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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

3.11. 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



BioMed Research International

(ZOA) 2wnjoa uadLxo yjeaiq
pue «(TqH) surjordodiy Aysuap-yS1y (DY) 241D Topun eate-p (FHdd) 21mpuadxe A31aus Terpuerdisod (YIARY) 9181 d1rjoqejowr Sunsax -5 (1Y) [e1) [0U0D PISTWOpULI-q ‘WNIeqIeq WNIAT- SUoHDIA2Iqqy

N =
siadvd (p10],
ojer suraseq 03 paredurod
J1joqejow [eseq JI0J juatranseawr JUaUIRII) m%ﬁﬁ
9pnId B ST ZOA UI 23ueyd Jey) ¢I 1a3ye uOTONpaI 9OUDIJUWINIITD -
310U 03 Jue)I0duI ST IT TOAIMOL] WICY OFHC'S STEM
9JeI dIj0qRIU :dnoid g1 10¥ [o13U00 (o1]
[eseq ur asea1our y3noiyy surpeseq uey Pa[[o13u0d SA ([UINZT/09/0€) sores portun) ——
2q 03 pa3sa3Sns wsTuBYIN 1oySiy Apuesyruss oqaoerd 2om( g :s302[qns : e seSer
$303(qns 1YS1oM 1940 10] eIur I9YyR ‘purq o[qnoq JydromianQ P v
UOIJONPAT DUIJUINIILD ISTeM UT Iy[ 9seIOUT (ZOA) dddd + e 8
juounjean) Jg7 Areyuswarddns jo UIW/[W7 /L SFIT'SS
Aoeo1yyo [edTUI]d 10 2OUIPIAD I.OY :dnoid g
[omu0o 03 pareduwrod
az1s a[duues [[ews e Aq pajrwuy] ddTuIdH pidy wnaog
. pastex Apueoyrudig
joedur enuajod Tasamol oyear
s300[qns AT 1T 2dKy EWOH H o010 Xopur [013U0d N 1T
Ul [01)UOD 10)I®J YSLI TR[NISBA I0] &mq. &o\m woo%mowum sruadournsuy LOY ¢/ 2dA, sa Lep/wog eury) [e1] 10T
juounjean} Jq1 Areyuswaddns jo w@o 97 .mw N\ 037 vH purq s[qnog dq1 :s109[qns : “Te 39 18D
0 ) - ad4
£o®O1J0 [eOTUT]D JOJ 20UIPTAD T DY ogqeverd sa dnoid NQ 11 2dAL
2s0oN[3 winrag
ddT Ul paseanap
DNV 25091N[H
PSRy peSWOANO _sIajouwrered aPOWPIN BMM_HMw ,sdnoin Anyunon ERI oI

d4TJo s10ape onnaderar 9y Sunensuowap SaIpnIs [edTUr[D) [ TILV],



BioMed Research International

(10°0>d) dnoid Sy ay3 ur paonpai
Apueoyrudts Ty £d XD (S0°0>d) sdnoid
SH pue H yim paredwod dnoid
TH 94} U1 paseaIdut [y LdXD VNYW
(dnoi8 g 03 paredwod 19°0>d
pue dnoi3 g 03 pareduwos o'0>d)
JUIUI)BAI) J'T YIIM PIONPAI Sem
PIYM 9-[ paseanur pey dnoid S
(s0°0>4g) dnoi3
H 03 paredwod dnoi SH oy ur 1omo]
Apueoyrusis 0£-dSH 2[1ym (10°0>d 0£-dSH 10} VSITd

pue ¢0°0>d) sdno1d §TH pue TH 2y
UI PAATISQO 2IOM ()/-JSH UT 95ea10U]
(0°0>d)

uonoeaI Ureyd
aserowfjod aaryejyuenb
-aseydriosuer) asIaAdy

9-11 10 VST'Td

spepour
9sBasIp 1230 0 o[qeordde

(STH) dnoid
ssa1)s Teardooy4Asd
ansodwod
o1uoIYd +d g
+ erwaprdipradAy
sA (SH) dnoid
ssans [eor3ojoyd4sd

[£1]

9q P[nod [I1yMm s3I0M dnoi3 1 03 oATIE[OI TOMO] S19M OAIA U] 6/6/6/6/6 aysodwod sruoIyd euo S10T e 32 NYZ
ddTMOY O3 SE WSIUERU o418 o7y pue TH ur yqN onedoy + eruoprdipradAy
Te[nodfou ajqissod ay ‘(Apanoadsal sA (TH) dnoi§ qg1 +
SunySiydry Apnys Sunysazayuy an- .
10°0>d pue 50'0>d) dnoid S[PAd] VAN diedaH erwaprdipradAy sa (1)
DN 2y} y3m paredwod se ‘sdnoid dnoi8 erwoprdiprod4y
SH pue H 43 Jo yoes ut 1aySiy vaw sA (ON)
‘(A[oanoadsar dnoi3 joru0o TeTIION
S0°0>d pue 10°0>d) dnois [ pue
DN UBY} D, pue D, s3] Apueoyrudis
pey dnoid mA.E *dnoi§ 11 03 paredwoo smgoad pidi poolg
(4309 10§ 50°0>d) DL PUE DL, 1oMO]
Apueoygruis pey dnoid TH *(10°0>d
3 50°0>d) dnoi3 DN uey) D, pue
01, 7oyS1y Apueoyrudts pey dnoid 1
Aep/Buio0s . (kep/8/Bwi07) 4T+
sdnoid voneyuswarddns T Ur uon npaIUesyIusts I’ Aep/3y/3w
v or srgond Aquo Aep/Buipez aord pidippoorg  oara up o990 T/ m_ oy imc erpuy oz o0 wm
Ul JUaWaA0IdWI Sa}eI}SUOWI(] g7 ur aseanour Juedyrudis *JAH AdH/AIH/AN 1A
sdnoi8 gg1 yloq ur
uononpar Juedyrudis “TITA ‘DL DL
spoaffo
JHoqvIdN 'V
Sy TRy £5,SUWOINQ o(8)121wrereq POy az1s opdureg sdnorn Anyuno)n 221103

dd1 Jo s30ap° onnaderay) orurdlsAs oy SUreI}SUOUWIP SIIPNIS [BUOTJB[SURL], i ALV,



BioMed Research International

[013u05 03 paredwod pajear)

dgT ur paseanap xeq pue 1zd ‘¢gd
[0I1}U0D 3} UT PAATISqO

uorssaxdxs suad
Aemyyed Surreuss ¢gq

Sururess a3 Jo A[oan0adsax 9¢'89 she
OAIA UT PU® 05/'18 05€°88 SeM sIgT [w/Sw ¢ 10§ ME\MMH pI0¢ [0¢]
dd71 3o s109y9 onoydode-nyue ¢ pue 7 T :uonesynuenb [e8-g-vs OAIA U] 0¢ o0 A To1UO BUIYD .
juapuadap-3sop sajensuowaq sisoydode JUIUISSISSE IIUIISIUIG 4 ﬁw ddT sa [onuo) 10T “Te 32 erX
: :sofIquus ysyeiqa
paonpur sgqT [w/SwgIouuew R
juapuadap-asop e ur sqqT [w/Sw ¢
ur paonpai sisoydode oo :Burureis Oy
uoneziuesio (10°0>d) dnoi3 Surde 8001/3wg 10 49T
U3e[[0D st yons PajedNsaAUl  ay) Ul YN $9onpal pue Apuedyrusis £ep/S001/1w 0F 10
19UIny UD3Q ALY PINOd UNS [y pue xd-HSD ‘QOS saseandur ggp  UPIS asnour pue g1 Lep/3001/Tw 07 [£2] €10C
3} U0 JgT JO 1933 YT, "} (10°0>d) dnoid poojq asnow ut xd-HSH  OAIA U] 01/01/01/01/0T/0T BUIYD ]
. . 10 4g1 Aep/3001/[W O [e32 1X 3 0]
a3 Jo suotjesrjdwr [edrurpd rewzou o} paredwos dnoid SurSe pue 1vO VAN ‘dOS 10 aures Aep/3001/[w
1) 10U INq S[edIPeI 221J Jo LyD pue xd-HSD ‘qOS paonpal 31 Aep/Sy/3
[ + [es-(J Aep/sy /oWt
pue saads ua8Lxo aaryoear PUB V([N Ul asea1dut juedoyrusig 00T SA [OTUOD) Sjey
JO S[AR] 3} passasse A[uQ
w/3N1E7 9F8ST; JJeI 2dURIRI]D djelaouelesd
S[BII) OATA UT 10§ SISEq [W/snIET 9+8STLY 0501 i) Bmuﬁ SLaV Apnis suoN SO¥ pue [eorpex eury Gmm_ €102
. . BOIWD : : “
2q ued s)nsy Apn3s SIy) ul [w/8rgr/ ST 0SDI soueeap aprxozadng [ed1arey D 291 U0 199 qq'T [e 30 Sueyyz
POAJOAULT 9I9M S[ETUTUR IO S[[30 /S
OU S oN[eA PITWI] JO SINSAY 0601 pUe 20uTIEaP %568 01 dn) 9)eI dURIBID -HO
Sudp-yuy g
S TR £,SUWO2INQ o(8)1010weTRq POy az1s ajduwreg Ssdnorn Axyunon 221N0g

‘ponunuo)) g 41dV],



BioMed Research International

I-[dOI 8 JT-TI 0-ANL
JO VN W payuquyur Syy/3w 0091

SOUD03AD

Am(ursneday jo [ppowr oata Ur g Syy/Bwr 008 “BY/wW 0% 44T + FIDD Arorewrweut-o1g (8y/8w
ue ut voneyuswalddns g7 Jo S[PAS] V(N JO SaseaIur 0091 pue /3w
§199J5 AI0jeWWEJUI-)UR PUR PISIIAI X9 S[OAI] SO ‘SanIAnOR sowdzua Jurziprxo-nuy  OAIA U] 01/01/01/01/01 008 “33/3w 00%) d9'T BUIYD 8107 Te 1 AWM
JUBPIXO-TJUR $3JRNSUOWR(  XJ-HSD ‘QOS PISLI09P PIsIdAdI JqT +$[OD SAFIDD SA
9%y F TI'09 /S6'F F 85F9/9¢°S [OIUOD $3Ty TEISIM
T 6968 /8L'6 ¥ 8 VCI/6V'E F ¥9'ST (T)ITY
juswjeas} u 0} paredwod sjer HSYN
90uR)SISaI UIMSUI PUB IYSOM  pajean) JgT Ut paonpai Apueoyrudis IUEISISST UIMSU] (fPam 71-6) d9'1
Apoq ur uonjonpai ydnoyy (HSVN) + HSVN SA ([oom
Apoaxpur pue spneday 8 £/01 T £'10% $A (HSVN + $oom JuSiom £po 1A 21) 44T+ HSYN
ur uoponpar y8noxy) AP z1-6 491 8 0°1  1'7Se A (HSVN oo fpod w pue 9/9/9/9/9/9 SA HSVN $A (s9am euryD [61]'v10C
uonpiudwalddns 4q71Jo + $2M 71-€ d4'T) 3 ¥E1 F T0FE OAIA U] T1-6) T sA (SpPam . “Te 10 'Y
I e S
sdnoid SN + dgT Ut paonpay Aw-mzr_. 1y wmnios ' R
REVIERIITNE) 3 o)
S TR £,SAWO2INO) o(8)121wrereq POUIdIN az1s ajduwreg Ssdnorn Axyunon 221N0g

‘ponunuo)) g 41dV],



BioMed Research International

Ayrunurwat pajerpaw-[[od
Jo Sururtad ySnory
ddT JO S1999 TodUed-T)Ue
[enuajod sajensuouraq

juounjean} JgT uodn ¢sof pue [SOH
pad3e( ‘yojoN jo uorssardxa pasearouy

(% 9THFFS 7S SA %E60LF6°08) [01IU0D
01 paredwoo sfep 10§ JgT paseaour

S[[P2 +8dD+£dD jo uoniodoig

S[[20 SLLIpUIp
ur Surpeusrs yojoN

QUON

uo 43101010345 (sInoy
8% /¥ 10y [w/31 001
pue ‘qui/Sr o1
‘To/3r 1 “T/31 0)
T :2ul] 190U.d UO[0d
aurmur 1, M\-921.0

euTyD

[¥€]
10T 'Te 32 Suepm

jusunean Jg-1 ynm (%¥'65-5€€)
aseyd § 2y UT S[[20 JO UONR[NWINIIY
jusuneaI)
d4T UM %FIE 01 %89G WOy
Apueoyrurs asearnap aseyd 15/00
94GE JO UOIQIYUI }$938318 Pamoys
[u/Sw 6z°9 1 Juawnjean) Jq- skep ¥

JUON

(shep px /Sw
001 10 ST 57°9 “0) dd'1
)M Pajear) aulf [[22
BWIOUIdIeD [eJIAID
uewny e ‘s[[ad eIoH

euTyD

[s¢] €10z
Gueyy pue nyy

*S[[20 10Ued 0} PATWI] 9q 10U
Aewr 1oage s1yy, “wonerayrord
T[22 JO UONIqIYUI Y3noy)
ddT JO 53992 01X030340
[enuajod sajensuowraq

1zd pue ¢cd-d pue ¢gd paseardap g1

%0T'TZ 03 %67 G¥ oseyd
S (%8977 0 %90°6¥ seyd 195/0D

QUON

144

10§ 49T [w/31 00¢
10 Q0T ‘0€°0T ‘0 IIM
Pa1ea1) S[[3d £L-IDIN

euryD

[e€]
10T “T& 32 OB

s1oaffo

A22UDI-1UY (]

SYTetIay

£5,SAWOINQO

£11o1%010140 onrA Ul
TLD parelpali-DA
uo 1299 4471
uonnqrIsIp o242 [[2
OI}IA U]
uonerdjrjoid [[o0 o
uortssaxdxa 17d pue €5
OI}IA U]
uonnqIISIp A[O4d [[2D
q(S)1PweIRgd POoyIeIN

az1s opdureg

sdnoin

Axyunon

901n0g

‘ponunuo)) g 41dV],



BioMed Research International

"uor)ONpaI JuedYIUSIs
OUu UT paj[nsaI juaunean) 441

nq [013U05 03 paredwod pajean-ODS snduresoddry ur g0V
ur pasrer Ajjueoyrudis sem quOV
P1oy 12d sye0 aanisod-xDA
9'TEIFS 689 :dI'T/ODS Sa Py 12d s[[20 suoImaU

aansod-XDOd TSIFH STODS/APIYRPA

sA prey 1ad s[jeo aanisod-xD 2401504°X 0 10 OHI

€ ZIIFT 996 -dUI[eS/S[OTYIA (Aep/By/Buit
‘suonyejru] syt SunySiysiy (F6170ZS) dnois \w. oA 10 Kep/3y/3wz o
+
oste ajoym sndureooddry 5 snsion Q.omﬂ%mww m:.osh 3 OAIA U] 11/01/21 YR d91) 0DS/d91 BUTYD ) (¥]
oY) ur 30919 2a130301d 5, JGT 1 Surureysounwwir £9ry| SA ODS/PPIYPA F10T Te ve uayD
Suimoys Apnis pajonpuod [ OOS/dd'T 243 ut paseaidut Apuedyiusis SA QUIeS /A[OTYA :S}eY
: 9IOM TO[ONU JAT)OLIIOUNTII-/9TY] : :
parean-QDS 03 paredwod
90UB)SIP WIMS PUE JWIT) AOU)e] 9ZPULId)BAA SLLIO]A
a3 ut saseadap Apueoyrudis ODS/dd1
%9°81+9°99 ‘1A
se ue
0DS/ddT %SLFYIS 1A 00s PPN 1 o 4 TO PEPHON
spoaffo
aa1192304doanaN
g
(%170 F00°%)
« By/8wog (%150 F 56°¢) /8wy UOLRULIO} IJASPVA + dgT 10
jrunuuraat ¢ 0T 29°7)) Sy/Swc -
(%60°0F 89°7)) 3/3WS (%67 0F 193u2d [eUTIAD de'T M paziunuuy
[eIoWNY pue PJRIPIW [[9D 08'T) [01U0D) [0 § +/-TH+07Ze 193¢ 0 1od sfep 'UIYD [9¢]
U0 dg'T JO $3299 [eldyataq OAIA UT 6/s/s/s M $10T “Te 32 ng
: (%0T°0 F ¥8°¢) 8y/8w 5 : £ 10§ 3/8w 05/ST/S
[enuajod sajensuowa (| ] 0 % crec) Sy /3 o UOT)eIoUD .
0S ‘(%FL 0 F €6°¢) BI/SW ST (%LOOF R o E— dd'T sA [oNUOD PO
£1'7) B4/ & 5[0 YL +QUOXDHIAd AT
X . .
JUETLIL PoIBIpITU-Ioo N'T 03 3odsuen) uadnuy <.>O 1441 m\.,
uo uonejuawa[ddns o1 VAO-19 SA VAO-d9T (€]
ddT1Jo s1099 Pa122(UuT YAQ-Tdd'T UT PIseaIdut [y uoTneAnOR [ ], OAIA UL 0T/0T/02/0T/0C/0T  sa YAQ SA VAO-VAD BUIYD 102 “Te 12 o
[eIDYoUaq $3)RIISUOWS(] +8dD/+¥dD PuR +¢AdD SA [01JUO)) DTN
spoaffo
Aiogppn
-poutouniui g
Sy TRy £,SUWOINQ o(8)191oureIRq POy az1s opdureg sdnorn £nuno) 20IN0g

‘ponunuo)) g 41dV],



BioMed Research International

(s0°0>d)
uotsnjradar sinoy 7/x8%¢ 3e dnoid Jq-
ur paseardap sem 1dxq/1drig-oydsoyd

Jo onjel o[Iym uorsnyradar simoy 1019 tRIsoM
¢ e dnoid Hi 03 pareduwos dnois
dq1 ur paseasour Apueoyrudis redo
"(s0°0>d) uorsnyrodax
SINOY 7/ pue g Je sisowjAd
[euOINAU paonpai jusurjedr)-aid Sutrers
urmsur 10 gg Aym (0°0>d) S IR H
dnoi o\ uey roponu onouAd
arow Apueoyrusis pey dnoid Hy
*S[eLI} [EDTUI[D JOJ SISeq Poo3 e "(50°0>d) uorsnyradar jo smoy £ " st
are s)nsay A[reqors Anpiqiow  B¥C e dnoid HY ayy uey) wire 1a81e) M OVOIW OH x|
pue Lyperiow ydry saruiey  JE sowm 198u0] Juads sdnoid urnsur 1o Jzew-J, OAIA U] 67/62/6T/LT SA d9T YNM QVDIN BUIYD /10T e 32 I
[OIYM ax0o1)s U0 30hd sJgT ddTym (50°0>d) uwre 3o31e3 3e dnoid OH sa O<UE.UI
SurpreSar synsax Surstworg DN Y3 uey) awy ssof Juads dnoid D SA OVOW ON sied
(50°0>d) uorsnyradai jo sinoy 7/ % ¥
Je 2100$ JIDYIP ) PAONPAI JUIW)EI}
21008
urnsur 1o Jq7 aym (s0°0>d) dnoid
SJYP [ed13o[oInaN
DN UBY} $2100S JIOYIp [e2130[0Indu
919495 210w pey dnoid Hiy
(s0'0>
d) uvorsnyradar 1oyye s1noy $7 sowmjoa R—
Jo1RJUT paonpal Apueoyrudis pey
) JWNJoA Jorejuf
sdnoid urmsur pue gq1 oYM (50°0>d)
DN Uey} awnjoa jo1ejur pey dnoid niy
[w/3n09 101q
441 03 paredwioo ¢-asedse)) paaed]d  UISISIA UM SIsA[eue
paIITI00 34 A5t} 2000 pue [1¢DT Jo uotssaidxa oy m@w«&u:_ Kemyyed Sureusis
uorssa1301d au) mofs Ajurew (Z00¥6TAT) Tonqryut oyads-Me[d HOLM/PV /LD
: ) moTs ATt juounjeanjaxd JqT Ul pasearour
JO SISBISIP 2ATLIAUISIPOINIU ) ’ : surajoxd ordeydoine
uorssaxdxa zod ‘paonpar a1om orjer
JO jasu0 oY) Juaaard 10§ 10[q UIISIAN
TEDT/IIEDT Pue uorssardxa [ uIdag
ued JqT IOYIoUM JO Ia)jeu sdnois sodiqua
U [IS SERI9UL, 'S[eLh [ESTU juswean) Jg ut pajemSar-umop 01W 9/T4/SD [z7]
Ul 9SBISIP S ISWIYZ[Y U0 ’ ! surajoixd onoydode OIA U] QUON : BUIYD .
Surdpnys ur sem ¢-asedsen)/¢c-asedsen) 205 101q WIS WOIj SU0INdU 810T “[e 19 Nx
%MMH J o%wmm ? oam S paaeao jo onjer pajendar-dn redwreooddry Arewrig
' @wv e pue WSUeEau sem onel urjoid xeq/z-1og
UHAIIpUN 94 OS[Y Juaweanard Jg Yim aseafor Kesse aFexea] (HAT)
nq s30ap9 2an3da301doInau d So10k
o HA'T ut uonponparjuspuadop-asoq  aseusSoIpAyap dajeioe
ST Pamoys A judwiyean) g1 yim
jou YoIyMm £pnjs ydnooyr, £
JITIqeIA JO asearoul Juapuadap asop fesse
qIm (10°0>d) L1[1qera 120 jo uoronpar LIN
jueoyruds pey dnoi8 Y/dno
SYTRUWIRY £,SUWO2INQ o(8)1010weTRq POy az1s ajduwreg Ssdnorn Anuno) 901N0§

‘ponunuo)) g 41dV],



BioMed Research International

10

"UONeNUOUO0d AIONQIYUT JTeY :0SD] pue (I.D)Aderaowayd (VOIN)
UOTJ. JO WSIURYDIW (DY) dAIND Jopun eare ([ed-g-ys) asepisoloe[ed-g-pajenosse 2ouadsauag (V) aduero suipte ((JqH) surajoxdodry Lyisuap ydry «(7q7) suraroadodr Lyisuap moy «(TQTA) surejoxdodry
Aysuap mo[ 194 (D) apr1adA[S1n) «(D],) [0121s9[0YD [e10) (VIN) PAYSPIeIpuoelA ‘(Xd-HSD) aseprxorad suoryreins «(qOs) asemnwsip aprxoradns -5 (YSITH) Aesse juaqrosounwul payul[-awizug {(XOd)
un.1029[qnop (DMd) D dseun| uroid (dvdo) urejord srpoe Areuqy ero (I.LIA)prwolq wnijozenaAuaydip-6g-(JA-7-[0ZenpAyIawIp-6F)-¢ (I H) Ursod pue urdxojeway (DHJ) ANSIWAYd0ISTounuwy
‘(JON) uonruSosar 129(qo [paou (T1D) sarkooydwA] T, o1x030145 (D) S[[22 dBLIPUIP ((I-dDIA) [-UIdI0IJ Jue)dRIIROWY)) 9IAI0UOIN (7-XOD) T 2seuadAxoodLd (eg[-1) ©10q T upynapmaiur (v-NI) eyde
10)9%] SIS0I09U Jown) ‘([/TY) aSerdjsuer) autuere -q (0DS) dutwejodods (HH) d1wedA[S1adAy (HN) srwed[Bouriou (QYDIA) UOISN[I0 AI9)Ie [BIqa19D J[PPIW (£-IDIA)L-UONBPUNO] I2due)) UeSIydIA (F[DD)
apuIo[yoeR) U0qIe)) (HSYN) snnedayorea)s srjoyooe-uou (SOY) saads uadAxo aansear «(Jq) apueyooeskjod winivgivq wniddT <(IAV) uneiseaioe (qIH) 121 18y yS1y (QN) 121p [PULIOU-B SUOYDIA2IQQY

91 =s4advd v19],

Pa1BaI}-3]OIYIA

Ansrwaypojsryounwwy
03 paredwod aeunaI pajeasy- g
ur Surureys aanisod JyJD paonpay dvid
EJRIUEN
03 paredwos Lyanoearounwwt 0-N g Auapoestounury H%Mq Wwwx\m mHOM\,
“ewoone[3 pue Ayjedounar 198uons pey seunal pajean) J4-1 P-oMd EM\ s- I \%Mow
S13qRIP SB YdNS SISPIOSIP dnoid pajean-apryaa 0y pareduwod OAIA U] G/S/S/S/S/9 PM N:Mo umE mEW 1 8uoy| Suoy ; wﬁmﬂ
[euna1 yym syusned ur Sunssy DD UI S[[99 J[QBIA PISBAIOUT ot :s: c%b oot LI0T Te 12 suex
Joj siseq poo3 B3I SYMSIY  pue TN PUB TDD Y3 Ul PAJOU 10M U I¥H ! H.t. &ME u.mzu
1oponu orjowyAd ssaf pey payean; JqT dq1-v 9N
(50°0 > d) payean ap1yaA 03
paredwod sspmyrdwre JO pue daeM-q werSounaIondd[g
paarasaxd yuawnyean Sy/Swor 44T
TRy £5,SUWO2INQ) o(8)1010weTRq POy az1s opdureg Ssdnorn Anunon 921M0g

‘panunuo)) g 414V],



11

BioMed Research International

*(OX) [eARdUN(U020JeIN-q pue (g A()) SAeI g uonerper Jo[oraenn (Jg-) aprreypoesijod wnreqreq wnoAT ‘(mq) 1yStam Apoq (FgD) 10enxa £119q H0D)-© 'Su01vIAIqqy

4
:ssadvd vjo],
(%9LTF %E6'ET)
PossIsst o9 pIioys +SddT/+dAN SA sisoydode [oD +dd1/+4AN
$914503819Y UBWINY UO }09p2 __aad SA —sdgT/+dAN [s¢€]
5 a (%€8'TF %90LY)—SddT/+dAN onIA uy auoN eury) ]
U1 Inq S)NSI SUISTWOIJ X SA +SddT/—d AL SA Weys SA L10T Te o g
HIIGEIA Panpai [u/Buiol Ayqera o 0JJUO0Y) :dUIT[ [[20 [BAUIOD JB
ynq paseasour Jg- [w/Suwg WIEQRIA TPO \ O RUIPT d
jusuI)edI)
SY29M ¢ TR 9%()°S PUe ‘ST
‘G'78 9peI3 21949 PUE 2JRIIPOW Surure)s
‘pIIwa pajear; Jg1 SA %0°ST ura0saIoNy Y
PUE ‘G/¢ ‘G/¢ apeId 210438 Mq/3y/8woos
UE 9JBIOPOW ‘P[IW [OIJUO
0 9101 [enuajod sajersuowa k Amvm?sm 1e :w.m NWHW.w 2 OAIA U] 514 mmmw m>m\wm“mw<w§mwmw5 UeMmIe], . [6¢] 810z
JO 901 [enuaiod sajer) a > s o dn-yea1q ey, D SA WYSIoM ApOq/8Y/ [e 30 uary)
SA ST CFOL SASY CFTLSAS 6> 05T 4D SA [01U0)) :Ssey
($Pam ¢ Je
[[e) WW G'0FF'6 SA WW G'TFT'S 159} S JOWLITYDS
SA WU @[+ SA WW F'OF¢'T
s1oaffo aovfang
VT lkle)
pUv VaULOD
SYTRUID SOWI00IN, (s)1930ureTE o3 i sdnox Anuno 201N0
Rl d e mo q d POYIPIN ordureg e O unos S

4’1 Jo s30ape onnaderay) [edoy/[ed1do) 9} SurjeIISUOWAP SAIPNIS [BUOTJB[SURL], :¢ HILV],



12

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 -
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-13, 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 LC3I1/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/G1, 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.
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