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Abstract

Ethnopharmacological relevance Clerodendrum cyrtophyllumTurcz has been used in
traditional medicine for the treatment of variouseases. In spite of its therapeutic applications,

research on its toxicity and teratogenicity id $itiited.

Aim of the study: The study aimed to investigate the developmetataicity of the ethanol
extract ofC. cyrtophyllumEE) in zebrafish embryo model.

Material and Methods: Major compounds from crude ethanol extract @erodendron
cyrtophyllum Turcz leaves were determined using HPLC-DAD-OdmtMS analysis The
developmental toxicity of EE were investigated gsirebrafish embryo model. Zebrafish
embryos at 6 h post-fertilization (hpf) were trehteith EE at different concentrations. Egg
coagulation, mortality, hatching, yolk sac oedeperjcardial oedema and teratogenicity were
recorded each day for during a 5-day exposureind¢ point 120 hpf, body length, pericardial
area, heartbeat and yolk sac area were assessadleinto elucidate molecular mechanisms for
the developmental toxicity of EE, we further evadathe effects of the EE on the expression of
genes involved on signaling pathways affecting fesnbryo’'s development such as heart
developmentdata5, myl7, myh6, has2, hanaikx 2.5, oxidative stresscét, sodl, gpx4, gstp2
wnt pathway [-catenin, wnt3a, wnt5vnt8a wntll), or cell apoptosispb3, bax, bcl2, casp3,
casp8, casp9, apaf-1, gadd45hising qRT-PCR analysis.

Results Our results demonstrated that three major compusniacluding acteoside, cirsilineol
and cirsilineol-4'©-p-D-glucopyranoside were identified from EE. EE exp@ during 6- 96 h
post-fertilization (hpf) at doses ranging from 8@®60 pg/ml increased embryo mortality and
reduced hatching rate. EE exposure at 20 and 4@lgitil 72 — 120 hpf induced a series of
malformations, including yolk sac oedema, pericardedema, spine deformation, shorter body
length. Based on two prediction models using atdgenic index (TI), a 25% lethality
concentration (LD25) and the no observed-adversstefevel (NOAEL), EE is considered as
teratogenic for zebrafish embryos with Tl (LC50/E¢C%and LD25/NOAEC values at 96 hpf
reaching 3.87 and 15.73 respectively. The mRNA esgion levels op53 casp8 bax/bcl2
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gstp2 nkx2.5 wnt3a wntll gadd45bbandgataSwere significantly upregulated by EE exposure
at 20 and 40 pg/ml while the expressiomot5 hand2andbcl2 were downregulated.

Conclusions These results provide evidence for toxicity effeof EE to embryo stages and

provide an insight into the potential toxicity madisms on embryonic development.
Keywords: Teratogenicity, oxidative stress, wnt pathwaypsis, embryonic development.

Abbreviations: EE, the ethanol extract fro@lerodendruntyrtophyllumTurcz leaves; HPTLC,
High performance thin layer chromatography; QE, rgetn; GAE, gallic acid equivalent;
quantitative polymerase chain reaction (QRT-PCRY, day post fertilization; Tl, Teratogenic

Index; NOAEL, the no observed-adverse-effect level.
1. Introduction

Congenital abnormalities represent a severe probbeh®% of the congenital abnormalities of
human newborns are known to be related to enviratahéactors including therapeutic agents
and developmental toxicants (Hong and Jeung, 2(G)ing pregnancy, the mother can be
exposed to a variety of chemicals and medicine.s&heompounds subsequently can be
transported through the placenta and exert adeffsets on reproductive tissues or the embryo.
As a result, birth defects and biological dysfumetimay be induced (Peters et al., 2008).
Toxicological screening is very important for thevdlopment of new drugs and, according to
international regulatory guidelines, each drug @velopment for administration to women of

childbearing potential must be tested for develampadeoxicity (Nishimura et al., 2016).

Clerodendrum cyrtophylluriurcz (Lamiaceae), a medicinal plant, is widelycuge traditional
medicine of many Asian countries such as Chindalnthpan, Korea, Thailand, and Vietham for
the treatment of colds, high fever, migraines, hnygresion, enteritis, dyspepsia, inflammation of
the throat, rheumatic arthritis, fever, jaundi@Korrhea, syphilis, and typhoid (Kar et al., 2014,
Zhou et al., 2013).Several therapeutic and pharmacological properieClerodendrum
cyrtophyllumTurcz have recently been reported such as anaaki@nti-inflammatory (Nguyen
et al., 2020a, Nguyen et al., 2020b), and antiga(@keeng et al., 2001) activities. Despite their
frequent use, studies on its toxicity and its d@feon reproductive tissues or embryos are

currently unknown.
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The zebrafish model is widely used in screeningtéoatogenity in preclinical developmental
toxicity assessment. Compared with traditional @himodels (rabbit, rat, mice), the zebrafish
has many advantages such as transparency (easpdervation of malformations), small size,
requirement of small amounts of test compound, ¢oat, easy maintenance, similarity of major
organ systems of zebrafish compared to human (lal.e2018, Gao et al., 2017). Due to the
above advantages, zebrafish is the ideal modeltesting drug’s preclinical developmental
toxicity today.

In this study, we investigated the developmentaicity induced by the ethanol extract of
Clerodendrum cyrtophylluriiurcz (EE) in the zebrafish model by focusing be é&ffects of EE
on teratogenicity indicators and on the expressibrgenes involved in different signaling

pathways affecting embryo development such as tx&latress, apoptosis and the wnt pathway.

2. Materials and methods

Plant collection Leaves ofClerodendrum cyrtophyllunfurcz were collected in June, 2018
from Vietnam. A voucher specimen (HNU 024106) weptkat the Botanical Museum of Hanoi,
University of Science.

Preparation of total extract: The ethanol extract from leaves Gferodendrum cyrtophyllum
Turcz was prepared as described in our previoudys{tiguyen et al., 2020b). After the
extraction, the EE was analysed with various aralttechniques including colorometric
methods HPLC-DAD- Orbitrap-MS analysis. The concentration of total phenolic compounds
and flavonoid in the extract were 23.3 = 1.5 GAE/gngnd 2.97 + 0.01 QE mg/g expressed in
dry weight of leaves material (Nguyen et al., 2020b

Analysis of samples by HPLC-DAD- Orbitrap-MS analyss

Analyses were performed on an Accela HPLC systemerffio Fisher Scientific) consisting of a
PDA detector connected with a Thermo Fisher SdientiTQ Orbitrap XL mass spectrometer
from the UCLouvain Massmet platform. A Phenoméhéichrospher C18, 4.6 x 250 mm
column packed with um particles was applied. Teri of samples at 1 mg/mL concentration
were injected in the full loop injection mode. Tb@umn was eluted at a constant flow rate of
0.8 mL/min using a binary solvent system: solveniMAilliQ water 0.1% formic acid and solvent
B, acetonitrile HPLC grade (0—10 min, 83% A and 1B%30 min, 50% A and 50% B; 38 min,
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15% A and 85% B; 38 min, 15% A and 85% B). DAD-U¥tector was set at 254 nm. HR-MS
were measured with APCI source in the negative nustley full-scan MS with a mass range of
100-2000m/z The following (-) APCI conditions were appliechporizer temperature, 490,
sheath gas (N flow rate, 25 a.u.; auxiliary gas §\flow rate, 25 a.u.; sweep gas,{Mow rate,

5 a.u.; capillary temperature, 288 capillary voltage, 10 V; tube lens, 125 V.

Fish and experimental conditions

Adult wild — type AB zebrafish[§anio rerio) were maintained at at 28 °C in a recirculating
ZebTec housing system. Conductivity was kept ar@pmately 500uS/cm, pH at 7.2 with a
12:12 h (light/dark) photoperiod. Fish were fedipparent satiation twice daily with ZM-400 fry
food for zebrafish. The evening before reproductimales and females were placed together in
spawning tanks in a ratio of 2:2. The next morniaggs were collected within 30 min of
spawning. Fertilized eggs were selected and placethbryo medium at 26 + 0%. The use of
zebrafish was in accordance with the animal weléarte Since zebrafish larvae below 120 hpf
old are not considered animals (Lackmann et all8P0no animal test authorization was
requested in accordance with European legislatih Directive, 2010/63/EU). All experiments

were terminated at 120 hpf.

Preparation of test samples

The ethanol extract a@lerodendrum cyrtophyllunmurcz (EE) was dissolved in DMSO for stock
solution at 50mg/mL and then diluted to differeatcentrations using fresh medium so that the

final concentration in each experimental well wa$,110, 20, 40, 80, 100, 200 pg/mL.

Fish Embryo Acute Toxicity (FET) Test on Zebrafish

The evaluation of mortality and malformation in edish after exposure to EE was performed
according to OECD guideline 236 (OECD, 2013) amerditure methods (Huang et al., 2018,
Alafiatayo et al., 2019). At 6-h post fertilizatig@hpf), fertilized healthy embryos were selected,
washed and examined under the microscope. Fedtileabryos were incubated with EE at
difference doses (1, 5, 10, 20, 40, 80, 100, 266nL) in 6-well culture plates. Twenty fertilized
embryos were used per treatment per well, and gaealiment was repeated three times. The
control group was exposed to medium containing dhB4A% DMSO. The plates were then

placed in an illuminated incubator at 26 +®5The exposure solutions were replaced at 24, 48,
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72 and 96 hpf, to maintain water quality and thecemtrations of EE. We checked for abnormal
development and removed dead embryos/larvae whemeplaced exposure solutions. Egg
coagulation, mortality, hatching, yolk sac oedemaricardial oedema, teratogenicity were
recorded each day for five days of exposure with dfd of a microscopic image acquisition
system (Nikon SMZ 1270). The number of spontaneoogements during 1 min was counted at
24 hpf. Coagulated embryos are milky white and apmkark under the microscope. Sign of
death is the absence of heartbeat under the mapes&Vhen larva’s head or tail breaks out of
the embryo membrane, hatching is successful. Tésepce of fluid above or below the yolk sac
was considered as yolk sac oedema. Pericardiahwedas characterised by the inflation of the
pericardial cavity to twice its size due to thegamece of fluid Counting formulas of lethality,

hatchability and teratogenicity at each time pai given below:
Mortality (%) = death number/total exposed numB&100
Hatching rate (%¥ hatched number/total surviving embryos numb&e0

Teratogenicity rate (%) abnormal number/total surviving numbet00

Embryo was considered abnormal if it had spinalature, pericardium edema, tail hypoplasia,
yolk sac edema, and growth retardation.

Dead embryos or larvae were cleaned at each sthgdservation. Embryo medium was

changed once a day. At time point 120 hpf, larvaewanesthetized with 0.003% MS-222
(tricaine methane-sulfonate) before observationdyBlength, pericardial area, heartbeat, yolk
sac area were assessed using a microscope wittaldogimera and the support tool for

measurement (NIS elements imagines software 4.4).

Measurement of body length

For body length, a line starting at the anteriorsimmoint of the head and ending at the tail end
was measured. All pictures were taken at the saswution and magnification with the live fish

positioned in a lateral orientation.

Pericardial sac area, yolk sac area



171
172
173

174
175

176
177

178

179
180
181
182
183
184
185
186
187
188
189
190
1901
192
193
194
195
196

To measure pericardial and yolk sac areas, latégal images of each embryo were taken at the
same maghnification, outline of the pericardial aad yolk sac, respectively, was traced, and the

area within each tracing was determined by NIS efgmimaging software.

The heart rate
The number of heartbeats for each larva was reddoglecounting the beats per 20s under the

stereomicroscope when the fish was stationary.
Classification of teratogenicity

The ratio LC50/EC50 (Teratogenic Index- Tl ) evaiom

A dose-response analysis was performed as preyiodescribed by Selderslaghs et al
(Selderslaghs et al., 2012). Using Graph Pad pn@&rsion 5.0, concentration-response curves
for malformed, and mortality for each time point resecreated. The data were fitted to a
sigmoidal equation with variable slope. This dosgponse curve was used to determine the
EC5Qsn, EC5Q2n, ECS50Q6n (teratogenic effect) and LCRQ LC5072n LC5006n
(lethal/lembryotoxic effects) values. These wereivéer from a four parameter equation
describing the curve as follows:

Y=Bottom + (Top-Bottom)/(1+10"((LogEC50-X)*HillSlap

Where Y is response (percentage of death or madfdrindividual).

X is log of concentration of EE.

(Bottom=~ 0, Top~ 100).

Based on values of LC%) LC507,n LC5096, and EC5@kn, EC5G2n EC5Q1, Tl was calculated
as the ratio LC50/EC50 for each time point. Tl eslallow ranking the compounds according to
their teratogenic potency. The higher the Tl vallbe greater the tetratogenic potential of a
compound. Cut-off value of Tl was 2, Tl values taghhan 2 indicating that the compound is
considered as teratogenic (Selderslaghs et al2)201

The ratio of the NOAEL to LC25 (teratogenic index)
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Based on the morphological assessments, the novedsadverse-effect level (NOAEL) was
identified as the highest dose at which there werebserved toxic or adverse effects on the
development of zebrafish.

The LC25 of each compound was calculated by cuttiegf of incidence data for dead larvae.
The  curve-fitting model used was the  4-parameter giste  equation
Y=Bottom + (Top-Bottom)/(1+10"((LogEC25-X)*HillSIap

The ratio of the NOAEL to LC25 (teratogenic indevgs calculated as described by Brannen et
al (Brannen et al., 2010). The highest concordamzk predictivity were obtained when ratios
greater than or equal to 10 were used to classdgrapound as a predicted teratogen, whereas
ratios less than 10 resulted in a classificatioa pfedicted non-teratogen.

Analysis of mMRNA expression by quantitative polyrase chain reaction (QRT-PCR)

To investigate the possible mechanisms for the Idpweental toxicity of EE, real-time
guantitative polymerase chain reaction (QRT-PCR3 wsed to evaluate the mRNA levels of
marker genes in whole embryos at 2 doses, 20 anty4QL. These concentrations were found
to produce a fully and uniform phenotype in zelsta&mbryo. At 6hpf, 20 fertilized eggs were
treated with EE at the doses 20 and 40 pg/mL foh4@&fter 48h, zebrafish embryos were
collected, frozen and stored at °80for gRT-PCR analysis.

Quantitative PCR

Total RNA extraction, DNase and reverse transavipti

Total RNA extraction, DNase and reverse trans@aiptwere carried out as described in previous
our study (Nguyen et al., 2020a) using Trizol Red&gsolution (Ambion, Thermofisher
Scientific), DNAfree™ DNA Removal Kit- Invitrogen and the RevertAid Rdt (Thermo
Scientific).

The cDNA sample was diluted and used for real-tigieT-PCR to determine gene
expressionf-actin and elongation factoral(eeflg were used as housekeeping genes. The
expression of genes related to oxidative streas, 6odl, gpx4nd gstpd, wnt pathway -
catenin, wnt3a, wnt5, wnt8and wntll), apoptosis §53, bax, bcl2, casp3, casphd casp9,
apaf-1, gadd45bb)heart developmentgéta5, myl7, myh6, has2, handdd nkx 2.5 were

determined using specific primers. Primer sequelsisre presented in Table 1.

Table 1 Primers pair used in this study
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Accession No.

1 vivvaau wuiiu Tvvueiloo [SARLRRAS)

sequences (5’ -3")

[S-actin

Danio rerio beta-actin

AF05704(

Fwd: CCCCATTGAGCACGGTATTG
Rev ATACATGGCAGGGGTGTTGA




eefl: Danio reric elongation L23807.: Fwd: CCAAGGAAGTCAGCGCATAC
factor 1 alpha Rev CCTCCTTGCGCTCAATCTTC
wnt3e Danio reric Wnt3a AY613787.: Fwd: GGTACGCAGCCCATAATGTG
Rev:GGCCAGCTTGTCGTTGATAG
wnt8e Danio reric wingles«+type | NM_130946.. Fwd: TGTAGACGCGCTGGAAAATG
MMTV integration site Rev ACTTCCGTGCTTGATCATGC
family, member 8a
B- Danio reric b-catenir u41081.: Fwd: ACCTCTGGCACCCTACACAA
catenin Rev AGGGGAGCCGAGCATATTGA
wnt5 Danio reric WntE U51268.: Fwd: CCGGAAGAATGGCGGTGTAT
Rev GGCGCTGTCGTATTTCTCCT
wntll | Danio reric Wntll AF067429.. Fwd: TTCGCTACTACGGCCTACAGAT
protein Rev ACAGAGCATGAGCCAGAAACG
sodl Danio reric superoxide NM_131294.. Fwd: ATGGTGAACAAGGCCGTTTG
dismutase 1, soluble Rev AAAGCATGGACGTGGAAACC
gpx4at Danio reric glutathione BC095133. Fwd:TGAGAAGGGTTTACGCATCCTG
peroxidase 4b Rev TGTTGTTCCCCAGTGTTCCT
cat Danio reric catalase NM_130912.. Fwd: TCCGGACATGGTTTGGGAT
Rev CGATCCGCTTCTTCAACAGG
gstp: Danio reric glutathione NM_00102051 | Fwd: GGACTGGATGAAGGGTGACA
S-transferase pi 2 1 Rev ACGCTTCTTTACCGGTCTCA
casp 3! | Danio reric caspase NM_00104806 | Fwd: TCACAGTAAGTCGGCCATGTTT
apoptosis-related cysteine.2 Rev TCACCTACACCGTCACACTC
peptidase b
casp ! | Danio reric caspase ¢ NM_00100740 | Fwd:
apoptosis-related cysteing.2 TCAGCGGCACAGGTTAAACCTC
peptidase Rev AGTCTCACGCAGGGAATCAA
apafl Danio reric apoptotic BC116581. Fwd: AGTTCTTCTGACCACACGCAAT
protease activating factorn Rev CCTGTTCTGGGAGTTTGTGC
1
bcl-2 Danio reric Bcl2 AY695820.: Fwd: GGGCGGATCATTGCATTCTT
Rev:TCTGCTGACCGTACATCTCC
p5< Danio reric tumor U60804.: Fwd: TACTTGCCGGGATCGTTTGAC

suppressor p53

Rev:TCAGGTCCGGTGAATAAGTGC
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bax Danio reric Bax gen AF231015.. Fwd: CTGTGTGACCCCAGCCATAAA
Rev GATGACAAGGCGACAGGCAA

casp ¢ | Danio reric caspase ¢ NM_131510.: Fwd: CCTTTTGCCGGATGCAGAAC

apoptosis-re|ated Cysteine Rev TCCATCCGACGTCCAAACAC
peptidase
gadd4! | Danio reric growth arres | NM_00101238 | Fwd: CGCTTCAGATCCACTTCACG
bb Rev: TCCCACTTCCTTCAGCTTGA
and DNA-damage- 2
inducible, beta b
gatat Danio reric GATA NM_131235.: Fwd: CCACAGACTGGCACCGATAA

. . Rev: GCGTACGGGCTGGAATAAGA
binding protein 5

myl7 Danio reric myosin, light | NM_131329.. Fwd: TGCACAACTAGGGAAGCTGAA
Rev: GCAGCAAGGATGGTTTCCTC

chain 7, regulatory

myhe Danio reric myosin, NM_198823.. Fwd: AAGCCACTACCGCCTCTCTA
Rev: TGAGGCAAGGTCGTCCAA

heavy chain 6, cardiac
muscle, alpha

has: Danio reric hyaluronar | NM_153650.. Fwd: CCTGAGCAGCGTGAGGTATT
Rev: TGCAGTGGCTTCCCATGAAT

synthase 2

hand: | Danio reric heart anc NM_131626.. Fwd: CGCGGATACGAAGCTATCCA
Rev: GGCCAACCAGTTCTCCCTTT

neural crest derivatives
expressed 2

nkx2.5 | Danio reric U66572.: Fwd: ACCCGGGTGAAGATCTGAAG
Rev: TGGCTAGGTGGTCTCTCTCT

homeodomain protein
Nkx2.5

RT-PCR was performed using an ABI Step One Plud Rieae PCR system (Applied
Biosystems). The thermal conditions used were 3ahi®b °C of preincubation, followed by 40
cycles at 95 °C for 30 s and 60 °C for 30 s. Falysis, a standard curve of a pool of the cDNAs
of all samples was constructed to calculate thR @iciency and the quantity of an unknown
sample. The relative gene expressions are presastdéde ratio of the quantity of candidate
gene/average quantity of housekeeping genes. lused a pool of 20 larvae per group (n=3)
Data presentation and statistical analyses
Data analyses were performed using SPSS 22.0 sef(82SS Inc, Chicago) or GraphPad Prism

Software 5.0. Shapiro-wilk test was used for noitypaheck. Data are shown as mean + SD in the
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case of data with a normal distributiont-@st and one-way analysis of variance with LSDt pos
hoc test were used to determine differences betiheeaxperimental groups. In case the data were
not normally distributed, the non-parametric Kruskeallis test was performed, followed by a
Mann-Whitney test to determine significant differea between the experimental groups. A p-
value less than 0.05 was considered statisticaghjifscant. LD50, EC50, LD25 was calculated
using GraphPad Prism Software 5.0 (San Diego, CRAUJ

3. Results

Chemical constituent identification from EE by HPLC-DAD-Orbitrap-MS analysis

Identification of major compounds from the ethaawrtract fromC. cyrtophyllumTurcz leaves
was performed by HPLC-DAD-Orbitrap-MS analydidajor constituents of the ethanol extract
were identified based on characteristic propeuiethe peaks in the chromatograms such as the
retention times, UV absorption spectra, experinlemass data, best matching molecular
formula provided by the Xcalibur software of thebiapMS fragments and comparison with

the reported data of other sample€otyrtophyllumrurcz leaves.

The results show that three major compounds wezgept in the the crude ethanol extract from
C. cyrtophyllum(Figure 1). These compounds could be identifiegd,comparison of MS
molecular formulas as acteoside (Zhou et al., 2020%ilineol and cirsilineol-40-4-D-
glucopyranoside (Cong Nhuong et al., 2006, Zhowalgt2020) which were also previously
isolated from other samples of this plant and regabin the literature (Cong Nhuong et al., 2006,
Zhou et al., 2020). The HR-MS data of these comgsware summarized in Table 2 and their

structures are presented in Figure 2.

Table 2. Identification of major compounds fro@. cyrtophyllumleaves using HPLC-DAD-
Orbitrap-MS method.

N°®  Retention Amax Molecular Mw  Formula  Error Compound Reference
time (Metwally ion m/z (ppm)
et al.) [M-H]~




1 20.58 243, 230 623.19690 624 ,9830,;5 -0.235  Acteoside (Zhou et al.,
(Verbascoside) 2020)

2 26.62 245,275,335 505.13547 506 0., +2.806 Cirsilineol-4’- (Cong
O-3-D- Nhuong et
glucopyranoside al.,

2006),(zZhou
et al., 2020)

3 36.45 245,275,343 343.08237 344 30, +3.325 Cirsilineol (Cong
Nhuong et

al.,
2006),(Zhou
et al., 2020)

266
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268 Figure 1. HPLC-DAD (upper) and HPLC-Orbitrap-MS-TIC (lowesfhiromatograms of the crude
269 ethanolic extract of. cyrtophyllumin negative ion mode.
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Figure 2. Structures of major compounds identified fraterodendron cyrtophyllunTurcz
leaves.

Embryo mortality and hatchability
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Figure 3. Survival rate of zebrafish embryo and larvaerdftsatment with the ethanol extract of
C. cyrtophyllum(EE) at different concentration§he data are presented as mean + SD. for three
different experiments performed in triplicate, **#0.001 compared to the control group.
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The percentage of surviving embryo decreased asdheentration of EE increased (Figure 3).
EE at concentrations below gffmL had no obvious effects on the survival of eyoband
larvae. At 72 hpf, 31.3% of the embryos expose&Boat 80ug/mL survivedVleanwhile, no

embryo survival was observed at concentration®906fdnd 20(g/mL at 72 and 96 hpf.
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Figure 4 A.Hatching rate of surviving embryos at 48, 72 anchpbafter exposure to EEhe
data are presented as mean = SD. for three diffeeperiments performed in triplicate. *
p<0.05, **p<0.01, and ***p<0.001 compared to the wwol group.

B. Number of movements by surviving embryos at 24 d&ffer exposure to EEE@ch bar
represents median (interquartile rangépr 15 different larvae, n=15, * p< 0.05; **
p<0.01;***p< 0.001 compared to control group)

The effects of EE on the embryo hatching are shiowiigure 4A. Our results show that 81 and
93% of the control zebrafish embryos hatched &8hpf and 72 hpf, respectively. However, a
significant decrease (p<0.05) in the hatching veds observed at all concentrations in the range
from 10 — 100pg/mL of EE as compared to contr@l&hpf. By 96 hpf, at concentrations of EE
80 and 100pg/mL, hatching rates were 61 and 26%ectisely while no hatching was observed
at 200pug/mL. These data indicated a remarkable-daseé time-dependent decrease in the

hatching rate in the EE-treated groups comparehl thidse of the control.



295
296
297
298
299
300
301
302

303

304

The hatching of embryos depends, among other psesen the embryo movements. To
further investigate the mechanism of the low h&tdhg rate, we measured the effects of EE on
the embryo movements at 24 hpf. As shown in Fig@eat 24 hpf, the number of spontaneous
movements in normal embryos was 6 movements/mipo&ixe to EE had no effects on the
spontaneous movement of zebrafish embryo at lowcenmnations 1, 5, 10 and 20pg/mL.
However, at high concentrations 40 and 100ug/mLskfaificantly increased the number of

coiling contractions in the embryos compared wite tontrol group whereas the number of

movements was not affected by EE at 200pg/mL.

Teratogenic effects of EE in zebrafish embryos dadvae

Table 3 Representative images of teratogenic effectdoinEzebrafish embryos and larvae

Group

24 hpf

48 hpf

72 hpf

96 hpf

120 hpf

control

EE 200

EE 100
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PE: pericardial edema, SBL: short body length, S@inal curvature, TM: tail malformation

At 24 hpf, no hatchings of embryos were observadi&hpf, hatching of embryos was observed
but no observable effects were noticed in 1, 5ardd 20 pg/mL concentrations, while unhatched
darkened embryos were observed in EE 100 and 200L1é\t 72, 96 and 120 hpf dead hatched
larvae were observed at 80 pg/mL and morphologiefdrmities such as spinal curvature, short
body length, yolk retention, pericardial edema, smddmalformation were seen at EE 20 and 40
pg/mL (Tables 3).

Classification of teratogenicity



315

316

317
318
319
320
321
322
323
324
325
326

327

328
329
330
331
332

333

Table 4. LC50, EC50 and Tl values for EE

LC50 (ug/mL)] EC50 (ug/mL) | TI(LC50/EC50)
48 hpf 93.68 60.31 1.55
72 hpf 79.59 29.23 2.72
96 hpf 79.61 20.57 3.87

In this study, we used 3 criteria for risk clagsafion of EE: LC50, the ratio LC50/EC50 and
ratio LC25/NOAEL. The toxicity effect of EE was dwdependent. The LC50 (for embryotoxic
effects/lethality) and EC50 (for particular tera@og effects) data were obtained from the dose-
response curves (Table 4). According to OECD ginds| toxicity of pollutants against
zebrafish is categorized as harmful (10 mg/L < LE&SD00 mg/L), toxic (1 mg/L < LC50 < 10
mg/L), and highly toxic (LC50 < 1 mg/L). Based dmst EE was found harmfuBased on LC50
and EC50 values, a teratogenic index (Tl) was tated as the ratio LC50/EC50 for each time
point. Tl values allowed ranking the compounds &diog to their teratogenic potency. In this
study, with Tl values of EE higher than 2, the plamtract is considered as a teratogenic
compound.

Table 5.LC25, NOAEL and ratio LC25/NOAEL values for EE

LC25 | NOAEL [C25/NOAEL
48 hpf 81.82 20 4.1
72 hpf 78.65 5 15.73
96 hpf 78.68 5 15.73

To further confirm the teratogenicity risk relatéal the use of EE, we also used the ratio
LC25/NOAEL for the classification. Ratio LC25/NOAHireater than or equal to 10 were used
to classify a compound as a predicted teratogen. LIBR5/NOAEL value of EE was 15.73 at

both 72 and 96hpf (Table 5). Therefore, EE wagettly classified as a teratogen in the
zebrafish embryo assay.

Cardiovascular toxicity
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Heart rates, pericardial sac area, pericardial edete were recorded to determine the effects of
EE on cardiac function. As shown in Figure 5, a hpf, EE at 20 and 40g/mL produced a
significant increase in the pericardial sac ared ame of larvae with pericardial edema
compared with the control (Figure 5 A, B). Howeweo, significant differences were observed
for heart beat between the different experimentalgs (Figure 5 C).
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Figure 5. Effect of ethanol extract from leaves Gf cyrtophyllum (EE)pn the cardiovascular
system of zebrafish larvae at 120 hpf. Effects & & pericardial sac are@d) (each bar
represents the mean + SD for 10 different larvael( * p< 0.05; ** p<0.01;**p< 0.001

compared to control groupnd rate of larvae with pericardial ederBg (each bar represents
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the mean * SD. for three different experiments grened in triplicate. *p<0.05, ** p<0.01,
***p<0.001 compared to control group)yand heart rate)) (each bar represents the mean + SD
for 12 different larvae, n=12, * p< 0.05; ** p<0.Q%**p< 0.001 compared to control group)

Skeletal deformities and yolk sac

As shown in Figure 6 A, B, compared with the cohty@up, the groups treated with EE 20 and
40 pg/mL increased the skeletal deformity rate @ecteased the body length of zebrafish larvae
at 120 hpf. At 40 ug/mL, EE even delayed nutridrgtasption from yolk sac (Figure 6C).
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Figure 6. Effects of EE on rate of skeletal deformitidg (each bar represents the mean + SD
for three different experiments performed in tgpbe. *p<0.05, ** p<0.01, ***p<0.001
compared to control groupat 120 hpf; body length B) and yolk sac area) (each bar
represents the mean + SD for 12 different larvael?y * p< 0.05; ** p<0.01;***p< 0.001

compared to control group)
Effect of EE on gene expression
Oxidative stress

To investigate the possible mechanisms of the teffexts induced by EE, we used gRT-PCR to
examine the mMRNA expression levels of antioxidaies in zebrafish embryo after exposure to
different EE concentrations from 20 to 40 pug/mL. Bheserved that the mRNA levels of the
oxidative stress-related gemstp2 were upregulated upon EE exposure compared with the
control group while the level of other antioxidaygnes $od1, catand gpx4 was not affected
(Figure 7).
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Figure 7. Effects of EE on antioxidant genes expression.



364
365

366

367
368
369
370
371

372

Each bar represents the mean £ SD. for three difieexperiments performed in triplicate.
*p<0.05, ** p<0.01, **p<0.001 compared to the cord group.

Development of body patterning

EE induced skeletal deformities with bending of Hualy, spinal curvature, and bent tails. To
investigate the possible mechanisms of abnormay lpatterning induced by EE, we evaluated
the effects on the expression of Wnt pathway-rdlggenes. The mRNA level @int3a, wntll

increased significantly upon EE exposure, whitg5 mRNA leveldecreased. The mRNA levels

[3- cateninandwnt8awere not affected by the EE exposure (Figure 8).
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Figure 8. Effects of EE on the expression of genes relaigtlé development of body patterning
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Each bar represents the mean * SD. for three differexperiments performed in triplicate.
*p<0.05, ** p<0.01, **p<0.001 compared to the cor group.

Cardiac development

Compared to control, EE at 20 andmL induced a significant increase in the pericdrsac
area and in the rate of larvae with pericardiaheaelo elucidate molecular mechanism for heart
defects, we evaluated the effects of EE on theessgion of genes related to heart development,
including atrial myosin heavy chaimghg, cardiac myosin light chainmiyl7), GATA-binding
protein 5 @ata9, heart and neural crest derivatives expressedrgt 2 hand?, hyaluronan
synthase 2has2g and homeodomain protein nkx2.8kk2.5. The mRNA levels ofyata5and
nkx2.5increased significantly after exposure to EE apgnL. The mRNA levels ofmyh6also
increased in the larvae exposed to EE ap@@nL. On the other hanithe mRNA levelshand2
was decreased significantly with EE exposure aa2® 40ug/mL. The mRNA levels ofmyl7

andhas2were not affected by EE exposure (Figure 9).
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Figure 9. Effects of EE exposure on the expression of camgliagram related genes.
Each bar represents the mean + SD. for three differexperiments performed in triplicate.
*p<0.05, ** p<0.01, **p<0.001 compared to the com group.

Cell apoptosis-related genes

To assess whether EE induced apoptosis, the eigmdssels of apoptosis-related gen#s3,
bax, casp9 casp3 casp8and bcl-2, apaf-1 were examined. The mRNA expression levels of
casp8, p53andbax/bcl-2significantly increased with increasing EE exposiwse while mRNA
levels ofbax bcl-2 decreased (Figure 10).
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Figure 10. Effects of EE on the expression of cell apoptosiated genes.
Each bar represents the mean + SD. for three difierexperiments performed in triplicate. *p<0.05,

**p<0.01, ***p<0.001 compared to the control group.
Expression of gadd45bb gene

As shown in Figure 11, the mRNA level ghdd45bbwas significantly upregulated by the
exposure to EE at 40 pg/mL.
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Figure 11.Effects of EE on the expressiongddd45hbb.
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Each bar represents the mean + SD. for three differexperiments performed in triplicate. *p<0.05,

**p<0.01, ***p<0.001 compared to the control group.
4. Discussion

Identification of compounds from Clerodendron cypbyllum Turcz leaves

Three main compounds (acteoside, cirsilineol amdilicieol-4'-O-4-D-glucopyranoside) were
identified from EE in this study. The results arensistent with previous reports for
phytochemical investigations fro@. cyrtophyllumTurcz. Acteoside was found to be a major
component (0.803 g, 0.54%) @lerodendrum cyrtophyllunfurcz leaf extracts (Zhou et al.,
2020). Cirsilineol and Cirsilineol-40-4-D-glucoside also were isolated from the ethyl aieet
fraction of Clerodendrum cyrtophyllunfurcz leaves (Cong Nhuong et al., 2006, Zhou gt al
2020). These compounds are the main active ingrediand maybe responsible for the
pharmacological effects but also the toxicologioaks ofC. cyrtophyllum More research
studies are needed to confirm the safety of thebamation between cirsilineol or cirsilineol-4"-
O-p-D-glucoside with verbascoside or other compound$fié crude extract, in order to evaluate
the possible additive, synergistic or antagonifga$ of this mixture.

Developmental Toxicity of Clerodendrum cyrtophylluiirurcz

In the present study, we reveal that the expostireebrafish embryos to ethanol extract of
Clerodendrum cyrtophyllunimpaired their early development by particularlgcoeasing the
survival rate, inducing morphological abnormalitiesnd delaying the hatching rate. EE
treatment at doses of 80 - 200 pg/mL obviously ceduhatching rate at 72 hpf. Hatching is a
key step in the transformation of embryos into é&&nand is one of the most important indices to
evaluate the developmental toxicity in zebrafisteldyed hatching may be due to retarded
development or the inability of embryos to bread ¢morion. Hatching of embryos depends on
the hatching enzyme activity and embryo movemezihtsigg et al., 2015, Qian et al., 2018). In
our study, the number of spontaneous movementsigl@rmbryogenesis in groups exposed to
EE from 40 — 100 pg/mL increased at 24 hpf, while hatching rate decreased at all time
points of observation. It can be deduced that hagcenzyme activity might be affected by

EE, but this requires further studies.



431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454

455
456
457
458
459
460
461

The exposure of embryos to EE caused several dawelaotal abnormalities, such as yolk sac
retention, pericardial oedema, spine deformatiahtzant tails. The deformities were observed to
be dose-dependent and increased with the timepufsexe. Among the malformations, the most
pronounced morphological alterations were periedrddema and yolk sac edema. Congenital
heart disease is the most common birth defect (Aad Martina Brueckner, 2018). Damage to
the heart may lead to inhibition of blood transgarembryos and then affect energy transport,
further influencing the development of embryos (Qmt al., 2018). The yolk sac plays an
important role during the early developmental stégeause it is the only source of nutrition for
embryos. The yolk size will decrease along with #mbryonic development (Zhang et al.,
2015). In this study, exposure to EE at the doséOofig/mL delayed nutrient absorption from
yolk sac. Decreased absorption of nutrientsdsday or impair growttof larvae. Body length is an
important indicator of embryo growth, and the lagsnutrients may induce a shorter body
length. In this study, exposure to EE at the dage20 and 40 pg/mL exhibited a significant
reduction in the body length of larvae. In additignlk lipids are the source of triacylglycerol
and cholesterol, which are required for the synshes cell membranes, bile acids and steroid
hormones. Unabsorbed yolk thus can affect the prdgeslopment of embryos (Anderson et al.,
2011). Other morphological abnormalities observe&lt treated groups were spinal curvature,
and bent tails. Spinal deformities are commonliyidied as being one of the major pathological
traits among fish dwelling in areas polluted witixit chemicals (Cheng et al., 2000). Spinal
curvature, and bent tails can be associated witly dafects in somite formation that in turn
leads to deformities of the muscle and skeletomabpleformities also might be associated with
a reduction in myosin because myotome formatioticatifor a robust musculoskeletal system
formation (Zoupa and Machera, 2017). Taken together, thesealtse demonstrated that

developmental toxicity of zebrafish was induced8iyexposure.

Nkx2.5 expression is the earliest marker of precardialts cand plays a critical role in
differentiation and proliferation of myocardial tahd heart morphogenesis (Han et al., 2015).
Knockdown ofnkx2.5has been shown to cause a variety of cardiovasdefarmities in heart
chamber development as well as pericardial ederaag(itf et al., 2008).In this study, the
expression ohkx2.5was significantly up-regulated with increasing E&ncentration, which
might reflect a compensatory response to repaiescue heart development after its impairment.

GataSis a transcription factor which is necessary fog tlevelopment of the heart (Han et al.,
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2015). Overexpression @ata5 induces the expression of a few myocardial genekiding
nkx2.5and can produce ectopic foci of beating myocartissiue (Reiter et al., 1999). In this
study, the expression @ata5 was significantly up-regulated at EE 40 pg/mL, ethimay
enhance the regenerative proliferation of cardiocytes in response to the injurfland2 is
associated with cardiomyocyte formation, plays falaoles in heart morphogenesis and
cardiac-specific transcription. Overexpressiorhahd2can enhance cardiomyocyte production,
resulting in an enlarged heart with a striking @ase in the size of the outflow tract. In contrast,
Zebrafishhand2mutants can cause a striking cardiac phenotypdefehtures a dramatic deficit
of cardiomyocytes (Schindler et al., 2014). In tlstudy, the expression dfand2 was
significantly downregulated at EE 20 and 40 pg/ifihe downregulation of this gene expression
provides a potential mechanism for EE-induced cawdicity. These results further confirm

cardiotoxicity by EE induction at the gene expressevel.

The Wnt signaling pathway, plays an important rolehe early stages of vertebrate embryo
development. It regulates key events during embcygmatterning, morphogenesis, and
skeletogenesis (Li et al.,, 2018). In this studyatment with EE up-regulate@nt3a and
downregulatedvnt Because Wnt signaling plays an important rolbady patterning, the up-
or down-regulations oWwnt genes could consistent with the developmentalctiefen the EE
treated groups. Wntll participates in the regutatd cardiac circulation and differentiation
(Pandur et al., 2002). In our study, the expresefomnt11 significantly increased at 40 pg/mL,

explaining the heart development defects of zetmdfi the EE treated groups.

In multicellular organisms, normal development defse upon the balance between cell
proliferation, differentiation, and death. Apop®ss the most common mechanism employed
during development to remove damaged, misplacedtlmwrwise unwanted cells (Eimon and
Ashkenazi, 2010Jhere are two key apoptotic signaling mechanismsnammals and other
vertebrates: the cell-intrinsic pathway and thd-eglrinsic pathway. The intrinsic pathway is
regulated by thécl-2 gene family and functions through the initiatooteiase caspase-9 (Eimon
and Ashkenazi, 2010, Youle and Strasser, 2008). eMtensic pathway is triggered by death
receptor ligation and functions through a deathiamalg signaling complex (DISC) that includes
the initiator proteases caspase-8 and -10. Thepp8#8vay induces apoptosis by up-regulating
the transcription of pro-apoptotic genes, and doggulating anti-apoptotic genes, including-
2(Zhang et al., 2015). All pathways converge atléwel of the effector caspases (caspase-3, -6
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and -7), which carry out the molecular mechanicspadgrammed cell death (Eimon and
Ashkenazi, 2010). We show that exposure of zelirafs EE significantly decreased the
expression levels dicl-2, baxwhile the expression level caspase &ndp53was up-regulated.
These results indicate that apoptosis was indugdebhin zebrafish which is consistent with the
phenotype of developmental toxicity.

It has been reported that embryonic developmemsecially sensitive to Reactive Oxygen
Species (ROS). ROS can induce cell apoptosis, ibatitg to abnormal embryonic
development (Zhang et al., 2015, Shi and Zhou, P@Mfugs can induce oxidative stress by the
reduction of cellular antioxidant defenses. In study, the expression levels gétp2 were
upregulated while the transcription s5d1, cat andgpx4was not affected. The increasegstp2
could be explained by a self-protection mechanisrarttioxidative stress in fish. These results

show that oxidative stress can play an importaletirothe developmental toxicity of EE.

Gadd45 participates in cell cycle arrest, cell suavor apoptosignd the regulation of signaling
pathways. DNA-damaging agents and cellular stressesnduce transcription of tlgadd45bb
gene. In our study, the mRNA levels ghdd45bbwere upregulated in the EE treated group.
These results indicate that DNA-damaging and groesiest were activated in zebrafish

embryos exposed to EE and played an importantimate developmental toxicity.
Classification of teratogenicity

The teratogenic index (TIC50/EC50) is a popular approach to classify commgsuaccording

to their teratogenic potential. In our study, Tlueof EE at 96 hpf was 3.87 (>2) classifying EE
as teratogen. Recent studies found that LC25 alss wadequate for defining a toxic
concentration and the teratogenicity index, whiatiuded the LC25, successfully discriminated
between teratogenic and non-teratogenic compouBdznfen et al., 2010). In this study,
LC25/NOAEL value of EE at 96 hpf was 15.73 (>10)ggesting that EE is teratogenic.
LC25/NOAEL further confirmedheteratogenic potential of EE. The use of EE theee&irould

be avoided during pregnancy.

The developmental toxicity of acteoside, cirsilit&b-O-3-D-glucopyranoside and cirsilineol
in zebrafish embryo model
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In this study, the exposure of embryos to EE cause@crease of the survival rate, inducing
morphological abnormalities, and delaying the haftglrate. Molecular mechanisms for the
developmental toxicity of EE were proved to be ined on signaling pathways affecting fish
embryo’s development such as heart developmentjabxe stress, wnt pathway or cell
apoptosis. Acteoside, cirsilineol-4"-O-3-D-glucogryoside and cirsilineol are major compounds
of EE and can contribute to the development toxicity &. B previous study showed that
acteoside exerted prooxidant short-term effectseased catalase activity and reactive oxygen
species (ROS) signals and reduced blastocyst fmmatate with long time exposure
(Dell’Aquila et al., 2014)Reactive oxygen species (ROS) production could inipamolecules
like DNA, lipids and proteins, and manifesting utieel signal transduction that can lead to
inappropriate apoptosis and necrosis. Therefoeeetfects of EE on the developmental toxicity
in zebrafish embryo can be explained by the presehacteoside. The results on pregnant mice
also showed that although acteoside exerted ndfisegmt toxicity on the mothers there was still
a small rate of fetus with skeletal abnormalitigs2(%) including vertebral column deformity
(<1%) and limb deformity (<1%) observed in actdesireated groups (Etemad et al., 2016).

Cirsilineol-4"-O-3-D-glucopyranoside and cirsilimegere identified in EE The toxicity risk
analysis showed that cirsilineol possesses a nsldfor skin and ocular irritancy but is non-
mutagenic (Pathak et al., 2020). a previous study, Cirsilineol displayed antilamhmatory
effect through cyclooxygenase inhibitory activiee{m et al., 2000). The authors attributed the
effect to the inhibition of zebrafish cyclooxygeaanzyme (z-cox/ptgs) which is necessary for
the embryo early stage development (Grosser e2@02). Two different COX isozymes (COX-
1 and COX-2) were widely expressed during develogm@OX-1 transcripts were detected in
all tissues except brain. The most robust COX-2ag were detected in gills, intestine, and
testes, followed by heart, skeletal muscle, andbtiaén Knockdown of COX-1 causes growth
arrest during early embryogenesis (Grosser et28l02). Nonselective inhibition COX of
cirsilineol in the embryo stage can explain for deeelopment toxicity of EE.

Nonsteroidal anti-inflammatory drugs (NSAIDs) dne most prescribed medications for treating
inflammatory diseasedINSAIDs work by inhibiting the activity of cyclooxymase enzymes
(COX-1 or COX-2). The recent studiesvealed thaNSAIDs such as ibuprofen and diclofenac
inducedthe developmental toxicity in zebrafish embryos.léw concentrations, ibuprofen and

diclofenac impair the cardiovascular developmenteifrafish (Zhang et al., 2020). Exposure to
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high concentration of ibuprofen and diclofenac sigantly decreased the hatching rate, the
spontaneous movement and the free swimming dist@ieeet al., 2017). Diclofenac induces
short body length, smaller eye, pericardial andybedlema, lack of liver, intestine and
circulation, muscle degeneration, and abnormal pigation in zebrafish larvae. The genes
involved in cardiovascular physiology, suchmppaandnkx2.5 were significantly up-regulated
by ibuprofen. The portion of diclofenac transferiatb the embryo altered the expression of
certain genes, e.g. down-regulation/ht3aandGatad4and up-regulation oiVnt8a(Chen et al.,
2014). These results are similar to EE, so the Idpueent toxicity of EE may be related to
cyclooxygenase inhibitory activity of cirsilineol.

Cirsilineol-4"-O-3-D-glucopyranoside has not beeaparted previously for toxicity or
pharmacology effect. However, the presence of Biesl-4"-O-3-D-glucopyranoside can

contribute for toxicity of EE, too.
The relationship between therapeutic use and toiici

Women are the primary consumers of traditional wiads, and usually continue using them
during pregnancy. Pregnant women usually use tmaagli medicines as a safe and natural
alternative to conventional drugs and often usenthe improve their wellbeing or for the
treatment of non-life threating conditions (lllaraadt al., 2019)However, data on the safety of
these herbal treatments during pregnancy are dgnerasufficient. Clerodendrum
cyrtophyllumTurcz is widely used in traditional medicine foretlreatment of many diseases.
Pregnant women also are consumerEigrodendrum cyrtophylluniChe results of this study
showed that using EE for pregnant women can indebects or even mortality for embryo. Due
to its teratogeniceffects, Clerodendrum cyrtophyllulBE should not be recommended during

pregnancy.

5. Conclusion

Our results demonstrate that EE caused develophterteity to zebrafish embryos/larvae. EE
exposure at doses ranging from 80 to 200 pg/mleaszd the mortality of embryos and reduced
the hatching rate. Exposure at 20 and 40 pg/mU "@tihpf — 120 hpf induced a series of
symptoms of malformation including yolk sac oedeipericardial oedema, spine deformation,
shorter body length. The mRNA expression levelpi8, casp8, bax/bcl@stp2 nkx2.5 gatah
wnt3a, wntllgadd45bbwere significantly upregulated upon EE exposur2taand 40 pg/mL
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while the expression oWwnt5, hand2and bcl2 were downregulated. These results provide
evidence of toxicity of EE to embryo stages andvig® an insight into the potential toxic

mechanisms on embryonic development. As zebrafisbrgo development is sensitive to EE,
this extract could also have potential risks fog ttevelopment of human embryos, therefore

caution should be taken when consuming it duriregypancy.
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