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ABSTRACT
Context: Although the roots and stems of Kadsura coccinea (Lem.) A. C. Smith. [Schisandraceae] are herbs
and traditional foods in Li nationality, its toxicity remains unclear.
Objective: To study developmental toxicity of K. coccinea consumption and explain underly-
ing mechanisms.
Materials and methods: Zebrafish were applied to assess LC50 values of hydroethanol extract (KCH) and
water extract (KCW) of Kadsura coccinea. In further study, three concentrations groups of KCH (3.75, 7.5
and 15lg/mL for embryo, 7.5, 15 and 30lg/mL for larvae) and control group (n¼ 30) were administered.
At specific stages of zebrafish development, spontaneous movement, hatching rate, etc., were measured.
Gene expressions related to developmental toxicity were examined.
Results: The LC50 value of KCH (24 or 45 lg/mL) was lower than KCW (1447 or 2011 lg/mL) in embryos
or larvae. The inhibited spontaneous movement (20%), hatching rate (20%), body length (12%) and
eye area (30%) were observed after KCH treatment. Moreover, the decreased liver areas (25%) and
fluorescence intensity (33%), increased ALT (37%) and AST levels (42%) were found in larvae treated
with KCH (30 lg/mL). The increased ROS (89%), MDA concentrations (30%), apoptosis generation (62%)
and decreased T-SOD activity (16%) were also observed. The represented genes of developmental hep-
atotoxicity, oxidative stress and apoptosis in zebrafish were activated after KCH (15 or 30 lg/
mL) treatment.
Discussion and conclusions: These results demonstrate that KCH has developmental toxicity on zebra-
fish. Our study provides a scientific basis for further research on the toxicity of Kadsura coccinea.
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Introduction

With the increase of global exchange and diversification of dietary
habits, ethnic medicine and ethnic foods are becoming more popu-
lar and more widely consumed (Maynard 2015; Apekey et al. 2019).
Meanwhile, assessment and study of safety in ethnic medicine or
ethnic foods are gradually becoming very important. Kadsura cocci-
nea (Lem.) A. C. Smith. [Schisandraceae] is a tropical or subtropical
plant. The roots and stems of Kadsura coccinea have been used as a
decongestant, tonic and digestive agent in Vietnamese or Chinese
traditional medicine. The roots and stems of K. coccinea are also
used as traditional foods of the Li nationality. Additionally, the Li
folk people use this plant to stew pork and beef because of the seda-
tive effect and strong aroma (Huang et al. 2019). Moreover, the
fruits of K. coccinea offer high nutritional value and a new taste
(Sun et al. 2009; Huang et al. 2019). The roots and stems of K. cocci-
nea are reported to have a variety of activities, including antifungal
effects (Hu et al. 2016), anti-HIV action (Pu et al. 2008; Liang et al.
2013), anti-proliferation (Hu et al. 2016), acetylcholinesterase
inhibitory activities (Woo et al. 2020) and antitumor (Liu et al.

2014, 2018). However, to the best of our knowledge, there are few
studies on the toxicity of the roots and stems of K. coccinea.

Zebrafish (Danio rerio) is an important vertebrate model for
toxicity and efficacy studies (Ye et al. 2017; Forsatkar et al. 2018).
It is reported that about 70% of the homology of the human disease
genome can be found in the zebrafish genome (Postlethwait et al.
1998; Langheinrich et al. 2002). Moreover, there are many advan-
tages in working with zebrafish, including rapid reproduction,
quick development, easy observation, embryonic transparency and
convenient high-throughput screening (Mushtaq et al. 2013;
Kanungo et al. 2014; Peng et al. 2019). Zebrafish has emerged as a
highly promising model for research on the toxicology of food and
drugs (Tian et al. 2019; Tran et al. 2019).

In the present study, hydroethanol extract (KCH) and water
extract (KCW) of Kadsura coccinea root and stem were used to
evaluate the developmental toxicity in zebrafish embryos and lar-
vae. The expression of hepatotoxicity maker genes, oxidative
stress and apoptosis levels in zebrafish larvae was measured after
treatment to reveal the underlying toxicity mechanisms. This

CONTACT Jiagang Deng dengjg53@126.com; Zhengcai Du duzhengcai8@163.com Guangxi Key Laboratory of Efficacy Study on Chinese Materia Medica,
Guangxi University of Chinese Medicine, 13 Wuhe Road, Nanning 530200, China�These authors equally contributed to this work.
This article has been corrected with minor changes. These changes do not impact the academic content of the article.
� 2020 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (http://creativecommons.org/licenses/by-nc/4.0/), which permits
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

PHARMACEUTICAL BIOLOGY
2020, VOL. 58, NO. 1, 1303–1310
https://doi.org/10.1080/13880209.2020.1859553

http://crossmark.crossref.org/dialog/?doi=10.1080/13880209.2020.1859553&domain=pdf&date_stamp=2021-03-17
http://creativecommons.org/licenses/by-nc/4.0/
http://www.tandfonline.com


study can help us better understand the developmental toxicity
and the underlying toxicity mechanisms of K. coccinea.

Materials and methods

Preparation of Kadsura coccinea extract

Kadsura coccinea was purchased from Guangxi Wuzhou
Pharmaceutical (Group) Co. Ltd. (Wuzhou, China). It was iden-
tified by Professor Songji Wei of Guangxi University of Chinese
Medicine according to the Quality Standards for Yao Medicinal
Materials in Guangxi (Guangxi Food and Drug Administration
2014). A voucher specimen of K. coccinea (ZHUANG No.
201908, Jiagang Deng) was deposited in the Guangxi Key
Laboratory of Pharmacodynamics Research of Chinese Medicine,
Guangxi University of Chinese Medicine (Nanning, China).
Dried roots and stems of K. coccinea were ground, then extracted
by continuous reflux extraction using ethanol 95% (v/v) or water
in proportion 1:10 (v/v) for 1 h. This extraction process was
repeated twice. The filtered extract was dried to give ethanol
extract (KCH) and water extract (KCW). Next, KCH stock solu-
tions of 50mg/mL were prepared with ultrapure water contain-
ing 0.5% dimethyl sulphoxide (DMSO). The stock solution was
diluted to give a serial solution with culture water at different
concentrations. Similarly, 50mg/mL KCW stock solutions were
prepared with ultrapure water. The stock solution was diluted to
give a serial solution with culture water at different
concentrations.

The main compounds of KCH and KCW

Chromatographic analysis of KCH and KCW was performed
using an Agilent ultra-liquid chromatography system LC-1290
(Agilent, Santa Clara, CA). The gradient system, consisting of
acetonitrile (solvent A) and water (solvent B), was as follows:
0–1min, 10% B; 1–15min, 10–100.0% B; 15–8min, 100.0–10%
B. The volume of sample was 3lL for each injection. The col-
umn temperature and flow rate were 45 �C and 0.3mL/min,
respectively. The main compounds of KCH and KCW were
detected by a Q-TOF mass spectrometer (Agilent, Santa Clara,
CA), with an electrospray ionization interface in positive ioniza-
tion mode. The full scan range was from 100 to 1000 m/z.

Zebrafish maintenance

The AB strain of adult zebrafish and Tg (fabp10a: dsRed; ela3l:
EGFP) transgenic zebrafish Contract Noline were purchased
from the China Zebrafish Resource Center (Wuhan, China).
Zebrafish were maintained with standardized conditions at 28 �C
in a 14 h light/10 h dark cycle. In order to obtain eggs, male and
female adult zebrafish (1:1) were placed into a mating tank. The
next morning, the normal fertilized eggs were collected and
maintained in an incubator at 28 �C according to standard meth-
ods (Kimmel et al. 1995). All of the experiments followed stand-
ard ethical guidelines under control of the Guangxi University of
Chinese Medicine (approval number DW20190525-69).

KCH and KCW toxicity in Zebrafish embryos

According to a previously published procedure (Xia et al. 2018),
normal developing embryos of 6 h post-fertilization (hpf) and
normal developing larvae of 72 hpf were, respectively, selected

by a stereomicroscope (Leica, Wetzlar, Germany). The embryos
were randomly transferred into 24-well plates with 10 embryos
in each well and the same procedure was applied for larvae.
Then, a total volume of 2mL of serial concentrations of KCH
and KCW was added into each well. The exposure solutions
were replaced, and dead embryos or larvae were recorded and
removed every 24 h. The lethal curves of KCH and KCW in
embryos or larvae were drawn to measure the mean lethal con-
centration (LC50).

KCH on morphological analyses of the embryos

KCH was selected for further study because LC50 value of KCH
in embryos was much lower, than that of KCW. Normal devel-
oping embryos at 6 hpf were exposed to KCH at concentrations
of 0.5% DMSO, LC10 (15 lg/mL), 1/2 LC10 (7.5 lg/mL) and 1/4
LC10 (3.75lg/mL) as previously described (Xia et al. 2018).
These embryos were photographed to observe morphological
changes at 24, 48 and 72 hpf. The spontaneous movement of
embryos was measured at 24 hpf. Hatching rates of KCH were
calculated at 48 and 72 hpf. Ten larvae selected randomly from
each group were photographed to assess the body length and eye
area at 72 hpf.

Assessment of KCH on the hepatotoxicity

KCH was selected for study of hepatotoxicity because KCH (the
LC50 value of 45 lg/mL) in larvae was significantly more toxic
than KCW (the LC50 value of 2011 lg/mL). Zebrafish of the Tg
(fabp10a: dsRed; ela3l: EGFP) transgenic line exhibited the
DsRed RFP in the liver. The normal developing larvae of this
zebrafish were selected with a stereomicroscope at 72 hpf
and exposed to KCH at concentrations of 0.5% DMSO, LC10

(30lg/mL), 1/2 LC10 (15lg/mL) and 1/4 LC10 (7.5lg/mL) as pre-
viously procedure (Jia et al. 2019). The exposure solutions were
replaced every 24 h. At 72 h post exposure (hpe), lateral photo-
graphs of 10 larvae selected randomly from each group were
obtained with a fluorescence stereomicroscope. The area and
fluorescence intensity of liver in zebrafish larvae were determined
with ImageJ software.

Moreover, liver function of larvae treated with KCH was
investigated at 72 hpe by assessing the hepatic alanine trans-
aminase (ALT) and aspartate transaminase (AST) activity with
commercial kits. The zebrafish larvae treated with KCH were
tested for ALT or AST activities according to the manufacturer’s
instructions (Nanjing Jiancheng Bioengineering Institute,
Nanjing, China).

Measurement of reactive oxygen species generation

Generation of reactive oxygen species (ROS) in larvae was meas-
ured by using a ROS assay kit (Nanjing Jiancheng
Bioengineering Institute, Nanjing, China) as previously described
(Jia et al. 2019). After the KCH treatment, 10 larvae selected ran-
domly from each group were incubated with 10 mM DCFH-DA
for 1 h in the dark and rinsed three times with culture water.
These larvae were anaesthetized with 0.10% tricaine, and lateral
images were acquired via a fluorescence microscope. The fluores-
cence intensity was quantified via ImageJ software
(Bethesda, MD).
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Detection of antioxidative enzyme and lipid
peroxidation activities

Total superoxide dismutase (T-SOD) activity and malondialde-
hyde (MDA) level were measured in larvae as previously
described (Zou et al. 2017). T-SOD activity and MDA level of
larvae treated with KCH were examined according to the manu-
facturer’s instructions offered in the detection kits (Nanjing
Jiancheng Bioengineering Institute, Nanjing, China).

Assessment of apoptotic cells

Apoptotic cells from treated larvae were measured by staining in
acridine orange (Solarbio Life Science, Beijing, China) as previ-
ously described (Kim et al. 2019). Ten larvae selected randomly
from each group were incubated with 5 mg/mL acridine orange
staining solution in the dark for 30min at 28 �C. The larvae
were subsequently washed with PBS for three times. The larvae
were anaesthetized with 0.10% tricaine, and lateral images were
acquired via a fluorescence microscope. The fluorescence inten-
sity was quantified via ImageJ software (Bethesda, MD).

Real-time quantitative PCR assay

To further illustrate hepatic toxicity induced by KCH at the
molecular level, the mRNA expression levels of some essential
hepatic biomarker genes were detected and compared. To clarify
the underlying mechanism of toxicity, the mRNA expression lev-
els of oxidative stress and apoptotic genes were detected. The
total RNA of 30 larvae treated with KCH at 72 hpe was extracted
by using TRIzol reagent (Takara, Dalian, China) as previously
described (Jia et al. 2019). The quality of RNA was evaluated by
the OD260/OD280 ratio. The cDNA of these RNAs was synthe-
sized using the Transcriptor First Strand cDNA Synthesis Kit
(Roche, Mannheim, Germany), and quantitative real-time poly-
merase chain reaction (RT-PCR) was performed by using
FastStart Essential DNA Green Master (Roche, Mannheim,
Germany). The primer sequences of these genes are shown in
Table 1.

Statistical analysis

Each group was performed in three biological replicates and
three technological replicates, and the results are expressed as
mean ± standard deviation (SD). Differences were compared by
using one-way ANOVA, followed by Tukey’s multiple compari-
son tests to compare differences among multiple groups.
p Values <0.05 were considered to be significant.

Results

The main chemical component analysis of KCH and KCW

As shown in Figure 1(a,b), total ion current chromatograms of KCH
and KCW were acquired by using a UPLC-Q-TOF. Totally, 7 and
10 main compounds were identified in KCH and KCW according
to retention time, major fragment ions, molecular ions, online data-
base (TCMSP: Traditional Chinese Medicine Systems Pharmacology
Database and Analysis Platform) and previously published papers
(Ru et al. 2014; Woo et al. 2020), respectively. Four identical com-
pounds in KCH and KCW were found. The details of identified
compounds in KCH and KCW are listed in Tables 2 and 3.

Effects of KCH and KCW toxicity in embryos

As shown in Figure 2(a,b), the mortality rates of embryos treated with
KCH or KCW were measured. At 72 hpf, the LC50 and LC10 values of
KCH in embryos were 24 and 15lg/mL. The LC50 and LC10 values of
KCW in embryos at 72 hpf were 1447 and 810lg/mL.

Effects of KCH on morphological analyses of embryos
and larvae

As shown in Figure 2(c), the morphological changes of KCH
were observed on embryos and larvae at 24, 48 and 72 hpf. The
spontaneous movements of embryos at 24 hpf treated with 3.75
and 7.5 lg/mL KCH were markedly inhibited, compared to the
0.5% DMSO group (Figure 2(d)). Compared with the 0.5%
DMSO group, the hatching rates at 72 hpf in the 7.5 and 15 lg/
mL KCH treatment group were significantly inhabited (Figure
2(e)). The body length of larvae in the 15 lg/mL KCH treatment
group was significantly inhibited, compared to the 0.5% DMSO
group at 72 hpf (Figure 2(f)). The eye area of larvae treated with
KCH was inhibited at 72 hpf (Figure 2(g)).

Effects of KCH and KCW toxicity in larvae

The legality rates of KCH or KCW in zebrafish larvae were
observed (Figure 3(a,b)). At 72 hpe, the values of LC50 and LC10

of KCH in larvae were 45 and 30 lg/mL, respectively. The values
of LC50 and LC10 of KCH in embryos at 72 hpe were 2011 and
1765 lg/mL, respectively.

Effects of KCH on hepatotoxicity

Morphological changes of larvae liver were observed in KCH
treatment groups at 72 hpe (Figure 4(a)). The liver areas and
fluorescence intensity of larvae treated with KCH were remark-
ably decreased, compared to the 0.5% DMSO group (Figure
4(b,c)). Compared with the 0.5% DMSO group, increased ALT
and AST levels in larvae in the 15 and 30lg/mL KCH treatment
groups were observed at 72 hpe (Figure 4(d,e)).

Table 1. The primer sequences of quantitative real-time PCR.

Gene Primer Sequence Reference

fabp10a Forward CCAGTGACAGAAATCCAGCA Liu et al. (2018)
Reverse GTTCTGCAGACCAGCTTTCC

gclc Forward AAAATGTCCGGAACTGATCG Liu et al. (2018)
Reverse AACGTTTCCATTTTCGTTGC

gsr Forward CAACCTTGAAAAGGGCAAAA Liu et al. (2018)
Reverse AAACTGGATCCTGGCACATC

nqo1 Forward CTCAAGGATTTGCCTTCAGC Liu et al. (2018)
Reverse CGCAGCACTCCATTCTGTAA

keap1 Forward ACATGGAGTCTCAGTCTACC Xia et al. (2018)
Reverse GGCATATCTGTTACAAGCGT

nrf2 Forward CACCCAACATGAATCAACTG Xia et al. (2018)
Reverse ATTTCCGCCATCTGATGTAAT

Cu/Zn-Sod Forward GGTGGCAATGAGGAAAGTC Xia et al. (2018)
Reverse ATCACTCCACAGGCCAGA

bax Forward GGCTATTTCAACCAGGGTTCC Zhang et al. (2019)
Reverse TGCGAATCACCAATGCTGT

P53 Forward ACCACTGGGACCAAACGTAG Zhang et al. (2019)
Reverse CAGAGTCGCTTCTTCCTTCG

casp9 Forward CTGAGGCAAGCCATAATCG Zhang et al. (2019)
Reverse AGAGGACATGGGAATAGCGT

casp3 Forward CCGCTGCCCATCACTA Zhang et al. (2019)
Reverse ATCCTTTCACGACCATCT

b-actin Forward CCACCTTAAATGGCCTAGCA Zhao et al. (2018)
Reverse CATTGTGAGGAGGGCAAAGT
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Effects of ROS generation

As shown in Figure 5(a,b), compared with the 0.5% DMSO
group, the ROS levels in the 15 and 30 lg/mL KCH groups were
considerably higher, illustrating that ROS levels increased in
zebrafish larvae treated with KCH.

Effects of T-SOD activities and MDA contents

As shown in Figure 5(e), at 72 hpe, the T-SOD activities of lar-
vae in the 30 lg/mL KCH group were markedly decreased than
that in the 0.5% DMSO group. Compared with the 0.5% DMSO
group, the increased MDA contents of larvae treated with 30 lg/
mL KCH were obviously observed at 72 hpe (Figure 5(f)).

Effects of apoptotic cells

As shown in Figure 5(c,d), compared with the 0.5% DMSO
group, the fluorescence intensity of apoptotic cells in the 15 and
30 lg/mL KCH groups was significantly increased at 72 hpe.

Effects of the mRNA expression levels of hepatotoxicity
markers gene

The mRNA expression levels of hepatotoxicity marker genes
in larvae were examined by using real-time quantitative
PCR to further study the liver toxicity. At 72 hpe, the
mRNA expression levels of gclc (glutamate–cysteine ligase,

Figure 1. Component analysis of KCH and KCW. (a, b) The total ion current chromatograms of KCH and KCW.

Table 2. Chemical components in KCH.

ID Real time (min) m/z (calculated) MS[MþH]/[MþNH4]/[MþNa] MS/MS Molecular formula Tentative assignment Family

1 8.614 182.0580 183.0653 104.0257 C9 H10 O4 3,5-Dimethoxy-4-hydroxybenzaldehyde Volatile oil
2 9.606 330.2405 348.2744 C18 H34 O5 Tianshic acida Organic acids
3 12.911 442.1628 443.1703 154.0624 C24 H26 O8 Acetylepigomisin Ra Lignans
4 12.977 488.2400 506.2748 C27 H36 O8 Kadsuralignan L Lignans
5 13.688 402.1691 425.1573 C22 H26 O7 Kadsuphilin Ba Lignans
6 13.771 430.1951 431.2064 101.0961 C24 H30 O7 Kadsulignan N Lignans
7 16.647 416.2199 417.2274 226.1716 C24 H32 O6 Deoxyschizandrina Lignans
aThe chemical compound found in both KCH and KCW.

Table 3. Chemical components in KCW.

ID Real time (min) m/z (calculated) MS[MþH]/[MþNH4]/[MþNa] MS/MS Molecular formula Tentative assignment Family

1 3.344 202.0846 220.1185 169.0131 C9 H14 O5 Shikimic acid ethyl ester Ester
2 9.609 330.2403 348.2742 C18 H34 O5 Tianshic acida Organic acids
3 11.344 152.0476 153.055 120.0206 C8 H8 O3 Vanillin Aldehyde
4 12.071 474.1894 492.2232 C25 H30 O9 Kadsulignan B Lignans
5 12.914 442.1628 443.1701 154.0624 C24 H26 O8 Acetylepigomisin Ra Lignans
6 13.691 402.168 425.1572 C22 H26 O7 Kadsuphilin Ba Lignans
7 13.774 430.1994 431.2068 101.0961 C24 H30 O7 Kadsulignan n Lignans
8 15.576 458.1943 459.2016 119.0128 C25 H30 O8 Kadsurin Lignans
9 16.386 278.1523 279.1597 163.0026 C16 H22 O4 Dibutyl phthalate Ester
10 16.65 416.2199 417.2273 226.1716 C24 H32 O6 Deoxyschizandrina Lignans
aThe chemical compound found in both KCH and KCW.
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Figure 2. Effects of KCH and KCW on legality curves and morphological analyses of the embryos. (a) The legality curves of KCH on zebrafish embryos at 24, 48 and
72 hpf. (b) The legality curves of KCW on zebrafish embryos at 24, 48 and 72 hpf. (c) Effects of KCH on morphological analyses of the embryos at 24, 48 and 72 hpf.
(d) The embryo spontaneous movement in the KCH group at 24 hpf. (e) The hatching rates of KCH-treated larvae at 72 hpf. (f) The body length of KCH-treated larvae
at 72 hpf. (g) The eye area of KCH-treated larvae at 72 hpf. �p< 0.05, ��p< 0.01, ���p< 0.001 and ����p< 0.0001.

Figure 3. Effects of KCH and KCW on larval toxicity at 24, 48 and 72 hpe. (a) Mortality concentration of KCH. (b) Mortality concentration of KCW.

Figure 4. Effects of KCH on the hepatotoxicity in larvae at 72 hpe. (a) Liver morphology of KCH-treated larvae. (b) Liver areas of KCH-treated larvae. (c) Liver fluores-
cence intensity of KCH-treated larvae. (d) AST levels of KCH-treated larvae. (e) ALT levels of KCH-treated larvae. �p< 0.05, ��p< 0.01 and ���p< 0.001.
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Figure 5. Effects of ROS generation, apoptotic cells, T-SOD activities and MDA contents in KCH treatment groups at 72 hpe. (a) ROS fluorescence staining in larvae
treated with KCH. (b) ROS fluorescence levels in larvae treated with KCH. (c) Apoptosis of the larvae treated with KCH. Red arrow represents apoptotic cells. (d) The
fluorescence intensity of apoptosis in the larvae treated with KCH. (e) The T-SOD activities in larvae treated with KCH. (f) The MDA levels in larvae treated with KCH.�p< 0.05, ��p< 0.01, ����p< 0.0001.

Figure 6. The mRNA expression levels of genes in larvae treated with KCH at 72 hpe. The mRNA expression levels of hepatotoxicity marker genes gclc (a), nqo1 (b),
gsr (c) and fabp10a (d). The mRNA expression levels of oxidative stress-related genes keap1 (e), nrf2 (f) and Cu/Zn-Sod (g). The mRNA expression levels of apoptosis-
related genes Bax (h), P53 (i), Casp9 (j) and Casp3 (k) (d). �p< 0.05, ��p< 0.01, ���p< 0.001 and ����p< 0.0001.
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catalytic subunit) and nqo1 [NAD(P)H dehydrogenase, quin-
one 1] decreased in the 30 lg/mL KCH treatment group
(Figure 6(a,b)]. Moreover, the mRNA expression levels of
gsr (glutathione reductase) and fabp10a (fatty acid-binding
protein 10a, liver basic) decreased in the 15 and 30 lg/mL
KCH groups (Figure 6(c,d)).

Effects of the mRNA expression levels of oxidative stress
and apoptotic gene

Since oxidative stress of zebrafish embryos exposure with KCH
was significantly elevated at a cellular level, the transcriptions of
oxidative stress-related genes in larvae were examined. The tran-
scriptions of keap1 (Kelch-like ECH-associated protein 1), nrf2
(nuclear factor erythroid 2-related factor 2) and Cu/Zn-Sod (cop-
per, zinc superoxide dismutase) were significantly up-regulated
in the 15 and 30 lg/mL KCH groups at 72 hpe. The mRNA
expression levels of apoptosis-related genes in larvae were
detected. Compared with those in the 0.5% DMSO group, Bax
(BCL2 associated X), P53 (tumour protein p53), Casp9 (caspase-
9) and Casp3 (caspase-3) transcription levels were obviously up-
regulated in the 15 and 30 lg/mL KCH group at 72 hpe.

Discussion

In the present study, we found that the LC50 value of KCH (24
or 45 lg/mL) was lower than that of KCW (1447 or 2011 lg/mL)
in embryos or larvae, so KCH was chosen for the careful exam-
ination of the decided tests in zebrafish larvae. Hatching of
zebrafish embryos is as a key point of developmental toxicology,
and failure or delay of hatching because of various reasons such
as inhibition of chorionase, hatching enzyme or the weakening
of spontaneous muscle movement (Zhao et al. 2018). Our results
obviously showed that the hatching rate and spontaneous move-
ment of larvae exposed with KCH were inhibited.
Concomitantly, the significant shortened body length was also
observed. In the organ developmental and functional study of
zebrafish, measurement of liver fluorescence intensity, liver size
and ALT and AST levels are important endpoints for assessing
liver toxicity (He et al. 2013). ALT and AST play a role in gluco-
neogenesis to catalyse the transfer of amino groups from aspartic
acid or alanine to ketoglutaric acid to produce oxaloacetic acid
and pyruvic acid. AST and ALT enzyme mainly are found in
liver and has been used in clinical studies as to indicate hepato-
cellular injury (Kwo et al. 2017). In our study, the decreased liver
area and fluorescence intensity, as well as the increased ALT and
AST levels in larvae treated with KCH were remarkably
observed. This demonstrated hepatocyte damage and hepatic
dysfunction in zebrafish larvae after KCH treatment.

Furthermore, the expression levels of maker genes in liver
development were measured after KCH treatment and the results
were consistent with morphology observation. The genes gclc
(Liu et al. 2016; Jia et al. 2019), nqo1 (Qu et al. 2014; Liu et al.
2018), gsr and fabp10a (Liu et al. 2013; Verstraelen et al. 2016)
are often used as marker genes of liver developmental toxicity.
In this study, the results of qRT-PCR revealed that KCH remark-
ably decreased the expression levels of gclc, nqo1, gsr and
fabp10a, indicating that KCH could induce the developmental
hepatotoxicity.

Oxidative stress is often used as a toxic mechanism of drugs
or food. The excessive increase in ROS generation can induce
oxidative stress and lead to physiological lesions and various bio-
chemicals in the body (Li et al. 2010; Huang et al. 2011; Landete

2013). SOD is a key antioxidant enzyme that prevents the body
from oxidative damage (Dobashi et al. 2000; Zhang et al. 2009).
MDA is the main oxidation product and reflects oxidative dam-
age in the body (Draper and Hadley 1990; Yang et al. 2018). The
increased generation of ROS and MDA levels, and reduced
T-SOD activity, were found. Meanwhile, the observed increased
of Keap1, Nrf2 or Cu/Zn-Sod transcriptions indicated that the
antioxidant defence system was activated to eliminate ROS and
reduce oxidative stress induced by KCH. This illustrates that oxi-
dative stress occurred in the larvae after KCH exposure. The
generation of ROS can result in apoptosis (Zou et al. 2016). The
number of apoptotic cells of the larva in the KCH treatment
group was significantly increased. Additionally, this study shows
that the apoptosis factors, Bax, P53, caspase-3 and caspase-9,
were obviously increased in the 15 and 30lg/mL KCH groups,
compared with the 0.5% DMSO group. These results show that
oxidative stress and apoptosis induced the developmental toxicity
of KCH on zebrafish larvae.

Conclusions

This study offered a better understanding of the toxicity of roots
and stems of Kadsura coccinea on zebrafish embryo and larvae
in vivo. The embryo was treated with KCH and KCW from 6 hpf
to 72 hpf, and the LC50 value of KCH (24lg/mL) in embryos was
obviously lower, relative to the value of KCW (1447lg/mL). The
inhibition of spontaneous movement of embryos and hatching
were observed in zebrafish after KCH treatment, as well as short
body length and small eye size. In addition, the LC50 value of
KCH (45lg/mL) in larvae was significantly lower than the value
of KCW (2011lg/mL), and KCH exhibited developmental toxicity
on the liver of zebrafish larvae. The genes related to classical hep-
atotoxicity, oxidative stress and apoptosis in zebrafish larvae were
activated after KCH treatment. These results illustrated that KCW
extract was safer than the KCH extract in zebrafish embryos and
larvae. The KCH extract was the main toxic extract of roots and
stems of Kadsura coccinea. Moreover, oxidative stress and apop-
tosis were the developmental toxic mechanisms of the KCH
extract. These results might provide theoretical basis of develop-
mental toxicity for the roots and stems of Kadsura coccinea in
clinical and dietary applications.
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