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Abstract. Systemic lupus erythematosus (SLE) is a
multi-system chronic autoimmune disease with a complex
occurrence and development process, associated with immune
disorders, uncertain prognosis, and treatment modalities which
vary by patient and disease activity. At present, the clinical
treatment of SLE mainly focuses on hormones and immuno-
suppressants. In recent years, the research on new treatment
strategies for SLE has been booming, and strong preclinical
results and clinical research have promoted the development of
numerous drugs (such as rituximab and orencia), but numerous
of these drugs have failed to achieve effectiveness in clinical
trials, and there are some adverse reactions. Recent evidence
suggests that resveratrol (RSV) has the effect of ameliorating
immune disorders by inhibiting overactivation of immune
cells. In the present review, advances in research on the protec-
tive effects and potential mechanisms of RSV against SLE are
summarized and the potential potency of RSV and its use as
a promising therapeutic option for the treatment of SLE are
highlighted.
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1. Introduction

Systemic lupus erythematosus (SLE) is a systemic autoimmune
disease that affects multiple organs and is more pronounced in
female patients, with a female to male ratio of ~10:1 (1). The
incidence ranges from 0.3-31.5 cases per 100,000 individuals
per year and has increased over the past 40 years, prob-
ably due to recognition of milder cases (2). Global adjusted
prevalence rates approach or exceed 50-100 cases per 100,000
adults (1). The pathogenesis of SLE is closely related to the
overactivation of different immune cells (such as T cells, B
cells and monocytes) (3), and the complex interaction with
cytokines can lead to various clinical manifestations and even
threaten life. This clinical heterogeneity is most likely caused
by complex immune dysregulation, such as loss of immune
tolerance to autoantigens and production of multiple autoanti-
bodies (4). The immune complex formed by the combination
of autoantibody and intracellular autoantigen is deposited in
various tissues and organs. As the disease progresses, these
immune complexes cause tissue damage and various diseases
or manifestations, such as facial rashes, joint pain, nephritis
and cardiovascular disease (2,5).

The complexity of SLE's clinical features indicates that
SLE has multiple subtypes and a potentially unique combina-
tion of disease pathways, genes and environmental factors.
Therefore, management and treatment options for SLE
remain challenging for clinicians. Treatment is mainly based
on non-steroidal anti-inflammatory drugs, corticosteroids,
antimalarial drugs, immunosuppressants (such as cyclophos-
phamide, tacrolimus and mycophenolate) and biologics (6-8).
Surprisingly, only three drug treatments related to SLE have
been approved by the Food and Drug Administration in the
past decade (corticosteroids, hydroxychloroquine and beli-
uzumab). However, traditional treatments can have a variety
of side effects and ideal treatment options are few. The
anti-inflammatory effects of these drugs are often accompa-
nied by some adverse reactions, including eye lesions, severe
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osteoporosis, cardiovascular injury, severe infection, malignant
tumors (2,9,10), and in severe cases, other organ damage and
even death. In addition, patients with SLE are occassionally
resistant to these drugs (11), therefore it is urgent to find a drug
with significant efficacy and few side effects.

Resveratrol (RSV) is a natural plant antitoxin found in
grapes, mulberries, peanuts, thubarb and other plants (8). RSV
exists in two isomeric forms, cis-trans and trans-trans, but
the trans-form is the main form, which has the most effec-
tive therapeutic benefits due to its lower steric hindrance of
the side chain and becomes the more biologically active form
due to its higher stability (12-14). Regarding the immune
system, RSV has been proposed for numerous years as an
immunomodulator capable of regulating innate and adaptive
immune responses by interacting with a variety of molecular
pathways, such as macrophages, T cells and B cells. RSV can
also participate in the inhibitory function of CD4* CD25*
regulatory cell subsets (15,16) and affect B cell proliferation
and autoantibody production (17,18). Its role as an immuno-
modulator has been demonstrated in various animal models
and different cell lines. In addition, RSV has been reported to
slow the progression of autoimmune diseases, such as rheuma-
toid arthritis (RA), psoriasis (PsO) and inflammatory bowel
disease (IBD) (19). In addition, RSV exerts anti-inflammatory
effects by inhibiting the activation of NF-kB in immune cells
and reducing the levels of tumor necrosis factor-o (TNF-a),
interleukin-1p, IL-6, transforming growth factor-p (TGF-f)
and TNF (20,21). It suggests that RSV can be used as a poten-
tial treatment for SLE.

An increasing number of studies is currently focused on
exploring new drugs and therapies, and certain natural prod-
ucts have been found to offer significant therapeutic promise
in the treatment of SLE. In the present review, the authors
focused on the protective effects and potential mechanisms
of RSV against SLE. At the same time, the present review
summarizes the progress of RSV in the treatment of SLE and
its associated adverse reactions, providing new insights into
the treatment options for SLE.

2. Related pathogenesis of SLE

The pathogenesis of SLE is closely related to the overactiva-
tion of different immune cells (Fig. 1). In innate immunity,
type I interferon (IFN)-a gene expression was detected in
peripheral blood mononuclear cells in >50% of patients
with SLE (22,23). There is a close relationship between
IFN and SLE, especially IFN-a. IFN-a can promote the
transformation of monocytes into dendritic cells (DC),
which recognize antigens and continuously produce IFN-a,
thus further activating lymphocytes and natural killer (NK)
cells, thereby breaking autoimmune tolerance (24). In SLE,
the increase of apoptotic rate or the clearance of obstacles
may increase the autoantigen-antibody complexes, which
are endogenous IFN inducers and can continue to produce
IFN, forming a vicious cycle (24). In addition, IFN-a can
promote the activation of helper T cells (Th), improve the
ability of DC antigen presentation, and then induce the
production of interleukin-1, IL-2, IL-4 and other cytokines,
promote Th17 differentiation, activate B cells and produce
autoantibodies (24).

In addition, in SLE, overactivation of neutrophils can
release tissue damage factors, such as myeloperoxidase
(MPO), reactive oxygen species (ROS) and a large number
of cytokines, resulting in immune regulation disorders and
further tissue damage (25). Especially neutrophil extracel-
lular traps (NETs). Obstruction of clearance and/or excessive
formation of NET can externalize self-antigens, thus inducing
IFN synthesis and endothelial damage, which is related to
the pathogenesis of SLE (26). NET fragments are taken up
by plasmacytoid dendritic cells and presented to autoreac-
tive B cells and T cells, thereby producing more IFN-a and
autoantibodies (27). NETs bind to complement 1q, activate
the classical pathway of complement, consume a large amount
of complement (C3 and C4) and activate other inflammatory
complement fragments (C3a and C5a), and activated comple-
ment fragments can inhibit the degradation of NETs and
further aggravate autoimmunity (24).

In addition, new evidence suggests that NK cells may be
involved in SLE. A number of studies have found that the number
of circulating NK cells in patients with SLE is reduced, which
is not only related to clinical manifestations and disease activity,
but also related to increased serum IFN-a. level (28-30). In addi-
tion, previous studies have shown that NK cells can promote the
production of IFN-a by DC (30,31), and the immune complex
mediation of the production of IFN-a by DC is a characteristic
of SLE; thus, there may be an association between the two.
However, the interaction between NK cells and DC in SLE needs
to be further explored. In addition to reduced numbers, NK cell
production of IFN-y to various stimuli is significantly increased
in patients with active SLE, and NK cell-derived IFN-y has been
shown to associate with serum IFN-a levels (32). In mouse animal
models, sustained high levels of IFN-y in serum can trigger SLE
like syndrome, and the expression of IFN-y is related to the forma-
tion of anti-double stranded-DNA (anti-DS-DNA) antibodies and
anti-Smith antibodies (33,34), indicating that IFN-vy is the main
effector molecule in the pathogenesis of SLE. It also suggests that
NK cells may play an important role in the pathogenesis of SLE.

In adaptive immunity, T cells play an important role in
the destruction of immune tolerance in SLE. Autoreactive T
cells are present in both human and mouse SLE, indicating an
imbalance in T cell subsets, that is, between pathogenic T cells
and regulatory T (Treg) cells (35). The imbalance of Th1/Th2
cells is considered to be closely related to the occurrence and
development of SLE. At present, most scholars consider that
SLE is characterized by decreased Thl function and hyper
Th2 function. Cytokines secreted by Thl cells (TNF-a, IL-2
and IFN-v) are involved in the activation of macrophages and
CD8* T cells. Th2 cytokines (such as IL-4 and IL-10) can
cause excessive activation of B cells, produce autoantibodies
and cause tissue damage (24,36). In addition, the imbalance of
Th17 cells and Treg cells is also associated with SLE. Previous
studies have shown that in SLE, Th17 cells enter inflamma-
tory tissues, such as the kidney, and promote inflammation
by increasing the production of cytokines (IL-17), which in
turn can activate the production of B-cell antibodies (24).
Numerous studies have demonstrated a reduction in the
number and function of Tregs, as well as an increase in Th17
cells, in patients with SLE (37,38), indicating a disruption
in the dynamic balance between Thl7 cells and Treg cells.
Sirtuin-1 (SIRT1), an NAD*-dependent histone deacetylase,
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Figure 1. Related pathogenesis of systemic lupus erythematosus. DC, dendritic cell; IL, interleukin; MPO, myeloperoxidase; TNF-a, tumor necrosis factor
alpha; IFN-v, interferon gamma; ROS, reactive oxygen species; IFN, interferon; SIRT1, Sirtuin-1; BAFF, B-cell activating factor from the tumor necrosis

factor family; C, complement; NK cell, natural killer cell; Th, T-helper; Treg,

has been shown to be a key regulator of various physiological
processes, including cell differentiation, immune response and
more. Recent studies have provided evidence that SIRT1 may
be a regulatory element in the immune system, and the imbal-
ance of T cell subsets caused by changes in its function may
be related to the development of SLE (39). For example, the
downregulation of SIRT1 expression can promote the activa-
tion of CD4* T cells and the secretion of IFN-vy, indicating
that the downregulation of SIRT1 expression can promote T
cells to differentiate Th1l and produce IFN-y (40). Aromatics
receptor (AhR) is a transcription factor involved in autoim-
mune diseases, and this ligand is required for CD4* T cells to
differentiate and mature into Th17 or Tregs cells. Activation of
AhR in peripheral blood is associated with lupus activity (41).
SIRT1 activation has been shown to reverse AhR-induced
imbalances between Th17 and Treg populations and to upregu-
late IL-17A and IL-22 levels in CD4* T cells (42,43). In T cells,
FOXP3 can be directly deacylated by SIRT1, thereby inhib-
iting proliferation of Tregs (39). Downregulation of SIRT1
expression can inhibit Th17 cell differentiation (39). Therefore,
SIRTI is important in maintaining the balance between Treg
cells and Th17 cells, and may be involved in the pathogenesis
of SLE, but there is no direct evidence to clarify it.

A large number of autoreactive B cells in patients with
SLE produce multiple autoantibodies, which are associated
with the pathogenesis. Through classical T-B cell interactions,
B cells are activated, and activated B cells interact with CD4*
T cells through TCR and co-stimulators. Activated B cells can
secrete cytokines IL-6, TNF, IFN-y and IL-10 (44). Activated
CD4* T cells produce IL-21 and T follicular helper (Tfh) cells
in response to IFN-y. Tfh cells promote the proliferation and

regulatory T cell; NET, neutrophil extracellular trap.

differentiation of B cells through the production of IL-21 and
produce IgG and IgA (24). A number of studies have revealed
that the increase of Tfh cells is not only related to SLE disease
activity, but also positively associated with the level of autoanti-
body titers (45,46). In addition, B cell activating factor (BAFF)
is also involved in T-B cell interactions. Overexpression of
BAFF may lead to defects in the survival rate of autoreactive B
cells, and at the same time promote the proliferation of B cells
to continuously form autoantibodies, such as anti-DS-DNA
antibodies, and various serum immunoglobulins (IgM, IgA,
IgE and IgG), while immune complexes are deposited in
kidney tissue (47). Regarding SIRT1, SIRT1 deficiency was
found to enhance T cell-dependent antibody response. Thus,
the differentiation and activation of B cells into plasma cells
is inhibited, the secretion of pro-inflammatory cytokines of
B cells is enhanced, and the production of autoantibodies is
promoted (39), which may be a possible cause of autoimmune
diseases. A previous study demonstrated that SIRT1 deficient
mice develop lupus nephritis (48). In SLE, overexpression of
SIRT]1 can significantly improve the activity of B cells, inhibit
cell apoptosis and upregulate pro-inflammatory cytokines
(IL-1, IL-6 and TNF-a) by regulating the nuclear factor
kappa-B pathway (49), indicating its potential function in the
pathogenesis of SLE.

3. Effects of RSV on immune cells

RSV can enter cells via passive diffusion, mediated endo-
cytosis, or via transporters to bind to specific receptors, such
as the integrin receptor avp3 (50,51). It helps regulate innate
and adaptive immunity, such as regulating the activity of
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mononuclear/macrophages, T cells, B cells and NK cells. At the
same time, because RSV has the ability to activate SIRT1, it
may be able to mitigate the progression of autoimmune diseases.

RSV and innate immunity. RSV revealed anti-inflammatory
effects in monocytes/macrophages and DCs (52). Macrophages
are derived from blood monocytes and are involved in innate
and adaptive immunity. RSV controls macrophage overac-
tivation by inhibiting lipopolysaccharide, toll-like receptor
4 signaling and other immune activators (17). For example, it
inhibits the activation of NF-kB pathway, COX-2 pathway, and
inflammatory body containing the pyridine domain 3 of the
NLR family (17), thereby inhibiting the secretion of cytokines,
such as TNF-a and IL-6. This is consistent with the findings of
Schwager et al (53), in which the authors found that although
RSV was found to enhance the expression of IL-1p and IL-6
in peripheral blood lymphocytes, it had the opposite effect
in macrophages. In addition, it can also alter the expression
of maturation markers on the DC surface and the production
of pro-inflammatory cytokines such as IFN. Since RSV has
numerous molecular targets, numerous of which are related to
optimal maturation of DC, RSV appears to play a more effective
immunosuppressive role during DC differentiation, e.g., DC can
secrete more IL-10 and play an immunosuppressive role (54).

Inaddition,activation of neutrophils is associated with organ
damage in SLE, such as accumulation in the kidney, which can
cause kidney damage. A previous study revealed that oxidative
stress may also be associated with glomerular damage caused
by a range of pro-inflammatory mediators, including cyto-
kines and chemical factors, leading to ROS production (55).
RSV has a wide range of antioxidant and anti-inflammatory
effects in numerous biological reactions (56-58). RSV can
inhibit neutrophil activation, downregulate the release of
pro-inflammatory cytokines, such as IL-1f, IL-6, TNF-a,
IFN, MPO, reduce the release of NETs, control inflammatory
response and play an important role in regulating renal blood
flow and glomerular filtration function by upregulating nitric
oxide levels (59-61). These results indicated that RSV had a
protective effect on renal involvement in SLE.

Regarding NK cells, in inflammatory diseases, levels of
inflammatory cytokines such as TNF-a, IL-1f, IL-6, IL-8 and
IFN-v are elevated, which in turn activate circulating white
blood cells, such as NK cells (62). Secreted pro-inflammatory
cytokines and activated immune cells cause damage to endothe-
lial cells and can affect important organs (62). RSV can inhibit
the aforementioned inflammatory cytokines, thereby reducing
the activation of NK cells. In addition, previous studies have
evaluated the properties of RSV on human NK cells. RSV
was found to have a concentration-dependent biphasic effect
on NK cells. At high concentrations (50 xM), RSV inhibited
NK cell activity and promoted apoptosis, which may affect
inflammatory signaling pathways (63). However, when the
concentration range was reduced from 3.13 to 1.56 uM, RSV
showed a positive effect on NK cells by increasing the cyto-
toxicity of NK cells through upregulation of IFN-y expression
(mRNA and protein levels) (63). Therefore, more studies are
needed to confirm the relationship between RSV and NK cells.

RSV and adaptive immunity. RSV effectively controls inflam-
mation by targeting T cells, regulating T cell differentiation

and inhibiting the release of pro-inflammatory cytokines and
other inflammatory mediators (17). RSV, as an excitant of
SIRT]1, can induce the deacetylation of STAT3 and inhibit its
migration into the nucleus, thus interrupting the activation of
retinoic acid orphan receptor yt and inhibiting the differentia-
tion of T cells to Thl (41). A previous study found that RSV
can reduce the proliferation of CD4* T cells and the expres-
sion levels of CD69 and CD71, thus triggering the apoptosis
of CD4* T cells, in addition, the ratio of CD4 IFN-y* Thl cells
and Th1/Th2 cells is reduced (64). RSV can regulate Th1/Th2
balance. In addition, Th17 cells are also one of the important
T cell subsets targeted by RSV. One mode of action of RSV
involves AhR activation, which inhibits Th17 cell activity (41).
Another way is to activate SIRT1 and block the production of
IL-17 (41). The aforementioned findings suggested that RSV
can tilt the balance in favor of the anti-inflammatory Th2 and
Treg cell subsets.

RSV has been shown to have inhibitory effects on B cells
and plasma cells, as well as significant effects on the produc-
tion of autoantibodies, which play a role in the pathogenesis
of lupus (17). A previous study revealed that treatment of
norphytane-induced lupus mice with RSV may inhibit CD4*
T cells by triggering SIRT1, controlling B cell proliferation
and autoantibody production (64). In addition, RSV can also
increase the expression of Fc y receptor IIb (FCGR2B) in
B cells of MRL/Ipr mice, leading to apoptosis, and a large
decrease in the activation and number of B cells/plasma
cells in spleen and bone marrow, thereby reducing serum
autoantibody titers (18). RSV can also promote autophagy and
autophagy flux by inhibiting the Akt/mTOR pathway, thereby
impeding the proliferation and survival of BAFF stimulated
B cells (65). The aforementioned findings indicated that RSV
may be a promising drug for the prevention and treatment of
aggressive B-cell diseases and autoimmune diseases caused
by BAFF.

4. RSV and autoimmune diseases

Autoimmune diseases are mainly caused by the disorder of
immune cells in the body, which leads to excessive activa-
tion of immune cells and the production of a large number
of inflammatory cytokines, such as TNF-a, IFN-y and IL-13
and so on (19,66-75). A strong immune response can attack
different organs or tissues at the same time, resulting in local
or systemic immune responses that damage one or more body
tissues or organs in the human body, including type 1 diabetes,
autoimmune hepatitis, RA, amyotrophic lateral sclerosis, PsO
and IBD (66-98). Natural products have been extensively
studied in the treatment and prevention of various chronic
diseases. RSV, a molecule derived from natural products, is
a well-studied substance known for its effects and therapeutic
effects on a variety of chronic diseases, such as antioxidant,
anti-inflammatory and immune regulation (15-19). In addition
to SLE, the autoimmune diseases that have been studied more
can be observed in Table I.

5.RSV and SLE

SLE can affect all organs of the body, such as the heart,
lungs, kidneys and nervous system (1-3). Cardiovascular
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complications and kidney damage are common in patients
with SLE, often leading to disability and death (1,2). RSV is
used to treat SLE mainly through its effect on immune cells,
the potential mechanism of which is illustrated in Fig. 2. At
present, the existing studies mainly focus on the effects of RSV
on kidney damage and cardiovascular complications in SLE,
and a small number also involve the nervous system (97-100).
Therefore, a corresponding discussion on this is included.

In vitro study. In vitro studies have shown that RSV can inhibit
the activation of CD4* T cells and B cells, thereby affecting the
proliferation of B cells and antibody production (64). One of
the functions of IL-10 is to inhibit excessive pro-inflammatory
effects that may lead to tissue damage. It has been shown
that IL-10 may play multiple and opposite roles in mouse
lupus (97). IL-10 can promote the proliferation of autoreac-
tive B cells, Ig class switching and antibody secretion in SLE,
thereby promoting disease progression (98,99). A different
study reported that monocytes in the blood of patients with
active SLE can significantly reduce the level of IL-10 in the
cell culture supernatant after co-culture with RSV (100). The
inhibitory effect of RSV on IL-10 synthesis suggests that it
may be useful in the treatment of SLE. In another study, it
was found that the levels of ATP-binding box transporters
Al and G1 were significantly reduced in cells treated with
plasma from 10% of patients with SLE, which are not only
involved in reverse cholesterol transport, but also enhance
cholesterol efflux from macrophages (101). When SLE plasma
is co-incubated with RSV, efflux protein can be restored to the
cellular level of healthy patients (102), indicating that RSV can
affect cholesterol transport and reduce the level of oxidized
low-density lipoprotein, thus having potential therapeutic
activity for atherosclerotic cardiovascular disease in SLE.

Animal model. With regard to lupus nephritis, it has been
revealed that different doses of RSV reduced proteinuria, renal
immunoglobulin deposition, glomerulonephritis and serum Ig
levels. One study found that in a mouse model of lupus BBA/C
induced by prostin (102), the mice were injected with 0.5 ml of
Pristine for 7 consecutive months, along with RSV treatment
(50 and 75 mg/kg/day), and were assessed for autoantibody
levels and kidney damage (64). The authors found that RSV
can reduce urinary protein, reduce the deposition of IgM and
IgG in the kidney and reduce the degree of renal histological
injury. RSV has a protective effect on mice with lupus, espe-
cially on the kidney. In a recent study, MRL/Ipr mice treated
with RSV (50 mg/kg) for 8 weeks were found to have upregu-
lated SIRT1 expression in the kidneys (103). Upregulation
of SIRTI interferes with NF-xB expression, transcription
and expression of inflammatory cytokines (103). The second
signal is blocked by SIRT1 regulating ROS production and
TRPM2-mediated calcium perfusion to inhibit the NLRP3
inflammation, thereby slowing down the progression of lupus
nephritis (103). This also suggests that SIRT1 may be a poten-
tial therapeutic target for RSV treatment of SLE. In addition,
Pannu and Bhatnagar (104) studied the combined effects of
RSV (25 and 50 mg/kg) and piperidine in a mouse model
of lupus. The investigators revealed that the combination of
RSV and piperidine successfully alleviated renal manifesta-
tions (decreased urinary protein and serum creatinine), and
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the combination of other medications reduced the dose of
RSV. The authors also found that unlike RSV combined with
piperine treatment, prophylactic treatment was more beneficial
in reducing lupus-like manifestations such as lupus nephritis
when RSV was used alone (105).

With regard to lupus cardiovascular disease, in vivo studies
revealed that RSV has a therapeutic effect on atherosclerotic
cardiovascular disease in SLE due to its antioxidant proper-
ties (101,106). These results were confirmed in vivo in a
double-knockout ApoE” FAS” SLE mouse model (106). The
authors found that mice in the RSV-treated group had fewer
atherosclerotic plaques than those in the untreated group (not
statistically significant), and that 43% of the RSV-treated
animals had no plaques (106). In a different study, the authors
evaluated the progression of aortic atherosclerosis in mice with
SLE associated atherosclerosis after 10 weeks of oral treatment
with RSV 0.3-0.4 mg/day in the treatment group (101). RSV
was found to counteract the effect of SLE on atherosclerosis by
preventing lipid excess by increasing cholesterol efflux (101).
These findings suggest that RSV therapy may provide a novel
approach to reduce the atherosclerotic cardiovascular effects
of SLE.

In addition, a recent study also found that in lupus mice
treated with water containing 0.01% RSV, RSV increased the
level of SIRTI in the hippocampus and decreased the level
of vascular endothelial growth factor and C-X3-C motif
chemokine ligand 1 (CX3CL1) by activating adenosine A2A
receptors, but it was not statistically significant. It also showed
a tendency to improve motor coordination in arterioscle-
rosis-prone lupus mice (107). This finding indicated that RSV
may be a potential therapeutic candidate for the regulation of
cognitive dysfunction in neuropsychiatric lupus, especially in
motor disorders.

6. RSV bioavailability and associated toxicity

The main problem RSV faces in the treatment of diseases is its
low bioavailability. In order to fully study the bioavailability
of RSV, two maximum spikes in plasma levels occurred
in healthy subjects after oral RSV: The first peak occurred
30-60 min after ingestion and the second peak occurred 6 h
later (108). It was found that the RSV dose was 25 mg/day and
the plasma peak concentration was 10 ng/ml (109). However, a
previous study of high doses (500 mg/day) also demonstrated
low plasma concentrations of ~71.2 ng/ml (110). After ingestion
of RSV, although it is well absorbed orally and has a bioavail-
ability of ~70%, the bioavailability of RSV itself is close to
zero due to extensive metabolism in the liver and intestine,
including glucoaldehyde and sulfation, which produce metab-
olites with low bioavailability (108). In addition, the low water
solubility of RSV (~0.03 mg/ml) is another significant problem
which severely affects the absorption and bioavailability of the
compound (111). The solubility of RSV is strongly influenced
by pH and temperature (112). A previous study revealed that
RSV solubility is 64 ug/ml at pH 1.2, but becomes 61 and
50 ug/ml at pH 6.8 and above pH 7.4, respectively (112).
RSV, when dissolved in water, is stable only at room or body
temperature and under acidic conditions (113). Therefore,
further research is needed to overcome these problems. In
addition, certain factors may also influence the bioavailability
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and physiological response to RSV, such as variability of the
human gut microbiome, genetic polymorphisms, age, sex,
ethnicity, diet and exercise habits (113).

Regarding toxicity, in animal models, extensive studies
using RSV supplements or for a range of diseases have shown
that there are some side effects of the treatment, mainly that
high doses may lead to cardiac inflammation, renal tubule
dilation, nipple necrosis, acute inflammation of the pelvic
region and severe kidney disease, leading to death (114). For
instance, one study found that when animals were treated with
successive doses of 0, 300, 1,000 and 3,000 mg/kg/day, no
adverse reactions occurred at doses up to 300 mg/kg/day, while
1,000 and 3,000 mg/kg/day caused nephrotoxicity along with
abnormal expression of liver genes. Serum liver enzyme and
bilirubin levels were significantly increased (114). In addition,
some studies have also observed different degrees of dehy-
dration, dyspnea and other symptoms in animals (114-116).
In mice with renal fibrosis, low-dose RSV (<25 mg/kg) can
partially improve renal function in mice with renal injury
due to unilateral ureteral obstruction (UUQO). Large doses
of RSV (=50 mg/kg) aggravate renal fibrosis, indicating that
large doses of RSV lose its anti-fibrotic effect. Notably, mice
with UUO-induced kidney damage were more susceptible
to high-dose RSV-induced kidney damage than normal
mice (117).

In human trials, RSV is generally well tolerated and
a dose of 450 mg per day of RSV is safe for a person of
60 kg (118). However, some side effects have been reported,
including cardiac and renal toxicity and gastrointestinal prob-
lems (119,120). Previous studies have found that high doses of
RSV (1,000 mg/day) can increase biomarkers of cardiovascular
disease risk such as oxidized low-density lipoprotein, soluble

E-selectin 1, soluble intercellular adhesion molecule-1 and
soluble vascular cell adhesion molecule-1 (121). RSV appears
to have a negative effect on metabolic status, endothelial
health, inflammation and cardiovascular markers in human
patients (122). In a recent meta-analysis, patients experienced
adverse reactions after treatment with high doses of RSV (123),
with a maximum dose of 1,000 mg per day, 3 times per day.
Adverse events occurred in 3 cases. These adverse events
include mild elevation of alanine aminotransferase, diarrhea,
mild indigestion, mild hypoglycemia and infection (patients
with mild cellulitis at the biopsy site) (124,125). Although RSV
is generally safe, there have been incidents of adverse effects;
therefore, more animal and related human studies are needed
to confirm its efficacy and safety.

7. Conclusions

SLE is an autoimmune disease that can accumulate in all
organs of the body, therefore it is one of the most important
factors that directly affect the quality of life of patients. The
pathogenesis of SLE is very complex and is associated with
autoimmune disorders, but the exact mechanism remains
unclear. Glucocorticoids and immunosuppressants are still
the treatment of choice, but long-term use of these drugs can
lead to numerous unavoidable side effects. Bioactive natural
ingredients derived from natural herbs may provide additional
benefits in the prevention and treatment of SLE and represent
an important source of new drug screening and development.
RSV has a powerful anti-inflammatory effect by inhibiting the
overactivation of immune cells, reducing the level of procyto-
kines and the production of autoantibodies. Therefore, RSV is
a potential and beneficial candidate for the treatment of SLE.
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However, the current oral bioavailability of RSV is very
low, with a maximum oral bioavailability of only 20%.
Therefore, targeted delivery of RSV to desired tissues or
increased stability of RSV in vivo through the develop-
ment of sustained-release systems are critical to improving
bioavailability. With respect to RSV for SLE, the dosage
used in different studies has varied, thus the drug dosage
remains unclear. If future studies can further explore the
effect of different drug doses of RSV on treatment and
the deeper mechanism, it will open a new window for the
treatment of SLE. However, further studies in animals and
humans are still needed to widely evaluate the biological
activity, efficacy, safety and appropriate dosage of RSV, so
as to provide a new way of thinking for clinicians to treat
SLE.
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