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Zebrafish as a promising model for investigating biological activities of ginseng species—a review
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Abstract

Plants of the ginseng species have a long history with broad traditional applications, as these are recognized as
precious tonic herbal medicines since ancient times. More and more multiple chemical constituents and pharma-
cological activities have been confirmed and discovered recently. Owing to its advantages, such as intuitiveness,
cheap, easy to operate, and high-throughput screening, zebrafish has become a very popular model at present.
Recently, more and more toxicity tests, bio-activity evaluation, and mechanism studies have been achieved via
zebrafish models, many of which were focused on the nature of products, including monomers, extracts, and
formulas from ginseng species. This review summarizes the recent pharmacological studies achieved by embryos,
larvae, and adult zebrafish. This review provides a theoretical basis for the rational use of ginseng species plants,
thus providing guidance for a better rational utilization and the potential innovative product development of gin-
seng species plants.
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General background of the ginseng species:
their chemical components, processing and
pharmacological potentials

The ginseng species belong to the order Umbellifera of
the Araliaceae family, wildly distributed in East Asia and
North America. The most commonly used species are
Panax ginseng C.A. Meyer (commonly known as “Panax
ginseng” or “ginseng”), Panax quiquefolium L. (American

ginseng), and Panax notoginseng (Burkill) EH. Chen ex
C.H (Notoginseng). Since antiquity, ginseng species,
including Panax ginseng, is considered to be an emblem-
atic herb of traditional Chinese medicine (TCM) (Attele
et al., 1999). According to “Shennong Herbal Classic;
Panax ginseng is considered to be the most precious
and important medicinal herb that draws nutrients from
foods and distributes the same to organs, thus benefiting
the body systems. Panax ginseng helps to relax not only
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the body but also the emotional state, including calming
down of the overexcited central nervous system, relieving
convulsions from shock, strengthening body immunity,
relieving unhappiness and depression, improving weight
loss, and enhancing longevity (Dharmananda, 2002). As a
result, ginseng-based herbal prescriptions, health foods,
and cosmetics are popular globally in the health product
sector.

Ginseng are perennial herbaceous plants. They have
palmately compound leaves and umbel shaped inflores-
cences of flowers. They are semi-shaded plants and prefer
cool and humid climates, avoiding direct sunlight. They
are suitable for growing on slopes with light and dense
forests. The plants usually require a growth period of
4—6 years to be used for medicinal purposes (Gao et al.,
2010).

Various bioactive constituents, including ginsenosides,
polysaccharides, alkaloids, glucosides, and phenolic acids,
have been identified in ginseng species; of these, ginse-
nosides are the most prominent components (Yang et al.,
2021b). The chemical components, purification, and
structure identification of these ginseng herbs have been
studied in the past several decades and are well known to
the researchers. Until now, more than 180 distinct ginse-
nosides have been identified, most of which belong to the
dammarane- and oleanane-type saponins (e.g., Ro etc.).
Among the mentioned saponins, the dammarane-type
ginsenosides (e.g., Rb1, Rgl, Rc, Rd, Re etc.) are consid-
ered as major ginsenosides (or saponins) that are discov-
ered in the ginseng species (Cao et al., 2020).

Among the ginseng species, Panax ginseng, American
ginseng, and notoginseng contain some general ginse-
nosides, such as Rgl, Rg2, Re, Rbl etc., but each species
has its unique ginsenosides that are considered as their
chemical markers (Jee et al., 2014). For instance, notogin-
seng contains notoginsenoside R1, but without oleanolic
acid-type ginsenoside (e.g., Ro). Pseudoginsenoside F11
is considered as a chemical marker of American ginseng,
but ginsenoside Rf and RS1 do not exist in American gin-
seng. The contents of ginsenoside also differ in different
growth parts of ginseng (Zhang, 2004). Overall, ginseno-
side levels of protopanaxadiol-type saponins were higher
in the underground parts of ginseng (except for the main
ginseng root); protopanaxatriol-type saponins were
higher in the above-ground parts of ginseng; oleanolic
acid-type saponins were higher in the rhizome (Lutou) of
panax ginseng (Mao et al., 2022).

Processing is the most important post-harvesting proce-
dure for herbal materials. According to the color and the
processed method, the processed ginseng is mainly com-
posed of the following three ginseng products: (a) White
ginseng (fresh ginseng with intact skin are naturally

dried under the sun or by the airflow); (b) Red ginseng
(fresh ginseng are steamed then dried); and (c) Black gin-
seng (a revolutionary 9-cycle steaming processing until
a dark brown occurs to the ginseng) (Jang et al., 2016).
Owing to the containing sugar chains on the ginseno-
side structures, hydrolysis of the sugar moieties occurs
and rare saponins can be derived and obtained from the
major ginsenosides during the processing procedure, for
instance, heating (boiling/steaming/stir-fried, etc.), sul-
fur fumigation, or biotransformation by intestinal bacte-
ria in vivo (Zheng et al., 2017). Generally speaking, the
hydrolysis of the sugar moieties from these main ginse-
nosides can yield the rare ginsenosides, such as Rf, Rk3,
Rh4, Rh1l, Rh2, compound Y (CY), and compound K
(CK) etc. (Cao et al., 2020). In addition, it is reported that
the black ginseng contains more rare saponin (Rg3) than
red ginseng, which does not existed in the white ginseng
(Sun et al., 2009a, 2009b).

Although ginsenosides characterizations are identified
among or within ginseng species, the application poten-
tials of different ginseng species and different ginseno-
sides may be diverse and still need to be understood.
Although the latest version of Chinese Pharmacopoeia
(2020 edition) records ginseng’s roots, rhizomes and
leaves as medicinal parts (Pharmacopoeia of the People’s
Republic of China, Commission, 2020), flowers (Cui et al.,
2021) and berries (Lee et al., 2017) of Panax ginseng are
also used widely as functional foods and cosmetic addi-
tives. In recent academic studies, these are reported to
have therapeutic potential. Recent research demonstrates
that besides the traditional potential regulatory effects,
such as anti-aging, memory recovery, cardiovascular
protection (Ru et al., 2015), the Panax ginseng has been
reported with more pharmacological effects, including
anti-inflammation (He et al., 2020), antioxidation (An
et al., 2021), wound repair (Kimura et al., 2006), immu-
nity enhancement (Xiao et al., 2017) etc. The processing
procedure allows a long-term storage of plants to prevent
the degradation of certain components; thus, may also
allow increase in efficacy and reduce toxicity or unde-
sired side effect etc. (Jang et al., 2016). Activity differ-
ences among different processing methods are also the
flashpoints in recent academic research.

In addition to the most widely used ginseng species, the
potential biological functional comparison among these
species is valuable to be understood, although they all
belong to the same Araliaceae family. For instance, the
American ginseng has many biological functions sim-
ilar to Panax ginseng, thus can be alternatively applied
in many clinical decoctions/prescriptions, although the
action onset and intensity of American ginseng is not as
strong as Panax ginseng in boosting life energy (Chen
et al., 2008). Other ginseng species are also referred to
processing procedures for different functional purposes.
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For instance, the notoginseng is traditionally utilized for
hemostasis and to improve blood circulation whereas
steamed notoginseng is used to boost immunity (Ng,
2010).

The emerging frontier hotspot of zebrafish
model: its characteristics and advantages for
biomedical research

Cellular and mammalian models are broadly used to
assess the biological activities of ginsenosides. In vitro
investigations are often represented by cellular tests.
Using cells as a model system successfully studies the
bioactivity and mechanism of ginsenoside components.
For instance, ginseng exerts their anticancer effects via
modulating a variety of signaling pathways, including the
control of cell proliferation mediators and growth fac-
tors, as demonstrated by research using many tumor cell
types (Kwon et al., 2021). Nonetheless, it is still a chal-
lenge to explore dynamic body response between the
compound(s) and the cell-based organism at the systemic
level, and cellular-based results have some challenges in
validating further functions in vivo. Mammalian-based
models, such as mice, have been employed to examine
the biological activities of ginseng and its components at
the system organization level (Hsieh et al., 2021), and are
frequently complementary to cell-based investigations.
Speeding of such investigations is far from the drug dis-
covery road because of its modeling time consumption,
cost factors, and frequent demand of stringent ethical
assessment and clearance. Therefore, utilizing an in vivo
animal experimental paradigm to test the bioactivity of
herbs belonging to the ginseng species rapidly, conve-
niently, cost-effectively, visibly, and comprehensively has
become a crucial research direction.

Recently, zebrafish has become a new favorite in life sci-
ences research for examining basic challenges, learning
the molecular mechanisms involved in embryonic, tissue
and organ development, building human disease mod-
els, and providing screening and assessment platforms
for medicines (Patton et al., 2021). Embryo and zebraf-
ish larvae are transparent, making them easy for observ-
ing dynamic processes in developing the cardiovascular,
nervous and immune systems as well as various parts in
real-time (Patton et al., 2021). The small body length of
zebrafish larvae allows a large number of samples to be
housed in a tiny space (e.g., Petri dish), with small dosage
of medications required for testing. Zebrafish can pro-
duce hundreds of fertilized eggs each week, which makes
it a prolific breeder. A large size of clutches allows the col-
lection of thousands of embryos for testing a wide range
of bioactive components (Xie et al., 2021). Furthermore,
zebrafish has high homology with humans at the genetic
level, thus early development of tissues and organs shares

many similarities with humans. The whole genome
sequence of zebrafish has been revealed, thus making
genetic changes possible. Genetically modified fluores-
cent zebrafish lines have been well developed in recent
years, in which fluorescent protein found in promot-
er-specific tissues can be marked and observed under the
fluorescent microscope (Lin et al., 2021). In addition, the
advantages of low cost and embryo transparency have led
to an increasing interest in zebrafish-based research and
testing in laboratories and pharmaceutical companies.
These benefits have made zebrafish a prominent in vivo
model for scientific domains, including studying toxicity
and bioactivities of herbal plants and natural products.

Ginseng species research evaluated by
zebrafish model

The growing demands for herbal ingredients in pharma-
ceuticals, functional foods, and cosmetics have resulted
in zebrafish to turn into an emerging powerful tool for
studying the bioactivities and safety of herbal compo-
nents. In recent years, natural product extracts or puri-
fied compounds have exhibited a broad spectrum of
bioactivities, such as antioxidant, anti-inflammatory,
antidiabetic, anti-obesity and anticancer properties in
a variety of zebrafish models (Lin et al., 2021). In this
review, we summarized the activity assessment of gin-
seng species evaluated by using zebrafish models in the
past 15 years according the most widely used academic
databases, such as Web of Science Core Collection,
PubMed, Google Scholar, and Scopus. The most widely
used zebrafish models for studying ginseng species,
including their detailed operational protocols, are sum-
marized in Figure 1.

Safety and toxicity studies evaluated by zebrafish

During the discovery and development of new drug can-
didates, adverse side effects are often accompanied with
its efficacy. Prior to the screening and activity evaluation
of new drug candidates, safety assessment of preclinical
pharmacological studies of drug candidates are neces-
sary, which can effectively avoid and reduce their toxic
risks. Currently, the safety and toxicity of more tradi-
tional Chinese herbals have been studied based on zebraf-
ish model, such as the embryo toxicity of Andrographis
paniculata (Jayasinghe and Jayawardena, 2019), acute
toxicity of Polygonum multiflorum Thunb. (Yang et al.,
2018), the developmental toxicity of Enicostema axil-
lare (Perumal et al., 2021), the reproductive toxicity of
Acmella oleracea (Souza et al., 2020), the hepatotoxicity
of Prunus jamasakura (Komakech et al., 2020), and the
liver and renal toxicity of Tussilago farfara (Duan et al.,
2019).

40

Quality Assurance and Safety of Crops & Foods 16 (1)



Zebrafish as a promising model for investigating biological activities of ginseng species

Panax quiquefolium L. ‘

Panax ginseng C. A. Meyer

I Panax notoginseng

Toxicity model

+ Radiation-induced: 20Gy for 4 days

+ Doxorubicin-induced cardiotoxicity: 30 uM for
42 hours

« Acute toxicity: 16 hours each day by oral
intake for 21 days; Acute toxicity: 5 days

Anti-Inflammation model

« Zebrafish tail-fin amputation model

* LPS-induced inflammation model: 100 pg/mL
for 3 days

induced inflammatory bowel disease model:
75 pg/mL 3 days

* LPS-stimulnted: 5 pg/mL for 24 h

Immune model

* Rapamycin: 4 ug/ml 24 hour

* Nano-activated carbon(PM2.5): 2.3 mg/mL
for 10Nl

High-fat diet (HFD) la rval zehrafish model

Diabetic model

« Alloxan induced: 300 mM for 72 h

* Type 2 diabetic zebrafish model

Pancreatic islet damage model:
* Alloxan-induced: 100 pM for 6 hours
Acute alcoholic liver injury model
« Ethanol: 350 mM for 32 h
Zebrafish scales model
« Observation by calcium deposition
Ocular apoptosis model
« Dibutyl phthalate(DBP)-induced:
0.1, 1, 5, 10, 50 pmol/L
direct light (54-32-4 lux) or non-direct
(Continue to incubate for 18 h)

T
Zebrafish

" Embryos

o9

« 2.4 6-trinitrobenzene sulfonic acid (TNBS) ———

— Antioxidant model

. « Hydrogen peroxide (H,O,)-stimulate: 2 uM for
1 hour

Promoting angiogenesis model

* VRI: 0.2 ymol/mL 48 hour

* VRI: 45 ymol/L 48 hour

« VRI: 300 ng/mL 3 hour

* VRI: 1 ng/mL 52 hour

* VRI: 500 ng/ml 3 hour

* VRI: 500 ng/mL for 4-5 hour

« VRI (axitinib: 1uM) for 6 hours

« VRI: 500 ng/mL for 3 hours

« B-amyloid(AB)-induced vascular damage
models: 25 g/L for 48 hours

« Observation by embryos’ SIV length

= Observation by percentage in the angiogenic
phenotype in SIV’s

.Inhibiting Angiogenesis model

“Inhibiting melanogenesis model

-+ a-melanocyte Hormone(a-MSH) induced:
100 nM for 65 hours

Heart failure model

* Verapamil: 200 pM for 30 min

« Isoproterenol (ISO)-induced: 5 mg/ml for 5 hours

Behavioral seizure model

* (Pentylentertazole) PTZ-induced: 10 mM for
60 minutes

Antithrombotic model

« Arachidonic acid (AA) induced: 80 umol/L for
1.5 hours

* Ponatinib-induced: 2 mg/L for 18 hours

« Isoprenanline (JSO)-induced: 5g/L for 5 hours

Melanogenesis observation ways
« A stereoscopic microscope

« Axioskop microscope (Zeiss)

» A mircroscope and a spectrometer
* A stereomicroscope

density

Zebrafish scales observation ways
« Observation by p-CT to visualize vertebrae

« Observation by calcium deposition DBP-induced
ocular apoptosis model

Biotransformation in vivo
(instruments)

« Identified by UPLC/Q-TOF-MS

* Analyzed with UPLC/Q-TOF-MS
+ Identified by UPLC-TOF/MS

« Identified by HPLC-ESI-MS

Figure 1.

Zebrafish models with a concise summary of modeling protocols applied for evaluating bioactivity of ginseng

species. Green hox represents ginseng species; blue box represents the modeling method applied to zebrafish; yellow box
represents used instrumentations for observation and detection. Zebrafish under various stages of growth are used in these

studies and is schematically displayed in the center of the figure.

According to the Chinese Pharmacopoeia, the medicinal
limit application dose of ginseng is 3—9 g. This dose range
may indicate the relative higher safety of ginseng for oral
administration and is considered as medicinal and food
homology. However, this does not mean that ginseng can
be taken in excess without limitation. Using zebrafish, the
toxicity and safety of ginseng species have been studied
in several researches; the detailed information is shown
in Table 1. The commercially purchased Panax ginseng
extracts were reported to be toxic when concentration
is higher than 0.039 mg/mL in zebrafish after 3 days of
exposure (Nguyen et al., 2017). The decocted extract of
Panax notoginseng (dPN) was reported to exert lower
acute toxicity than the raw extract of Panax notoginseng
(rPN) in inducing death of larval zebrafish, which has rel-
atively higher minimal nonlethal concentration (MNLC)
and LC50 (Wang et al., 2023a). Another recently con-
ducted study has reported possible toxicity mechanism
of the overdosed administration of Panax notoginseng

saponins (PNS) using metabolomics approach based
on zebrafish larvae. From the metabolomics point of
view, the toxicity mechanism of overdose of PNS could
be related to disorders in lipid metabolism, amino acid
metabolism and energy metabolism (Fei et al., 2019). In
summary, considering that concentration and ratio of
saponins have a possible relation to the negative effects
on health, it is necessary to raise awareness that the fre-
quency and dosage of applications are crucial and must
be prescribed under strict professional supervision to
avoid overdose.

Besides the toxicity of ginseng species evaluated using
zebrafish, the toxic rescue effects were also reported. For
instance, the toxic morphologic abnormalities induced by
radiation (including microcephaly, lateral line decrease,
and inhibition of yolk sac resorption) can be recovered by
red ginseng at a dosage of 30 pg/mL in zebrafish embryos
(Chang et al., 2014). The 18 carbon fatty acids (FA)
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Table 1.

Applications of zebrafish models in toxicity evaluations of ginseng species.

Main effects Source Bioactive substances Zebrafish Results References
specifications/models
Toxicity Panax Commercial extracts 2 dpf larvae (AB) Ginseng extracts caused higher Nguyen
evaluation ginseng mortality when concentration is etal., 2017
higher than 0.039 mg/mL (3 days) in
zebrafish larva.
Notoginseng  Decocted extracts of 2 dpf larvae (AB) Mortality of larval zebrafish after 3 Wang et al.,
Panax notoginseng days of oral was observed at doses ~ 2023a
(dPN) vs. raw extracts of from 60 to 100 ug/mL rPN and 100
Panax notoginseng (rPN) to 200 pug/mL dP.
Notoginseng ~ Commercial saponins 1 dpf larvae (Germany The overdosed administration of Feietal.,
Tuebingen strain) notoginseng ginsenoside (200 mg/ 2019
mL, 5 days) can lead changes
in 29 endogenous markers and
6 metabolic pathways, including
Eicosanoid pathways
Ability to Red ginseng  Aqueous extraction 6 hpf embryos (AB), Red ginseng significantly attenuates ~ Chang
attenuate radiation-induced toxicity  the radiation-induced toxic effects etal., 2014
toxic damage model (20 Gy, 4 days) at a concentration of 30 ug/mL (up
(including to 4 days)
cardiotoxicity) American FA (18:4) from ethanol 30 hpf embryos (AB), The 18 carbon fatty acids with Hu et al,,
ginseng extraction doxorubicin-induced four carbon—carbon double bonds 2023

cardiotoxicity model (30
uM, 42 h)

(FA (18:4) at a dose of 0.125
pg/mL (42 h) has ameliorative
cardiotoxic effect, by decreasing
fluorescence intensity and reducing
the production of reactive oxygen
species (ROS)

AB: wild-type AB zebrafish; dpf: days post-fertilization.
Most of the studies applied zebrafish larvae as their experimental models.

with four carbon—carbon double bonds FA (18:4) identi-
fied from American ginseng inhibit doxorubicin (Dox)-
induced cardiotoxicity in zebrafish by maintaining
normal ventricle and atrium morphologies, by improving
cardiac performance, and by increasing stroke volume,
heart rate, and fractional shortening (Hu et al., 2023).

Anti-inflammatory and immune-modulatory activities
evaluated by zebrafish larvae

Inflammation is a defense reaction of the body to exter-
nal stimuli, usually manifested as local tissue discomfort,
including redness, swelling, heat and pain. When inflam-
mation occurs, the stimulated tissue releases a series of
chemical substances, such as interleukin-1 (IL-1), IL-6,
IL-8, tumor necrosis factor-alpha (TNF-a) etc. (Coussens
and Werb, 2002). These chemical mediators activate and
accumulate immune cells, such as neutrophils and macro-
phages, toward damaged tissue sites. Through their phago-
cytic function, neutrophils and macrophages recognize
invading microorganisms, dead or damaged cells, and other
foreign substances, then release bactericidal enzymes,
reactive oxygen species (ROS) and nitric oxide (NO)

(Kyritsis et al., 2012). By such ways, these foreign bod-
ies are destroyed and cleared, and immune defense is
achieved. Additionally, the production of ROS and NO
can also activate NF-kappa B signaling pathway to pro-
duce more inflammatory factors (such as cytokines and
chemokines), which further stimulate the activation of
neutrophils and macrophages and lead to more ROS and
NO release as a circuit (Renshaw et al., 2006).

The anti-inflammatory potentials of herbal components
can be evaluated by different inflammatory models, such
as tailfin amputation model, lipopolysaccharide (LPS)-
induced inflamed zebrafish model, 2,4,6-trinitroben-
zene sulfonic acid (TNBS)-induced inflammatory model,
rapamycin-induced neutrophils decreased model, nano-
activated carbon (PM, ) phagocytosis model displayed in
Table 2. The methanol extracts of black ginseng (up to a
concentration of 50 pg/mL) are reported to have anti-in-
flammatory potential in a H,O,-induced inflamed AB
strain of zebrafish model by inhibiting ROS production
(An et al., 2021). It was previously reported that the root
extracts of American ginseng at 10 pg/mL can inhibit
both acute inflammation caused by tail-amputation and
chronic inflammation induced by LPS and TNBS, which
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inhibited the aggregation of leukocytes and inflammatory
cytokines (Wang et al., 2023b).

The effect on macrophage phagocytosis stimulations
between fermented and unfermented white ginseng
was compared in a nano-activated carbon (PM2.5)-
induced zebrafish model (Xiao et al., 2017). The ginse-
noside compound K is reported to inhibit significantly
the NO production released by LPS induction in wild-
type strain zebrafish embryos (Ryu et al., 2018). Several
transgenic zebrafish lines have been used for modeling
and visualizing inflammatory response in zebrafish lar-
vae (Renshaw et al., 2006). The transgenic fishline Tg
(mpx: EGFP) expresses neutrophils under green fluo-
rescence channel of the microscope, while Tg (mpegl:
mCherry) expresses macrophages under red fluores-
cence channel of the microscope. Using this fishline for
establishing a tail-fin amputated inflammatory model,
anti-inflammatory effect of 11 batches of ginsenoside
extracts from Panax ginseng were evaluated by compar-
ing ability of immune cell migrations toward the wound
edge, paralleled to chemical content tests by high-per-
formance liquid chromatography (HPLC). This research
confirmed that the chemical markers of ginsenosides
(Rb,, Rb,, R, R, Re, Rg, Rg,, Rh, and F)) have positive
correlation to the anti-inflammatory effect, and this bio-
activity—chemical quality connection may further help
and contribute to the activity—quality control of Panax
ginseng (Sun et al., 2019). This model was also used for
evaluating the anti-inflammatory activity of ginseno-
side Rgl using a tail-fin amputation model. Using such
a model, inhibitory migration of neutrophils toward the
wound injury by the ginsenoside Rgl was observed, and
several inflammatory indicators as well as matrix metal-
loproteinases (MMPs) that relate to the tissue impair
were detected for their mechanisms by using the poly-
merase chain reaction (PCR) technique (He et al., 2020).
Another fishline of Tg (lyz: EGFP) that marks neutro-
phils as green fluoresce was utilized to conduct rapamy-
cin-induced neutropenia model. Ginsenoside extracts
from American ginseng is reported to increase neutro-
phil counts and increase the IFN-y level (Lv et al., 2020).
To summarize, these studies significantly demonstrate
that zebrafish is a promising model for evaluating the
potential activities of ginseng in regulating immunity
and against inflammations.

Angiogenesis regulations evaluated by zebrafish

Angiogenesis is the process through which new blood
vessels emanate from preexisting vascular structures.
Inadequate vessel maintenance or growth may lead
to tissue ischemia, while excessive vascular growth or
abnormal remodeling promotes cancer, inflammatory
disorders, and retinopathies (Chavez et al., 2016).

The transgenic lines of Tg (flila: EGFP) and Tg (Flk1:
GFP) mark vascular endothelial cell-relevant proteins
that drive green fluorescence and are often used to
study angiogenesis and vascular regression, as displayed
in Table 2. Numerous studies have utilized the vascu-
lar endothelial growth factor (VEGF) receptor tyrosine
kinase inhibitor II (VRI) to induce arterial damage in
these transgenic zebrafish, which significantly attenu-
ate the intensity of fluorescence of blood vessels (Xie
et al., 2015; Yang et al., 2016a). Based on such a model,
red ginseng extracts are reported with pro-angiogenic
effect on blood vessel sections of zebrafish larvae (Sung
et al., 2017). Aqueous decoction of both unprocessed
Panax ginseng (100 pg/mL) and red ginseng (100 pg/mL)
is reported to have pro-angiogenic effect using the Tg
(flila: EGFP) fishline (Wei et al 2017; Shi et al. 2021a).
The VRI-induced models are also used for evaluating
the angiogenic effect activity of other ginseng species.
Total saponins from both notoginseng roots and noto-
ginseng flower buds are reported to be pro-angiogenic
(Hong et al., 2009; Yang et al., 2016a), while notoginseng
buds have better pronounced protective effect against
intersegmental blood vessels (ISVs) and subintestinal
vessels (SIVs) than Panax ginseng roots when concentra-
tion is 50 g/mL (Zhang et al., 2013). In addition, natural
compounds, including notoginsenoside R1 and ginseno-
side Rb1, Rb3, F1, Re, and Rgl are reported to increase
the intensity of fluorescent blood vessels in the VRI-
induced zebrafish, indicating their potential to promote
angiogenesis (Xie et al., 2015; Yang et al., 2016b; Zhang
et al., 2019; Zhong et al., 2020).

B-amyloid (AP)-induced vascular damage model is
another frequently used model to study the angiogenesis
of herbal plants. Both ginsenoside Rgl (20 pg/mL) and
ginsenoside Rb1 (20 pg/mL) increase length and area of
blood vessels, and significantly reduce ROS levels. They
increase SOD and GSH-Px levels in a AB-induced vas-
cular damage model of zebrafish. Further mechanisms
were referred to the overexpression of VEGF protein and
the inhibition of TGF-B1, Smad2 and Smad3 (Liu et al,
2020b). Interestingly and conversely, ginsenoside Rh2 at
concentrations ranging from 42.43 uM to 84.85 pM was
reported to inhibit the fluorescence intensity of interseg-
mental blood vessels (ISV) in 24 hpf zebrafish embryos
(Ma et al., 2020).

Anti-melanogenesis evaluated by zebrafish

Zebrafish are transparent in the early stages of develop-
ment, and melanin develops from the retinal epithelium
24 h post fertilization of embryos. Pigment cells originate
from the neural crest cells, a group of cells that differen-
tiate from the dorsal ectoderm, and proliferate, migrate
and differentiate into pigmentoblasts (Choi et al., 2007).
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This unique characterization is widely utilized for
anti-melanogenesis research and whitening tests in the
cosmetics industry and experimental laboratories.

The ginseng species have potential to serve as the future
precursor molecules for creating novel pharmaceu-
ticals, nutraceuticals, and cosmetics. The extracts of
Panax ginseng and its common monomeric saponins,
such as Rbl and Re, possess strong anti-melanin activ-
ity in cellular studies (Jiménez-Pérez et al., 2017; Wang
et al., 2014b). Recent studies have reported more anti-
melanin activities using zebrafish models (Ferreira et al.,
2023). For instance, the anti-melanin activity of black
ginseng extracts and its component ginsenoside Rb2 by
down-regulating the expression of tyrosinase is evaluated
and confirmed using 3-dpf zebrafish larvae (Jin et al.,
2018; Lee et al., 2015b).

Ginsenosides as secondary metabolic products are rare
saponins that are believed to have potent biological
activity, although the current understanding of this is
limited. Recently, numerous saponins, including floral
ginsenoside A (Lee et al., 2017), ginsenoside CY (Liu et
al., 2019), ginsenoside Rh23 (Lee et al., 2018), ginseno-
side Rh6, and vina-ginsenoside R4 and R13 (Lee et al.,
2015a), have shown anti-melanin activities based on
zebrafish models. In addition to ginsenosides, several
chemical components of ginseng, including oligosac-
charides (Dai et al., 2021), isomaltol glycoside (Lee et
al., 2019), picrionoside A (Lee et al., 2015c), and salicylic
acid (Liu et al., 2021a), were reported to inhibit mela-
nin production in zebrafish. These recently published
anti-melanin properties of ginseng extracts, as well as
ginseng components, including common and rare gin-
senosides, are summarized in the Table 2. In summary,
these published studies showed the potentials of ginseng
species in anti-melanin activities.

Attenuating fat accumulation and antidiabetic activities
evaluated by zebrafish

Zebrafish has become an alternative vertebrate model for
studying metabolic diseases and lipid perturbations, such
as obesity, type 2 diabetes and fatty liver. Feeding of arte-
mia for 8 weeks established a diet-induced obesity model
in zebrafish, exhibiting similar disease characteristics
as that in mammals, such as increased body mass index
(BMI), hyperlipidemia, and fatty liver. Another model
with high-fat feeding for a week produced obesity phe-
notype accompanied by increased fasting blood sugar,
impaired glucose tolerance, increased insulin compensa-
tory secretion, decreased insulin sensitivity, and impaired
pancreatic B-cell functioning; thus, such models were
more inclined for the study of diabetes patients (Lega
and Lipscombe, 2020). In addition, over-nutrition model

could also produce obesity (Zang et al., 2018). The liver
plays an important role by maintaining lipid and glucose
homeostasis. The excessive accumulation of lipid in the
liver may aggravate insulin resistance and worsen meta-
bolic dysfunction, while conversely fatty liver and hyper-
glycemia could cause hepatocyte injury and increase
morbidity in diabetic patients (Xu et al., 2020).

Several ancient Chinese medical classics record that clas-
sic formulas containing herbs of ginseng species are used
to attenuate diabetic manifestations and complications.
These records include but not limited to the follow-
ing: “Shi Quan Da Bu Tang” (recorded in the important
prescriptions worth a thousand gold for emergency/in
Chinese “Qian Jin Yao Fang”/T-4: % J7, written by Simiao
Sun in the Ming Dynasty), “Si Jun Zi Tang” and “Liu Jun
Zi Tang” (recorded in the “Shang Han Lun”/{/i %1, writ-
ten by Zhongjing Zhang in the Han Dynasty), “Huang Qi
Gui Zhi Wu Wei Tang” (recorded in the Compendium of
Materia Medica/in Chinese “Ben Cao Gang Mu”/ A%
#N H, written by Shizhen Li in the Ming Dynasty), and
ginseng decoction with the formula of “Bu Zhong Yi Qi
Wan” (recorded in the “Jin Kui Yao Lue”/4: B Z 0%, writ-
ten by Zhong jing Zhang in the Han Dynasty).

Current pharmacological studies provide more evidence
of ginseng treatment for diabetes and fat accumulation
by using cellular or animal models. In animal research,
alloxan is a diabetogenic agent that reduces the number
of B cells in the pancreatic islets (Ighodaro et al., 2017).
After alloxan induction, a 12-h exposure treatment with
red ginseng extracts to pancreatic islets of zebrafish lar-
vae was confirmed and examined using fluorescence
microscopy. This served to study the affect of ginseng
species as antidiabetic and against fat accumulation
(Table 2). The effect of red ginseng extracts on B cell
regeneration was confirmed in the transgenic zebraf-
ish Tg (ins: GFP) by B cell green fluorescence protein
labeling (Nam et al., 2019). Additionally, the compound
K-coupled B-cyclodextrin inclusion complex (CD:CK =
10:1) improved the healing of injured pancreatic islets
and decreased the toxicity of compound K in diabetic
zebrafish (Nam et al., 2017). Besides, the active glyco-
peptide isolated from mountain-cultivated ginseng (50
pg/mL) is reported to benefit the syndromes related to
type 2 diabetes in zebrafish model, including improving
the manifestations of insulin resistance, improving the
oxidant-induced muscle injury, reducing body weight,
enhancing swimming endurance, alleviating pathological
damage to the heart, skeletal muscles and muscle fiber
breakage as well as increasing the expression of protein
kinase B (AKT) in skeletal muscle tissues (Zhou et al.,
2023).

Additionally, ginsenoside Rg3 (50 pg/g) has been
reported to reduce fat formation, inhibit hepatic lipid

48

Quality Assurance and Safety of Crops & Foods 16 (1)



Zebrafish as a promising model for investigating biological activities of ginseng species

droplet accumulation, and ameliorate body length and
weight back to normal range in high-fat diet (HFD)-
induced zebrafish larvae (Li et al., 2022b). Similarly, Koh
et al. discovered that Rgl (10 uM) inhibited fat storage in
HFD-induced obesity zebrafish model (Koh et al., 2017).
Lai et al. discovered that ginsenoside Rb1 had a protective
effect in a zebrafish model of alcohol-induced liver injury
because of its resistance to lipid deposition and anti-in-
flammatory properties (Lai et al., 2021). Ginsenoside Rb1
(12.5 uM) is also reported to alleviate alcohol-induced
hepatic steatosis in zebrafish larvae by decreasing the
intensity of oil-Red staining fluoresced liver, inhibiting
neutrophil infiltration into liver parenchyma, inhibiting
production of pro-inflammatory cytokines, and revers-
ing ROS accumulation fluorescence (Lai et al., 2021).
Furthermore, ginsenosides in Shen Quan baijiu (SQJ)
with fermented ginseng increased glutathione peroxidase
(GSH-PX) and superoxide dismutase (SOD) activity in
zebrafish liver and reduced production of malondialde-
hyde (MDA) (Tao et al., 2022).

Other bioactivities of ginseng species evaluated by
zebrafish models

Ginseng has a long history of its wide applications in clin-
ical therapies in Asian countries by systematically regu-
lating the body system. Besides the mentioned activities,
other numerous pharmacological studies on the efficacy
of ginseng and its preparations in zebrafish models have
been confirmed.

Bone remodeling requires a proper balance of osteoblasts
and osteoclasts, as disturbed bone homeostasis can lead
to bone disorders, such as bone fracture, osteoporosis
and osteoarthritis (Feng et al., 2011). At present, calcane-
related models, such as glucocorticoid-induced osteopo-
rosis model, scoliosis model (Dietrich et al., 2021), spinal
injury model (Vajn et al., 2014) etc., have been established
using zebrafish. Although ancient records have seldom
mentioned the applications of ginseng species in treating
bone disorders, the recent pharmacology research has
focused on its potentials. In summary, liquid extracts of
Siberian ginseng, ginseng mixture, red ginseng extracts
and notoginseng extracts, Rh2, Rb1l and Rd, have been
reported to have anti-osteoporotic effect on cellular and
rodent models (Siddiqi et al., 2013), although such estab-
lished zebrafish models have limited applications in the
research of ginseng species. For instance, the ginseno-
side Re has been reported to prevent osteoclast differen-
tiation based on the cellular studies using macrophages
generated from mouse bone marrow as well as osteoblast
precursor MC3T3-E1 cells. Such potential activity was
validated by zebrafish model with adult scales treated
with 50 pM for 35 days (Table 2) (Kim et al., 2016; Park
etal., 2016).

Besides the anti-osteoporotic regulative activity, ginseng
species have been reported to have more properties. For
instance, the verapamil hydrochloride-induced heart fail-
ure zebrafish model was used for evaluating 12 batches
of ethanol extracts of American ginseng from different
regions (Dong et al., 2022). Potential bioactive com-
pounds from American ginseng were further screened by
metabolomics analysis, including ginsenoside Rg3, ginse-
noside Rg5, ginsenoside Rg6, malic acid, quinic acid and
pseudo ginsenoside F11. The activity of these monomers
in heart failure was validated by such zebrafish models
(Dong et al., 2022). By using another verapamil-induced
heart failure zebrafish model, the Rg5 was reported to be
protective against heart failure by reducing heart dilata-
tion, venous congestion, and enhancing cardiac output
and heart rate. The potential mechanisms are associated
with many metabolic pathway regulations, such as ara-
chidonic acid metabolism, D-glutamine and D-glutamate
metabolism, phenylalanine metabolism etc. (Liu et al.,
2021b). In addition, the zebrafish larvae model of myo-
cardial ischemia was established by isoproterenol (ISO)
induction, and Panax notoginseng (PN) powder (313 ug/
mL) was reported to increase blood flow velocity and
cardiac output of zebrafish (Li et al., 2023).

Recently, ginseng species has been established for its
antitumor activities. The transgenic fishline Tg (krasv12:
EGFP) is fluorescence-labeled with oncogene krasvl2
in zebrafish and induction of doxycycline (25 pg/mL, 4
days) was used for oncologic modelling. Using such fish-
line, the ginsenoside Rgl was found to have anticancer
properties, which were observed in the liver of zebrafish
(Cui et al., 2023).

The primitive hematopoietic stem cells can be marked
and detected by the gene expression of gatal and hbbe3,
while the definitive hematopoietic stem cells can be
marked and detected by the gene expression of runxl
and cmyb in zebrafish. The notoginseng total saponins
(50 pg/mL) started to inhibit gene expression of both pri-
mary and definitive hematopoietic stem cells of zebrafish
larvae (Sun et al., 2019).

Arachidonic acid (AA) can affect the development of car-
diac erythrocytes, ponatinibi can inhibit the endothelial
growth factor receptor, and isoproterenol can lead the
apoptosis of cardiac cells; thus, these components are
often used for cardiac modeling of zebrafish. The mod-
eled zebrafish can be either stained by o-dianisidine for
cardiac erythrocytes observation or by acridine orange
staining for cardiac apoptotic cells observation. With a
relatively lower dosage (7.81-15.63 mg/L), the lyophilised
powder of Panax pseudoginseng aqueous extracts could
increase cardiac erythrocytes that were inhibited by the
ponatinib induction in zebrafish. When the concentration
was 250 mg/L, this type of extracts increased the cardiac
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erythrocytes that were inhibited by AA induction in
zebrafish. When the concentration reached 2,000 mg/L, it
inhibited cardiac apoptotic cells (Li et al., 2022a).

In another pentylenetetrazol (PTZ)-induced behavioral
seizure model using adult zebrafish, the ginsenoside Rgl
(130 uM) showed better activity than ginsenoside Re to
decrease epileptiform discharge in the isolated teleneph-
alon, and delayed the emergence of behavioral seizures
(Lee et al., 2009). In addition, a dibutyl phthalate (DBP)-
induced ocular apoptosis zebrafish model was estab-
lished and the ginsenoside Rgl was reported to prevent
cell apoptosis in zebrafish eyes (Yang et al., 2019).

Metabolic biotransformation of ginsenosides by zebraf-
ish model

The content of rare ginsenosides in ginseng plants is rel-
atively low, but has potential pharmacological activities,
which are worthy to be studied. Biotransformation is an
efficient way to obtain rare ginsenosides. The biotransfor-
mation of ginsenosides mainly involves the use of micro-
organisms or enzymes to modify the structure of sugar
groups at C3 and C20 positions of panaxdiol-type ginse-
nosides, and at C6 and C20 positions of panaxtriol-type
ginsenosides, so that the sugar groups of ginsenosides
with high content could be hydrolyzed. The procedure of
biotransformation could effectively improve the utiliza-
tion efficiency of ginsenosides, optimize clinical effects,
and reduce adverse reactions by changing their chemical
structures (Chen et al., 2022).

Biotransformation of ginsenosides is already applied in
cellular and mammal experiments (Wang, 2014a). Using
zebrafish, the structures of transformatic ginsenosides
could be studied by HPLC—electrospray mass spectrom-
etry (ESI-MS). For instance, the primary constituents
of Danshen—Sangqi herbal pair (including the plants of
Panax notoginseng and Salvia miltiorrhiza) are salvian-
olic acid B, Tanshinone II A, ginsenoside Rgl, and Rb1.
The metabolic biotransformation of these chemical com-
ponents was studied in zebrafish larvae. After treating
these four monomers and their combinations (mono-
mer: SAB, TIIA, Rgl, Rb1; and combinations: SAB + Rgl,
SAB + Rbl, Tanshinone II A + Rgl, and Tanshinone IT A
+ Rb1), four parent components of SAB, TIIA, Rgl, Rb1
and their 18 metabolites were identified. The study also
indicated that Rgl and Rbl could enhance the metab-
olism of Tanshinone II A whereas Tanshinone II A and
salvianolic acid B could stimulate the metabolism of Rgl
and Rb1; thus, they may explain the potential synergistic
effects of the herbal drug pairs (Yin et al., 2021).

In addition to the herbal formula containing ginseng spe-
cies, the metabolic transformation of notoginsenoside

R1, ginsenoside Rgl and ginsenoside Rbl in adult
zebrafish was studied by HPLC—ESI-MS. The metabolic
products of R1, Rgl and Rb1 in zebrafish resulted from
de-glycosylation and hydroxylation, which were highly
consistent with those from the metabolism of mammals
(Wei et al., 2011).

In addition, the metabolic processes of rare ginsenosides,
F4 and Rg6, Rkl and Rg5, and Rk3 and Rh4, in zebraf-
ish were analyzed using a similar research methodology.
After exposing to adult zebrafish for 24 h, eight metab-
olites of ginsenosides F4 and and six metabolites of Rg6
were identified. The metabolic study indicated that the
primary response of ginsenoside F4 and Rg6 in zebrafish
was mainly due to the loss of glucose at C-6 and glucu-
ronidation at C-3 (Shen et al., 2018). By using the same
experimental protocols, the metabolic processes of gin-
senoside Rkl and ginsenoside Rg5 were studied, and four
metabolites of ginsenoside Rkl and seven metabolites of
ginsenoside Rg5 were identified in adult zebrafish. The
mechanisms were further deduced to be desugarization,
glucuronidation, sulfation and dehydroxymethylation
(Shen et al., 2017). In another study, five metabolites of
ginsenoside Rk3 and six metabolites of Rh4 were identi-
fied in adult zebrafish. Rk3 and Rh4 were mainly respon-
sible for the loss of rhamnose at C-6 and glucuronidation
at C-3 (Chen et al., 2015).

Bioactive effects of TCM formulas contain-
ing herbs of ginseng species evaluated by
Zebrafish models

In addition to plant extracts and monomeric chemical
constituents, some herbal formulas were evaluated using
zebrafish models. As shown in Table 3, the biological
activities of numerous herbal formulas containing herbs
of ginseng species were evaluated using zebrafish mod-
els. For instance, besides the transgenic fishline Tg (mpx:
EGFP) mentioned previously, the transgenic zebrafish Tg
(MPO: GFP) also expressed green fluorescent proteins
on neutrophils, and was used for the evaluation of TCM
formulas containing ginseng species. The anti-inflam-
matory efficacy of Sheng-Mai-Yin (SMY) formula was
evaluated by three distinct inflammation-induced mod-
els (LPS, CuSO, and tail transection-stimulated models)
using transgenic zebrafish Tg (MPO: GFP). In summary,
SMY (12.5-50 pg/mL) can significantly inhibit in a dose-
dependent manner the recruitment of neutrophils and
pro-inflammatory cytokines (including NF-«B, p65, IkBa
and STAT3) which were upregulated (Zheng et al., 2021).
In addition, the formula of Shen Fu Huang (SFH) con-
tains also Panax ginseng. The compound-target network
predicted that 18 out of 49 active chemical compounds
in SFH are related to ginseng, accounting for approx-
imately one-third of all detected constituents. Then the
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anti-inflammatory effect as well as the phagocytic capa-
bility of macrophages of SFH was evaluated based on the
AA-induced zebrafish model, indicating antithrombotic
capabilities of this formula (Liu et al., 2020a).

For angiogenesis study of herbal formula, the formula of
Sailuotong (SLT) containing Panax ginseng was reported
to rescue blood vessel loss in the VRI-induced vascular
insufficiency using Tg (flk1:GFP) zebrafish (Seto et al.,
2018). The herbal pair of Panax notoginseng and Salvia
miltiorrhiza was reported to possess potent antithrom-
botic properties based on a phenylhydrazine (PHZ)-
induced zebrafish thrombus model. The up-regulated
gene expressions of PKCa, PKCp, fga, fgb, fgg and vWF
(an adhesive multimeric glycoprotein) were contrib-
uted to the antithrombotic mechanisms of this herbal
pair (Yin et al., 2020). Du-Huo-Ji-Sheng-Tang (DHJST)
is another wildly used herbal formula containing Panax
ginseng as its important component. The DHJST is
reported to stimulate the development of lymphatic tho-
racic duct, based on a transgenic zebrafish Tg (flil:egfp;
gatal:DsRed) in which the blood flow is visible in red
(gatal:DsRed), and lymphatic and blood vessels are vis-
ible in green (flil:egfp) (Chen et al., 2016).

Many herbal formulas containing ginseng species are
wildly used for cardiovascular diseases and can help to
regularize heart rhythms. Such formulas were recently
evaluated by zebrafish model. Terfenadine can obvi-
ously affect heart rhythms, thus is used for establishing
the arrhythmia model using transgenic zebrafishline
of Tg (Cmlc2: GFP) (myocardium protein was marked
and expressed by green fluorescent GFP). Wenxin Keli
(WXKL) containing Panax notoginseng is typically
used to treat cardiac arrhythmias. By using the terfena-
dine-induced arrhythmia zebrafish model, the WXKL is
reported to steady the heart rhythm. Liquid chromatog-
raphy combined with high-resolution mass spectrome-
try (LC-HRMS) identified 71 compounds in WXKL, of
which more than one-third were ginsenosides or noto-
ginsenosides. Ginsenosides, Rgl and Re, and notogin-
senoside, R1, were further confirmed as the most active
compounds for regulating heart rate in zebrafish (Liu
etal., 2018).

The formula of Renshen rougui ointment (RRO) also
contains Panax ginseng as its main component. It was
reported that RRO (0.8 mg/mL) could boost immune
system, relief fatigue, protect muscle fibers, and rescue
central nervous system (CNS) damage. Various zebraf-
ish models were used in the study, including ethanol
absolute-induced alcoholic muscle injury model, sodium
hydrosulphite-induced fatigue model, mycophenolate
mofetil-induced central nerve injury model, anhydrous
ethanol-induced peripheral nerve injury model, vincris-
tine tartrate injection-induced T-cell reduction model,

and vincristine tartrate injection-induced macrophage
cytopenia model. The results indicated that RRO pro-
tected muscle fibers and improved locomotor perfor-
mance by increasing the travel distance. It could also
enhance the immune system by enhancing the fluores-
cence intensity of macrophage and protecting against
CNS damage by weakening the fluorescence intensity of
CNS apoptotic T cells (Dong et al., 2021).

In addition, PHZ-induced anemia model, ponatinib-
induced microcirculatory impairment model, vincris-
tine tartrate-induced macrophage cytopenias model, and
ginseng-rose ointment (concentration: 0.8 mg/mL) can
ameliorate anemia and microcirculatory disturbances by
increasing the fluorescence intensity of cardiac erythrocyte
and mean blood flow velocity. It could also inhibit synthesis
of melanogenesis by reducing total melanin optical den-
sity, and regulate immunity by increasing the fluorescence
intensity of macrophages and T cells (Dong et al., 2021).

Perspectives

Chemical determinations combined with in vivo
bioactivity-based assays help in better quality
control of plants of ginseng species

The quality control of herbal plants is currently depend-
ing on the abundance of chemical components. Generally
speaking, content of the most abundant components can
to some extent reflect bioactivity of herbal materials. For
instance, Sun et al. investigated the biological activity
of different batches of medicinal Rhei Rhizoma in com-
bination with chemical analysis by using the defecation
test and small intestine propelling test in mice (Sun et al.,
2020). In another research, 11 batches of ginsenoside
extracts were classified into two categories according to
the detected nine monomer components, and the batches
with higher content of ginsenosides had better inhibition
on neutrophil migrations in a tail-fin-amputated zebraf-
ish model (Sun et al., 2019).

Apart from these studies, another batch-to-batch con-
sistency of 24 batches of Xuesaitong injection (XST) was
evaluated in a zebrafish thrombosis model (Ma et al.,
2021). Antithrombotic activity of five abnormal batches
of XST from 24 normal batches could be efficiently dis-
tinguished using a zebrafish thrombosis model, and
the inhibition rates of different batches were correlated
with the content level of major components (Ma et al.,
2021). However, chemical biomarkers with abundant
concentrations of herbal materials may not always coin-
cide with their good pharmacological activities in appli-
cations. Correlations between chemical biomarkers and
pharmacological active biomarkers needs to be better
understood.
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Xie et al. studied the decoction of 12 batches of Panax
notoginseng flowers and found that four out of 12
batches had a very great effect on promoting recovery
of VRI-induced vascular injury in zebrafish (Xie et al.,
2015). However, these four batches of Panax notogin-
seng flower extracts did not show significant differences
in chemical composition, compared to other batches of
extracts based on the most abundantly detected ginseno-
sides (notoginsenoside R1, ginsenoside Rb3, ginsenoside
Rb1 etc.) (Xie et al., 2015). These may indicate that the
content of the most abundant chemical indicators may
not always fully represent the biological quality of herbal
plants. Therefore, quality assessment of herbal materi-
als needs integrate chemical component analysis as well
as bioactivity studies. This may promote better under-
standing of herbal quality from more comprehensive
perspectives.

Zebrafish in vivo model, combined with system
biology-based analysis, opens wider window view for
visualizing herbal quality evaluation and mechanisms

Zebrafish as an excellent novel in vivo model is raising
hotspots in evaluating the drug—body interactions. Many
studies used zebrafish to validate the activity of ginseng
species followed with a cellular model. Bioassays, such as
Western blot and PCR, are currently the well-developed
and the most popular approaches to explore the under-
lying mechanisms of pharmacological activities. While
considering that herbal plants, including natural prod-
ucts, are always reported with multiple activities by reg-
ulating multiple targets and interacting with multiple
pathways, single biological pathway with limited indica-
tors is in challenge to reflect the comprehensive work-
ing mechanisms of bioactive herbs and their substances.
However, studies seldom explored rigorously and system-
atically the working systems using systems biology-based
approaches in zebrafish, especially for ginseng research.
More comprehensive and systematic studies are needed
for better understanding the interactions between the
plant and body systems.

Following the development of genomics, transcriptom-
ics and proteomics, metabolomics, as one of the major
omics techniques that are frequently used in the current
biomedical academic field, enables researchers to profile
entire endogenous metabolic perturbations in biological
organisms and organ systems. Recently, based on zebraf-
ish models and applying various biological techniques
under the guidance of systems biology, some research-
ers studied the biological mechanism of natural prod-
ucts. For example, either transcriptome-proteomics, or
intestinal microbiota metabolism has been applied to
study the potential mechanisms of active natural prod-
ucts (Yang et al., 2021c; Xiong et al., 2019; Zaynab et al.,

2018). Network pharmacology combined with metabolo-
mics has been used to study metabolic mechanism of the
herbal plant with its anti-arrhythmic activity (Yang et al.,
2021c).

Moreover, some recent studies have applied metabolo-
mics as a systematic approach to analyze the metabolic
regulations of herbs and natural products, including gin-
seng and ginsenosides. For instance, by the untargeted
metabolomics based on the ultra-high performance lig-
uid chromatography—quadrupole time-of-flight mass
spectrometry (UHPLC-QTOF-MS) technique, the
mechanism of Rg5 against verapamil-induced heart
failure zebrafish was related to the regulation of some
metabolic pathways, including arachidonic acid metab-
olism, D-glutamine and D-glutamate metabolism,
phenylalanine metabolism, tricarboxylic acid cycle,
glycerophospho-lipid metabolism, purine metabolism,
steroid biosynthesis, and linoleic acid metabolism (Liu
et al., 2021b). While the joint applications of multi-om-
ics are more and more in vogue, with in-depth develop-
ments and a strong desire for demand in academic areas,
metabolomics is used for herbal safety evaluations. For
instance, hepatotoxicity mechanism of a natural product
called Nux vomica was evaluated in zebrafish larvae by
using non-targeted metabolomics, accompanied by his-
topathology, protein, and gene expression (Zhao et al.,
2018).

Overall, the zebrafish model in vivo combined with the
system biology-based analysis opened wider window
view for evaluation of herbal quality and its comprehen-
sive mechanisms. Such an approach should be promoted
and widely applied in more herbal studies, including gin-
seng species, because it is helpful to better understand
the biological activities and mechanisms from a system-
atic and holistic perspective.

Conclusion

To sum up, zebrafish is a very popular model because
of it being intuitive, cheap, easy to operate, and high-
throughput screening. This review summarized the
recent toxicity tests, bioactivity evaluations and mech-
anism studies of ginseng species, achieved by embryos,
larvae and adult zebrafish. The summarized ginseng
species mainly included Panax ginseng C.A. Mey, Panax
notoginseng (Burkill) EH. Chen ex C.H. Chow and Panax
quinquefolius L.; these are wildly used and reported for
their therapeutic potentials. Systems biology-based
omics technologies combined with a novel zebrafish
model have potentials to help in better understanding
the multi-functioning and the underlying mechanisms of
ginseng. Hopefully, these studies would help to maximize
and optimize the potential applications of genus Panax as
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a promising herbal medicine, and extend more possible
applications of zebrafish model in the research of herbal
plants, thereby promoting global health.
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