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Carpesii Fructus, the dried fruit of Carpesium abrotanoides L., has been used as a traditional Chinese

medicine for centuries to kill intestinal parasites in children. It has been recorded as a mildly toxic medi-

cine in the Chinese pharmacopoeia. However, little proof of its toxicology has been reported in modern

pharmacology. This study investigated for the first time its developmental toxicity on zebrafish embryos/

larvae from 6 to 96 h post-fertilization (hpf). In addition, the enzymes and genes associated with oxidative

stress and apoptosis were tested to investigate the potential toxicologic mechanism preliminarily. The

observation of toxicologic endpoints showed the developmental toxicity of Carpesii Fructus. Pericardial

edema, yolk sac edema, bleeding tendency, and enlarged yolk were the most commonly occurring

morphological changes observed in our study. According to the results of acridine orange staining

and morphological observation, the developing heart was speculated to be the target organ of toxicity.

Furthermore, Carpesii Fructus exposure changed the activities of defense enzymes, increased malondi-

aldehyde (MDA) content, decreased caspase-3 activity, and altered mRNA levels of related genes (ogg1,

p53, Cu/Zn-Sod, Mn-Sod, and Cat↓; Gpx↑) in zebrafish larvae, indicating that oxidative stress and

additional apoptosis should have roles in the developmental toxicity of Carpesii Fructus. This is the first

study that provides proof of modern pharmacology on the teratogenicity and possible toxicologic

mechanism of Carpesii Fructus.

Introduction

Carpesii Fructus, the dried fruit of Carpesium abrotanoides L.,
has been used as a traditional Chinese medicine to kill para-
sitic intestinal worms in children. This herb is very effective in
killing roundworms and tapeworms. The anti-diarrheal, anti-
inflammatory, abirritation and antibacterial effects of Carpesii
Fructus have been reported in recent years.1 It is worth noting
that this herb was recorded as a mildly toxic medicine in the
Chinese pharmacopoeia.2 However, there is little proof in
modern pharmacology regarding its toxicity. Therefore, to
promote its clinical safety, our aim is to perform a toxicologic
assay of Carpesii Fructus to discover its potential toxicity,
including developmental toxicity.

The zebrafish embryo has become a promising alternative
model to screen the developmental toxicity of compounds. The
characteristics of the zebrafish, such as its small size, transpar-
ency, rapid in vitro development, considerable fecundity, and
economic husbandry requirements, make it suitable for the

studies of developmental toxicity.3–5 One pair of adult zebra-
fish commonly produces more than 200 fertilized eggs in each
mating. The 2 to 3 mm body length of the larva makes it poss-
ible to perform the tests in multi-well plates. In addition, the
zebrafish embryo/larvae tests require few samples. More
importantly, many previous studies using the zebrafish prove
its applicability to screen the potential toxicity of drugs on
humans.6 Because of their transparency, the in vitro develop-
ment process of zebrafish embryos/larvae can be observed
easily and directly with a stereomicroscope.7 This feature is
much more in line with animal welfare because there is no
need for euthanizing the mother fish.8 In addition, zebrafish
embryo tests are considered to be in vivo tests, with no pain
inflicted on the fish.9

Redox regulation and apoptosis play crucial roles in the
developmental process. Their disturbances can lead to deform-
ity and death.10 Apoptosis can occur naturally during embryo-
genesis or as a result of cell damage or stress. It regulates
many developmental processes including morphogenesis,
removal of vestigial structures, cell number regulation, and
elimination of dangerous cells as the broad functions of cell
death during development. These categories illustrate that
apoptosis has great influence on the developing embryo.
Caspases are crucial mediators of apoptosis. Among them,
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caspase-3 is a frequently activated death protease.
Furthermore, caspase-3 is essential for certain processes
associated with the dismantling of the cell and the formation
of apoptotic bodies.11 Reactive oxygen species (ROS) are by-
products of normal life activities. However, the disorder of
ROS regulation may cause damage to DNA, protein, or lipid.
Subsequently, the organelles will be damaged. Thus, exoge-
nous toxicants can alter the redox environment to disrupt
development and cause teratogenesis. Published evidence has
shown that oxidative stress is a toxicologic mechanism of a
drug.10,12,13 To our knowledge, few articles have been pub-
lished to date pertaining to the relationship between the
potential toxicity of Carpesii Fructus and oxidative stress or
apoptosis. Therefore, the present article discusses the poten-
tial mechanism of Carpesii Fructus-induced toxicity in accord-
ance with the disturbance of redox regulation and apoptosis.

We performed an assay to find the potential developmental
toxicity of Carpesii Fructus on the embryo–larval stages of
zebrafish. The analyses of mortality, malformations, spontaneous
movement, heart rate, hatching rate, and body length were per-
formed to examine the developmental toxicity of Carpesii
Fructus. Furthermore, activities of anti-oxidative enzymes,
effect on malondialdehyde (MDA) content, and caspase-3
activity were examined. In addition, the gene expression
related to antioxidant proteins, the oxidative-DNA repair
system, and apoptosis was tested to determine the underlying
toxicologic mechanism of Carpesii Fructus preliminarily.

Materials and methods
Chemicals and reagents

Carpesii Fructus was purchased from Beijing Tong Ren Tang
Medicinal Materials Co., Ltd (Beijing, China) and authenti-
cated by professor Rui-chao Lin at the Beijing University of
Chinese Medicine. Sodium chloride (NaCl), calcium chloride
(CaCl2), sodium hydrogen carbonate (NaHCO3), potassium
chloride (KCl), potassium dihydrogen phosphate (KH2PO4)
and disodium hydrogen phosphate (Na2HPO4) were purchased
from Beijing Chemical Reagent Co., Ltd (Beijing, China). All
these reagents were of analytical grade. The total superoxide
dismutase (T-SOD) assay kit (A001-1), catalase (CAT) assay kit
(A007-1), glutathione peroxidase (GPX) assay kit (A005), malon-
dialdehyde (MDA) assay kit (A003-1), and caspase-3 activity
assay kit (G015) were purchased from Nanjing Jiancheng
Bioengineering Institute (Nanjing, China).

Preparation of Carpesii Fructus extracts

Carpesii Fructus was refluxed with 10-fold water for 1 h. Then,
filtrates were collected with suction filtering and the residues
were refluxed twice as previously stated. The mixed filtrates
were vacuum evaporated in a rotary evaporator. Then, they
were dried in a 60 °C water bath. Finally, the concentrated
solution was vacuum dried at 60 °C in a vacuum drying oven.
The extract rate of Carpesii Fructus in this study was calculated
as 11.70%. The zebrafish exposure solutions were prepared by

dissolving the extracts in fish water (13.675 mmol L−1 NaCl,
0.537 mmol L−1 KCl, 0.025 mmol L−1 Na2HPO4, 0.044 mmol L−1

K2HPO4, 1.3 mmol L−1 CaCl2, 1.0 mmol L−1 MgSO4, and
0.417 mmol L−1 NaHCO3) and were further diluted to the
exposure concentrations.

Zebrafish husbandry

Adult AB strain zebrafish were purchased from the China
Zebrafish Resource Center (Wuhan, China). In our laboratory,
the adult fish were maintained at 28 ± 0.5 °C with a 14 : 10-
hour light–dark cycle in an automatic zebrafish housing
system (ESEN, China). The system water was prepared by
charcoal-filtered tap water supplemented with a salt solution
to reach a pH and conductivity range of 6.8 to 7.2 and 450 to
520 μS, respectively. The zebrafish housing system was set to
aerate the system water continuously. Meanwhile, it auto-
matically replaced approximately one-third of the water daily
to maintain the system water quality. The fish were fed with
live brine shrimp three times a day. On the night before
spawning, two male and one female zebrafish were separated
in a spawning box with an isolation plate. In the morning,
the isolation plate was removed as the light went on. After
1 hour, the fertilized eggs were collected and washed three
times with fish water. Then, the fertilized eggs were main-
tained in a light incubator at 28 °C until 6 hours post-fertili-
zation (hpf ). The animal experiment protocols were approved
by the Animal Ethics Committee of Beijing University of
Chinese Medicine according to the requirements of the
National Act on the Use of Experimental Animals (Beijing,
China).

Teratogenic and lethal assay

The teratogenic and lethal assay tests were performed as
described in previous studies with a little change. In brief, fer-
tilized eggs were manually selected under a stereomicroscope
(Nikon) at 6 hpf. Next, they were randomly transferred to pre-
conditioned 12-well plates (Corning, NY, USA) refilled with
either exposure solutions (treatment groups) or fish water
(control group) to reach a final volume of 3 mL per well.6

Twenty embryos were incubated per well of 12-well plates. The
chemicals could be absorbed by ingestion and transdermal
absorption. We planned a range-finding experiment to deter-
mine the no adverse effect concentration of the exposure solu-
tion and the highest concentration at which all embryos/larvae
are killed. Then, eight concentration groups between no
adverse effect concentration and 100% lethal concentration
were set up to perform the developmental toxicity assay.
Finally, 140, 170, 200, 230, 260, 290, 320, and 350 mg L−1 of
Carpesii Fructus extracts were selected as the exposure concen-
trations. The sub-lethal concentration groups (140, 170, 200,
and 230 mg L−1) were used to test the activities of enzymes
and gene expression. Twenty embryos were used per treatment.
Each treatment was repeated three times. Additional plates
were set for acridine orange (AO) staining and gene expression
analysis, respectively. To ensure the stability of chemical con-
stituents of the exposure solutions, the plates were wrapped in
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tinfoil. They were placed in an illumination incubator (Yiheng
DHP-9082, China) at 28 °C. The exposure solutions were
replaced at 24, 48, and 72 hpf, to ensure water quality and the
appropriate concentrations of Carpesii Fructus extracts. We
checked the abnormal development as per the description in
the OECD guidelines and removed the dead embryos/larvae
when we replaced exposure solutions.14–16

Antioxidative enzyme assay

At 96 hpf, 60 larvae from the same groups were pooled in
a centrifuge tube with 380 μL cold saline (0.65% sodium
chloride solution). Then, the larvae were homogenized on ice
using a homogenizer (IKA T10 basic ULTRA, Germany). The
homogenates were centrifuged at 3500 rpm for 15 min at 4 °C,
and the supernatants were collected for various assays.

The activities of total superoxidate dismutase, CAT and GPX
were measured according to the manufacturer’s recommen-
dations (Nanjing Jiancheng Bioengineering Institute, Nanjing,
China). T-SOD activity was assayed using the xanthine/
xanthine oxidase method based on the production of O2−

anions.17 The CAT activity was measured based on the hydro-
lysis reaction of hydrogen peroxide (H2O2) with CAT, which
could be terminated by molybdenum acid (MA) to produce a
yellow MA–H2O2 complex. The CAT activity was calculated by
the decrease in absorbance at 405 nm due to the degradation
of H2O2.

18 The GPX activity was determined by the velocity
method using a reduced glutathione (GSH)-Px kit. The change
in absorbance during the conversion of GSH to oxidized
glutathione (GSSG) was recorded spectrophotometrically at
412 nm.19–21

Lipid peroxidation assay

MDA reacts with thiobarbituric acid (TBA) to produce a
colored mixture. The colored mixture can be analyzed by spec-
trofluorometry to reflect lipid peroxidation.22 In this article, we
detected the MDA content with a malondialdehyde assay kit
(TBA method). All the procedures were conducted as described
in the manufacturer’s recommendations (Nanjing Jiancheng
Bioengineering Institute, Nanjing, China). The level of MDA
was presented as nmol mg−1 protein.

Acridine orange staining analysis

Embryo cell apoptosis was identified using AO staining as
described in ref. 23. In that study, AO staining was performed
at 96 hpf. Although melanin had appeared at this point, the
disturbance of apoptosis observation was at an acceptable
level for a qualitative analysis. Moreover, the plates were
wrapped in tinfoil in our test. Without light stimulation, the
melanin released slowly.

In brief, 10 larvae from each group (n = 3) were washed
twice in fish water at 96 hpf, then transferred to 5 μg mL−1 of
AO dissolved in fish water for 20 minutes at room temperature.
The larvae were then washed with fish water three times for
5 minutes each. Finally, after being anesthetized with 0.03%
tricaine for 3 minutes, apoptotic cells were observed and
photographed under a stereoscopic fluorescence microscope

(AXIO Zoom. V16, Zeiss, Germany) equipped with a micro-
scope camera (Axiocam 503 color, Zeiss, Germany). In this
study, we set three independent replicate plates of embryos for
AO staining analysis.

Caspase activity assay

In this study, a kit was used to test caspase-3 activity as
described in the manufacturer’s instructions (Nanjing
Jiancheng Bioengineering Institute, Nanjing, China). The tests
were repeated three times.

Gene expression analysis

At the end of exposure, 60 embryos from other independent
plates were pooled together for gene expression analysis. We
used a trizol reagent (Invitrogen, USA) to isolate the total RNA
as described in the manufacturer’s protocol. Then, we evalu-
ated the RNA quality by the OD260/OD280 ratio and the banding
patterns on a 1.2% agarose gel. A reverse transcriptase kit
(CWBiotech, Beijing, China) was used for cDNA synthesis.
Quantitative real-time polymerase chain reaction (RT-PCR)
amplifications were performed on an RT-PCR system (Biorad,
CA, USA) using the SYBR green system (Takara, Dalian, China).

In the present study, Cu/Zn superoxide dismutase (Cu/Zn-
Sod ), manganese superoxide dismutase (Mn-Sod ), catalase
(Cat ), glutathione peroxidase (Gpx), and DNA repair gene
(Ogg1) were detected. Activation of the p53 protein, which can
lead to a variety of outcomes, including cell cycle arrest and
apoptosis, has been known as an effective indicator to show
that the cell has entered an apoptotic state.23,24 Therefore, the
mRNA level of p53 was also investigated in this study. Table 1
lists the primer pair sequences.

Statistical analysis

In this study, we used SPSS17.0 (USA) for data processing.
Statistical differences were determined by one-way analysis of
variance (ANOVA). The values in this study were expressed as
mean ± standard deviation (SD). When p was less than 0.05
or 0.01, the values were considered to have a significant
difference.

Table 1 The sequences of primer pairs used in RT–PCR

Gene Primer sequence (5′–3′)
Accession
number Ref.

Mn-Sod F: CCGGACTATGTTAAGGCCATCT AY195857 23
R: ACACTCGGTTGCTCTCTTTTCTCT

Cu/Zn-Sod F: GTCGTCTGGCTTGTGGAGTG Y12236 23
R: TGTCAGCGGGCTAGTGCTT

Cat F: AGGGCAACTGGGATCTTACA AF170069 23
R: TTTATGGGACCAGACCTTGG

Gpx F: AGATGTCATTCCTGCACACG AW232474 23
R: AAGGAGAAGCTTCCTCAGCC

Ogg1 F: CGGATTGTATTAGCCC AY355149 9
R: AAACCCAAAGATGGAGG

P53 F: GGGCAATCAGCGAGCAAA AB021961 9
R: ACTGACCTTCCTGAGTCTCCA

β-Actin F: CGAGCAGGAGATGGGAACC AF057040.1 23
R: CAACGGAAACGCTCATTGC

Paper Toxicology Research

462 | Toxicol. Res., 2017, 6, 460–467 This journal is © The Royal Society of Chemistry 2017

Pu
bl

is
he

d 
on

 2
9 

M
ar

ch
 2

01
7.

 D
ow

nl
oa

de
d 

by
 R

SC
 I

nt
er

na
l o

n 
25

/0
5/

20
18

 1
0:

30
:2

5.
 

View Article Online

http://dx.doi.org/10.1039/c7tx00005g


Results
Embryonic development toxicity of Carpesii Fructus

The mortality of embryos/larvae at 96 hpf is shown in Fig. 1A.
The LC50 value of Carpesii Fructus to zebrafish embryos was
calculated as 230.40 mg L−1. Carpesii Fructus induced a suite
of abnormalities in zebrafish embryos. Hatching inhibition,
increased spontaneous movement, heartbeat inhibition, peri-
cardial edema, yolk-sac edema, bleeding tendency, yolk mal-
formation, enlarged yolk, and shortened body length were
observed in this study (Fig. 2 & 3). The malformations were
widespread at 24, 48, 72, and 96 hpf at high concentrations.
Pericardial edema, yolk-sac edema, bleeding tendency, and an
enlarged yolk were the most commonly occurring morphologi-
cal changes. Teratogenic and lethal effects were not found in
the control group.

The spontaneous movements (spontaneous contractions
characterized by side-to-side contractions of the tail) of
embryos at 24 hpf were significantly increased at 140, 170, 200,
230, and 260 mg L−1 of Carpesii Fructus (Fig. 2A).

Heart rate is a crucial endpoint reflecting cardiac develop-
mental toxicity. In this study, the number of heart beats in 10
seconds was recorded at 48 and 72 hpf. Significant inhibitions
of heart beat were observed in greater or equal to 200 mg L−1

Carpesii Fructus treated groups at 48 hpf. At 72 hpf, significant
heartbeat inhibition was found at concentrations of 260 mg L−1

and greater. As the concentrations increased, the heart beat
continued to decrease (Fig. 2B).

The zebrafish larvae usually hatch out from the chorion
at 48 to 72 hpf at 28 °C. The rate and time of hatching were

Fig. 1 The mortality of embryos or larvae at 96 hpf (A); and the
changes in caspase-3 activity (B) in the zebrafish larvae exposed to
various concentrations of Carpesii Fructus until 96 hpf. The values are
expressed as mean ± SD (n = 3). *Represents p value less than 0.05 and
**represents p value less than 0.01.

Fig. 2 The spontaneous movement at 24 hpf (A); heartbeat of zebrafish
during each observation time (B); hatching rates of zebrafish embryos
for different periods (C); body length of the hatched larvae at 96 hpf (D).
The values are expressed as mean ± SD (n = 3). *Represents p value less
than 0.05 and **represents p value less than 0.01.

Fig. 3 Microscopy images of zebrafish embryos or larvae at 24, 48, 72,
96 hpf. A1–A5: the normal embryos or larvae in the control group at 24,
48, 48, 72 and 96 hpf. B1–B7: exposed to 320 mg L−1 Carpesii Fructus at
24 hpf (B1, with growth retardation (lack of eyes, short tail bud)); 320
mg L−1 Carpesii Fructus at 48 hpf (B2, with growth retardation (lack of
eyes, short tail bud)); 140 mg L−1 Carpesii Fructus at 72 hpf (B3, with
pericardial edema, yolk sac edema, bleeding tendency); exposed to
170 mg L−1 Carpesii Fructus at 96 hpf (B4, with pericardial edema, yolk
sac edema, bleeding tendency, enlarged yolk); 200 mg L−1 Carpesii
Fructus at 96 hpf (B5, with pericardial edema, yolk sac edema, bleeding
tendency, enlarged yolk); 200 mg L−1 Carpesii Fructus at 96 hpf (B6,
with pericardial edema, yolk sac edema, yolk malformation, big yolk);
230 mg L−1 Carpesii Fructus at 96 hpf (B7, with pericardial edema, yolk
sac edema, bleeding tendency, yolk malformation, big yolk). YSE: yolk
sac edema; PE: pericardial edema; BT: bleeding tendency; Y: yolk
malformation; LE: lack of eyes; STB: short tail bud.
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sensitive to poison. In the control group of the present study, a
few embryos hatched at 48 hpf, and most of them completed
hatching at 96 hpf (Fig. 2C). Compared with the control group,
the hatching rate at 140 mg L−1 at 48 hpf was significantly
increased, which may be caused by a long time severe spon-
taneous movement. The hatching rate at 230 mg L−1 and
greater concentrations was significantly reduced. At 72 hpf, the
hatching rates were significantly decreased in a dose-depen-
dent manner. A dose-dependent decrease in hatching rates
was also observed at 96 hpf.

Furthermore, a photo of each larva was taken at 96 hpf for
its body length measurement. The significant dose-dependent
inhibition of body length was found in 140, 170, 200, 230, and
260 mg L−1 of Carpesii Fructus treated groups (Fig. 2D).

Effect of Carpesii Fructus on antioxidant enzymes

As shown in Fig. 4A, the SOD activity was decreased in this
study. Compared with the control group, 0.64- and 0.29-fold
decreased activities were found in 200 and 230 mg L−1 of the
Carpesii Fructus treated groups. Fig. 4B shows that the CAT
activity was significantly increased by 14.20-, 12.95- and 11.42-
fold after exposure to 140, 170, and 230 mg L−1 Carpesii
Fructus. GPX activities were significantly increased by 1.26-
fold relative to the control group after exposure to 140 mg L−1

Carpesii Fructus (Fig. 4C).

Effect of Carpesii Fructus on lipid peroxidation

As shown in Fig. 4D, the MDA content in zebrafish embryos/
larvae was significantly increased in a concentration-depen-
dent manner after exposure to Carpesii Fructus. As the calcu-
lation results show, 1.18-, 1.27-, 1.30- and 1.45-fold increased
MDA content were detected in 140, 170, 200, and 230 mg L−1

Carpesii Fructus treated groups, compared with the control
group.

Additional apoptosis induced by Carpesii Fructus

Apoptotic cells were universal in the heart area in the treated
groups. To show the appearance of apoptotic cells in the heart
area, we chose pictures from the control and treated groups
randomly and these are shown in Fig. 5. As shown in Fig. 5,
the normal apoptotic cells were observed in the trunk and
head area in control larvae, while they were absent in the
treated larvae. This could be because of abnormal or slow
development induced by Carpesii Fructus. Moreover, under
the microscope, we could observe the green fluorescent dots
beating in synchronization with the heart beat. So, we can say
that Carpesii Fructus induced cardiotoxicity in the embryos/
larvae of zebrafish.

Result of caspase-3 activity test

The activity of caspase-3 was detected to confirm Carpesii
Fructus induced apoptosis by the caspase pathway. Results
showed that a 0.38-fold decreased activity of caspase-3 was
detected in the 230 mg L−1 Carpesii Fructus treated group
when compared with the control group (Fig. 1B).

Effect of Carpesii Fructus on mRNA expression

As shown in Fig. 6A, the expression of Ogg1 gene was down-
regulated. Approximately 0.66-, 0.55- and 0.06-fold down-regu-
lated activities were found in the 170, 200, and 300 mg L−1

Carpesii Fructus treated groups. Moreover, the results of this
study show that the p53 gene was down-regulated 0.42-, 0.70-,
0.26- and 0.43-fold relative to the control group in the 140, 170,
200, and 230 mg L−1 Carpesii Fructus treated groups (Fig. 6B).

The expression of Cu/Zn-Sod was significantly down-regu-
lated. Decreases of approximately 0.57-fold were found in the
140 mg L−1 Carpesii Fructus treated groups (Fig. 6C). Mn-Sod
mRNA levels decreased significantly in the 140, 170, 200, and
230 mg L−1 Carpesii Fructus treatment groups, with decreases
of approximately 0.39-, 0.60-, 0.53- and 0.38-fold (Fig. 6D).
Fig. 6E shows that Carpesii Fructus significantly reduced the

Fig. 4 The changes in activities of T-SOD, CAT, GPX and MDA content
in the zebrafish larvae exposed to various concentrations of Carpesii
Fructus until 96 hpf. The values are expressed as mean ± SD (n = 3).
*Represents p value less than 0.05 and **represents p value less than
0.01.

Fig. 5 The fish exposed to Carpesii Fructus until 96 hpf were stained
with acridine orange (AO). Additional apoptotic cells stained with AO
appeared mainly in the heart region (white arrow). Control (A); 140
mg L−1 (B); 170 mg L−1 (C). The normal apoptotic cells were absent in
treated larvae (red box): control (D); 170 mg L−1 (E).
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mRNA levels of Cat in a dose-dependent manner. Decreases of
approximately 0.66-, 0.55-, 0.37- and 0.24-fold were found in
the 140, 170, 200, and 230 mg L−1 Carpesii Fructus treated
groups. Gpx mRNA levels increased as significantly as 1.33-fold
in 230 mg L−1 Carpesii Fructus (Fig. 6F).

Discussion

Carpesii Fructus has been used as a traditional Chinese medi-
cine for centuries to kill intestinal parasites in children. It was
recorded as a mildly toxic medicine in the Chinese pharmaco-
poeia. However, little proof of its toxicology in modern
pharmacology has been reported. To promote its clinical
safety, we performed a toxicity assay, including developmental
toxicity, of Carpesii Fructus to reflect its potential toxicity.
Thus far, there are no reports on the toxicologic mechanism of
Carpesii Fructus to our knowledge. This is the first study on
developmental toxicity of Carpesii Fructus. Considering that
redox regulation and apoptosis are essential for physiological
development, activities of anti-oxidative enzymes, effect on
MDA content, and caspase-3 activity were examined.
Furthermore, gene expression patterns related to antioxidant
proteins, the oxidative-DNA repair system and apoptosis were
also used to elucidate the potential mechanism of Carpesii
Fructus-induced toxicity.

In this study, based on the zebrafish lethality curves of
the 96 hpf toxicity assay, the LC50 value of Carpesii Fructus to

zebrafish embryos was calculated as 230.40 mg L−1. In
addition, a suite of developmental abnormalities were
observed in the embryonic developmental process after
exposure to Carpesii Fructus. Hatching inhibition, abnormal
spontaneous movement, depressed heart rates, pericardial
edema, yolk sac edema, bleeding tendency, yolk malformation,
enlarged yolk, and shortened body length were observed in
Carpesii Fructus treated groups. Pericardial edema, yolk sac
edema, bleeding tendency, and enlarged yolk were the most
commonly occurring morphological changes observed.
Enlarged yolk might be caused by liver injury or developmental
retardation. These remarkable malformations caused by
Carpesii Fructus were reported for the first time.

The balance between endogenous and exogenous ROS can
be destroyed by toxic drugs. The unbalanced ROS level usually
gives rise to a variety of pathological reactions.25–27 T-SOD,
CAT, and GPX are usually used to evaluate the levels of
ROS.28,29 In the present study, a significant increase in CAT
and GPX activities was found in the serial Carpesii Fructus
concentration treated groups. According to these results, we
can infer that the organism attempted to eliminate redundant
ROS to repair the balance. The down-regulated activities of
T-SOD might decrease the capacity of the elimination of ROS.
Finally, the MDA content in the treated zebrafish embryos/
larvae increased significantly compared to the control group in
a dose-dependent manner, indicating that a large amount of
lipid peroxidation had occurred. This may generate lethality
and diverse malformations in the zebrafish development. At
the same time, the mRNA levels of genes encoding antioxidant
proteins also had significantly changed in the zebrafish
embryos after Carpesii Fructus exposure. The expression of the
Gpx was up-regulated. However, expressions of the mRNA of
Cu/Zn-Sod, Mn-Sod and Cat were down-regulated. The protein
levels always have the same trend of change with the mRNA
expression. However, the trends of CAT activities tested by kits
and Cat gene expression were opposite in this study. This may
be caused by many factors. The level of gene expression is
unequal to the activity of the corresponding enzyme. Post-
translational protein modification plays a key role in enzyme
activation as well.30–32 The dysfunction of enzyme activation
may be one of the factors resulting in the opposite trends of
CAT activities and Cat gene expression.33–35 In addition, down-
regulation of gene expression may be caused by the feedback
inhibition from overly high protein activity.36–38 In this study,
the overly high CAT activities may give rise to the down-regu-
lation of Cat gene expression by the negative feedback mech-
anism. Moreover, two triplicate embryos or larvae were used to
test CAT activities and Cat gene expression, respectively. The
difference of samples may be another factor. However, we have
tested in triplicate to reduce the experimental error. The real
reasons for this phenomenon will be discussed in further
experiments. The expression of Ogg1, an important DNA repair
gene to protect against oxidative damage, has also been
tested.9,39,40 The result showed that the expression of mRNA of
Ogg1 was down-regulated at 170, 200, and 230 mg L−1 of
Carpesii Fructus, which might show a decreased repair capacity.

Fig. 6 Expression of the mRNA of Ogg1 (A), P53 (B), Cu/Zn-Sod (C),
Mn-Sod (D), Cat (E) and Gpx (F) in the zebrafish larvae exposed to
various concentrations of Carpesii Fructus until 96 hpf. The values are
expressed as mean ± SD (n = 3). *Represents p value less than 0.05 and
**represents p value less than 0.01.
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AO staining showed that additional apoptosis appeared pri-
marily in the heart area. The apoptosis cells were observed
clearly, and even the melanin had appeared at this point.
Furthermore, as described previously, heart rate inhibition
and pericardial edema were observed as well. These results
implied that the developing heart might be a key developmen-
tal toxic target organ of Carpesii Fructus. The heart rate inhi-
bition and pericardial edema might be caused by the
additional apoptosis. As a consequence, the developmental
cardiotoxicity of Carpesii Fructus might have led to a series of
developmental toxicities in zebrafish embryos/larvae. The cell
is usually deemed to enter the progress of apoptosis if the p53
protein is activated. Although additional apoptosis appeared
in the heart area in this study, a significant decrease of p53
gene expression was detected in the Carpesii Fructus treatment
groups. This may be associated with the apoptosis level in the
whole body of embryos/larvae. A caspase-way is an important
pathway of cell apoptosis and the activity of caspase-3 is con-
sidered to be a key marker.41,42 The results of this study
showed that the activity of caspase-3 was significantly down-
regulated at high concentrations. These results indicate that
the apoptosis level of the whole larvae might be decreased,
although apoptosis signs were increased in the heart area.
However, the role of cardiotoxicity on the upregulation or
downregulation of p53 or caspase-3 is unclear according to the
present data. Further experiments about the cardiotoxicity and
the toxic effect on p53 expression or caspase-3 activity should
be performed.

Taken together, this study proved that Carpesii Fructus has
developmental toxicity to embryos/larvae of zebrafish. Carpesii
Fructus significantly changed the hatching time and rate of
embryos and increased malformations. The developing heart
is speculated to be the toxic target organ and the cardiotoxicity
eventually led to a series of developmental toxicities in zebra-
fish embryos/larvae. Furthermore, this study demonstrated
that Carpesii Fructus exposure altered the activities of defense
enzymes (SOD, CAT, and GPX), increased the MDA content,
decreased the caspase-3 activity, and altered the mRNA levels
of related genes in zebrafish larvae. All these results confirmed
the developmental toxicity of Carpesii Fructus. Moreover, oxi-
dative stress and additional apoptosis should be responsible
for abnormal development after Carpesii Fructus exposure. In
the future, more experiments should be performed to research
the mechanism of developmental toxicity of Carpesii Fructus.
In addition, the profile of the compounds in the extracts of
Carpesii Fructus should be analyzed. Definite components,
especially their relevance to toxicity, will be helpful to the
quality control of this herb.

Conclusion

In the present study, the developmental toxicity of Carpesii
Fructus was investigated on zebrafish embryos/larvae from 6 to
96 hpf. This is the first study on the teratogenicity and possible
mechanism of Carpesii Fructus. Our results showed the devel-

opmental toxicity of Carpesii Fructus, and the developing
heart was speculated as the target organ. Moreover, oxidative
stress and additional apoptosis should be responsible for the
abnormal development. This is the first study to provide proof
of modern pharmacology on the teratogenicity and possible
mechanism of Carpesii Fructus.
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