
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref31
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref31
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref32
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref32
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref32
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref32
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref33
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref33
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref33
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref33
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref34
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref34
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref34
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref34
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref35
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref35
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref35
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref36
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref36
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref36
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref37
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref37
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref37
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref38
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref38
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref38
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref39
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref39
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref39
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref40
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref40
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref41
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref41
http://refhub.elsevier.com/S1050-4648(18)30576-X/sref41

	Tenacissoside H exerts an anti-inflammatory effect by regulating the nf-κb and p38 pathways in zebrafish
	Introduction
	Methods and materials
	Reagents
	Zebrafish maintenance
	Tail transection model
	CuSO4-induced inflammation model
	LPS-stimulated inflammation model
	Total RNA extraction and RT-PCR
	Western blot analysis
	Statistical analyses

	Results
	Inhibitory effect of TH on inflammation induced by tail cutting in zebrafish
	Inhibitory effect of TH on CuSO4-induced inflammation in zebrafish
	Inhibitory effect of TH on LPS-stimulated inflammation in zebrafish
	Effect of TH on the expression of inflammation-related genes in zebrafish
	Effect of TH on the protein expression of p38, P-p38, nf-κb, P-nf-κb, iκbα and P- iκbα in zebrafish

	Discussion
	Conflicts of interest
	Funding
	References




