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Objective. To evaluate the effect of Lycium barbarum polysaccharides in the treatment and/or prevention of diseases of different
etiologies and systems. Methods. We performed an Entrez PubMed literature search using keywords “lycium”, “barbarum”,
“polysaccharides”, “anti-fibrotic”, “anti-apoptotic”, “anti-oxidizing”, “anti-aging”, “neuroprotection”, “metabolism”, “diabetes”,
“hyperlipidemia®, “neuroprotection”, and “immunomodulation” on the 14" of August 2018, resulting in 207 papers, of which 20
were chosen after filtering for ‘English language’ and ‘published within 10 years’ as well as curation for relevance by the authors.
Results. The 20 selected papers included 2 randomized control trials (1 double-blinded RCT and 1 double-blinded placebo-controlled
RCT), 11 in vivo studies, 5 in vitro studies, 1 study with both in vivo and in vitro results, and 1 chemical study. There is good
evidence from existing studies on the antifibrotic, antioxidizing, neuroprotective, anticancer, and anti-inflammatory effects of
Lycium barbarum polysaccharides. However, there is a need for further studies in the form of large-scale clinical trials to support its
use in humans. There is also significant potential for LBP as a safe and effective topical treatment in ocular surface diseases, owing
to promising in vitro results and a lack of demonstrated toxic effects to corneal epithelial cells. Conclusion. Results from existing
studies suggest that LBP is a promising therapeutic agent, particularly in the management of liver disease, hyperlipidemia, and

diabetes. One major limitation of current research is a lack of standardization and quality control for the LBP used. The availability

of research-grade LBP will inevitably promote future research in this field worldwide.

1. Introduction

Woltberries or Lycium barbarum have been used in Tradi-
tional Chinese Medicine (TCM) or as a cooking ingredient
for over a thousand years [1]. Its use in TCM is credited
to its abilities to balance the “yin” and “yang” within the
body as well as nourishing the eyes, kidney, lungs, and liver
[2, 3]. They grow naturally within the north western Chinese
provinces particularly in Ningxia.

The main constituents of wolfberries include Lycium
barbarum polysaccharides (LBP), scopoletin, and 2-O-3-D-
glucopyranosyl-L-ascorbic acid (AA-28G) [4]. We will be
focusing on the therapeutic effects of LBP; the key bioactive
ingredient in wolfberries [5]. LBP consist of 6 monosaccha-
rides, namely, glucose, arabinose, galactose, mannose, rham-
nose, and xylose [6]. They are popular health supplements,

noted as being “superfood,” owing to their s wide range of
purported health benefits.

From published studies, LBP intake is associated with
a number of therapeutic effects, including antiaging, [7]
owing to their antioxidizing properties, metabolic effects
[8], neuroprotective effects in neurodegeneration [9] and
neurotoxicity [10], and ocular neuroprotective effects [11].
Furthermore, there is evidence that LBP may even improve
male fertility [12]. Additionally, LBP has been demonstrated
to have an excellent safety profile, with no documented
adverse reactions related to its usage. However, due to its
origins as a health supplement, there is a lack of awareness
amongst the medical and scientific community regarding
published work on the use of LBP as a therapeutic agent, while
there remain a number of significant issues that need to be
addressed; chiefly because of the lack of proven consistency
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FIGURE 1: Flowchart of search strategy.

in the quality and source of LBP product used for the different
published studies, we believe a review of current evidence
will increase awareness in this promising area of research and
promote large-scale clinical trials in this field.

In this review article, we will systematically examine the
available evidence from published studies on the therapeutic
potential of LBP supplementation in health and disease for
different functional systems of the human body.

2. Methods

An Entrez PubMed search was performed on August
28 2018, using keywords “lycium”, “barbarum”, “polysac-
charide”, “anti-fibrotic”, “anti-apoptotic”, “anti-oxidizing”,
“anti-aging”, “metabolism”, “diabetes”, “hyperlipidemia”,
“neuroprotection”, and “immunomodulation” which yielded
207 publications. Filters were set to select original articles
published in the last 10 years which are available in full
text and written in English, resulting in 154 papers. The
resulting papers were then reviewed by SSK and KCS for
subject relevance via abstract or the full text of the article.
For example, papers that either investigated wolfberry extract
rather than LBP or investigated mixed polysaccharides that
included LBP were excluded from analysis. This was done
in order to avoid misattributing health benefits derived from
other components to LBP. Finally, 20 papers were selected
and analyzed for this study (see Figure 1). The papers were
stratified based on their study designs as well their potential
therapeutic effects, including antiaging effects, neuropro-
tective effects, anticancer effects, and immunomodulatory
effects.

3. Results

Amongst the 20 publications selected, only 2 were clinical
studies, with both being double-blinded placebo-controlled
randomized control trials. Of the remaining 18 laboratory-
based studies, 11 were in vivo studies, 5 were in vitro studies,
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and 1 study had both in vivo and in vitro results. We
summarized the results of the 20 studies in three separate
tables using the following subject headings: (1) clinical trials
on LBP, (2) translational studies on systemic therapeutic
effects of LBP, and (3) translational studies on local therapeu-
tic effects of LBP (see Tables 1, 2, and 3). As the studies were
diverse in their study designs and outcomes, the results could
not be combined for meta-analysis. Overall, from existing
data, there is an evident lack of well-designed randomized
control trials to evaluate the effect of LBP in humans. Though
there are published RCTs for investigating its effect in diabetes
and diabetic retinopathy, the respective sample size of the
studies is insufficient for the results to have significant impact
in clinical management. Nevertheless, the promising findings
identified from both clinical studies and translational work
should warrant greater interest in this field of research.

3.1. Systematic Effects

3.L1. Effects on Metabolism. Cai et al. published a double-
blinded, placebo-controlled RCT on 67 patients with type 2
diabetes mellitus, comparing blood glucose and lipid levels of
patients given 300mg/day LBP treatment perorally compared
to type 2 diabetic controls. It was found at 3 months that
patients on LBP treatment had significant increase in high-
density lipoproteins (HDL) levels from baseline compared
to controls. Moreover, the areas under curve (AUC) for
blood glucose levels decreased significantly compared to the
control during the study period (-7.86% vs 1.61%, respec-
tively). Furthermore, the effect of LBP on glucose control was
more significant in subjects who were not taking any oral
hypoglycemic agents [13]. Thus, LBP is a potential dietary
supplement for those with diabetes, particularly for newly
diagnosed cases where dietary control is started as initial
management. However, given the small sample size of this
study, a large-scale multicenter RCT is needed to verify LBP’s
hypoglycemic effect in humans.

Wang et al. evaluated the effect of LBP on streptozotocin-
induced diabetic male Sprague-Dawley rats by comparing
treatment with 0.5 ml 6% LBP solution delivered intragastri-
cally for 4 weeks compared to 0.5% normal saline delivered
in the same way for 4 weeks. There was significant reduction
in vascular endothelial growth factor (VEGF) mRNA levels
of the retina in the LBP treatment group compared to
diabetic controls. Transmission electron microscopy of the
retinal ganglion cells and photoreceptors exhibited marked
differences between groups. LBP treated diabetic rats had
no obvious evidence of cellular damage, while the retina
of controls showed evidence of fractured mitochondrial
cristae and round vacuoles within the mitochondria. VEGF
is an important factor in diabetic retinopathy disease-
progression, as VEGF increases permeability of the blood-
retinal barrier and promotes retinal neovascularization. The
results from this study demonstrated the ability of LBP to
improve blood glucose control in an experimental model
of insulin-dependent diabetes mellitus and the associated
risk of microvascular complications. Additionally it appears
to have a direct effect on attenuating experimental diabetic
retinopathy disease progression [14]. However, it is important
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to note that although LBP demonstrates antioxidizing and
antineovascular effects in the experimental setting, whether
it can improve clinical outcomes is questionable, as it is
unknown whether the observed biochemical and histological
changes are sufficient to prevent or slow the progression of
diabetic retinopathy in the real-world setting.

In a study by Pai et al., the lipid lowering effect of LBP was
compared with conventional treatment in rats exposed to a
cholesterol-rich high fat diet for 45 days. Briefly, Wistar albino
rats were fed Lycium barbarum (LB) fruit extract (250mg/kg
or 500mg/kg) for 30 days following the cholesterol-rich diet.
The effect of LB was compared to atorvastatin (10mg/kg/day),
a commercially available statin-group lipid-lowering drug. It
was found that LB treatment, at either dosages, resulted in sig-
nificant reduction in the total blood cholesterol, triglycerides,
and very low-density lipoprotein-cholesterol (VLDL) levels.
Furthermore, for the 500 mg/kg LBP-treated group, there
was a significant reduction of blood low-density lipoproteins
(LDL) compared to controls, while there was a signifi-
cant elevation in blood HDL in the 250mg/kg LBP-treated
group. In comparison, the atorvastatin-treated controls only
demonstrated significant reduction in total blood cholesterol
levels, with no observable effect on blood triglycerides and
lipoproteins [15]. In comparison, it was demonstrated that
LBP at 500mg/kg reduced triglyceride and VLDL level to
a significantly greater extent than atorvastatin treated rats.
This promising observed effect should be further assessed in
human clinical trials.

A double-blind, placebo-controlled randomized control
trial in humans by Amagase et al. investigated the effect
of LBP intake on basal metabolic rate. The paper detailed
two separate studies assessing the effect of Lycium barbarum
fruit juice (30/60/120ml doses) on the resting metabolic
rate (breath oxygen volume VO2) and postprandial energy
expenditure in 8 subjects and on the waist circumference
of 33 subjects. Compared to the placebo-treated subjects,
Lycium barbarum juice-treated subjects had increased VO2
1-4 hours after ingestion in a dose-dependent manner. At 1
hour after ingestion the VO2 in the 120ml Lycium barbarum
juice-treated group increased significantly by 58.26 + 5.72
ml/min compared to baseline and as well as compared to
the placebo-treated group [16]. As for waist circumference
of subjects after 14 days of intervention, the LB juice-treated
group showed a significant reduction in waist circumference
by 5.54 + 0.65cm compared to baseline. This paper suggests
that LBP has potential in regulating basal metabolism in
humans. It is worth noting however that the sample size for
this RCT was small, without evidence of power calculation
during the study planning period.

In another study the effect of LBP was assessed in hyper-
lipidemic mice subject to chronic composite psychological
stress. [17]. Briefly, Kun Ming (KM) mice were divided
into controls, hyperlipidemia alone (H), hyperlipidemia +
LBP treatment (HL), hyperlipidemia + chronic composite
psychological stress (HS), and finally hyperlipidemia + LBP
treatment + chronic composite psychological stress group
(HLS) [17]. For experiments LBP was given at 80 mg/kg/day
for 30 days. A high cholesterol diet was used for induction
of hyperlipidemia. The groups were compared for hepatic
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malondialdehyde (MDA) levels; a proxy for liver damage,
serum heat-shock protein 70 (HSP-70) levels; a marker
for oxidative stress and serum interleukin 6 (IL-6) levels;
a proinflammatory and profibrotic cytokine. The results
showed that while MDA, HSP-70, and IL-6 levels were
significantly elevated in hyperlipidemic groups compared to
controls, the inclusion of LBP treatment significantly lowered
these markers in HLS and HL groups. This demonstrates the
potential role for LBP in ameliorating high cholesterol and
stress-induced hepatic and vascular damage. Furthermore,
LBP treatment was shown to significantly increase liver
mRNA levels of CYP7Al in HL and HLS groups compared to
controls as well as H and HS groups. CYP7Al is a rate-limiting
enzyme involved in the hepatic conversion of cholesterol into
bile salts. This demonstrates the potential direct role of LBP
in regulating blood cholesterol levels [17].

Nonalcoholic fatty liver disease is an increasing problem
in Asia, with a recent cross-sectional study on 2493 Chinese
healthy volunteers showing that 42% of subjects already
having clinical disease, a figure that is significantly higher
than that of other populations [18]. In an animal model of
nonalcoholic steatohepatitis (NASH), rats were fed a high
fat diet for 12 consecutive weeks to induce disease and
divided into three groups. The first group was given LBP
concurrently throughout the 12-week course, and the second
group was given LBP late in the study period. The third
group was not given LBP throughout the study period. The
rats that were given LBP throughout the 12-week course
of high fat diet demonstrated no significant differences in
terms of hepatic cellular architecture compared to negative
controls [19]. For rats that were given late LBP treatment
from 9 to 12 weeks, although there was positive histological
evidence of steatohepatitis, there was a marked reduction
in lipid droplet accumulation and reduction in hepatocyte
necrosis compared to livers of untreated rats [19]. Sirius
red staining also demonstrated reduced collagen secretion
and thus attenuated hepatic fibrosis, in both LBP treatment
groups compared to untreated rats. Additionally, it was also
established that giving 1mg/kg LBP from the 3™ to 12
week to NASH inflicted rats significantly reduced mean body
weight in treated rats compared to that in untreated rats
(340.2 £13.4 g versus 401.7 £ 10.7 g). Significant weight reduc-
tion was also noted in NASH rats commencing LBP treatment
at the 9™ to 12" week (352.1 £ 14.0 g) compared to the
untreated NASH rats (p<0.05) but this reduction is notably
less than rats with early LBP treatment. [19]. Proinflammatory
markers such as tumor necrosis factor alpha (TNF-«), IL-1p
a, cyclooxygenase (COX-2) and Monocyte Chemoattractant
Protein-1(MCP-1), and profibrotic factors, including TGF- 1,
a-SMA, and Smad2/4 expression were significantly raised in
NASH rats, but this rise was either eliminated or attenuated
significantly in both LBP-treated groups. In an in vitro model
of NASH on a rat hepatocyte cell line using sodium palmitate
(SP), LBP treatment was compared to l-arabinose and S-
carotene treatment. While the results showed that all three
treatments were capable of abolishing hepatic fibrosis, LBP
was demonstrated to have the strongest effect [19]. Similarly,
in a mouse model of NASH, mice were first fed a fat rich diet
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for 2 months and then orally given varying concentrations of
LBPs once every day for 2 months. The results showed that
mice fed with high fat diet had significantly lower levels of
hepatic antioxidant enzymes such as superoxide dismutase
(SOD), glutathione peroxidase (GPx), and catalase (CAT)
with lower levels of GSH than negative controls. With LBP
treatment, there was a significant dose-dependent rise in
antioxidant enzymes [20].

The effect of LBP in ameliorating hepatic damage extends
to situations where the insult is direct toxicity. In an animal
model of hepatic fibrosis, rats were given carbon tetrachlo-
ride (CCL4) for disease induction and then given different
concentrations of LBP powder as treatment. Results showed
a clear negative dose-response relationship between LBP
powder concentration given and blood levels of the hepatic
enzymes ALT and AST. The paper further showed the ability
of LBP to decrease hepatic SOD and GSH-Px activity while
simultaneously inhibiting CCl4-induced up-regulation of
TNF-a, IL-15, and MCP-1 mRNA levels [21].

3.1.2. Neuroprotective Effects. LBP’s neuroprotective effects
are one of the most widely studied fields regarding LBP’s
therapeutic effects. According to the World Health Orga-
nization, stroke is the 2™ most common cause of death
only behind ischemic heart disease. Those that do survive
an episode of stroke are often left with a significant degree
of lifelong disability. Overall, from animal models, LBP is a
safe substance that has the potential to improve outcomes
in patients with stroke. The optimal dosage and timing of
administration however remains to be investigated in clinical
trials.

Yu et al. used an in vitro model to study the effects of
LBP in oxygen glucose deprived/reperfused (OGD/R) pri-
mary hippocampal mice neuron cells [22]. LBPs of 15ug/ml,
30ug/ml, and 60ug/ml concentrations were used in the
pretreatment of the hippocampal neuronal cells. They found
that LBP significantly increased cell viability, reduced lactate
dehydrogenase (LDH) levels, and reduced reactive oxygen
species in a dose-dependent manner. Apoptotic proteins such
as cleaved Caspase-3, Caspase-3, Bcl-2, and Bax were also
evaluated using Western blot, showing upregulation of Bcl-
2/Bax protein ratio and downregulation of the ratio of cleaved
Caspase-3/Caspase-3 in LBP treated groups. LBP treatment
was also shown to reduce Beclin 1and LC3II/LC3I levels while
increasing p62 expression, thereby promoting antiautophagic
effects [22]. It was further demonstrated that the observed
neuroprotective effects of LBP in this experiment were
mediated through the PI3K/Akt/mTOR signaling pathway.
[22].

Liu et al. performed a study on the effect of LBP
on streptozotocin-induced diabetes mellitus Sprague-Dawley
rats subjected to middle cerebral artery occlusion (MCAO)
ischemia reperfusion brain injury [23]. There were 4 different
animal groups, i.e., the normoglycemic group (NG), hyper-
glycemic group (HG), LBP treatment group (intraperitoneal
LBP injection at 25mg/kg/day for 4 weeks prior to surgery),
and an insulin treatment group (2 U/day). Within each group,
the rats were divided into receiving sham surgery, MCAO
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with 24 hours of reperfusion and MCAO with 72 hours of
reperfusion. [23]. Upon assessment, it was shown that LBP
treated rats had significantly reduced cerebral infarct volumes
24 hours after reperfusion and histopathological analysis
demonstrated that LBP treated rats had significantly less
pyknotic cells 24 hours and 72 hours after reperfusion. Neu-
rological defect scores and T-maze test times demonstrated
that LBP pretreated and insulin-treated rats had improved
neurological recovery compared to hyperglycemic controls
[23].

LBP has also been shown to improve memory and neuro-
genesis. This in turn could be of benefit to patients suffering
from Alzheimer’s disease and other forms of dementia.
Scopolamine (SCO) is an acetylcholine receptor (mAChR)
antagonist, which impedes memory and learning similarly
to what is observed in Alzheimer’s disease patients [24].
Chen et al. conducted experiments on scopolamine-treated
Sprague Dawley rats. The animals were divided into a vehi-
cle/saline (veh/sal) group, vehicle/SCO (veh/SCO) group,
and LBP/SCO group (LBP either 0.2 mg/kg or Img/kg per
day) [4]. Behavioral tests, including the Novel Object Recog-
nition (NOR) test and Object Location Recognition (OLR)
test, found that LBP-treated rats used more time exploring the
novel objects with increased discrimination index compared
to scopolamine-treated controls [4]. Immunofluorescence
for cell proliferation in the hippocampus showed a sig-
nificantly higher number of Ki67-immunoreactive nuclei
in LBP/SCO group (165.0£30.7) compared to veh/SCO
group (52.0+19.4) [4]. Furthermore, immunohistochemistry
for DCX-immunoreactive neurons revealed that LBP treat-
ment raised DCX-positive neurons to 685.5+132.6 DCX-
positive per field from 25.4+15.2 DCX-positive cells per
field in the SCO treated group. The observed neuropro-
tective effect was shown to be independent of competition
for acetylcholine receptors between LBP and scopolamine
[4].

The neuroprotective effects of LBP have also been demon-
strated to extend to the retina of the eye as well. Yang et al.
used C57BL/6 male mice to induce transient retinal ischemia
by blocking the internal carotid artery and mice were fed
LBP at 1 or 10mg/kg or the vehicle (phosphate buffered
saline) with a gastric tube for 7 days [25]. The mice were
divided into Groups A and B. Group A did not receive retinal
ischemia and was fed 7 days with LBP. Group B received
the transient retinal ischemia and continued LBP treatment
1, 3, or 7 days after retinal ischemia. Electroretinogram was
used to study the retinal function and showed that there
was a significant reduction in the b-wave and oscillatory
potentials (OP) amplitude in vehicle treated mice compared
to sham surgery (P<0.001) [25]. On the contrary, mice
given 10mg/kg LBP treatment had significantly preserved b-
waves and OP amplitudes (P<0.05). Upon examination of
the retinal morphology, the ganglion cell layer (GCL) and
inner nuclear layer (INL) cells were obviously lost in vehicle-
treated mice compared to sham surgery. With LBP treatment
the cellular organization of the retinal layers remained rel-
atively normal with less pyknotic nuclei with significantly
increased viable GCL cells in 10mg/kg LBP treatment group
compared to control (P<0.05) [25]. Bipolar rod cells were
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studied via Protein Kinase C-« (PKC-«) immunostaining.
PKC-a immunoreactive cells were significantly reduced in
vehicle treated cells compared to sham (p<0.05) but LBP
treated retinae showed increase PKC-« immunoreactive cells
[25]. Glial response was evaluated with glial fibrillary acidic
protein (GFAP) and glutamine synthetase (GS) staining.
There was significantly stronger staining of GFAP in vehicle-
treated compared to control but with LBP treatment the
GFAP staining was notably reduced suggesting less gliosis
when giving LBP treatment [25].This study demonstrates
LBP’s ability to protect retinal neurons and could be applied
in the prevention or slowing the progression of diseases
such as diabetic retinopathy, glaucoma, and retinopathy of
prematurity.

3.1.3. Antiaging Effects. The antioxidant effects of LBP have
been studied in a number of animal models and cell cul-
ture experiments. One in vitro study demonstrated LBP’s
capabilities in clearing superoxide, hydroxyl radicals, and
2,2-diphenyl-1-picrylhydrazyl (DPPH) free radicals, with
clearance levels increasing with LBP concentration and
levelling off at 47158 + 6.231 ug/ml [26]. Another study
investigated LBP’s antioxidizing effects in Wistar mice using
the D-galactose (D-gal) aging model [27]. D-galactose has
been linked to cognitive and motor skill deterioration typ-
ically seen in aging [28]. The low dose group received a
subcutaneous injection of 100mg/kg/day D-gal and gastric
infusion of 10ml/100g/day LBP solution for 30 days. The
medium and high dose group was given 20ml/100g/day and
40ml/100g/day LBP solution, respectively, in combination
with 100mg/kg/day of D-gal. These groups were compared
to an only D-gal treated group and controls. The serum and
skin on the back of the mice were collected for sampling.
In the only D-galactose group, the levels of superoxide
dismutase (SOD), catalase (CAT), and glutathione peroxidase
(GSH-px) were significantly reduced compared to controls
(P<0.01). For LBP and D-gal treated groups, the levels of SOD
and hydroxyproline (Hyp) in the skin were comparatively
raised significantly in a dose-dependent manner [27]. SOD
is important in free radical scavenging. Its downregulation
leads to premature aging of the skin, with features such as
loss of collagen and skin wrinkles [29]. As a result, there has
been a rise of LBP based face creams available in the market,
although its effects have yet to be confirmed in human clinical
studies.

In zebrafish, it was shown that giving LBP reduced the
expression of proaging genes such as p53, p2l, and Bax,
while increasing expression of telomerase reverse transcrip-
tase [30]. The therapeutic effect was demonstrated at LBP
concentrations of 3.0 mg/ml. Using acridine orange staining
to assess the antiapoptotic effect of LBP, it was shown that
LBP concentrations from 1 to 3 mg/ml demonstrated dose-
dependent antiapoptotic effect with apoptosis induction at
4mg/ml. Senescence associated-f-galactosidase (SA-[3-gal)
staining at pH 6.0 was also performed and it was found
that staining at 1, 2, and 3 mg/ml LBPs was 88.3%, 81.7%,
and 68.3%, respectively of the staining in the control. This is
important as SA-f-gal is known to be an in vivo and in vitro
senescence marker [31].
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3.1.4. Anticancer Effects

(a) Breast Cancer. LBP also plays an important role in
activating extracellular signal-regulated kinase 1/2 (Erkl/2),
which in turn affects p53 expression in a dose-dependent
manner [32]. Moreover, there was a significant negative
correlation between the LBP treatment concentration and
the distribution of cells in the GO/Gl1 phase from 49.06% to
22.68% with a significant increase in the number of LBP-
treated cells arrested in S phase from 45.29% to 71.10%.
This demonstrates LBP’s tendency to inhibit cancer cell
proliferation in vitro. Similar effects were also demonstrated
in colorectal cancer cell lines SW480 and Caco-2 cells, with
concentration of LBP negatively affecting cell proliferation
[33] and cell adhesion [33]. A potential mechanism by which
LBPs exert its anticancer effects is by regulating tumor
apoptosis via the Bax and Bcl-2 expression and induce cell
cycle arrest of a variety of cancer cells at GO/GI, S, or G2/M
phase [6].

(b) Colon Cancer. A murine colon cancer cell line, CT26-WT,
was treated with different concentrations of LBP (0 pg/ml,
1 pug/ml, 10 pg/ml, and 100 pg/ml) [34]. Mice bone marrow
was also collected and incubated in the necessary solutions
for dendritic cell collection. LBP treatment-initiated Notch
signaling in dendritic cells was found. Specifically, mRNA
expressions of Notch, Jagged, Hesl, and Hes5 were raised
with LBP treatment. This is significant as Notch signaling is a
key initiation process in dendritic cell differentiation, as the
notch ligands serve as binding domains. Moreover, LBP treat-
ment also significantly increased cytotoxicity of dendritic
cell-meditated cytotoxic T-lymphocytes on the CT26-WT
colorectal cancer cells. This was demonstrated by the presence
of a significantly greater proportion of CD3+CD8+T cells
after 4 days of treatment with LBP compared to controls
(80.9£7.93% vs 54.5 +4.26%) [34]. Thus, apart from cell cycle
regulation, LBPs also has the ability to use immunoregulation
to target tumor cells.

(c) Cervical Cancer. Zhu et al. investigated the effects of
different concentrations of LBP solution (0, 3.125, 6.25, 12.5,
25, 50, 100, and 200 mg/L) on human cervical cancer HeLa
cells. Using the MTT assay to assess cell proliferation, it
was found that a concentration of 6.25 mg/L LBP solution
exerted the greatest cytotoxic effect after 4 days of treatment,
with the percentage of cell inhibition being 35% (P < 0.05)
[35]. Moreover, LBP also affected cell cycle progression in
proliferating HeLa cells. It was found that culturing with LBP
medium led to significant accumulation of cells arrested in S
phase, with cells in GO/GI phase significantly being reduced
from 56.8% to 31.4% [35]. Consistent with the effect observed
in breast cancer cell lines, LBP appears to promote apoptosis
of cancerous cells by preventing cell cycle progression. The
use of nontoxic agents such as LBP to treat cancer would
tremendously impact the quality of life of patients fighting
cancer.

3.1.5. Immunomodulatory Effects. The effect of LBP on B
and T cell activation was investigated using a mouse model
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with female BALB/c mice. There were 4 groups (with n=5
per group) being injected with either LBP alone or LBP +
rAd5VP1 in 0.2 ml of PBS. Negative control groups were
being injected with PBS + rAd5VP1. The BALB/c mice were
then given 5 mg/kg, 25 mg/kg, or 50 mg/kg of LBP perorally
for 7 days. Helper T cells were characterized by CXCR5
and PD-1 surface markers. For 25mg/kg and 50mg/kg LBP-
treated groups, the PDI+CXCR5+ T cells percentage was
significantly raised at 3.93 + 0.74% and 3.84 + 0.20%, respec-
tively [36]. It is also worth noting that the IL-21 measured
in 25mg/kg 50mg/kg LBP-treated groups were significantly
higher compared to controls. IL-21 plays a key role in helper
T cell differentiation and B cell activation [36]. To evaluate
the germinal centers of B cells, the spleen of the mice was
harvested and flow cytometry was used to quantify B220+GL-
7+ germinal center B cells. Upon treatment with either 25
mg/kg or 50 mg/kg of LBP solution, there was significantly
higher proportion of splenic B220+GL-7+ B cells on flow
cytometry compared to controls [36]. This study showed that
part of the immunomodulatory effects of LBP is through
attenuating humoral immunity through helper T cells [36].

In a similar study, BALB/c mice were injected with
nanoliposome encapsulated LBPs in ovalbumin (LBPL-OVA)
for 2 weeks compared to the control [37]. Apart from
LBPs effect on immunity, the effect of LBP encapsulated in
nanoliposomes was compared to that without encapsulation
(LBP-OVA). The positive control group was injected with
Complete Freund’s Adjuvant and OVA (CFA-OVA) [37].
Antigen transport to the draining lymph nodes was assessed
via immunohistochemistry. It was demonstrated that LBPL-
OVA-injected mice had significantly higher levels of antigen
concentration after 1 week of injection compared to other
groups. It was also shown that LBPL-OVA mice had signif-
icantly increased CD4+ and CD8+ T cells compared to CFA-
OVA groups, with CD3+ T cells significantly raised compared
to other groups [37]. Thus apart from improving humoral
immunity, LBPs can also induce cell-mediated immunity
and, by improving antigen delivery to the lymph nodes (the
key site in initiating adaptive immunity), it can facilitate T
cell and B cell activation by antigen presentation by antigen
presenting cells [37].

3.2. Local or Topical Effects

3.2.1. Effects on Cornea. Du et al. evaluated the effect of
LBP rat corneal epithelial cells after UV-B light damage.
The experiment demonstrated LBPs ability to increase cell
viability and reduce apoptosis after UV-B light damage. The
optimum concentration of LBP, as reported by the study,
was Img/ml [38]. Quantitative PCR demonstrated significant
upregulation of Bax mRNA by approximately 2-fold and
downregulation of Bcl-2 mRNA by approximately 0.27-fold
with around 8-fold increase in the Bax/Bcl-2 ratio in UV-
B treated rat corneal epithelial cells compared to those
treated with sham radiation. This effect was significantly
dampened when the UV-B treated rats were concurrently
treated with LBP [38]. It was also shown, via western blot,
that UV-B treated cornea epithelial cells had increased p-JNK
(phosphorylated JNK). This in turn was inhibited through
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concurrent treatment with 1 mg/ml LBP solution [38]. It
is thus suggested that LBP prevents apoptosis of injured
corneal epithelial cells via inhibition of the JNK-Bax-caspase
3 pathway.

Chien et al. investigated the potential therapeutic effects
of LBP extract on an experimental model of dry eye in
rats. Tear film metrics, including tear film break-up time,
Schirmer’s test, and keratoconjunctival fluorescein staining,
were compared between rats randomly assigned to control
group, low-dose goji berry extract group (250 mg/kg/body
weight), median-dose group (350 mg/kg), and high-dose
group (500 mg/kg) after experimental dry eye induction
[39]. LBP-treated rats had significantly higher Schirmer’s test
score and tear break-up time with reduced fluorescein stain-
ing compared to other groups, with a clear dose-response
relationship. This shows that goji berry extract increases
tear production and reduces tear evaporation, making it
a potentially effective supplement to treat dry eye disease
[39].

4. Discussion

Given its favourable safety profile, LBP has the potential to
serve as an adjunctive measure in existing treatments with
few, if any, concerns regarding toxicity or adverse reactions.
From published studies, the therapeutic use of LBP appears
to be particularly promising in metabolic diseases, including
diabetes, hypercholesterolemia, and fatty liver disease. There
is currently a lack of pharmaceutical agents directly treating
fatty liver disease, with affected patients advised on dietary
and lifestyle modification during early stages of the disease.
Moreover, the promising hypoglycemic effects of LBP in
diabetic patients, particularly those on dietary measures
alone, suggest that it may be a suitable oral hypoglycemic sup-
plement during the early phase. Regarding the use of LBP in
cancer treatment, however, the evidence is predominantly in
vitro, where high concentrations of LBP are required for sig-
nificant cytotoxic effects. In practice, it would be questionable
whether LBP supplementation would provide any additional
benefit in the clinical outcome of cancer patients at nontoxic
concentrations. In terms of its immunomodulatory proper-
ties, LBP has shown positive effects in boosting both humoral
and cell-mediated immunity quantitatively and qualitatively.
It would be worthwhile to assess LBPs immune cell-boosting
effects using disease models of acquired immunodeficiency,
such as HIV.

As a topical agent, the use of LBP in the management
of ocular surface disease is very promising. Dry eye dis-
ease is common in our population with significant impact
on quality of life [40]. Given the corneas superficial and
easily accessible location, we could also consider the use
of contact lenses as a drug delivery system for LBP. The
use of latanoprost-eluting contact lenses has already shown
promising results in combating poor long-term drug com-
pliance in glaucomatous optic neuropathy [41]. Furthermore,
scleral contact lens systems have been used as a method to
effectively deliver bevacizumab to the ocular surface as a
method to treat sight-threatening corneal neovascularization
[42].
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When comparing LBP to another popular supplement,
lutein, the latter is much more readily available in phar-
macies and convenience stores. Lutein also has substantial
evidence for its protective effects in the eye, preventing
diabetic retinopathy [43], experimental cataract formation
[44], disease progression in age-related macular degeneration
[45], and experimental uveitis [46] in published studies. Like
LBP, lutein is a well-established antioxidant but unlike LBP
lacks evidence of systemic benefits such as in glycemic control
and immunomodulation.

One major concern in the interpretation of published
studies on the subject is the variation in source of LBP
used. Unlike lutein, there is no research-grade LBP currently
available in the market. Thus, for experiments, researchers
must either extract their own LBP from wolfberries or, more
commonly, source from a number of Chinese medicinal
companies producing LBP powder for consumption use.
At the moment a wide range of concentrations of LBP is
available in the market, with a lack of details on extraction
and purification processes used. The lack of a standardized
source for LBP and lack of quality control means that the
results obtained from experiments will inevitably be affected
by the source of LBP used by the research team. Introducing
methods to objectively quantify LBP, through methods such
as high-performance liquid chromatography, will allow a
better comparison between experiments.

Future Directions. One of the key areas for further research
is to develop a viable method of drug delivery to achieve
therapeutic levels in the form of topical treatment such as
LBP eye drops and systemic formulas such as LBP powder
capsules, LBP containing injections, or oral intake of wolf-
berries each day and whether they should be consumed in
its natural form or as a tonic/broth and the respective doses
needed. This is a concern as we have yet to understand
whether LBP is heat stable and if we use the traditional boiling
of wolfberries to form tonics/broths we may compromise
their active ingredients. In addition, we should also assess the
bioavailability of each route of administration and their safety
profile.

5. Conclusion

LBPs have a number of promising therapeutic uses in the liver
disease, metabolic disorders, immune dysfunction, aging,
neuroprotection, cancer, and ocular surface diseases. These
potential applications should be thoroughly assessed through
further in vivo studies and ultimately in well-designed
randomized controlled clinical trials. One major limitation
of current research is a lack of standardization and quality
control for the LBP used. The availability of research-grade
LBP, of consistent concentration, will help promote further
interest and robust research work in this field.

Data Availability

The authors agree to make all materials, data, and associated
protocols promptly available to readers without undue quali-
fications in material transfer agreements.

BioMed Research International

Disclosure

The authors alone are responsible for the content and writing
of the paper. This manuscript has not yet been published
and is not being simultaneously considered elsewhere for
publication.

Conflicts of Interest

The authors declare that they have no conflicts of interest.

Authors’ Contributions

All authors attest that they meet the current ICMJE criteria
for authorship. Sum Sum Kwok and Kendrick Co Shih were
involved in study design, data collection, data analysis, and
manuscript writing and editing. Yashan Bu, Amy Cheuk-Yin
Lo, Tommy Chung-Yan Chan, Jimmy Shiu-Ming Lai, and
Kwok Fai So were involved in data collection, data analysis,
and manuscript writing and editing.

References

[1] M. Zhang, H. Chen, J. Huang, Z. Li, C. Zhu, and S. Zhang,
“Effect of lycium barbarum polysaccharide on human hep-
atoma QGY7703 cells: inhibition of proliferation and induction
of apoptosis,” Life Sciences, vol. 76, no. 18, pp. 2115-2124, 2005.

[2] O. Potterat, “Goji (Lycium barbarum and L. chinense): phy-
tochemistry, pharmacology and safety in the perspective of
traditional uses and recent popularity,” Planta Medica, vol. 76,
no. 1, pp. 7-19, 2010.

[3] R.C.-C.Changand K.-F. So, “Use of anti-aging herbal medicine,
Lycium barbarum, against aging-associated diseases. What do
we know so far?” Cellular and Molecular Neurobiology, vol. 28,
no. 5, pp. 643-652, 2008.

[4] W. Chen, X. Cheng, J. Chen et al., “Lycium barbarum polysac-
charides prevent memory and neurogenesis impairments in
scopolamine-treated rats,” PLoS ONE, vol. 9, no. 2, Article ID
e88076, 2014.

[5] L. Kou, M. Du, C. Zhang et al., “Polysaccharide purified from
Lycium barbarum protects differentiated PCI12 cells against L-
Glu-induced toxicity via the mitochondria-associated pathway,”
Molecular Medicine Reports, vol. 16, no. 4, pp. 5533-5540, 2017.

[6] J. Cheng, Z. W. Zhou, H. Sheng et al., “An evidence-based
update on the pharmacological activities and possible molecu-
lar targets of Lycium barbarum polysaccharides,” Drug Design,
Development and Therapy, vol. 9, pp. 33-78, 2015.

[7] H.B.Deng, D.P. Cui, J. M. Jiang, Y. C. Feng, N. S. Cai, and D. D.
Li, “Inhibiting effects of Achyranthes bidentata polysaccharide
and Lycium barbarum polysaccharide on nonenzyme glycation
in D-galactose induced mouse aging model,” Biomedical and
Environmental Sciences, vol. 16, no. 3, pp. 267-275, 2003.

[8] Q.Luo, Y. Cai,]. Yan, M. Sun, and H. Corke, “Hypoglycemic and
hypolipidemic effects and antioxidant activity of fruit extracts
from Lycium barbarum,” Life Sciences, vol. 76, no. 2, pp. 137-149,
2004.

[9] Y. S. Ho, M. S. Yu, C. S. W. Lai, K. F. So, W. H. Yuen, and
R. C. C. Chang, “Characterizing the neuroprotective effects of
alkaline extract of Lycium barbarum on beta-amyloid peptide
neurotoxicity,” Brain Research, vol. 1158, no. 1, pp. 123-134, 2007.



BioMed Research International

(10]

(11]

=
»

(14]

(15]

(16]

(17]

(18]

(19]

[20]

[21]

[22]

(23]

Y. S. Ho, M. S. Yu, S. Y. Yik, K. E So, W. H. Yuen, and R. C. C.
Chang, “Polysaccharides from wolfberry antagonizes glutamate
excitotoxicity in rat cortical neurons,” Cellular and Molecular
Neurobiology, vol. 29, no. 8, pp. 1233-1244, 2009.

K. Chiu, H.-C. Chan, S.-C. Yeung et al., “Modulation of
microglia by Wolfberry on the survival of retinal ganglion cells
in a rat ocular hypertension model,” Journal of Ocular Biology,
Diseases, and Informatics, vol. 2, no. 2, pp. 47-56, 2009.

G.-J. Shi, J. Zheng, J. Wu et al., “Protective effects of lycium bar-
barum polysaccharide on male sexual dysfunction and fertility
impairments by activating hypothalamic pituitary gonadal axis
in streptozotocin-induced type-1diabetic male mice,” Endocrine
Journal, vol. 64, no. 9, pp. 907-922, 2017.

H. Cai, F. Liu, P. Zuo et al., “Practical application of antidiabetic
efficacy of Lycium barbarum polysaccharide in patients with
type 2 diabetes,” Medicinal Chemistry, vol. 11, no. 4, pp. 383-390,
2015.

Y. Wang, L. Ding, Y. Li, C. Guan, and J. Guo, “Lycium barbarum
polysaccharides can reduce the oxidative damage of the retinal
nerve cells in diabetic rats,” International Journal of Clinical and
Experimental Medicine, vol. 10, no. 3, pp. 5168-5174, 2017.

P. G. Pai, H. P. Umma, S. Ullal, P. Ahsan Shoeb, M. S.
Pradeepti, and Ramya, “Evaluation of hypolipidemic effects of
Lyciumbarbarum (Goji berry) in a murine model,” Journal of
Natural Remedies, vol. 13, no. 1, pp. 4-8, 2013.

H. Amagase and D. M. Nance, “Lycium barbarum increases
caloric expenditure and decreases waist circumference in
healthy overweight men and women: pilot study,” Journal of the
American College of Nutrition, vol. 30, no. 5, pp. 304-309, 2011.
X. Zhu, S. Hu, L. Zhu, J. Ding, Y. Zhou, and G. Li, “Effects
of Lycium barbarum polysaccharides on oxidative stress in
hyperlipidemic mice following chronic composite psychologi-
cal stress intervention,” Molecular Medicine Reports, vol. 11, no.
5, pp. 3445-3450, 2015.

J. Fung, C.-K. Lee, M. Chan, W.-K. Seto, C.-L. Lai, and M.-F.
Yuen, “High prevalence of non-alcoholic fatty liver disease in
the Chinese—results from the Hong Kong liver health census,”
Liver International, vol. 35, no. 2, pp. 542-549, 2015.

J. Xiao, F. Xing, J. Huo et al., “Lycium barbarum polysaccharides
therapeutically improve hepatic functions in non-alcoholic
steatohepatitis rats and cellular steatosis model,” Scientific
Reports, vol. 4, article 5587, 2014.

H.-T. Wu, X.-]. He, Y.-K. Hong, T. Ma, Y.-P. Xu, and H.-H.
Li, “Chemical characterization of lycium barbarum polysaccha-
rides and its inhibition against liver oxidative injury of high-fat
mice,” International Journal of Biological Macromolecules, vol.
46, no. 5, pp. 540-543, 2010.

F. Gan, Q. Liu, Y. Liu et al., “Lycium barbarum polysaccharides
improve CCl4-induced liver fibrosis, inflammatory response
and TLRs/NF-kB signaling pathway expression in wistar rats,”
Life Sciences, vol. 192, pp. 205-212, 2018.

Y. Yu, X. Wu, J. Pu et al,, “Lycium barbarum polysaccharide
protects against oxygen glucose deprivation/reoxygenation-
induced apoptosis and autophagic cell death via the PI3K/Akt/
mTOR signaling pathway in primary cultured hippocampal
neurons,” Biochemical and Biophysical Research Communica-
tions, vol. 495, no. 1, pp. 1187-1194, 2018.

W.-J. Liu, H.-E Jiang, E U. L. Rehman et al., “Lycium barbarum
polysaccharides decrease hyperglycemia-aggravated ischemic
brain injury through maintaining mitochondrial fission and
fusion balance,” International Journal of Biological Sciences, vol.
13, no. 7, pp. 901-910, 2017.

[24]

(25]

(26]

(27]

(29]

(30]

(31]

(33]

(34]

(35]

(36]

(37]

(38]

17

G.-Y. Lee, C. Lee, G. H. Park, and J.-H. Jang, “Amelioration of
scopolamine-induced learning and memory impairment by «-
Pinene in C57BL/6 mice,” Evidence-Based Complementary and
Alternative Medicine, vol. 2017, Article ID 4926815, 9 pages, 2017.
D. Yang, K.-E So, and A. C. Lo, “Lycium barbarum polysac-
charide extracts preserve retinal function and attenuate inner
retinal neuronal damage in a mouse model of transient retinal
ischaemia,” Clinical & Experimental Ophthalmology, vol. 45, no.
7, pp. 717-729, 2017.

L. Zhang, J. Gu, Y. Chen, and L. Zhang, “A study on four antiox-
idation effects of lycium barbarum polysaccharides in vitro,”
African Journal of Traditional, Complementary and Alternative
Medicines, vol. 10, no. 6, pp. 494-498, 2013.

R. Yi, X.-M. Liu, and Q. Dong, “A study of Lycium barbarum
polysaccharides (LBP) extraction technology and its anti-aging
effect) African Journal of Traditional, Complementary and
Alternative Medicines, vol. 10, no. 4, pp. 171-174, 2013.

K. Parameshwaran, M. H. Irwin, K. Steliou, and C. A. Pinkert,
“D-galactose effectiveness in modeling aging and therapeutic
antioxidant treatment in mice,” Rejuvenation Research, vol. 13,
no. 6, pp. 729-735, 2010.

N. Treiber, P. Maity, K. Singh, F. Ferchiu, M. Wlaschek, and
K. Scharffetter-Kochanek, “The role of manganese superoxide
dismutase in skin aging,” Dermato-Endocrinology, vol. 4, no. 3,
pp- 232-235, 2012.

G. Xia, N. Xin, W. Liu, H. Yao, Y. Hou, and J. Qi, “Inhibitory
effect of Lycium barbarum polysaccharides on cell apoptosis
and senescence is potentially mediated by the p53 signaling
pathway;,” Molecular Medicine Reports, vol. 9, no. 4, pp. 1237-
1241, 2014.

G. P. Dimri, X. Lee, G. Basile et al., “A biomarker that identifies
senescent human cells in culture and in aging skin in vivo,
Proceedings of the National Acadamy of Sciences of the United
States of America, vol. 92, no. 20, pp. 9363-9367, 1995.

L. Shen and G. Du, “Lycium barbarum polysaccharide stim-
ulates proliferation of MCF-7 cells by the ERK pathway;” Life
Sciences, vol. 91, no. 9-10, pp. 353-357, 2012.

F. Mao, B. Xiao, Z. Jiang, J. Zhao, X. Huang, and J. Guo, “Anti-
cancer effect of Lycium barbarum polysaccharides on colon
cancer cells involves GO/Gl phase arrest,” Medical Oncology, vol.
28, no. 1, pp. 121-126, 2011.

W. Wang, M. Liu, Y. Wang et al., “Lycium barbarum polysac-
charide promotes maturation of dendritic cell via notch sig-
naling and strengthens dendritic cell mediated T lymphocyte
cytotoxicity on colon cancer cell CT26-W'T;” Evidence-Based
Complementary and Alternative Medicine, vol. 2018, Article ID
2305683, 10 pages, 2018.

C.-P. Zhu and S.-H. Zhang, “Lycium barbarum polysaccharide
inhibits the proliferation of HeLa cells by inducing apoptosis,’
Journal of the Science of Food and Agriculture, vol. 93, no. 1, pp.
149-156, 2013.

C.-X. Su, X.-G. Duan, L.-J. Liang et al,, “Lycium barbarum
polysaccharides as an adjuvant for recombinant vaccine
through enhancement of humoral immunity by activating Tth
cells) Veterinary Immunology and Immunopathology, vol. 158,
no. 1-2, pp. 98-104, 2014.

R. Bo, Y. Sun, S. Zhou et al., “Simple nanoliposomes encapsu-
lating Lycium barbarum polysaccharides as adjuvants improve
humoral and cellular immunity in mice,” International Journal
of Nanomedicine, vol. 12, pp. 6289-6301, 2017.

S. Du, B. Han, K. Li, X. Zhang, X. Sha, and L. Gao, “Lycium
barbarum polysaccharides protect rat corneal epithelial cells



18

against ultraviolet B-induced apoptosis by attenuating the
mitochondrial pathway and inhibiting JNK phosphorylation,”
BioMed Research International, vol. 2017, Article ID 5806832, 10
pages, 2017.

[39] K. Chien, C. Horng, Y. Huang et al, “Effects of Lycium
barbarum (goji berry) on dry eye disease in rats,” Molecular
Medicine Reports, vol. 17, no. 1, pp. 809-818, 2017.

[40] M. Uchino and D. A. Schaumberg, “Dry eye disease: impact on
quality of life and vision,” Current Ophthalmology Reports, vol.
1, no. 2, pp. 51-57, 2013.

[41] J. B. Ciolino, A. E. Ross, R. Tulsan et al., “Latanoprost-eluting
contact lenses in glaucomatous monkeys,” Ophthalmology, vol.
123, no. 10, pp. 2085-2092, 2016.

[42] J. Yin and D. S. Jacobs, “Long-term outcome of using Prosthetic
Replacement of Ocular Surface Ecosystem (PROSE) as a drug
delivery system for bevacizumab in the treatment of corneal
neovascularization,” The Ocular Surface, vol. 17, no. 1, pp. 134-
141, 2018.

[43] K. Neelam, C.]J. Goenadi, K. Lun, C. C. Yip, and K.-G. Au Eong,
“Putative protective role of lutein and zeaxanthin in diabetic
retinopathy;” British Journal of Ophthalmology, vol. 101, no. 5,
pp. 551-558, 2017,

[44] E. Arnal, M. Miranda, I. Almansa et al,, “Lutein prevents
cataract development and progression in diabetic rats,” Graefe’s
Archive for Clinical and Experimental Ophthalmology, vol. 247,
no. 1, pp. 115-120, 2009.

[45] S. Carpentier, M. Knaus, and M. Suh, “Associations between
lutein, zeaxanthin, and age-related macular degeneration: an
overview,” Critical Reviews in Food Science and Nutrition, vol.
49, no. 4, pp. 313-326, 2009.

[46] R.-R. He, B. Tsoi, E. Lan, N. Yao, X.-S. Yao, and H. Kurihara,
“Antioxidant properties of lutein contribute to the protection
against lipopolysaccharide-induced uveitis in mice;,” Chinese
Medicine, vol. 6, no. 1, article 38, 2011.

BioMed Research International



