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Abstract 

Lignans derived from Schisandra chinensis have attracted significant attention for their diverse pharmacological activi-
ties and clinical potential. This review presents a comprehensive analysis of the pharmacological properties of Schisan-
dra chinensis lignans, including their antioxidant, anti-inflammatory, neuroprotective, hepatoprotective, antibacterial/
viral, antidiabetic and anticancer effects. Their multifaceted mechanisms of action hold promise for therapeutic areas 
such as cancer, neurodegenerative diseases and metabolic disorders, aligning with urgent clinical needs. Additionally, 
this review explores the pharmacokinetics of these bioactive compounds, highlighting challenges in their absorp-
tion, distribution, metabolism and excretion, which impact their bioavailability. Recent advancements in drug delivery 
systems are discussed, highlighting their potential to enhance therapeutic efficacy in clinical settings. Furthermore, 
the synergistic effects of combining these lignans with other therapeutic agents are considered a strategy to increase 
their efficacy. Future research is imperative to identify additional active components and elucidate novel mechanisms 
of action, paving the way for expanded therapeutic applications and unlocking the full clinical potential of Schisandra 
chinensis in disease prevention and treatment.
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Introduction
Schisandra chinensis Turcz. (Baill.) is a medicinal plant 
that belongs to the family Schisandraceae and is dis-
tributed in northeastern China, Japan, Korea and the 
Far East of Russia [1]. In traditional medicine, the fruits 
of  Schisandra chinensis have been used to treat a wide 

range of disorders, including kidney infections, men-
tal ailments, asthma, diabetes, coughs, spermator-
rhoea, spontaneous sweating, thirst and insomnia [2, 
3]. The World Health Organization added this plant to 
the International Pharmacopeia as a valuable medicinal 
plant in 2007 [4]. As the global demand for this plant 
has increased in the medical field, local farmers have 
expanded its cultivation [5].

The major bioactive compounds of Schisandra chin-
ensis include phenolic acids, triterpenoids and lignans, 
along with other constituents, such as polysaccharides, 
essential oils and vitamins, found in various parts of 
the plant, including its flowers, leaves, seeds, stems and 
fruits [6]. Among these compounds, lignans, a unique 
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class of polyphenolic compounds, have garnered par-
ticular interest because of their diverse biological activi-
ties, including the modulation of immune responses and 
the regulation of cellular signaling pathways. The most 
active lignans are dibenzocyclooctadiene derivative lig-
nans such as schisandrin, schisandrin A, schisandrin B, 
schisandrin C, gomisin A, gomisin B, gomisin C, gomi-
sin G, gomisin J and gomisin K3 (Fig.  1). These lignans 
have been extensively documented for their wide range 
of biological activities, including antioxidant, anticancer, 
antiaging, antidiabetic, antibacterial/viral, hepatoprotec-
tive, immunomodulatory, cardioprotective and neuro-
protective effects (Fig.  2) [1, 7–11]. These findings have 
sparked considerable interest in exploring the therapeu-
tic potential of Schisandra chinensis. Recent studies have 
particularly emphasized the significant anticancer poten-
tial of lignans. However, the clinical application of these 
compounds is often hindered by challenges such as poor 
solubility and limited bioavailability, necessitating the 
development of novel drug formulations to enhance their 
biological activity and clinical efficacy in treating various 
human diseases.

This review aims to provide a comprehensive analy-
sis of the pharmacokinetics, pharmacological prop-
erties, mechanisms of action and future therapeutic 
prospects of  Schisandra chinensis  lignans. Particular 
attention is given to their potential as adjuvant therapies 
and the advancement of innovative drug delivery sys-
tems to increase their efficacy and expand their clinical 
applications.

Methodology
Study design
This review covers relevant and current literature on 
the pharmacokinetics, bioavailability, and bioactivity of 
Schisandra chinensis and its lignans. It also discusses the 
challenges and limitations associated with their use and 
explores strategies to enhance their therapeutic potential.

Data collection
Data were collected by searching English articles in Pub-
Med and Google Scholar. Moreover, data were collected 
from related past and recent research articles. The follow-
ing keywords were used for the search of relevant arti-
cles: “Schisandra chinensis”, “schisandrin”, “schisandrin 
A”, “schisandrin B”, “schisandrin C”, “gomisin A”, “gomisin 
B”, “gomisin C”, “gomisin G”, “gomisin J” and “gomisin K3”, 
“pharmacokinetics”, “bioavailability”, “biological activity”, 
“antioxidant”, “anti-inflammatory”, “anticancer”, “anti-
microbial”, “antiviral”, “antidiabetic”, “hepatoprotective”, 
“neuroprotective”, “drug delivery systems”, “combination”, 
“safety/toxicity” and “extraction methods”.

All related articles and abstracts published since 2000 
were included. The selected articles were chosen based 
on their relevance to the objective of this review. Articles 
providing clear information on Schisandra chinensis and 
its lignans, their pharmacological effects, and their bioac-
tivity and mechanisms of action were included. In total, 
168 articles were included in this review.

To assess the drug-likeness and therapeutic potential 
of  Schisandra chinensis  lignans, SwissADME analysis 
(http://​www.​swiss​adme.​ch/) was conducted for key com-
pounds, including schisandrin, schisandrin A, schisan-
drin B, schisandrin C, gomisin A, gomisin B, gomisin C, 
gomisin G, gomisin J and gomisin K3.

Pharmacokinetics and bioavailability of Schisandra 
chinensis lignans
Lignans are among the most prominent bioactive constit-
uents of Schisandra chinensis and belong to a class of sec-
ondary plant metabolites formed through the oxidative 
dimerization of two phenylpropanoid units. To date, 86 
lignans have been isolated and identified from  Schisan-
dra chinensis, with dibenzocyclooctadiene lignans rep-
resenting the major bioactive constituents. These lignans 
exhibit significant structural diversity, contributing to 
their wide range of pharmacological activities  (Fig.  2) 
[10].

The dibenzocyclooctadiene lignans of  Schisandra 
chinensis are defined by their unique aryl-aryl bond and 
eight-membered carbocyclic ring, with variations in sub-
stitution patterns such as hydroxyl, methoxy, methylen-
edioxy and ester groups [10]. The pharmacokinetics and 
bioavailability of Schisandra chinensis lignans are criti-
cal factors influencing their therapeutic potential. How-
ever, lignans such as schisandrin A, schisandrin, gomisin 
A, gomisin C and schisanhenol often exhibit poor water 
solubility and undergo extensive first-pass metabolism, 
resulting in low systemic bioavailability.

After oral administration, these lignans are readily 
absorbed in the duodenum and jejunum, with subse-
quent absorption occurring in the colon and rectum [12]. 
Once absorbed, they are widely distributed throughout 
the body, particularly in the lungs and liver, followed by 
the heart, kidneys and spleen. Tissue distribution stud-
ies have shown that schisandrin B [13] and schisandrol B 
(gomisin A) are distributed throughout several tested tis-
sues and accumulate mainly in the liver and kidneys [13, 
14]. Interestingly, schisandrin and schisandrin A are dis-
tributed in the rat brain, suggesting that these Schisandra 
chinensis lignans can cross the blood‒brain barrier (BBB), 
supporting their neuroprotective potential [12]. By 
reaching neuronal tissues, these compounds may modu-
late oxidative stress, enhance antioxidant enzyme activ-
ity, and regulate neuroinflammatory pathways, making 
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Fig. 1  Chemical structures of major Schisandra chinensis lignans
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them promising candidates for mitigating neurodegen-
erative conditions and cognitive decline. Additionally, 
the absolute oral bioavailability of schisandrin B varies by 
sex, being approximately 55.0% in female rats and 19.3% 
in male rats [15]. A linear pharmacokinetic profile was 
observed within the tested oral range and showed exten-
sive distribution in the ovaries and adipose tissue [16].

The phase I metabolic pathways of Schisandra chinen-
sis  lignans primarily involve  demethylation and hydrox-
ylation [12]. The liver plays a central role in lignan 
metabolism, with cytochrome P450 enzymes (CYP3A4 
and CYP2C9) catalyzing their transformation into 
various metabolites [17, 18]. The induction of CYP by 
Schisandra extract may result from the activation of the 
pregnane X receptor (PXR), with schisandrin A, schisan-
drin B and gomisin B identified as the primary agonists 
responsible [17]. Notably, a more recent study revealed 
that gomisin A activated the PXR, potentially enhancing 
bile acid metabolism and efflux while increasing hepatic 
expression of Cyp3a in mice [19].

Lignans and their metabolites are primarily excreted 
via bile, feces or urine but are usually excreted in very 
low amounts [20]. In a study by Feng et al. the metabolic 
profiles of schisantherin A were investigated in vitro (rat 
liver microsomes) and in  vivo (rat plasma, urine, and 

bile) via UPLC‒Q-TOF‒MS/MS. The analysis identified 
56 metabolites in urine, 8 in bile, 19 in plasma and 5 in 
liver microsomes, highlighting both hepatic and extra-
hepatic biotransformation pathways [21]. Another study 
also showed that schisandrin B was primarily excreted 
as a metabolite, with minimal amounts in urine, bile and 
feces [16].

To assess the drug-likeness and therapeutic potential of 
S. chinensis lignans, SwissADME analysis was conducted 
for key compounds, including schisandrin, schisan-
drin A, schisandrin B, schisandrin C, gomisin A, gomi-
sin B, gomisin C, gomisin G, gomisin J and gomisin K3 
(Table 1). The results revealed that these lignans display 
notable structural diversity, reflected in their molecular 
weights, which range from 384.42 g/mol (schisandrin C) 
to 536.57  g/mol (gomisin C and gomisin G). The num-
ber of heavy atoms also varies, with smaller lignans, such 
as schisandrin C, containing 28 heavy atoms, and larger 
lignans, such as gomisin C and gomisin G, containing 39 
heavy atoms, reflecting differences in molecular size.

Key determinants of molecular flexibility, such as the 
fraction of sp3 hybridized carbons (Csp3) and the number 
of rotatable bonds, vary significantly among lignans. For 
example, schisandrin C has a Csp3 fraction of 0.37 and 
two rotatable bonds, whereas gomisin C has a Csp3 frac-
tion of 0.37 but seven rotatable bonds, indicating greater 
molecular flexibility. Additionally, the total polar surface 
area (TPSA), a crucial determinant of hydrogen bond-
ing and solubility, varies significantly among lignans, 
ranging from  55.38 Å2 (schisandrin B and schisandrin 
C) to 101.91 Å2 (gomisin B, gomisin C, and gomisin G). 
Higher TPSA values in gomisin B and gomisin C suggest 
greater potential for interactions with hydrophilic bio-
logical targets but may reduce permeability across lipid 
membranes.

Lipophilicity, a critical property for drug permeability, 
is moderate to high across all lignans, as evidenced by 
their consensus LogP values, ranging from  3.53 (gomi-
sin A)  to  4.40 (schisandrin A). While this lipophilic-
ity enables lignans to cross cell membranes, it may also 
limit their water solubility. Most lignans are categorized 
as poorly soluble (e.g., gomisin B and gomisin C), which 
may affect their bioavailability unless advanced formula-
tion strategies are employed. Schisandrin and schisan-
drin A, which have moderate solubilities, are exceptions 
to this trend.

From a pharmacokinetic perspective, all lignans dem-
onstrate high gastrointestinal (GI) absorption, support-
ing their oral administration potential. Most compounds, 
including schisandrin A, schisandrin B and gomisin 
A, are capable of crossing the BBB, highlighting their 
potential for neurological applications. However, cer-
tain lignans, such as gomisin B, gomisin C and gomisin 

Schisandra chinensis
Lignans

Schisandrin A
Schisandrin B

Schisandrin C

Schisandrin Gomisin A

Gomisin BGomisin C
Gomisin K3

Ingestion of
Schisandra chinensis

Lignans

Biological activities

• Antioxidant
• Anticancer
• Antiaging
• Antidiabetic
• Antibacterial/viral
• Hepatoprotective
• Immunomodulatory
• Cardioprotective
• Neuroprotective

Fig. 2  Major Schisandra chinensis lignans and their biological 
activities. The top panel illustrates key lignans found in Schisandra 
chinensis, including Schisandrin, Schisandrin A, Schisandrin B, 
Schisandrin C, Gomisin A, Gomisin B, Gomisin C and Gomisin K3. 
The bottom panel depicts the ingestion of Schisandra chinensis 
lignans and the major biological activities associated with these 
lignans, including antioxidant, anticancer, antiaging, antidiabetic, 
antibacterial/antiviral, hepatoprotective, immunomodulatory, 
cardioprotective and neuroprotective properties
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G, are not BBB permeable, which may limit their use as 
central nervous system targets. Additionally, some lig-
nans are substrates or inhibitors of key cytochrome P450 
enzymes, including CYP2D6 and CYP2C9, potentially 
competing with other drugs for metabolism. This compe-
tition can lead to elevated plasma and tissue drug con-
centrations, increasing the risk of toxicity (Fig. 3A, B).

Interestingly, lignans such as gomisin B, gomisin C and 
gomisin G are p-glycoprotein (P-gp) substrates, which 
may significantly impact their pharmacokinetics and 
therapeutic potential. As P-gp substrates, these com-
pounds can undergo active efflux from intestinal cells 
back into the gut lumen, reducing their absorption and 
systemic bioavailability following oral administration 
[22]. In cancer therapy, P-gp plays a crucial role in mul-
tidrug resistance (MDR) by actively pumping out chemo-
therapeutic agents, thereby reducing their intracellular 
concentration and leading to treatment failure (Fig. 3C) 
[23]. If gomisin B, C and G are rapidly effluxed from can-
cer cells, their effectiveness as anticancer agents may be 
compromised. However, if these lignans modulate P-gp 
activity—either by inhibiting or inducing its function—
they could influence the efficacy of chemotherapy. Addi-
tionally, if they compete with other P-gp substrates, they 
may impact the pharmacokinetics of co-administered 
drugs, potentially altering their therapeutic effects. In 
contrast, lignans such as schisandrin, schisandrin A and 
schisandrin B are not P-gp substrates, which enhances 
their potential for intracellular accumulation and tar-
geted therapeutic effects, contributing to their increased 
efficacy.

The bioavailability score for all lignans is 0.55, which is 
consistent with moderate drug likeness. However, larger 
lignans such as gomisin B, gomisin C and gomisin G vio-
late Lipinski’s Rule of Five due to their molecular weights 
exceeding 500 g/mol, which may impact their drug devel-
opment prospects.

Overall, the data highlight the pharmacokinetic chal-
lenges of Schisandra chinensis lignans, such as poor solu-
bility and extensive metabolism, necessitating advanced 
formulation strategies to optimize their therapeutic 
potential. Despite these limitations, their structural 
diversity, high GI absorption, and ability to cross the 
BBB make them compelling candidates for further drug 
development. Future research should focus on enhancing 
bioavailability and exploring their multifaceted biological 
activities to unlock their full therapeutic potential.

Biological activity of Schisandra chinensis
Schisandra chinensis  is a remarkable medicinal plant 
known for its diverse array of bioactive compounds 
and rich chemical composition, which collectively offer 

significant health-promoting potential. Central to its 
biological efficacy are its bioactive lignans, which exhibit 
a wide spectrum of pharmacological activities, includ-
ing antioxidant, anti-inflammatory, antimicrobial/viral, 
hepatoprotective, neuroprotective, antidiabetic and anti-
cancer properties (Fig.  2 and Table  2). These properties 
underscore the versatility of plants and their potential for 
therapeutic applications across multiple disease areas.

Antioxidant activity
Oxidative stress arises from a disruption in the balance 
between the pro-oxidant and antioxidant systems, leading 
to an overproduction of reactive oxygen species (ROS). 
These molecules are primarily formed in mitochondria 
during respiration, but additional sources include redox 
metal ions and enzymatic reactions [24]. To counteract 
ROS, the body relies on enzymatic antioxidants such as 
superoxide dismutase (SOD), catalase (CAT), glutathione 
peroxidase (GPx) and glutathione reductase (GR), along-
side nonenzymatic antioxidants such as vitamins C and E 
and reduced glutathione (GSH) [25].

Among natural antioxidant sources, Schisandra chin-
ensis fruit extract has garnered attention for its potent 
ROS-scavenging properties. The major constituents 
of dibenzocyclooctadiene lignans are considered to be 
responsible for the antioxidant activities of  Schisandra 
chinensis fruit extract [9, 26]. Notably, the ROS scaveng-
ing activity of schisandrin B is comparable to that of vita-
min C [27].

Beyond their ROS-scavenging ability, Schisandra lig-
nans play a vital role in oxidative stress regulation by 
directly scavenging ROS, enhancing enzymatic anti-
oxidant defenses such as those of SOD and GPx under 
normal conditions, and acting as pro-oxidants in patho-
logical states. For example, schisandrin B and deoxy-
schisandrin possess strong antioxidant properties by 
enhancing enzymatic activities such as those of SOD and 
GPx, maintaining GSH levels, and reducing the levels of 
oxidative stress markers such as malondialdehyde (MDA) 
and ROS [7]. These effects have been demonstrated in 
various models of neurotoxicity and oxidative stress, 
including D-galactose-induced cognitive deficits [28], 
scopolamine- and cisplatin-induced cerebral oxidative 
damage [29] and amyloid-beta-induced memory impair-
ment [30].

Additionally, Schisandra lignans exert protective 
effects beyond neurodegenerative models. For exam-
ple, schisandrin B has been shown to mitigate oxidative 
stress-associated skin damage. Gao et  al. reported that 
schisandrin B exhibited potent antioxidant activity by 
blocking the cyclooxygenase-2 (COX-2), interleukin-6 
(IL-6) and interleukin-18 (IL-18) signaling pathways, 
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thereby inhibiting collagen degradation through the sup-
pression of matrix metalloproteinase (MMP) expression, 
offering protection against ultraviolet B (UVB)-induced 
skin damage and ROS [31].

Anti‑inflammatory activity
The anti-inflammatory effects of Schisandra chinen-
sis lignans are primarily mediated through the inhibi-
tion of proinflammatory signaling pathways, including 

Fig. 3  Potential effect of Schisandra lignans on drug metabolism in enterocytes. A Under normal conditions, drugs are absorbed into enterocytes, 
where they undergo metabolism by cytochrome P450 (CYP450) enzymes, resulting in metabolite formation. Some drugs are also subject 
to efflux by P-glycoprotein (P-gp), which pumps them back into the gut lumen, limiting their bioavailability. B When Schisandra lignans inhibit 
CYP450 enzymes and P-gp, drug metabolism is reduced, leading to higher drug concentrations in the bloodstream. This decreased metabolism 
and impaired efflux can result in increased drug bioavailability and toxicity. C Alternatively, Schisandra lignans may induce P-gp expression, leading 
to enhanced drug efflux back into the gut lumen. This reduces drug absorption and bioavailability, potentially resulting in treatment failure due 
to insufficient therapeutic drug levels in the bloodstream. Arrows indicate drug movement, metabolism, and efflux
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 m
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l c
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l d
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5]
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 d
ay

s
• ↓

 C
C

l4
-in

du
ce

d 
in

cr
ea

se
 in

 p
la

sm
a 

A
LT

 a
ct

iv
ity

, 
pl

as
m

a 
SD

H
 a

ct
iv

ity
• ↑

 M
ito

ch
on

dr
ia

l G
SH

 re
do

x 
st

at
us

, m
ito

ch
on

-
dr

ia
l g

lu
ta

th
io

ne
 re

du
ct

as
e 

(G
R)

 a
ct

iv
ity

[5
0]
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 m
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at
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l
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 m
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 d
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 d
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ra
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l b
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 c
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 c
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e
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 d
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m
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 m
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l c
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m
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ra
t p
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 p
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 p
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lly

 v
ia

 tu
bi

ng
 to

 th
e 

st
om

-
ac

h 
fo

r 2
6 

da
ys

• ↓
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 d
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 m
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, C
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• ↓
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r f
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• ↓
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l f
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 c
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h
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 p
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l m
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• ↓
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 c
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 c
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 m
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, c
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 c
el

l l
in

es
 a

nd
 p

at
ie

nt
-d

er
iv

ed
 T

N
BC

 c
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 C
el

l g
ro

w
th

, m
ig

ra
tio

n 
an

d 
in

va
si

on
• ↓

 In
fla

m
m

as
om

e 
ac

tiv
at

io
n,

 IL
-1

β
[9

5]

H
um

an
 c

ol
on

 c
ar

ci
no

m
a 

H
C

T1
16

, H
T2

9,
 S

W
48

0,
 

SW
62

0,
 C

ac
o-

2,
 L

S1
74

T 
ce
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 c
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 c
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pr
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• ↓
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 d
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r c
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inducible nitric oxide synthase (iNOS) and COX-2, 
Nuclear Factor kappa-light-chain-enhancer of activated 
B cells (NF-κB) and mitogen-activated protein kinases 
(MAPK), which lead to a reduction in proinflamma-
tory mediators [nitric oxide (NO) and prostaglandin 
E2 (PGE-2)] and proinflammatory cytokines [tumor 
necrosis factor alpha (TNF-α), IL-6, interferon gamma 
(INF-γ), interleukin-1β (IL-1β) and monocyte chem-
oattractant protein-1  (MCP-1)] [8]. Schisandra chin-
ensis  lignans suppressed the phosphorylation of key 
signaling molecules, including IκB kinase alpha/beta 
(IKKα/β), inhibitor of nuclear factor kappa-B alpha 
(IκBα), protein kinase B (Akt), TANK-binding kinase 1 
(TBK1), ERK, p38, JNK, NF-κB (p65), c-Jun, and inter-
feron regulatory factor 3 (IRF3), thereby disrupting the 
IKKα/β/NF-κB, MAPK/AP-1 (c-Jun) and TBK1/IRF3 
pathways, which play pivotal roles in inflammation [32].

Schisandrin A has been extensively studied for its 
anti-inflammatory effects. Schisandrin A significantly 
suppressed lipopolysaccharide (LPS)-induced produc-
tion of proinflammatory mediators, such as NO and 
PGE2, by reducing the expression of iNOS and COX-2 
at both the mRNA and protein levels in RAW 264.7 
macrophages. Additionally, Schisandrin A inhibited 
the secretion of proinflammatory cytokines, includ-
ing TNF-α and IL-1β, by downregulating their gene 
and protein expression. It further blocked the LPS-
induced nuclear translocation of NF-κB and the acti-
vation of MAPK and PI3K/Akt signaling. In addition, 
schisandrin A reduced LPS-stimulated ROS accumu-
lation while increasing the expression of antioxidant 
factors, such as nuclear factor erythroid 2-related fac-
tor 2 (NRF2) and heme oxygenase-1 (HO-1) [33]. In 
IL-1β-stimulated human osteoarthritis chondrocytes, 
schisandrin A reduced NO production and suppressed 
iNOS and COX-2 activities, effectively blocking the 
NF-κB and MAPK signaling pathways and thereby miti-
gating inflammation [34]. Similarly, in mouse models of 
LPS-induced mastitis, schisandrin A alleviated mam-
mary injury by suppressing proinflammatory mediators 
and activating the NRF2 signaling pathway. The criti-
cal role of NRF2 was confirmed, as these effects were 
partially reversed by NRF2 inhibitors. Furthermore, 
schisandrin A counteracts LPS-induced suppression of 
autophagy by activating AMP-activated protein kinase- 
Unc-51-like autophagy activating kinase 1 (AMPK-
ULK1) signaling and inhibiting mammalian target of 
rapamycin (mTOR) phosphorylation, contributing to 
its anti-inflammatory effects [35].

Schisandrin B has also demonstrated robust anti-
inflammatory effects by modulating multiple pathways. 
It inhibited NF-κB/MAPK [36], Toll-like receptor 4 
(TLR4)-dependent MyD88/IKK [37] and phosphorylated 

(p)-53 [38]. Additionally, it activated the peroxisome pro-
liferator-activated receptor-gamma (PPAR-γ) and NRF2 
pathways while suppressing NF-κB activity [39–41].

Together, schisandrin lignans such as schisandrin A 
and B demonstrate broad anti-inflammatory activity 
through their ability to inhibit pro-inflammatory media-
tors, suppress critical signaling pathways such as NF-κB 
and MAPKs, and enhance antioxidant defenses via NRF2 
activation. These properties underscore the therapeu-
tic potential of  Schisandra chinensis  lignans in manag-
ing inflammation-related conditions, including arthritis, 
osteoarthritis, mastitis, and other inflammatory diseases.

Antimicrobial/viral activity
Schisandra chinensis extracts have demonstrated sig-
nificant antibacterial activity against both gram-positive 
and gram-negative bacteria, with gram-positive bacteria 
showing greater sensitivity. This heightened susceptibility 
is attributed to structural differences in the bacterial cell 
walls, as gram-positive bacteria lack the outer membrane 
that protects gram-negative bacteria, increasing their 
vulnerability to the bioactive compounds in  Schisan-
dra chinensis [9]. Bai et  al. investigated the activity of 
Schisandra chinensis fruit ethanolic and water extracts 
against common food-borne pathogens and food-spoil-
ing organisms. Both extracts displayed strong antibac-
terial activity against  Staphylococcus aureus,  Listeria 
monocytogenes,  Bacillus subtilis,  B. cereus,  Salmonella 
enterica  subsp. enterica  serovar Typhimurium,  Pseu-
domonas aeruginosa, Enterobacter aerogenes and Escheri-
chia coli [42]. Interestingly, antimicrobial assays revealed 
that  Schisandra chinensis  leaf extracts were even more 
effective than fruit extracts against targeted bacteria, 
underscoring the importance of plant part selection in 
maximizing antibacterial efficacy [9].

In addition to its antibacterial properties, Schisandra 
chinensis also has antiviral activity. A study by Xu et  al. 
revealed that schisandrin B and deoxyschizandrin effec-
tively inhibited human immunodeficiency virus 1 (HIV-
1) reverse transcriptase-associated DNA polymerase 
activity, which is essential for viral replication. Notably, 
schisandrin B effectively targeted HIV-1 reverse tran-
scriptase mutants linked to drug resistance and interfered 
with the early stages of viral replication [43]. In another 
study, schisandrin A was found to suppress dengue virus 
replication by increasing antiviral interferon responses 
via the signal transducer and activator of transcrip-
tion (STAT)1/2 signaling pathway [44]. More recently, 
schisandrin C has been shown to activate the cGAS-
STING pathway and promote interferon beta (IFN-β) 
production in THP-1 macrophages, leading to the inhibi-
tion of hepatitis B virus (HBV) replication in HepG2.2.15 
cells. Additionally, the combination of schisandrin C and 
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luteolin has a synergistic effect on the inhibition of HBV 
replication in HBV-infected mice, suggesting a promising 
therapeutic strategy [45, 46].

These findings highlight the antimicrobial and antiviral 
properties of  Schisandra chinensis, making it a compel-
ling candidate as a natural therapeutic agent for manag-
ing bacterial and viral infections. Future research should 
focus on exploring the synergistic potential of  Schisan-
dra  with existing antimicrobial or antiviral agents to 
increase its clinical utility and efficacy. Additionally, 
further studies are needed to evaluate its mechanisms 
of action, optimize extraction methods for different bio-
active components, and assess its efficacy in human 
clinical trials to establish its role in combating infectious 
diseases.

Hepatoprotective effect
Liver protection is one of the most prominent pharma-
cological effects of  Schisandra chinensis, as its fruits 
and extracts are widely used in China to manage chemi-
cal and viral liver injuries [47]. This protective effect 
is mediated through multiple mechanisms, including 
enhanced liver detoxification and tissue regeneration. A 
key mechanism involves the modulation of cytochrome 
P450 enzymes, such as CYP3A and CYP2E1, which play 
critical roles in xenobiotic metabolism. By increasing the 
activity of these enzymes, Schisandra chinensis improved 
the hepatic clearance of toxins and drugs, thus facilitat-
ing detoxification processes [48]. Furthermore, treatment 
with Schisandra chinensis has been shown to increase the 
intracellular level of GSH and stimulate its synthesis in 
hepatocytes. As a major intracellular antioxidant, GSH 
detoxifies free radicals and reactive metabolites, provid-
ing protection against oxidative damage to liver cells.

Schisandrin B exemplified the hepatoprotective effects 
of Schisandra chinensis. It promoted hepatic differentia-
tion of human umbilical cord mesenchymal stem cells via 
activation of the Janus kinase 2 (JAK2)/signal transducer 
and activator of transcription 3 (STAT3) pathway, which 
in turn alleviated liver fibrosis in mouse models [49]. 
Schisandrin B also protected against carbon tetrachlo-
ride (CCl₄)-induced hepatotoxicity by increasing mito-
chondrial GSH levels and increasing the activity of key 
antioxidant enzymes such as GR, GPx, and glutathione 
S-transferases. Moreover, it increased hepatic levels of 
vitamins C and E, further strengthening the liver’s anti-
oxidant defenses [50].

Gomisin A, another active lignan, increased the micro-
somal activity of cytochrome B5, cytochrome P450, nic-
otinamide adenine dinucleotide phosphate (NADPH) 
cytochrome C reductase, N-demethylase and 7-eth-
oxycoumarin O-deethylase while reducing the activ-
ity of 3,4-dibenzopyrene hydroxylase. It also promoted 

hepatocyte proliferation, enhanced endoplasmic reticu-
lum function and improved hepatic blood flow [2]. Addi-
tionally, gomisin A has been linked to the activation 
of PXR, which accelerated bile acid metabolism, pro-
moted bile acid efflux and induced hepatic expression of 
CYP3A, further supporting its hepatoprotective effects 
[17, 19].

A further study on the hepatoprotective effects of six 
Schisandra lignans, namely, gomisin A, schisandrin, 
deoxyschisandrin (schisandrin A), schisandrin B, schisan-
drin C and schisantherin A, on acetaminophen-induced 
liver injury revealed that these effects are partially associ-
ated with the inhibition of cytochrome-mediated bioacti-
vation. The results of the morphological and biochemical 
assessments in this study demonstrated the protective 
effects of all the tested lignans against acetaminophen-
induced liver injury [51]. Further evidence supported 
the role of schisantherin A in protecting against liver 
ischemia‒reperfusion injury and alcohol-induced liver 
damage. Its protective effects were found to be linked to 
its ability to modulate oxidative stress and inflammatory 
responses in the liver [52, 53].

Collectively, these findings highlight the multifaceted 
hepatoprotective mechanisms of  Schisandra chinen-
sis, which include the modulation of cytochrome P450 
enzymes, the enhancement of antioxidant defenses, the 
stimulation of tissue regeneration and the reduction in 
inflammatory responses. These attributes make Schisan-
dra chinensis  a promising natural therapeutic agent for 
managing various liver diseases.

Neuroprotective effects
The neuroprotective properties of  Schisandra chinen-
sis  lignans have garnered significant attention for their 
potential to combat neurodegenerative disorders such as 
Alzheimer’s disease (AD), Parkinson’s disease (PD), Hun-
tington’s disease and stroke. These effects are primarily 
linked to their ability to reduce oxidative stress, modulate 
neuroinflammation and improve cognitive function in 
various cellular and animal models [3, 54]. Key lignans, 
including schisandrin A, B and C, as well as gomisin A 
and N, have demonstrated substantial efficacy in these 
roles.

Schisandrin has significant antioxidant and anti-
inflammatory properties, particularly in PD models, 
where it reduced oxidative stress and inflammation [55]. 
It has been shown to mitigate dexamethasone-induced 
neurotoxicity, improve cell viability in cerebral cortical 
cells and restore cognitive performance and histological 
integrity in mice [56]. In models of amyloid-β (Aβ1)–42-
induced memory impairment, schisandrin enhanced 
cognitive function by improving short-term and spa-
tial memory while increasing the levels of antioxidant 
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enzymes (SOD and GPx) and GSH and reducing the level 
of MDA in the brain [57]. In a model of scopolamine-
induced memory impairment, schisandrin improved 
cognitive performance by reversing passive avoidance 
deficits [58]. In ovariectomy-induced rats, it enhanced 
cognitive function by lowering acetylcholinesterase 
(AChE) activity and malondialdehyde (MDA) levels while 
increasing SOD activity and NADPH-diaphorase-posi-
tive neurons [59].

Among  Schisandra chinensis  lignans, schisandrin B is 
considered the most effective neuroprotective agent. It 
mitigated oxidative stress by reducing MDA and ROS 
while increasing SOD activity and GSH production, 
effectively alleviating anxiety-like behaviors in mice [60]. 
Schisandrin B also ameliorated Aβ-induced oxidative 
stress and neuronal dysfunction in the cortex and pro-
tected primary cortical neurons from Aβ1–42 toxicity by 
regulating apoptotic pathways, including the upregula-
tion of BCL-2 and the suppression of BAX, cytochrome 
c release and caspase activation [61, 62]. In vitro studies 
further revealed that schisandrin B suppressed oxida-
tive stress and inflammation in BV2 microglia and PC12 
cells [63, 64] and protected against microglial-mediated 
inflammatory damage in microglia–neuron cocultures by 
downregulating NADPH oxidase and other mediators, 
such as NO, TNF-α, PGE-2, IL-1β and IL-6 [37]. Addi-
tionally, schisandrin B mitigated ischemic brain injury 
in rats by suppressing the expression of the inflamma-
tory proteins TNF-α and IL-1β and degrading the matrix 
metallopeptidases MMP-2 and MMP-9 in ischemic 
hemispheres [65]. Mechanistically, the anti-inflammatory 
effects of schisandrin B are linked to the inhibition of the 
TLR4-mediated MyD88/IKK/NF-κB signaling pathways 
[37].

Although less extensively studied, schisandrin C has 
demonstrated potent neuroprotective and anti-neuro-
inflammatory effects. It significantly improved cognitive 
performance in Aβ1-42-induced AD model mice and 
increased the activity of antioxidant enzymes (SOD and 
GPx) while reducing cholinesterase activity in the hip-
pocampus and cortex [66]. Schisandrin C also inhibited 
lipoteichoic acid-induced inflammation by reducing the 
levels of proinflammatory mediators (PGE-2, NO and 
ROS) and suppressing NF-κB, JAK/STAT and MAPK 
activation [67].

Gomisin A has demonstrated significant neuroprotec-
tive effects, particularly in preventing neuroinflammation 
in LPS-stimulated N9 microglia. It inhibited NO, PGE-2 
and proinflammatory cytokines (TNF-α, IL-1β and IL-6) 
while reducing ROS production and NADPH oxidase 
activation. Gomisin A also protected SH-SY5Y cells and 
rat cortical neurons from damage caused by activated 
microglia through TLR4-mediated NF-κB and MAPK 

signaling inhibition [68]. Furthermore, it improved cog-
nitive performance in scopolamine-induced memory 
impairment models and protected against serum and 
glucose deprivation injury in neuronal cells [69, 70]. In 
summary,  Schisandra chinensis  lignans exhibit a broad 
spectrum of neuroprotective effects by targeting oxi-
dative stress, neuroinflammation and neuronal death, 
making them promising candidates for the manage-
ment of neurodegenerative disorders. However, further 
research is necessary to establish their clinical efficacy 
and bioavailability.

Antidiabetic effect
Lignans derived from  Schisandra chinensis  have shown 
significant potential in regulating glucose metabolism 
and enhancing insulin sensitivity, making them prom-
ising candidates for managing type 2 diabetes (T2D) 
[71, 72]. Among these, schisandrin B has been found to 
stimulate insulin secretion both  in vivo  and  in vitro  via 
the glucagon-like peptide-1 receptor/cyclic AMP/pro-
tein kinase A (GLP-1R/cAMP/PKA) signaling pathway 
[73]. Schisandrin B (Gomisin N) has substantial meta-
bolic benefits through the activation of AMPK/Akt sign-
aling in C2C12 myotubes, leading to increased glucose 
uptake, mitochondrial biogenesis and fatty acid oxida-
tion. In high-fat diet (HFD)-induced obese mice, gomi-
sin N effectively reduced hyperglycemia and improved 
glucose tolerance, underscoring its therapeutic potential 
for metabolic disorders such as obesity and T2D  [74]. 
Schisandrin A has shown protective effects against oxi-
dative stress and inflammation in a diabetic nephropathy 
(DN) mouse model. It also reduced ferroptosis induced 
by high glucose levels and pyroptosis caused by ROS, fur-
ther demonstrating its potential for alleviating diabetic 
complications [75]. Similarly, schisandrin mitigated DN 
induced by streptozotocin and a high-fat diet (STZ/HFD) 
in mice, primarily by inhibiting transforming growth fac-
tor beta 1 (TGF-β1)-mediated renal fibrosis and reducing 
inflammation via modulation of the PI3K/Akt and NF-κB 
signaling pathways [76]. Additionally, schisandrol A and 
schisandrin C enhanced insulin secretion in response 
to high glucose levels without exerting toxic effects on 
rat INS-1 pancreatic β-cells. Notably, schisandrin C 
improved hyperglycemia by increasing insulin secretion 
in pancreatic β-cells and facilitating glucose uptake into 
skeletal muscle cells. Its effects are superior to those of 
gliclazide, a commonly prescribed drug for T2D man-
agement  [77]. Collectively, these findings highlight the 
potential of  Schisandra chinensis  lignans as multifunc-
tional agents for the treatment of T2D and its associated 
complications.
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Anticancer activity
One of the most significant pharmacological proper-
ties of  Schisandra chinensis  lignans is their anticancer 
activity. Lignans such as schisandrin A, schisandrin B, 
schisandrin, schisandrol B, gomisin M2, gomisin G and 
schisantherin A (gomisin C) have promising anticancer 
effects [11]. These effects are mediated through multiple 
mechanisms, including the induction of apoptosis, the 
inhibition of cell proliferation, the suppression of metas-
tasis and the prevention of angiogenesis [78].

For example, gomisin A induced apoptosis in colon 
carcinoma HCT-116 cells via caspase-7 activation [79] 
and inhibited cell proliferation via cell cycle arrest in 
HeLa cells exposed to TNF-α [80]. Gomisin N (Schisan-
drin B) exerts anticancer effects by promoting cell death 
and inhibiting proliferation at high concentrations  [81]. 
Similarly, deoxyschisandrin selectively induced apopto-
sis in colon adenocarcinoma cells, whereas gomisin N 
induced cell death in both colon and ovarian adenocar-
cinoma cells [82]. In a study by Jung et al. Gomisin J was 
shown to suppress proliferation and induce necroptosis 
in the breast cancer cell lines MCF7 and MDA-MB-231, 
particularly in apoptosis-resistant cancers, making it a 
potential therapeutic for hard-to-treat malignancies [83]. 
Recently, our laboratory showed that schisandrin B sup-
pressed colon cancer growth by inducing cell cycle arrest 
and apoptosis in vitro and in vivo [84].

Schisandra chinensis  lignans also target key signaling 
pathways involved in cancer progression. For example, 
gomisin G reduced Akt phosphorylation and modulated 
the PI3K/Akt pathway, leading to apoptosis in colorectal 
cancer (CRC) cells [85]. Schisandrin A, an inhibitor of 
heat shock factor 1 (HSF1) in CRC cell lines, induced cell 
cycle arrest and apoptosis, targeting a critical pathway in 
cancer cell survival [86]. Furthermore, gomisin A halted 
cell cycle progression in CRC cells by inducing G0/G1 
phase arrest and activating the AMPK and p38 path-
ways, leading to apoptosis [87]. Schisantherin A induced 
apoptosis in gastric cancer cells via JNK activation, which 
was linked to a decrease in NRF2 levels [88]. Addition-
ally, schisandrin B inhibited STAT3 phosphorylation and 
nuclear translocation in triple-negative breast cancer 
(TNBC), resulting in reduced tumor migration in mice 
[89].

In addition to these direct anticancer mechanisms, 
lignans such as schisandrin B and gomisin A have been 
shown to reverse MDR by inhibiting P-gp, a drug efflux 
transporter associated with reduced chemotherapy effi-
cacy [90, 91]. Schisandrin B enhanced the cytotoxic 
effects of drugs such as doxorubicin (DOX), improv-
ing their therapeutic potential [91–94]. It also inhibited 
TNBC cell growth and migration by suppressing STAT3-
mediated signaling and epithelial-to-mesenchymal 

transition (EMT) [89, 95]. Other lignans, including gomi-
sin A, gomisin C, schisandrin and schisandrin A, have 
similarly been shown to reverse P-gp-mediated MDR and 
reduce drug efflux in cancer cells [90, 96–98].

The diverse anticancer properties of  Schisandra chin-
ensis  lignans, ranging from the inhibition of cell prolif-
eration and migration to the induction of apoptosis and 
overcoming drug resistance, highlight their potential as 
therapeutic agents in cancer treatment. Combining these 
lignans with existing therapies offers a promising strat-
egy to increase treatment efficacy and overcome drug 
resistance, warranting further investigation and clinical 
exploration.

Challenges and limitations of the use of Schisandra 
chinensis and its lignans
Despite the significant therapeutic potential of Schisan-
dra chinensis and its lignans, several challenges and 
limitations are associated with their use, particularly in 
clinical settings. These issues primarily stem from poor 
bioavailability, variability in extraction and quantification 
methods, uncertainties regarding long-term safety, and a 
lack of robust clinical evidence from human trials.

Poor bioavailability
One of the primary issues is the poor bioavailability of 
these compounds. Lignans such as schisandrin and gomi-
sin A are highly lipophilic, which limits their solubility in 
water, making their absorption in the GI tract inefficient 
[99]. After oral administration, these compounds often 
undergo extensive first-pass metabolism in the liver, 
where they are rapidly metabolized before reaching sys-
temic circulation. This leads to reduced therapeutic con-
centrations in the body, limiting their efficacy [99].

Variability in extraction and quantification methods
Another significant challenge is the inconsistent compo-
sition of bioactive compounds in Schisandra chinensis 
extracts, which can vary depending on factors such as 
geographical location, harvest time and processing meth-
ods [1, 9, 100].

Recent studies have explored various extraction 
methods to optimize lignan yield and consistency. For 
instance, a study by ref. [101] developed a diol-based 
matrix solid-phase dispersion (MSPD) method combined 
with high-performance liquid chromatography (HPLC) 
for the simultaneous extraction and determination of 
ten lignans from Schisandra chinensis. This method 
allowed for efficient extraction and quantification, facili-
tating quality control across different samples. Another 
approach, known as smashing tissue extraction (STE), 
was optimized by researchers to extract five lignans from 
Schisandra chinensis fruits. This technique proved to be 
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more effective and less time-consuming compared to 
classical methods, offering a promising alternative for lig-
nan extraction [102].

A comprehensive review highlighted the variability in 
lignan content among different Schisandra species [12], 
further complicating standardization in therapeutic for-
mulations. To address this, researchers have developed 
advanced analytical methodologies, including ultra-
performance liquid chromatography (UPLC) [103–106] 
and ultra-fast liquid chromatography (UFLC) [107], 
which provide high-precision quantification of lignans. 
Additionally, novel extraction and purification tech-
niques continue to be refined to improve efficiency and 
reproducibility. Traditional methods such as hot water 
extraction remain widely used due to their simplicity, 
cost-effectiveness, and operational feasibility [108]. How-
ever, more advanced techniques have emerged, offering 
greater efficiency and selectivity. Microwave-assisted 
extraction (MAE) has been explored as a method to 
improve extraction efficiency while reducing process-
ing time [109, 110]. Meanwhile, enzymatic hydrolysis 
has gained attention for its potential to shorten extrac-
tion time, lower solvent consumption, and improve the 
quality of extracted compounds [111]. Flash extraction 
has been introduced as a technique to accelerate com-
pound separation and purification [112], while the aque-
ous two-phase system extraction offers a sustainable and 
selective separation process [113, 114]. More recently, an 
enzymatic pretreatment combined with ionic liquid and 
ultrasonic-assisted extraction (EIPU) technique was suc-
cessfully developed for the efficient extraction of lignans 
from the anthocyanin residue of Schisandra chinensis 
[111]. Overall, the continued refinement of extraction 
and purification methods is crucial to achieving con-
sistent lignan composition and concentrations, ensur-
ing reproducibility, quality and efficacy in therapeutic 
applications.

Potential adverse effects of long‑term use in humans
While Schisandra chinensis is generally considered safe 
at moderate doses [12, 115], data on its long-term safety, 
particularly with concentrated extracts or lignan-rich 
supplements, remains limited. Short-term use appears 
to be well-tolerated, but prolonged consumption—par-
ticularly at high doses—raises concerns about potential 
adverse effects. The lack of comprehensive toxicologi-
cal and pharmacokinetic studies hampers its widespread 
adoption in clinical settings. Further research is needed 
to establish safety profiles, optimal dosages, and potential 
interactions with other medications.

Given its growing use in complementary and alterna-
tive medicine, a thorough evaluation of its safety profile 
is particularly critical in the context of polypharmacy. 

Schisandra chinensis has been reported to interact with 
multiple drug classes, posing clinical implications for 
co-administration with conventional therapies. A key 
challenge lies in its interaction with drug-metabolizing 
enzymes, particularly cytochrome P450 enzymes, par-
ticularly CYP3A4, which is involved in the metabolism 
of many drugs [12, 116, 117]. This interaction can lead to 
potential drug‒drug interactions, where the concurrent 
use of Schisandra chinensis with other medications might 
either inhibit or induce the metabolism of those drugs, 
causing either toxicity or reduced efficacy [12].

Several studies highlight the pharmacokinetic impact 
of other Schisandra species on drug metabolism. In a rat 
model, co-administration of Wuzhi tablets—an ethanol 
extract of Schisandra sphenanthera containing schisan-
drin, schizandrol B, schisantherin A, schisanhenol, and 
deoxyschizandrin—significantly altered cyclosporine 
A blood levels, suggesting sensitivity to CYP3A/P-gp 
modulation [118, 119], Wuzhi capsules found that Wuzhi 
tablets influenced cyclophosphamide metabolism, poten-
tially mitigating its nephrotoxic and hepatotoxic effects. 
Additionally, Wuzhi tablets slightly increased tacroli-
mus blood concentration, while Schisandra fruit extract 
enhanced tacrolimus absorption by modulating first-pass 
metabolism in the gut and liver [120]. These findings 
underscore the complexity of Schisandra-drug interac-
tions, particularly for patients on long-term pharma-
cological treatments such as immunosuppressants and 
chemotherapeutics.

Beyond pharmacokinetics, the therapeutic potential of 
Schisandra chinensis lignans in oncology remains under 
investigation. A key challenge is their specificity and 
selectivity toward cancer cells versus normal cells, as well 
as the potential for prolonged treatment to induce drug 
resistance in cancer populations [78]. Understanding 
the extent of potential drug-drug interactions is crucial 
for ensuring patient safety, particularly in those requir-
ing complex medication regimens. Future clinical trials 
and pharmacokinetic assessments are needed to estab-
lish standardized guidelines for its safe and effective use 
alongside conventional therapies.

Lack of clinical evidence and human trial data
While the mechanisms of action of Schisandra chinen-
sis and its lignans are well-documented, the majority of 
research is preclinical, with only a few human studies 
available [121–124]. Although some preliminary clinical 
trials suggest beneficial effects in chronic liver disease, 
fatigue syndromes, neurological/ psychiatric disorders 
and infectious diseases, the sample sizes are often small, 
and the study designs vary significantly [2, 121]. With-
out well-controlled, large-scale randomized clinical trials 
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(RCTs), it remains difficult to establish standardized dos-
ages, pharmacokinetics and long-term safety.

Certain Schisandra lignans have also been investigated 
as a chemosensitizing agent, particularly for its abil-
ity to reverse MDR [86, 90]. Preclinical studies indicate 
that lignans can enhance the efficacy of chemotherapeu-
tic agents such as paclitaxel and DOX [93, 125]. How-
ever, translating these findings into clinical applications 
remains complex due to challenges related to bioavaila-
bility, tumor microenvironment interactions, and genetic 
variability among patients. These factors may signifi-
cantly influence the efficacy of lignans as MDR modula-
tors, necessitating further investigation in well-designed 
clinical trials.

Despite these limitations, the broad pharmacological 
activities demonstrated in preclinical models suggest that 
Schisandra chinensis lignans hold promise as adjunctive 
therapies for a range of human diseases. To fully realize 
their therapeutic potential, well-designed clinical trials 
are needed to evaluate their safety, efficacy and integra-
tion into existing treatment regimens. Addressing the 
current gap in clinical research through rigorously con-
ducted studies will be crucial in determining their trans-
lational viability in human health.

Harnessing the effects of Schisandra chinensis 
lignans
Combination with other conventional treatments
Emerging evidence highlights the potential of Schisandra 
chinensis  lignans to synergize with conventional chemo-
therapeutic agents, enhancing their efficacy while miti-
gating drug-induced toxicity. For example, gomisin A has 
been shown to synergize with paclitaxel to suppress ovar-
ian cancer in vitro and in vivo. This combination reduced 
ROS levels and inhibited cell cycle progression by down-
regulating the expression of cyclin-dependent kinase 4 
(CDK4) and cyclin B1 [125]. Similarly, schisandrin B has 
been shown to enhance the efficacy of apatinib in gastric 
cancer cells. This combination inhibited cell prolifera-
tion via G0/G1 phase cell cycle arrest, induced apopto-
sis by downregulating BAX and caspases-9 and -12, and 
suppressed cell migration and invasion. These findings 
highlight the potential of combining schisandrin B with 
apatinib as an effective therapeutic strategy [126]. Fur-
thermore, schisandrin B has been identified as a prom-
ising adjuvant when it is used with 5-fluorouracil (5-FU) 
in gastric cancer. This combination inhibited cancer cell 
growth, migration and invasion while reducing STAT3 
phosphorylation, inducing autophagy and enhancing 
5-FU efficacy both in  vitro and in  vivo  [127]. A recent 
study by our group also demonstrated that schisandrin B 
and 5-FU cotreatment resulted in synergistic antitumour 

effects by improving drug bioavailability, enhancing 
metabolism and attenuating MDR [128].

Another lignan, schisandrin (schisandrol A), has dem-
onstrated significant potential in overcoming drug resist-
ance in cancer treatment, particularly in the context of 
P-gp-mediated MDR in cells. Schisandrol enhanced the 
cytotoxic effects of P-gp substrate cancer drugs, such as 
vinblastine, by increasing drug retention within cancer 
cells without altering P-gp expression. This effect was 
achieved through restoring cell cycle arrest, increas-
ing P-gp-ATPase activity and modifying the interaction 
between P-gp and the UIC-2 monoclonal antibody. By 
enhancing substrate binding and reducing drug affinity 
for P-gp, schisandrol effectively increased the efficacy 
of P-gp substrate drugs, offering a promising strategy to 
counteract MDR in cancer treatment [96].

While research on  Schisandra chinensis  lignans has 
focused predominantly on their anticancer potential, 
their biological activities suggest a broader scope for 
therapeutic applications. The ability of these compounds 
to mitigate oxidative stress, inflammation and metabolic 
imbalances indicates their potential utility in treating 
neurodegenerative disorders, cardiovascular diseases, 
and liver dysfunction. Owing to their potent antioxidant 
and anti-inflammatory properties, these lignans could 
complement conventional therapies, enhancing their effi-
cacy and reducing their side effects. Future studies should 
explore these bioactive compounds in diverse disease 
contexts to determine their full therapeutic potential. By 
leveraging their unique mechanisms of action,  Schisan-
dra chinensis  lignans hold considerable promise for 
expanding their use beyond cancer into a wide range of 
health conditions.

Development of novel drug delivery systems
Like many natural products, Schisandra chinensis shows 
increasing promise in the treatment of human diseases 
because of its bioactive components, particularly lignans. 
However, their therapeutic efficacy is significantly influ-
enced by pharmacokinetic factors, including absorption, 
distribution, metabolism and excretion, which directly 
impact their bioavailability  [99]. Many of these com-
pounds are prone to degradation in the GI tract because 
of factors such as varying pH levels, poor water solubil-
ity, rapid metabolism and high clearance rates. To design 
effective therapies, it is crucial to account for the char-
acteristics of the tissue/tumor microenvironment, tis-
sue/tumor heterogeneity, drug properties, colonic transit 
time, and pH variations within the GI tract. For example, 
orally administered  Schisandra chinensis  lignans must 
endure changes in pH and enzymatic activity as they 
pass through the GI system before reaching target sites 
such as colon cancer cells. The ionization state of these 
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bacteria is altered as they transition from the highly 
acidic environment of the stomach (pH 1–3) to the more 
neutral pH of the intestine (pH 6–7), which can affect 
their stability, absorption and overall efficacy [129, 130]. 
Addressing these challenges is essential for maximizing 
the therapeutic potential of Schisandra chinensis lignans.

To address the critical limitations of  Schisandra chin-
ensis  lignans, advanced drug delivery strategies, particu-
larly nanotechnology-based approaches, have emerged as 
promising solutions. Nanomedicine enhances drug sta-
bility by protecting lignans from enzymatic and chemical 
degradation while significantly increasing their bioavail-
ability through improved solubility and absorption. Tar-
geted drug delivery systems enable precise accumulation 
of lignans in specific tissues, such as tumors, inflamed 
regions, or infected sites, thereby maximizing therapeutic 
efficacy while minimizing off-target effects. Furthermore, 

these systems facilitate controlled drug release, ensur-
ing sustained therapeutic action and reducing the dosing 
frequency. Importantly, nanocarriers reduce toxicity to 
healthy tissues by limiting systemic exposure and exert-
ing therapeutic effects on diseased areas. These advance-
ments, including nanoparticle-, lipid- or polymer-based 
carriers, offer a transformative approach to overcoming 
the bioavailability and stability challenges of  Schisandra 
chinensis  lignans, paving the way for their broader clini-
cal application.

Some strategies have been proposed/explored to 
improve the bioavailability of Schisandra chinensis lig-
nans (Fig. 4), including the following:

Nanoparticle-based systems: These systems employ 
nanocarriers, including polymeric nanoparticles, solid 
lipid nanoparticles (SLNs) and inorganic nanoparticles, 
to encapsulate lignans and enhance their therapeutic 

Fig. 4  Strategies to increase the bioavailability and effectiveness of Schisandra chinensis lignans. The upper panel illustrates the synergistic 
effects of Schisandra chinensis lignans when combined with conventional treatments such as chemotherapy, antibiotics, antiviral drugs, hormone 
therapy, surgery, and radiation, which contribute to reduced drug toxicity, overcoming drug resistance, and improving survival rates. The lower 
panel shows the development of novel drug delivery systems, including nanoparticles, liposomes, lipid nanoparticles, phytosomes, polymers 
and self-emulsifying drug delivery systems, which enhance drug stability, bioavailability, targeted delivery and controlled release while minimizing 
toxicity to healthy tissues
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efficacy through targeted and controlled release mecha-
nisms. For example, a study prepared Schisandra lignan-
loaded enteric nanoparticles via a modified spontaneous 
emulsification solvent diffusion method. The nanopar-
ticles exhibited favorable characteristics, such as appro-
priate size and drug-loading efficiency. Compared with 
traditional formulations, in vitro and in vivo evaluations 
demonstrated increased dissolution rates and improved 
bioavailability of lignans [131].

Lipid-based strategies: Liposomes and phytosomes 
have emerged as effective strategies to improve the deliv-
ery and therapeutic efficacy of Schisandra chinensis  lig-
nans. Liposomes, vesicles enclosed by phospholipid 
bilayers, can solubilize water-insoluble compounds such 
as Schisandra lignans into the lipid domain of the liposo-
mal membrane [132]. Studies have shown that liposomal 
encapsulation of lignans such as schisandrin B enhanced 
their cytotoxicity against breast cancer cells by effectively 
inhibiting vasculogenic mimicry (VM) and suppressing 
tumor invasion and migration through modulation of 
the expression of key markers such as vascular endothe-
lial growth factor (VEGF), MMP-9, vimentin, and E-cad-
herin. In vivo pharmacodynamic studies have shown that 
these liposomal formulations significantly improved anti-
tumor efficacy, with increased tumor cell apoptosis [133]. 
In another study, deoxyschizandrin-loaded liposomes 
increased the effect of deoxyschizandrin on adipocytes 
to reduce their differentiation through effective hepatic 
targeting, suggesting potential effects on alleviating lipid-
associated diseases and nonalcoholic fatty liver disease 
(NAFLD) [134]. Furthermore, liposomes containing 
β-cyclodextrin inclusion complexes addressed the poor 
aqueous solubility and taste issues of Schisandra lignans. 
Pharmacokinetic studies in rats revealed that this formu-
lation increased the plasma concentration and half-life, 
improving bioavailability and liver-targeting effects [135].

Similarly, phytosomes, which incorporate lignans into 
a phospholipid matrix, have demonstrated significant 
improvements in solubility and permeability through 
biological membranes, enhancing their absorption and 
systemic delivery  [136]. It is expected that phytosomes 
even offer several advantages over liposomes for deliv-
ering Schisandra chinensis  lignans, particularly owing to 
their structural integration of lignans into a phospho-
lipid matrix, which enhances bioavailability and stability. 
Unlike liposomes, which encapsulate hydrophobic lig-
nans in their lipid bilayer, phytosomes form a molecular 
complex that improves solubility in both aqueous and 
lipid environments, facilitating better intestinal absorp-
tion and systemic delivery [136]. Phytosomes also exhibit 
greater stability during storage, reducing the risk of oxi-
dation or leakage, and provide sustained release of lig-
nans without requiring additional modifications [137]. 

These attributes make phytosomes a more efficient 
and cost-effective drug delivery system for  Schisandra 
chinensis lignans.

Self-emulsifying drug delivery systems (SEDDSs) are 
emerging as promising approaches to increase the solu-
bility and bioavailability of poorly water-soluble  com-
pounds. These systems comprise a mixture of oils, 
surfactants, and cosolvents that spontaneously form 
fine oil-in-water emulsions upon contact with GI flu-
ids [138]. Studies have shown that lignans incorporated 
into SEDDSs significantly improve dissolution rates 
and absorption, bypassing the limitations of poor aque-
ous solubility. For example, schisandrin or schisandrin 
B-loaded SEDDSs presented increased GI permeability 
and increased systemic bioavailability in pharmacoki-
netic studies. Furthermore, the small droplet size of the 
emulsions enabled better distribution and absorption 
while protecting lignans from enzymatic degradation in 
the GI tract, making SEDDSs an efficient platform for 
delivering  Schisandra chinensis  lignans in therapeutic 
applications [139].

Polymer-based: Polymer-based drug delivery systems 
represent a crucial and advantageous approach in the 
biopharmaceutical industry, offering versatile solutions 
for the transport of a wide array of therapeutic agents. 
These systems involve encapsulating lignans within 
biocompatible and biodegradable polymers, such as 
poly(lactic-co-glycolic acid) (PLGA), chitosan and algi-
nate, which provide controlled release and targeted deliv-
ery [140]. For example, lignans encapsulated in PLGA 
nanoparticles have shown improved stability and sus-
tained release profiles, ensuring a prolonged therapeutic 
effect while reducing the dosing frequency [141]. Simi-
larly, chitosan-based nanocarriers have demonstrated 
enhanced mucoadhesion and GI stability, facilitating 
better absorption of the encapsulated compounds [142, 
143]. These polymer-based systems not only protect lig-
nans from degradation in the GI environment but also 
allow for surface modifications to enable tissue-specific 
targeting, such as the liver or brain [144, 145]. Such 
advancements in polymer-based drug delivery systems 
may present a versatile and effective approach to harness 
the full pharmacological potential of Schisandra chinensis 
lignans for treating various diseases.

The development of formulations for Schisandra lig-
nans is particularly challenging due to their complex 
composition, poor water solubility, and rapid metabo-
lism, which affect their stability, bioavailability and thera-
peutic efficacy. The presence of multiple bioactive lignans 
with varying physicochemical properties complicates the 
design of a standardized formulation, making it difficult 
to achieve consistent pharmacokinetics and predictable 
therapeutic outcomes. Additionally, lignan mixtures are 
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prone to metabolic transformations that can alter their 
bioactivity, requiring sophisticated delivery systems to 
enhance stability and controlled release. Ensuring large-
scale production with reproducible quality while meeting 
regulatory requirements adds another layer of difficulty. 
Overcoming these challenges requires innovative formu-
lation strategies to enhance solubility, improve absorp-
tion and extend circulation time, ultimately facilitating 
their clinical translation.

Conclusion and future perspectives
Schisandra chinensis has a well-documented history of 
medicinal use, with a broad spectrum of bioactive com-
pounds—including phenolic acids, lignans, antioxidants, 
polysaccharides, and triterpenoids—demonstrating 
promising therapeutic potential. Its wide spectrum of 
pharmacological activities, including antioxidant, anti-
inflammatory, antimicrobial/viral, hepatoprotective, 
neuroprotective, antidiabetic and anticancer properties 
highlight its value in disease prevention and treatment. 
However, despite extensive preclinical research, the clini-
cal translation of Schisandra chinensis remains limited by 
challenges such as poor bioavailability, low water solubil-
ity and the instability of its bioactive constituents. These 
limitations necessitate the development of innovative 
strategies to enhance its pharmacokinetic properties and 
therapeutic efficacy.

Nanocarrier-based drug delivery systems have shown 
considerable promise in preclinical studies for address-
ing these limitations, but their translation into human 
clinical trials remains a significant challenge. Many 
advanced delivery systems are still at an experimental 
stage, with issues such as scalability, high development 
costs and complexity hindering broader adoption. More-
over, although Schisandra chinensis is generally regarded 
as safe and has minimal side effects [2], comprehensive 
studies evaluating its toxicity under pathological condi-
tions and potential interactions with other drugs are 
lacking. This gap in research underscores the need for 
more robust in vivo and clinical investigations to ensure 
safety and efficacy.

The future of Schisandra chinensis in disease preven-
tion and treatment hinges on developing more efficient 
drug delivery systems that can overcome bioavailabil-
ity and stability issues and gain a deeper understanding 
of the molecular mechanisms underlying the therapeu-
tic effects of bioactive compounds. Omics technologies, 
including genomics, proteomics, and metabolomics, will 
be instrumental in elucidating its mechanisms of action 
and identifying novel therapeutic targets. Additionally, 
advances in mass spectrometry and extraction tech-
niques have the potential to refine its pharmacological 

profile by uncovering previously unidentified bioac-
tive components and optimizing their stability and 
bioavailability.

By overcoming these barriers, Schisandra chinensis 
holds significant promise for personalized medicine and 
as an adjunct therapy for cancer and other chronic dis-
eases. Future research should prioritize well-designed, 
longitudinal clinical trials to assess its long-term safety 
and efficacy, alongside pharmacokinetic studies to bet-
ter understand its metabolic pathways and therapeutic 
impact. With continued scientific advancements, this 
powerful natural product may yet emerge as a valuable 
therapeutic agent with widespread clinical applications.
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