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Folium Artemisiae argyi Carbonisatum (FAAC) is a traditional medicine widely used in clinic. It has the
effect of hemostasis by warming meridians. In order to further explore the chemical composition and bio-
logical activity of FAAC, the methanol extract of FAAC was isolated and purified by open column and high-
performance liquid chromatography. and the complete structure was characterized by nuclear magnetic
resonance (NMR) and LREI-MS for the first time, namely rutin, quercetin and octacosanol respectively.
Initially the toxic effect of methanol extract of FAAC on zebrafish was evaluated by observing the pheno-
typic characteristics, spontaneous twitch times, heart rate, hatching rate, the distance of SV-BA and car-
diomyocyte apoptosis of zebrafish. The results showed that FAAC has embryonic development toxicity
and cardiotoxicity when it was higher than 62.5 lg/mL. Meanwhile, the hemostatic effect of methanol
extract of FAAC was compared with FAA (Folium Artemisia argyi) by zebrafish intestinal bleeding model
originally. The results showed that the hemostatic effect of the medium and high concentration dose
groups (3.0 and 30.0 lg/mL) was enhanced for both FAAC and FAA. This study provided an experimental
basis for the clinical application of FAAC.
� 2022 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

FAA is the dry leaf of Artemisia argyi Lévl.et Vant, a perennial
herb in the composite family. It is widely used as food and herbal
medicine. As being a Traditional Chinese Medicine (TCM), FAA can
stop bleeding, dispel cold and relieve pain. It contains a variety of
chemical components such as volatile oil, flavonoids, tannins and
triterpenoids (Song and Wen, 2019; Cui et al., 2020; Zhang et al.,
2019). It has many pharmacological activities like antibacteria
and antivirus (Guan et al., 2019), antiasthmatic, antitussive and
expectorant, liver protection, antitumor (Seo et al., 2003) and
antioxidant (Xia et al., 2019; Xiao et al., 2019). After high-
temperature combustion, FAA turns into a charcoal herb, named
Folium Artemisiae Argyi Carbonisata (FAAC) in TCM. FAAC is used
to treat irregular menstruation, infertility, hematemesis, and dis-
eases due to cold. It has also been reported that the carbon dots
in FAAC can enhance the frost resistance (Kong et al., 2021).
According to the theory of maintaining medicinal properties after
the carbonisatus, the process of high-temperature charcoal frying
of FAA is carbonization rather than ashing. Volatile components
such as eucalyptol volatilize, but some non-carbonized organic
compounds were remained with new generating substances. At
present, there are many reports on the chemical components and
pharmacological effects of FAA (Chen et al., 2017a; Lee et al.,
2018; Zhang et al., 2013a), but the research on the chemistry, tox-
icity evaluation and bioactivity of FAAC is very rare. Therefore, it is
particularly urgent to study the chemical composition of FAAC. In
addition, based on the TCM theories such as ‘‘Charcoal frying to
stop bleeding”, ‘‘Black can overcome red, and bleeding will be
stopped when black is seen”, the hemostatic effect of FAA after
charcoal frying is significantly enhanced, which is not only related
to the formation of carbon or the significant reduction of insoluble
calcium oxalate clusters and the production of free calcium ions,
but also closely related to the reduction of NO and tissue factor
pathway inhibitor (TFPI) content, and the increase of von Wille-
brand factor (vWF) content. Therefore, the hemostatic mechanism
of FAAC needs to be further studied. The literatures show that
quercetin (flavonoids) promotes blood coagulation by shortening
activated partial thromboplastin time (APTT) and increasing fib-
rinogen (Chen et al., 2019a). Rutin (flavone glycosides) is often
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combined with vitamin C to form new medication (compound
rutin tablets), and then to shrink uterine smooth muscle and inhi-
bit postpartum hemorrhage in women by reducing vascular per-
meability and brittleness and reducing NO production (Li, 2021).
In fact, the saponins and quercetin in Panax notoginseng have a
two-way regulatory effect on the coagulation system under differ-
ent dosage, so that Panax notoginseng can prevent bleeding and
coagulation at the same time (Wang et al., 2008). Therefore, the
non-carbonized flavonoids in FAAC provide a theoretical basis for
the enhancement of hemostasis after carbonization.

In this paper, zebrafish model was selected for the first time to
evaluate the toxicity and hemostatic effect of FAAC. The model sys-
tem is a tropical teleost fish from the family Cyprinidae, originating
from the Ganges River system, Burma, the Malakka peninsula, and
Sumatra. Zebrafish can adapt to environmental factors such as
temperature and pH value, and can grow for about 3 months in a
short time at a water temperature of 26 ℃. It has the advantages
of low feeding cost, small size, short development cycle, in vitro
fertilization, transparency and easy observation, and high number
of eggs per time. It is easy to realize high-throughput screening. At
present, it has been widely used in the screening of active sub-
stances of TCM with complex chemicals (Adrià et al., 2020;
Benchoula et al., 2019; Kang et al., 2018; Sheel et al., 2020). In addi-
tion, zebrafish can solve the problems of maintenance cost and life
cycle time of conventional model animals. Its transparent body are
convenient to detect the toxic effects of substances, such as terato-
genicity, lethality and reproductive toxicity. Due to the genetic and
physiological similarities with mammals, zebrafish is often used on
toxicity screening models of drugs, chemicals, genes, xenobiology
and nanomaterials, etc. (Makkar et al., 2018; Verma et al., 2021b).

As a processing of Chinese materia medica widely used in clinic,
the biological activity and toxicological evaluation on FAAC were
particularly important. However, its toxicological research has
not been reported. In order to better ensure the drug safety, it
can be assumed that the analysis of FAAC extract can not only
explain that the process of high-temperature charcoal frying of
FAA is carbonization rather than ashing, but also determine the
safe and effective extraction process through activity and toxicity
evaluation and analysis. In this study, the methanol extract of FAAC
was used to evaluate the hemostatic effect on zebrafish toxicity
and intestinal bleeding model. The chemical components of
methanol extract were characterized by NMR and MS to evaluate
zebrafish embryonic development and cardiotoxicity, so as to
determine the best safe concentration of FAAC. The hemostatic
effect of FAAC was evaluated by comparing the intestinal bleeding
rate of zebrafish between FAA and FAAC. The purpose was to lay a
solid foundation for the clinical application safety of processing of
Chinese materia medica, and provide a basis for revealing the the-
ory of maintaining medicinal properties after the carbonisatus.
2. Materials and methods

2.1. Instrument and materials

1H NMR (400 & 600 MHz) and 13C NMR (100 & 150 MHz) spec-
tra were recorded on the AVANCE spectrometer (AVANCETM III-400
& 600 NMR, Bruker BioSpin, Germany), using DMSO d6 and CDCl3
solvent as NMR regents, and an internal reference standard (te-
tramethylsilane, TMS). LREI-MS (Quattro Premier XE, Waters Co.,
Ltd, America, Ionization Mode:ESI+/-, Function Type:Full Scan,
Capillary:3.0 kV/2.9 kV, Cone:20 V, Source Temperature:110 ℃,
Cone Gas Flow:N2, 80 L/Hr, Desolvation Temperature:480℃, Desol-
vation Gas Flow:N2, 600 L/Hr). Silica gel column chromatography
(200–300 mesh, Qingdao Marine Chemical Co., Ltd., China) and
high-performance liquid chromatography (HPLC) were used for
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separation and purification, (Waters: 600 controller, delta 600,
2487, America; Agilent: 1260 Infinity II, America) and the chro-
matographic column (GS-120–5-SIL, 10 mm � 250 mm,
GSA10250SIL19001, China Global chromatography Co., Ltd.; SHI-
MADZU C18 10 mm � 250 mm). The reagents used in HPLC were
chromatographic pure, and other reagents were analytical pure.
Ultraviolet–Visible Spectrophotometer (SB16-752, Beijing Zhongxi
Yuanda Technology Co., Ltd, China) was used to determine the con-
tent of total flavonoids in ACCF. Zebrafish images were recorded by
Olympus Fluorescence Inverted Microscope (IX73, Olympus TH4-
200, Olympus U-RFL-T, Olympus, Japan), DMSO (1121e03210, �
99.9%, Solarbio Biotechnology Co., Ltd., China) was used as a sol-
vent for in vivo activity experiment, and the working concentration
never exceeded 0.2% (v/v). FAA was purchased from Qichun of
Hubei (Hongzhong Pharmaceutical Co., Ltd., China). It was identi-
fied by Professor Zhang Jinglong, School of Pharmaceutical
Sciences, Changchun University of Chinese Medicine as Artemisi
argyi Lévl.etVant. FAAC was self-made in the laboratory. Cleaned
the prepared pieces of FAA and removed the impurities, stems
and ash chips before kneading and dispersing them in the cylindri-
cal type stir-frying machines. Then set the bottom temperature of
the pot at 180 ℃ and the rotating speed at 20 r/min. Took a small
amount of water to spray evenly when the yellow smoking comes
from the fried FAA. Stirred-fry for about 16 min until the surface of
FAA was scorched black, fried dry and put out the fire star. Finally,
took them out and cool them to obtain FAAC. Its appearance was
irregular curly mass, and surface was dark brown, which was
met the standard of FAAC in‘‘Jilin Province Code for Processing of
Traditional Chinese Medicine, China” (Jilin Medical Products
Administration,2020). Rutin (3:100080–200707, 99.8%, China
Institute for the control of pharmaceutical and biological products)
was used to determine the content of total flavonoids. Simvastatin
(RO5D11T133391, 97%, Yuanye Biotechnology Co., Ltd., China) was
an inducer of intestinal bleeding in zebrafish juvenile. O-anisidine
was employed (97%, 20210510, Shanghai Hongshun Biotechnology
Co., Ltd., China) to stained zebrafish hemoglobin. The aqueous solu-
tion with the 0.01% (v/v) methylene blue (Electrophoretic grade,
Tianjin Institute of photovoltaic fine chemistry, China) was applied
to clean zebrafish embryos as a disinfectant. PBS (pH = 7.4, Beit
Haemek Ltd., Israel) was used to dissolve acridine orange (AO,
S19094, Yuanye Biotechnology Co., Ltd., China) and clean embryos.
Zebrafish embryos survived in 12&24 well-plates (Corning com-
pany, USA). Wild type AB zebrafish was purchased from China Zeb-
rafish Resource Center. Artemia was purchased from Tianjin
Fengnian aquaculture Co., Ltd., China.

2.2. Chemical research

2.2.1. Determination of total flavonoids
Took about 25 mg of rutin and weighed accurately, put it into a

25 mL volumetric flask and added an appropriate amount of
methanol. Then put it on a water bath to dissolve, added methanol
to dilute to the scale after cool, shook well, accurately measured
20 mL, put it into a 100 mL volumetric flask, added water to the
scale, shook well, and prepared a solution containing 0.2 mg rutin
per 1 mL as the positive control solution.

Took about 0.5 g of the nine batches of FAAC powder, accurately
weighed and placed them in 100 mL round bottom flasks respec-
tively. Accurately added 50 mL of methanol, shook well and
weighed, and then refluxed for 1 h, weighed again after cooling,
made up the lost weight with methanol, shook well, and filtered,
discarded the primary filtrate. Then took the continuous filtrate
as the test solution.

Accurately weighed 1 mL, 2 mL, 3 mL, 4 mL, 5 mL, and 6 mL of
the positive control solution described above, placed them in
25 mL volumetric flask respectively, added water to 6 mL, added
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1 mL of 5% sodium nitrite solution, mixed well and placed for
6 min. Then added 1 mL of 10% aluminum nitrate solution, shook
well, placed for 6 min followed by adding 10 mL of sodium hydrox-
ide solution, added water to the scale, shook well, placed for
15 min, and then took the corresponding reagent as blank control
based on the method mentioned here. The absorbance was mea-
sured at 511 nm wavelength by UV–vis spectrophotometry. The
standard curve was drawn with absorbance as the ordinate and
concentration as the abscissa.

Accurately sucked 3 mL of the test solution into a 25 mL volu-
metric flask. According to the method under the preparation of
the standard curve, to measure the absorbance, recorded the
weight of rutin in the test solution based on the standard curve,
and calculated the total flavone content.

The systematic and accidental error were mainly investigated in
the determination of total flavone by UV–vis spectrophotometry
after precision, stability, repeatability and recovery test.

2.2.2. Study on chemical composition
1.0 kg of FAAC was extracted by reflux extraction with metha-

nol for twice, and each time for 30 min (100 mL methanol was
added per 8.0 g). The extract was concentrated to obtain 20.10 g
crude extract. It was subjected to silica gel column chromatogra-
phy and eluted with n-hexane/ethyl acetate in gradient steps
(10:0–0:10) to give Fr.1–5. Fr.1 was purified by semi-preparative
normal-phase HPLC (n-hexane/ethyl acetate = 10:1, 2.0 mL/
min,365 nm), and to collect the eluent at Rt 35.7 min, the com-
pound 3 (68.72 mg) was obtained after recrystallization. Fr.4 was
purified by semi-preparative reverse-phase HPLC (acetonitrile/0.1%
phosphoric acid = 55:45, 2.0 mL/min, 365 nm) to give compound 1
(63.10 mg, Rt 15.8 min) and 2 (75.69 mg, Rt 22.4 min).

2.3. Zebrafish feeding and maintenance

AB strain zebrafish were raised in a fully closed circulation sys-
tem, bred and reproduced refer to the China Zebrafish Resource
Center guide. Adult AB zebrafish were maintained under the com-
mon condition (a 14/10 h light/dark cycle, 28.5 ℃, pH:7.2–7.5,
550 ls/m). The newly hatched eggs of artemia were administrated
twice a day at 9:00 and 17:30. At 20:00 before spawning, healthy
and mature zebrafish were selected and placed in the incubator
at the ratio of 2:1 in males and females. At 9:00 on the second
day, the baffle of the incubator was pulled out and zebrafish were
stimulated by light. After the completion of spawning, the dead
and impurities were removed, the embryos were collected,
washed, and disinfected with 0.01% (V/V) methylene blue solution,
and cultured in a light incubator at 28.5 ℃. (Chen et al., 2017b;
Zhang et al., 2018). All experiments were performed in accordance
with the relevant animal practice guidelines and regulations of
Changchun University of Chinese Medicine.

2.4. Study on embryotoxicity of zebrafish

The embryo toxicity test was conducted according to the
method in the literature (Qian et al., 2018). Healthy 4 h post-
fertilization (hpf) embryos (transparent fertilized eggs) were ran-
domly transferred to different concentrations of methanol extract
of FAAC (62.5, 125, 250, 500 and 1000 lg/mL) in the sterile 12 well
plate. Each group was provided with 60 embryos (repeated exper-
iment, n = 3). Change the sample solution once every 24 h and
remove the dead embryos to ensure the stability of various param-
eters in the solution.

2.4.1. Observation of zebrafish embryonic development phenotype
Took the embryos developed in the culture medium as the

blank control group, the development and morphological changes
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of embryos after drug exposure were observed, photographed
and recorded by inverted optical microscope at 24, 48, and 72
hpf. The development and morphological changes of embryos were
focused mainly on the length, deformity and organ abnormalities
at each time point and the changes of the indexes above with the
extension of exposure time.
2.4.2. Determination of spontaneous twitch, heart rate, and hatching
rate of zebrafish embryos

Took the embryos developed in the culture medium as the
blank control group, the number of spontaneous twitches of
embryos within 1 min at 24 hpf, heart beats within 30 s at 48
and 72 hpf and the hatching rate of embryos at 72 and 96 hpf at
each concentration were observed by inverted optical microscope.
The changes of the above indexes were recorded with the exten-
sion of exposure time.
2.5. Zebrafish cardiotoxicity study

Healthy two days post fertilization (dpf) embryos were ran-
domly transferred into different concentrations of methanol
extract of FAAC (62.5, 125, 250, 500 and 1000 lg/mL) in the sterile
12 well-plate, 30 embryos in each group, and 10 embryos were
taken for statistics (thrice). The changes of cardiac indexes were
observed at 24, 48 and 72 h after administration. The sample solu-
tion of methanol extract of FAAC was changed every 24 h and the
dead embryos were removed to ensure the stability of various
parameters in the solution.
2.5.1. Observation of zebrafish embryonic heart development
phenotype, heart rate and SV-BA

Zebrafish treated for 24 h, 48 h, and 72 h for each group were
taken out from the constant temperature incubator, placed at room
temperature for about 15 min, and then photographed and
observed under the microscope. The changes of heart morphology
and heart beat times of zebrafish (3 times per zebrafish) within
30 s at each time point were mainly recorded. At the same time,
according to the photo scale, the actual length of sinus venous-
bulbous arteriosus (SV-BA) was calculated by Image-Pro 7.0 analy-
sis software.
2.5.2. Detection of cardiomyocyte apoptosis
The cardiomyocyte apoptosis was detected by AO staining

(Elfawy et al., 2021; Zhu et al., 2015). Zebrafish embryos treated
to 48 h after administration in each group were taken, the test
solution of methanol extract of FAAC was removed, washed with
culture water for 3 times, and then zebrafish embryos were stained
with AO dye at 7.0 lg/mL in the dark for 30 min, and then washed
twice with phosphate buffer (PBS, pH 7.4) (Patel et al., 2020; Verma
et al., 2021a). After staining, the zebrafish embryos were placed in
double concave slides, adjusted to the lateral decubitus position,
and observed under a fluorescence microscope, calculated by
Image-Pro 7.0 analysis software.
2.6. Evaluation of intestinal hemostasis in zebrafish

2.6.1. Half lethal dose (LD50) test
The wild-type AB zebrafish at 2dpf were randomly selected and

placed in 12 well-plates (30 embryos per well, capacity:3 mL
n = 3). The blank control group under normal feeding and the six
test groups of methanol extract of FAAC (62.5, 125, 250, 500,
1000 and 2000 lg/mL) were set up. The death of zebrafish was
observed and recorded. Finally, the mortality of zebrafish in each
group was counted to obtain the LD50.
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2.6.2. Establishment of zebrafish intestinal bleeding model
5dpf AB strain zebrafish were selected for the intestinal bleed-

ing model based on the growth law of the first intestinal contrac-
tion at 4 dpf and eating at 5 dpf. Zebrafish (30 embryos per well,
capacity:3 mL, n = 3) were randomly selected and placed in differ-
ent concentrations (0,1, 2, 4, 6 and 8 lM). The induction time was
set to 24 h. O-anisidine (containing 0.6 mg/mL o-anisidine, 0.01 M
sodium acetate, 0.65% H2O2, 40% ethanol, dark staining for 30 min)
was used to observe and record whether the model was successful
under the microscope. The formula for calculating the incidence of
intestinal bleeding in zebrafish: Incidence of bleeding (%) = (num-
ber of zebrafish with intestinal bleeding / number of the total) �
100%.

2.6.3. Calculation of intestinal bleeding rate
5dpf AB zebrafish were placed in 12 well plates (30 embryos per

well, capacity:3mL, n = 3) and treated with different concentra-
tions of methanol extract of FAA and FAAC (0.3, 3.0 and 30.0 lg/
mL). At the same time, the blank and model control groups were
set up. Simvastatin of 4.0 lM was used as the inducer. After 24 h
the number of zebrafish with intestinal bleeding in each experi-
mental group was observed and recorded under a microscope,
and the efficacy of methanol extract of FAA and FAAC in reducing
the incidence of intestinal bleeding was evaluated with the inci-
dence of bleeding as statistical values.

2.7. Statistical methods

The data was statistically analyzed by Fisher’s exact test and
Dunnett́s test (p < 0.05 means significant difference, and p < 0.01
means extremely significant difference).
3. Results

3.1. Chemical research

3.1.1. Total flavonoids content
Rutin used as reference substance has the maximum absorption

at 511 nm. The regression equation of standard curve was
Y = 12.418x-0.0127, r = 0.999, there was a good linear relationship
between rutin concentration and absorbance within the range of 0.
0148 � 0.0518 mM. The relative standard deviation (RSD) was
recorded for the precision (0.04%), repeatability (0.18%), stability
(0.06%) and recovery tests (0.94%). The content of total flavonoids
in different nine batches of FAAC was among 5.9501 � 7.0089%
shown in Table 1.

3.1.2. Study on chemical composition
Three compounds were isolated from FAAC named as rutin (1),

quercetin (2) and octacosanol (3), see Fig. 1, and the HMBC and
TOCSY correlation spectra of compound 1 was shown Fig. 2.

The compound 1 is a light yellowish crystalline powder. Accord-
ing to LR-EIMS (m/z, 610.57), 1H, 13C and DEPT (distortionless
enhancement by polarization transfer), the molecular formula of
1 is C27H30O16 with thirteen unsaturation degree, which is com-
posed of five rings and eight double bonds. The molecular structure
of it is confirmed by 1D & 2D NMR comprehensive analysis. The 1H
NMR spectrum shows five aromatic proton signals, in which two
protons at 6.39(1H, d, J = 2.1 Hz）and 6.20(1H, d, J = 2.1 Hz）cou-
pled with each other (J = 2.1 Hz) indicate that the two protons are
in the interphase position in the aromatic A ring, the other three
protons at 7.54 (1H, d, J = 2.3 Hz), 6.85 (1H, d, J = 8.2 Hz) and
7.56 (1H, dd, J = 2.3 Hz, 8.2 Hz) construct a ABX advanced coupling
system, which is elucidated in the aromatic B ring. The two hydro-
gen atoms at 5.34 (1H, d, J = 7.4 Hz) and 4.39 (1H, m) were assigned
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to terminal protons from the moieties of glucose and rhamnose,
the signals at 3.20 � 3.32 (1H, m), 3.71 (1H, d, J = 10.1 Hz) and
1.00 (3H, d, J = 6.2 Hz) are from –CH2OH of glucose, and –CH3 of
rhamnose based on the chemical shift values and coupling con-
stants, respectively. The three multiples at 3.04 � 3.10 (1H, m),
3.20 � 3.32 (5H, m) and 3.34 � 3.42 (2H, m) belong to the other
H signals on glucose and rhamnose. The 13C and 13C DEPT spectra
show twenty-seven carbon atoms, including one CH3, one CH2, fif-
teen CH and ten C signals. Combined with HSQC (heteronuclear
single quantum coherence) spectrum, the C-H structural units of
it are conformed leading to preliminarily determination for flavo-
nol glycoside. As to the linkage between the aglycone and sugars
as well as the active hydrogens in it, are assessed mainly based
on 2D 1H–13C HMBC (heteronuclear multiple bond connectivity)
and 1H–1H NOESY (nuclear overhauser effect spectroscopy) in
spectra. HMBC mainly reveals the interconnection of some struc-
tures, between HO-5 (dH: 12.60) on A ring and C-4 (dC: 177.8) in
C ring, between H-20, 6́ (dH:7.54 & 7.56) in B ring and C-2 (dC:
157.1) in C-ring, the connection between sugars and aglycon is
set from the strong heteronuclear correlation because of H-10’
(dH: 5.34) to C-3 (dC: 133.8), and the linkage between rhamnose
and glucose supported from the correlation of H-10’ (dH: 5.34) to
C-60’ (dC: 67.5). Meanwhile, the relative configuration between glu-
cose and aglycon was determined as b according to the 7.4 Hz cou-
pling constant of terminal protons on glucose, H-10’ (dH: 5.34) to
2H-60’ (dH: 3.20 � 3.32, 3.71) in NOESY spectrum, where indicate
that the terminal –OH group was on the same side with the
upward –CH2OH, so the absolute configuration of glucose is D.
The relation of H-10’’(dH: 4.39) to H-50’’(dH: 3.20 � 3.32) has no
appearance in the NOESY spectrum, however, the H-10’’ is related
to the proton on terminal –CH3, so the relative configuration of
rhamnose is a, and the –CH3 was under the ring, so rhamnose is
a-L-type. In this structure, there are four phenolic hydroxyl groups
on the flavanone, and their attribution is based on the HMBC spec-
trum, the 12.60 (1H, s) is coupled with C-5, 6 and 10, so the –OH
belongs to C-5, compare with other phenolic hydroxyl protons, this
–OH is located in the low field because it forms an intramolecular
hydrogen bond with the ketone group at C-4 position. Although the
other three phenolic hydroxyl protons show no correlation with
C-5 and C-30 & 40 protons in A and B ring, the NOESY spectrum pro-
vides evidence with strong correlation between 10.81 (1H, s) and
H-6 & 8, between 9.66 (1H, s) and H-20, and between 9.16 (1H, s)
and H-50, finally the 10.81 signal is determined at HO-7, 9.66 at
HO-30, and 9.16 at HO-40, respectively. The –OH protons on sugars
are elucidated mainly based on HMBC spectrum, in which there
were three free –OH on glucose, namely 5.28 at C-20 0 to C-10 0, 20 0,
30 0; 5.10 at C -30 0 to C-20 0, 30 0, and 5.07 at C-40 0 to C-40 0, respectively.
In the case of rhamnose, the strong correlation between 4.34 at C-
20 0 0 and C-10 0 0, a weak correlation between 4.52 at C-30 0 0 and C-10 0 0,
the other –OH is conformed in the range of 4.45 � 4.36 (2H, m),
of which one H belongs to rhamnose terminal proton, while the
other H had no any correlation in HMBC, it only can be assigned
to C-40 0 0. The TOCSY (total correlation spectroscopy) spectrum fur-
ther confirms the attribution of hydrocarbon atoms on the two
sugars. Compared with the literature, the compound 1 was identi-
fied as flavanol glycoside, namely rutin (Panida et al., 2020).

Compound 1: yellow powder. LR-EIMS:m/z, 610.57 (C27H30O16).
1H NMR (600 MHz, DMSO d6, TMS), dH: 6.20 (1H, d, J = 2.1 Hz, H-6),
6.39 (1H, d, J = 2.1 Hz, H-8), 7.54 (1H, d, J = 2.3 Hz, H-20), 6.85 (1H, d,
J = 8.2 Hz, H-50), 7.56 (1H, dd, J = 2.3 Hz, 8.2 Hz, H-60), 12.61 (1H, s,
HO-5), 10.81 (1H, s, HO-7), 9.66 (1H, s, HO-30), 9.16 (1H, s, HO-40),
5.34 (1H, d, J = 7.4 Hz, H-10 0), 3.20 � 3.32 (6H, m, H-20 0, 30 0, 40 0, 60 0,
20 0 0, 50 0 0), 3.34 � 3.42 (2H, m, H-50 0, 30 0 0), 3.71 (1H, d, J = 10.1 Hz,
H-60 0), 5.28 (1H, d, J = 4.1 Hz, HO-20 0), 5.10 (1H, d, J = 4.0 Hz, HO-
30 0), 5.07 (1H, d, J = 5.8 Hz, HO-40 0), 4.39 (1H, m, H-10 0 0),
3.04 � 3.10 (1H, m, H-40 0 0), 1.00 (3H, d, J = 6.2 Hz, H-60 0 0), 4.34



Table 1
Determination of total flavonoids in FAAC.

Batch* Sample
(g)

Absorbance
value

Concentration
(mg/mL)

Flavone content
(mg)

Content
(%)

Average (%)

A1 0.5001 0.6923 0.2975 29.7504 5.9501 5.9504
0.6924 0.2975 29.7547 5.9509
0.6923 0.2975 29.7504 5.9501

A2 0.5002 0.6925 0.2976 29.7590 5.9518 5.9512
0.6924 0.2975 29.7547 5.9509
0.6924 0.2975 29.7547 5.9509

A3 0.5106 0.6920 0.2974 29.7375 5.9475 5.9484
0.6921 0.2974 29.7418 5.9484
0.6922 0.2975 29.7461 5.9492

B1 0.5111 0.6923 0.2975 29.7504 5.9501 5.9501
0.6923 0.2975 29.7504 5.9501
0.6923 0.2975 29.7504 5.9501

B2 0.5102 0.6922 0.2975 29.7461 5.9492 5.9492
0.6923 0.2975 29.7504 5.9501
0.6921 0.2974 29.7418 5.9484

B3 0.5104 0.6918 0.2973 29.7289 5.9458 5.9466
0.6920 0.2974 29.7375 5.9475
0.6919 0.2973 29.7332 5.9466

C1 0.5103 0.3262 0.1402 35.0447 7.0089 7.0089
0.3262 0.1402 35.0447 7.0089
0.3262 0.1402 35.0447 7.0089

C2 0.5100 0.3261 0.1401 35.0340 7.0068 7.0083
0.3262 0.1402 35.0458 7.0092
0.3262 0.1402 35.0447 7.0089

C3 0.5101 0.3262 0.1402 35.0447 7.0089 7.0089
0.3262 0.1402 35.0447 7.0089
0.3262 0.1402 35.0447 7.0089

*A1-A3, B1-B3 and C1-C3 are three parallel samples of different three batches of FAAC.

Fig. 1. Chemistry structures (2D and 3D) of compounds 1–3.
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(1H, d, J = 2.7 Hz, HO-20 0 0), 4.52 (1H, s, HO-30 0 0), 4.45 � 4.36 (1H, m,
HO-40 0 0). 13C NMR (150 MHz, DMSO d6, TMS) 161.7 (C-5), 99.1 (C-6),
164.5 (C-7), 94.0 (C-8), 156.9 (C-9), 104.4 (C-10), 121.6 (C-10), 116.7
(C-20), 145.2 (C-30), 148.9 (C-40), 115.7 (C-50), 122.1 (C-60),157.1 (C-
2),133.8 (C-3),177.8 (C-4), 101.6 (C-10 0), 74.5 (C-20 0), 76.9 (C-30 0),
76.4 (C �40 0), 70.4 (C-50 0), 67.5 (C-60 0), 101.2 (C-10 0 0), 71.0 (C-20 0 0),
70.8 (C-30 0 0), 72.3 (C-40 0 0), 68.7 (C-50 0 0), 18.2 (C-60 0 0).

Compound 2: yellow green powder. 1H NMR (600 MHz,
DMSO d6,TMS),dH: 9.58 (1H, s, OH-3), 12.50 (1H, s, OH-5), 6.21
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(1H, d, J = 2.0 Hz, H-6), 10.76 (H, s, OH-7), 6.42 (1H, d, J = 2.0 Hz,
H-8), 7.69 (1H, d, J = 2.2 Hz, H-2́), 9.35 (1H, s, OH-3́), 9.30 (1H, s,
OH-4́), 6.90 (1H, d, J = 8.5 Hz, H-5́), 7.56 (1H, dd, J = 8.5 Hz,
2.2 Hz, H-6́)；13C NMR (150 MHz, DMSO, TMS), dC: 148.1 (C-2),
136.2 (C-3), 176.3 (C-4), 161.2 (C-5), 98.6 (C-6), 164.9 (C-7), 93.8
(C-8), 156.6 (C-9), 103.5 (C-10), 120.4 (C-1́), 116.1 (C-2́), 145.5(C-
3́), 147.2(C-4́), 115.5 (C-5́), 122.4 (C-6́). The data above were com-
pared with those reported in the literature. So, compound 2 was
identified as quercetin (Montserrat et al., 2012).



Fig. 2. The HMBC and TOCSY correlation spectra of compound 1.
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Compound 3: white powder. LR-EIMS (m/z, 392), 1H NMR
(600 MHz, CDCl3, TMS), dH: 3.59 (2H, t, J = 6.78 Hz, H-1), 2.02 (H,
d, J = 5.16 Hz, OH-1), 1.52 (2H, m, H-2), 1.29 (50H, m, H-3 � 27),
0.85 (3H, m, H-28). 13C NMR (150 MHz, CDCl3, TMS), dC: 63.1 (C-
1), 32.8 (C-2), 31.9 (C-3), 29.7 (C4 � 24), 27.1 (C-25), 25.7 (C-26),
22.7 (C-27), 14.1 (C-28). The data above were compared with those
reported in the literature resulting in compound 3, namely octa-
cosanol (Amin et al., 2016).

3.2. Study on embryonic toxicity of zebrafish

3.2.1. Observation of development phenotype of zebrafish embryos
The methanol extract of FAAC induced a series of malformations

during zebrafish embryonic development, including pericardial
edema (Pe), yolk sac malformation (Ysd), eyes narrow, less melanin
deposition, no exfoliation of the caudal ganglion and no shell-
breaking, etc. See Fig. 3. Among them, Pe was the most apparent
malformation (Fig. 3 B3-B4, C2-C4). Compared with the blank con-
trol group, the 1000 lg/mL administration group could cause
embryos malformation after 24hpf (Fig. 3 A-5), and no obvious
abnormality was found in other concentrations (Fig. 3 A1-A4).
The embryos showed the eyes narrow, less melanin deposition,
Pe and Ysd (Fig. 3 B3 and B4) at 250 and 500 lg/mL after 48 hpf,
and the higher the administration concentration, the more signifi-
cant the performance. After 72 hpf, the embryos showed the
shorter body length and obvious Pe except for 62.5 lg/mL group.
The 250 and 500 lg/mL groups showed Ysd, eyes narrow, less mel-
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anin deposition, no falling off of caudal segment and no shell-
breaking (Fig. 3 C2-C4), and the higher the administration concen-
tration, the more significant the toxicity.

3.2.2. Determination of spontaneous twitch, heart rate, and hatching
rate of zebrafish embryos

There was no significant difference in the number of sponta-
neous twitch of embryos between the test groups (62.5 and
125 lg/mL) and the blank control group. However, there was a sig-
nificant statistical difference for 500 lg/mL group. With the
increase of concentration of the test groups, the number of sponta-
neous twitch of embryos increased in a concentration-dependent,
but abnormal and almost zero at the high-dose 1000 lg/mL, which
indicated that an excess high concentration would kill zebrafish
embryos(Fig. 4 A）.

There were significant statistical differences on heart rate of
zebrafish embryo between the test and the blank control groups
except for those 62.5 and 125 lg/mL groups at 48hpf. With the
increasing of concentration, the heart rate of zebrafish embryos
slowed down in a concentration-dependent(Fig. 4 B）.

For the hatching rate of zebrafish embryos at 72 and 96 hpf,
compared with the blank control group it showed significant dif-
ferences except for the 62.5 lg/mL concentration group. The hatch-
ing rate decreased in a concentration dependent manner at 72 and
96 hpf with the increasing of concentration, and the zebrafish
embryos were not out of the shell at 500 and 1000 lg/mL(Fig. 4
C）.



Fig. 3. Embryonic development phenotype of zebrafish at 24, 48 and 72 h in test groups. (A: Embryos were observed at 24 h after exposure. B: Embryos were observed at 48 h
after exposure. C: Embryos were observed at 72 h after exposure.). Note: The red arrow indicates Pe; The green arrow indicates Ysd; The black arrow indicates that the tail
section has not fallen off; The blue dotted line area indicates that the narrow eyes and less melanin.

Fig. 4. The effect of FAAC on zebrafish embryonic development. (A: Number of spontaneous twitches of zebrafish embryos at 24hpf within 1 min. B: Heart beats of embryos in
30 s at each treatment time point. C: Hatchability at each observation time. Asterisk indicates that there is significant difference between the tests and the control. * p < 0.05; *
* p < 0.01; * * * * p < 0.0001).
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3.3. Study on the cardiotoxicity of zebrafish

3.3.1. Observation of heart development phenotype, SV-BA, and heart
rate of the larvae

Paid attention to the indexes for evaluating whether the cardiac
function was abnormal at each time point when observing the car-
diotoxicity (Figs. 5 and 6). The blank control and 62.5 lg/mL group
developed normally and the cardiovascular system was intact
(Fig. 5 A1-B1-C1). In the 125, 250 and 500 lg/mL concentration
groups, the larvae began to be found Pe, cardiac malformation,
slow heart rate and SV-BA spacing increasing at 48th hour after
administration. The abnormalities of various indexes of cardiac
function became more obvious response to the increasing of
administration time and dose.
3.3.2. Detection of cardiomyocyte apoptosis
Larvae were stained with AO and observed under a fluorescence

microscope. See Fig. 7. The results revealed that no dense bright
spots in the heart of larvae in the blank control group, which indi-
cated there were no apoptotic cells. Compared with the blank con-
trol group except for 62.5 lg/mL, a large number of dense bright
spots appeared in the heart of larvae, it indicated that the doses
higher than 62.5 lg/mL could induce cardiomyocyte apoptosis.
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3.4. Evaluation of intestinal hemostasis in zebrafish

3.4.1. LD50 test
The results of the six concentration gradients were shown in

Fig. 8. Within the concentration range from 0 to 250 lg/mL, zebra-
fish did not die. The mortality of zebrafish was 5.0% for 500 lg/mL
and 83.3% for 1000 lg/mL, up to 2000 lg/mL, the mortality was
100%. In the range of 500 � 2000 lg/mL, the zebrafish mortality
showed a dose–effect with the sample concentration. The LD50 of
methanol extract from FAAC was 770.6 lg/mL. The zebrafish mor-
tality was 54.7% at the concentration of 770.6 lg/mL after verifica-
tion, which accorded with the dose effect relationship. In
subsequent experiments, the safe drug doses were selected as
0.3, 3.0, and 30.0 lg/mL.
3.4.2. Establishment of zebrafish bleeding model
The intestinal bleeding of zebrafish in each concentration group

at 24th hour after administration of simvastatin (1.0, 2.0, 4.0, 6.0
and 8.0 lM) was shown in Fig. 9. Simvastatin at 1.0 lM did not
cause intestinal bleeding (Fig. 8 B); Simvastatin at 2.0, 4.0, 6.0
and 8.0 lM led to zebrafish intestinal bleeding obviously in a
concentration-dependent (Fig. 8 C-F). But zebrafish death occurred
at simvastatin 4.0, 6.0 and 8.0 lM, and the mortality was dose-



Fig. 5. Observation of cardiac developmental phenotype of zebrafish at 24, 48 and 72 h in test groups. (A: Larvae were observed at 24 h after exposure. B: Larvae were
observed at 48 h after exposure. C: Larvae were observed at 72 h after exposure. The red area was the heart of zebrafish.).

Fig. 6. The effect of the methanol extract of FAAC on heart development of zebrafish. (A: Heart beats of zebrafish in 30 s at each treatment time point. C: Distance of SV-BA at
each observation time. Asterisk indicates that there is significant difference between the treatment and the control. * p < 0.05; * * * p < 0.001; * * * * p < 0.0001).
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dependent (Fig. 9 G). Therefore, according to the modeling results,
the simvastatin 4.0 lM was determined as the modeling dose con-
centration with large bleeding and low mortality.
3.4.3. Evaluation of intestinal bleeding rate
After administration of the methanol extract of FAA and FAAC in

different concentration groups, the intestinal bleeding of zebrafish
at 24th hour was shown in Fig. 10. There was no significant change
in the bleeding phenomenon at a low concentration (0.3 lg/mL) for
the two groups of FAA and FAAC (Fig. 10 D1 E1). The medium con-
centration (3.0 lg/mL) and high concentration (30.0 lg/mL) groups
showed that the methanol extract of FAA and FAAC could signifi-
cantly reduce intestinal bleeding of zebrafish, which indicated
the FAA and FAAC had therapeutic effects on zebrafish intestinal
bleeding at medium and high doses(Fig. 10 D2-3 E2-3）. But at
the same concentration, methanol extract of FAAC had significantly
higher hemostatic effect on zebrafish intestinal bleeding than AAF
(Fig. 10 B). It showed that the hemostatic effect of FAAC was signif-
icantly enhanced after charcoal frying.
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4. Discussion

In TCM theory, maintaining medicinal properties after the car-
bonisatus means that drugs can only be partially carbonized,
let alone ashed, and the non carbonized part should still preserve
the inherent properties of drugs. FAAC was processed from FAA
at high temperature. The best processing temperature is 180 ℃
by using the double comprehensive evaluation of traditional char-
acters and total flavonoids content (Lv et al., 2018). The processing
of FAA aims to increase efficiency and reduce toxicity, which is to
remove the toxicity of volatile oil components in FAA after process-
ing (Lu et al., 2011). After charcoal frying, the insoluble calcium
oxalate cluster crystal is significantly reduced, producing free cal-
cium ions and increasing hemostasis, which is consistent with
the TCM theory of charcoal frying hemostasis (Chen et al.,
2019b). There is no relevant report on the chemical composition
of FAAC up to date. In this study, the monomers were purified
based on the determination of total flavonoids. Three compounds
were isolated from FAAC and analyzed by comprehensive spec-
trum analysis. The complete structure of compound 1 (rutin) was
assigned by 1D & 2D spectrum, especially the ten active hydrogens.



Fig. 7. The cardiomyocytes apoptosis of zebrafish induced by the methanol extract of FAAC. (A. The blank control; B. 62.5 lg; C. 125 lg; D. 250 lg; E. 500 lg; *p < 0.05. * * * *
p < 0.0001).

Fig. 8. Effect of the methanol extract of FAAC on mortality of zebrafish.
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It improved the previous incomplete elucidation of rutin NMR data,
and corrected the errors of some data. When analyzing 1H–1H
COSY data, it was found that H-6 and H-8 in ring A were coupled
with each other, however the correlation between H-6́ and H-2́
in ring B was not found. Therefore, the meta proton coupling rela-
tionship was not stable, even though on the large p bond formed
by sp2 hybrid orbit in the same aromatic ring. The 1H–1H COSY
spectrum also revealed a more complex homonuclear hydrogen
correlation. It was mainly the coupling relationship between the
ten active hydrogen signals (four phenolic hydroxyl groups and
six alcohol hydroxyl groups on the sugars), and the coupling
between para aromatic hydrogen in the B ring. DMSO d6 solvent
as NMR reagent made the active protons be captured easily. At
the same time, the resolution of 600 Hz high-resolution NMR spec-
trometer was much higher than that reported in the literature,
which made some peak pattern more refined and the assessment
more accurate. Comprehensively, this study also carried out a com-
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plete data assignment of quercetin, and corrected some errors in
quercetin-relative literature.

Based on formulating the standard of FAAC by us (Jilin Province
Code for Processing of Traditional Chinese Medicine, 2020 edition,
China), in view of the fact that there are no reports on the toxicity
of FAAC. Our team conducted zebrafish embryo and cardiac toxic-
ity evaluation on the methanol extract of FAAC for the first time.
The research results showed that the safe dosage was lower than
62.5 lg/mL. There was no obvious abnormality in the phenotypic
development of zebrafish embryos until 24 h, but zebrafish had a
strong autonomic twitch, which indicated that although the
methanol extract of FAAC did not affect the morphological devel-
opment of embryos, but could affect the normal development of
an embryonic motor system or nervous system to some extent.
For zebrafish at 48 and 72 h after fertilization, the methanol extract
of FAAC showed obvious embryotoxicity, such as melanin reduc-
tion, body length shortening, Pe, tail node not falling off and other
malformations. At the same time, it significantly reduced the
hatching rate of zebrafish. Above 62.5 lg/mL the extract of FAAC
could induce a series of embryonic malformations and show appar-
ent toxic effects on the heart. The heart is the earliest organ that
occurs and functions during zebrafish embryonic development
(Cen et al., 2020). The heart of zebrafish basically develops and
has a regular heartbeat 48 h after fertilization. The heart rate
change is an important factor to evaluate cardiotoxicity (Duan
et al., 2021). The pericardial region is widely used as a biomarker
of zebrafish cardiotoxicity (Mitchell et al., 2019). Here the metha-
nol extract of FAAC significantly reduced the heart rate of zebrafish
embryos and larvae, and showed apparent Pe, an increase of SV-BA
spacing and cardiomyocyte apoptosis. In addition, studies had
shown that both rutin and quercetin had no developmental toxic-
ity (Harwooda et al., 2007), and rutin could protect the heart by
inhibiting oxidative stress (Ali et al., 2008). Therefore, it could be
judged that rutin and quercetin were not responsible for the devel-
opmental and heart toxicity response to the methanol extract of
FAAC in this study. The exact toxic components need to be further
studied.

In addition, the zebrafish intestinal bleeding model was used to
evaluate its hemostatic effect for the first time given the hemo-
static effect of FAAC. Compared with the in vitro coagulation exper-



Fig. 9. Phenotype of intestinal bleeding in zebrafish induced by simvastatin. A: The blank control; B: 1.0 lM (bleeding rate: 0, mortality:0); C: 2.0 lΜ (13.3%, 0); D: 4.0 lΜ
(73.3%, 7.3%); E: 6.0 lM (75.6%, 14.4%); F: 8.0 lM (81.1%, 18.9%); G: The bleeding rate and mortality of zebrafish. The bule area was the intestinal area * * p < 0.01; * * *
p < 0.001; * * * * p < 0.0001).

Fig. 10. Effects of FAA and FAAC test groups on intestinal bleeding in zebrafish. A: The blank control; B: The effects of FAA and FAAC on the bleeding rate of zebrafish. C:
Negative control group (simvastatin 4.0 lM); D1-D3: FAA (bleeding rate: 73.3%, 56.0%, 27.8%); E1-E3: FAAC (bleeding rate: 70.1%, 41.1%, 15.6%). The yellow area was the
intestinal. * * * p < 0.001; * * * * p < 0.0001.
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iment of the mouse animal model, the zebrafish model is easier to
observe the phenomenon of bleeding in vivo. It was difficult to
observe intestinal bleeding in zebrafish induced by simvastatin.
Therefore, hemoglobin was stained with o-anisidine to make the
bleeding site more obvious. Although the administration dose of
541
the methanol extract of FAAC was far less than LD50 and toxic dose,
due to the simultaneous administration of simvastatin inducer and
the methanol extract of FAAC, more attention should be paid to the
death of zebrafish during the experiment. In the case of combined
administration, the administration concentration is more practical
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when the mortality was low or 0. The experimental results further
verified that the hemostatic effect of FAA after charcoal frying was
enhanced, which may be closely related to the formation of non-
carbonized flavonoids or new substances. Modern pharmacological
studies showed that flavonoids such as quercetin could aggregate
platelets to produce a hemostatic effect (Chen et al., 2019;
Janssen et al., 1998). Rutin had anti-inflammatory and antibacterial
effects. It could reduce vascular permeability and brittleness to
stop bleeding. At present, the combination of carboprost (Ca2+ car-
rier) and rutin could significantly inhibit adenylate cyclase by
employing each action mechanisms (Kranc et al., 1992; Ippoliti
et al., 1995）to promote smooth muscle contraction and reduce
bleeding. Therefore, the enhancement cause of hemostasis attribu-
ted to rutin, quercetin or the synergistic effect of other chemical
components in FAAC is still worthy of further study.

5. Conclusion

Herewith, this study further verified the theory of maintaining
medicinal properties after the carbonisatus and provided a new
idea and method for the related research of processing of Chinese
materia medica. At the same time, for the first time the toxic effect
of methanol extract of FAAC was evaluated, the zebrafish intestinal
bleeding model was established to study the hemostatic effect of
methanol extract before and after frying and charcoal of FAA,
which laid a foundation for the clinical safety and scientific medi-
cation of FAAC.
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