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Diabetic retinopathy (DR) is a serious complication of diabetes mellitus. This study aimed to observe the alleviation of the ethanol
extract of Dendrobium chrysotoxum Lindl. (DC), a traditional Chinese herbal medicine, on DR and its engaged mechanism. After
DC (30 or 300 mg/kg) was orally administrated, the breakdown of blood retinal barrier (BRB) in streptozotocin- (STZ-) induced
diabetic rats was attenuated by DC. Decreased retinal mRNA expression of tight junction proteins (including occludin and claudin-
1) in diabetic rats was also reversed by DC. Western blot analysis and retinal immunofluorescence staining results further confirmed
that DC reversed the decreased expression of occludin and claudin-1 proteins in diabetic rats. DC reduced the increased retinal
mRNA expressions of intercellular adhesion molecule-1 (ICAM-1), tumor necrosis factor & (TNF«), interleukin- (IL-) 6, and IL-13
in diabetic rats. In addition, DC alleviated the increased 1 and phosphorylated p65, IxB, and IxB kinase (IKK) in diabetic rats. DC
also reduced the increased serum levels of TNFe, interferon-y (IFN-y), IL-6, IL-1§3, IL-8, IL-12, IL-2, IL-3, and IL-10 in diabetic
rats. Therefore, DC can alleviate DR by inhibiting retinal inflammation and preventing the decrease of tight junction proteins, such

as occludin and claudin-1.

1. Introduction

Diabetic retinopathy (DR) is one of the most common and
serious complications of diabetes mellitus (DM). With the
improvement of people’s living standards, the incidence of
diabetes has increased in developed and developing coun-
tries, including China [1]. Patients who suffer from diabetes
for a long time likely experience chronic vascular injury
caused by high blood sugar levels; these patients are also at
risk of DR when chronic vascular injury occurs in the retina
[2, 3]. The pathogenesis of DR is generally divided into two
stages, namely, nonproliferative DR (NPDR) and proliferative
DR (PDR). In early NPDR stage, DR is characterized by
retinal blood vessel permeability as a result of damaged blood
retinal barrier (BRB); in PDR stage, retinal neoangiogenesis
occurs [2, 3]. Previous studies have demonstrated that both

inflammation and angiogenesis play important roles in reg-
ulating the development of DR, and thus anti-inflammation
and antiangiogenesis are potential therapeutic strategies for
the treatment of DR [4, 5]. It is worth mentioning that, in
the opinion of Adamis, DR is considered as an inflammatory
disease [6].

Dendrobium is one of the largest genera in the family of
Orchidaceae [7]. More than 70 species of Dendrobium are
found in the mountain ranges of southern and western China;
some of these species are reported to exhibit antioxidant,
immunomodulatory, anticancer, and antisenescence activi-
ties [8]. In traditional Chinese medicine, Shi-Hu is a famous
and precious Chinese herbal medicine derived from different
species of Dendrobium, including D. chrysotoxum Lindl., D.
nobile Lindl.,, and D. fimbriatum Hook.. Shi-Hu has been
used to prepare various medicinal and health products in
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many Asian countries. D. chrysotoxum is a commonly used
species of medicinal Dendrobium (Shi-Hu), indexed in the
Chinese Pharmacopoeia (2010 version). There is report found
that polysaccharides from D. chrysotoxum had antihyper-
glycemic and antioxidant effects [9]. Furthermore, a series
of aromatic compounds, such as bibenzyls and fluorenones,
were reported to be isolated from D. chrysotoxum [10, 11].
Among those compounds, bibenzyl erianin is reported to
exhibit antiangiogenic activity and has the potential capacity
to be developed into anticancer drug [12, 13].

In our previous study, the ethanol extract isolated from D.
chrysotoxum (DC) alleviates retinal angiogenesis during the
development of DR [14]. In the present study, we aimed to
observe whether DC can ameliorate streptozotocin- (STZ-)
induced DR in rats by alleviating retinal inflammation and
restoring the decreased expression of tight junction proteins.

2. Materials and Methods

2.1. Chemicals and Reagents. D. chrysotoxum was a gift
from Jinling Pharmaceutical Co., LTD (Nanjing, China). The
ethanol extract of D. chrysotoxum (DC) was prepared, as
described in our previous study [14].

Enzyme-linked immunosorbent assay (ELISA) kits were
purchased from RapidBio (West Hills, CA). Trizol reagent
was purchased from Life Technology (Carlsbad, CA). Prime-
Script RT Master Mix and SYBR Premix Ex Taq were
purchased from Takara (Shiga, Japan). Intercellular adhesion
molecule-1 (ICAM-1) antibody was purchased from Biobasic
Inc. (Shanghai, China). Phospho-p65, phospho-IxB, and
phospho-IxB kinase (IKK) antibodies were purchased from
Cell Signaling Technology (Danvers, MA). The chemilumi-
nescent kit for western blot analysis was purchased from
Millipore (Billerica, MA). Occludin and claudin-1 antibodies
were purchased from Santa Cruz (Santa Cruz, CA). 4 6-
Diamidino-2-phenylindole (DAPI), Alexa Fluor 488 goat
anti-mouse IgG (H+L) antibody and Cy3 goat anti-rabbit
IgG (H+L) antibody were purchased from Life Technology
(Carlsbad, CA). Pierce BCA Protein Assay Kit was purchased
from ThermoFisher Scientific (Waltham, MA). All of the
other reagents were purchased from Sigma (St. Louis, MO),
unless otherwise is indicated.

2.2. Experimental Animals. Sprague-Dawley rats (160-200 g)
were purchased from Shanghai Laboratory Animal Center
of Chinese Academy of Sciences (Shanghai, China). These
rats were maintained under controlled temperature (23 +
2°C), humidity (50%), and lighting (12h light/12h dark)
conditions. The rats were fed with a standard laboratory
diet and given free access to tap water. All animals received
humane care according to the Institutional Animal Care
guidelines approved by the Experimental Animal Ethical
Committee of Shanghai University of Traditional Chinese
Medicine.

2.3. Animals Treatment. A total of 65 rats were randomly
divided into two groups. Among these rats, 50 rats were
administered intraperitoneally (i.p.) with 65 mg/kg STZ, and
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other 15 rats were i.p. injected with physiological saline; and
the latter served as control rats. Serum glucose concentration
was measured after 7d. Rats with high glucose concentra-
tion (>16.5mmoL/L) were considered as diabetic rats. In
this experiment, the glucose concentration of 44 rats was
>16.5 mmoL/L; these rats were randomly divided into three
groups: DR model (n = 14), DC (30 mg/kg) (n = 15),and DC
(300 mg/kg) (n = 15). Two months after STZ was injected,
the rats were orally treated with DC (30 or 300 mg/kg per
day) for one month. The rats in the control group and the DR
model group were orally administered with vehicle control.
Three months after STZ was injected, six rats from each
group were selected to evaluate BRB breakdown by using
Evans blue dye. The other rats were anesthetized with sodium
pentobarbital (40 mg/kg, i.p.). Blood samples were collected
from the abdominal aorta, and the eyes were removed
immediately. Body weight and serum glucose concentration
were monitored during the whole experiment.

2.4. Evaluation of BRB Breakdown by Using Evans Blue
Dye. BRB breakdown was evaluated according to previously
reported method [15] with some modifications. In brief, the
rats were injected with 2% Evans blue dye (10 ul/g, i.p.) in
PBS. 2 h later, blood was extracted through the left ventricle
and the rats were perfused with PBS to completely remove
Evans blue dye from blood vessels. The retinas were carefully
dissected and thoroughly dried; afterward, the weight of the
retinas was measured. The retinas were then incubated in
120 ul formamide for 18 h at 70°C to extract Evans blue dye.
The extract was centrifuged twice at 10,000 xg for 1h at
4°C. The absorbance of the extract was determined using a
spectrophotometer at 620 nm. The concentration of Evans
blue dye in the extracts was calculated using a standard curve
of Evans blue dye in formamide and then normalized to the
dried retinal weight.

2.5. RNA Isolation and cDNA Synthesis. Retinas were care-
fully dissected from the eyeball by using forceps. Total RNA
of the retina was isolated using Trizol reagent according
to the manufacturer’s instructions. cDNA was synthesized
according to the manufacturer’s instructions described in
PrimeScript RT Master Mix Kits.

2.6. Real-Time PCR Analysis. The mRNA expressions of
occludin (Ocln), ZO-1 (Tjpl), claudin-1 (Cldnl), claudin-5
(Cldn5), ICAM-1 (ICAM1), TNF« (Tnf), IL-6 (1l6), IL-18
(I11b), and actin (Actb) were quantified by real-time PCR.
Real-time PCR was performed using StepOne Plus (Carls-
bad, CA) with SYBR green premix in accordance with the
manufacturer’s instructions. Relative target gene expressions
were normalized to Actb (actin), analyzed by 274 method,
and expressed as ratio relative to the control. The primer
sequences used in this study are shown in Table 1.

2.7. Immunofluorescence Staining of Occludin and Claudin-
1. Paraffin-embedded retinal sections (5 um) were deparaf-
finized in xylene and rehydrated in an ethanol gradient with
distilled water. After endogenous peroxidase activity was
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TABLE 1: List of primers for real-time PCR.

Target Gene ID Primer Sequence
ICAMI 55464 FP 5" TGCAGGTGAACTGCTCTTCCTCTT-3'
RP 5'-AGCTTCCAGTTGTGTCCACTCGAT-3'
Tuf 24835 FP 5'-CCACCACGCTCTTCTGTCTACTG-3'
RP 5'-GGGCTACGGGCTTGTCACTC-3'
16 54498 FP 5'-TCCTACCCCAACTTCCAATGCTC-3'
RP 5 TTGGATGGTTCTTGGTCCAATGCTC-3'
b 54494 FP 5" TGTCACTCATTGTGGCTGTGGAGA-3'
RP 5" TGGGAACATCACACACTAGCAGGT-3
Odln 83497 FP 5" TGGGACAGAGCCTATGGAACG-3'
RP 5'-ATCACCAAGGAAGCGATGAAGC-3'
Tipt 292994 FP 5'-GATGAGCGGGCTACCTTATTGA-3'
RP 5'-AGCGAACTGAATGGTCTGATGC-3'
Cldnl 65129 FP 5'"TGCCCTACTTTCCTGCTCCTGT-3'
RP 5" AGTAGAAGGTGTTGGCTTGGGATAA-3'
Cldns 65131 FP 5'-CAGCGTTGGAAATTCTGGGTCT-3'
RP 5'-CGTCTGCGCCGTCACGATAT-3'
Actb 81822 FP 5'-CGCTCGTCGTCGACAACGG-3'
RP 5" " TGTGGTGCCAAATCTTCTCC-3'

FP: forward primer; RP: reverse primer.

quenched, retinal sections were incubated with 5% bovine
serum albumin to minimize nonspecific binding. Retinal
sections were incubated with occludin or claudin-1 antibody
at 4°C overnight and were further incubated with Cy3 goat
anti-rabbit IgG (H+L) antibody or Alexa Fluor 488 goat anti-
mouse IgG (H+L) antibody at room temperature for 1h. The
nuclei were stained with DAPI; images were captured under
an inverted microscope (Nikon, Japan).

2.8. Western Blot Analysis. Retinas (proximately 20 mg) were
homogenized in ice-cold lysis buffer containing 50 mM Tris
(pH75), 1mM EDTA, 150 mM NaCl, 20mM NaE 0.5%
NP-40, 10% glycerol, 1mM phenylmethylsulfonyl fluoride,
10 pg/ml aprotinin, 10 ug/ml leupeptin, and 10 ug/ml pep-
statin A. Homogenates were centrifuged at 3,000 xg for
10 min before the supernatant was transferred to new tubes.
Protein concentrations in the supernatants were assayed by
BCA Protein Assay Kit and every sample was normalized to
equal protein concentration. Proteins were separated by SDS-
PAGE and transferred to immobilon-P PVDF membranes
(Millipore). The membranes were blocked with 5% nonfat
milk in TBST for 1h and then were incubated with respec-
tive primary antibodies at 4°C overnight. The membranes
were subsequently washed with TBST and incubated with
horseradish peroxidase conjugated secondary antibodies for
1h at room temperature; afterward, the membranes were
visualized using a chemiluminescent kit.

2.9. ELISA Analysis. Whole blood was allowed to stand at
room temperature for 2 h and then centrifuged at 3,000 rpm,
at 4°C for 15min. Serum was collected to detect the concen-
trations of TNF«, IL-6, IL-15, IFNy, IL-8, IL-12, IL-2, IL-3,

and IL-10 by ELISA according to the manufacturer’s instruc-
tions. Cytokines concentrations in the respective samples
were determined on the basis of standard curves prepared
using recombinant cytokines of known concentrations.

2.10. Statistical Analysis. Data were expressed as means +
standard deviation (SD). The significance of differences
between groups was evaluated by one-way ANOVA with LSD
post hoc test when the significance of the test of homogeneity
of variances is above 0.05. Otherwise, the significance of
differences between groups was evaluated by nonparametric
tests with Mann-Whitney U test. P < 0.05 was considered as
statistically significant difference.

3. Results

3.1. Measurement of Body Weight and Blood Glucose Concen-
tration. Serum glucose concentrations in all of the groups
were significantly different from the control rats during the
experimental periods (Figure 1(a)). DC (30 or 300 mg/kg)
was administrated two months after STZ was injected. As
shown in Figure 1, we can see that DC (30 and 300 mg/kg)
had no effect on the increased serum glucose concentration
in STZ-induced diabetic rats. Furthermore, the body weights
of STZ-induced diabetic rats were lower than those of the
normal control rats (P < 0.001) (Figure 1(b)). No evident
differences were observed between diabetic rats with or
without the treatment of DC (30 and 300 mg/kg).

3.2. Evaluation of BRB Breakdown by Using Evans Blue Dye.
Increased leakages of Evans blue dye were observed in the
retinas of STZ-induced diabetic rats (P < 0.01) (Figure 2(a)).
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FIGURE 1: Analysis of serum glucose level and body weight. (a) Serum glucose level; (b) body weight. Data are expressed as means + SD
(n = 10 for control, n = 7 for DM, n = 9 for DM+DC 30 mg/kg, and n = 8 for DM+DC 300 mg/kg). " P < 0.01 compared to DM without
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FIGURE 2: (a) Quantitative results of retinal blood vessel leakage by Evans blue dye. Data are expressed as means + SD (n = 6). *** P < 0.001
compared to control; **P < 0.001 compared to DM without DC. (b) Retinal mRNA expression of occludin (Ocln), ZO-1 (Tjp1), claudin-1
(Cldnl), and claudin-5 (Cldn5). Data are expressed as means + SD (n = 10 for control, n = 7 for DM, n = 9 for DM+DC 30 mg/kg, and
n = 8 for DM+DC 300 mg/kg). *P < 0.05, **P < 0.01 compared to control; “P < 0.05, P < 0.01 compared to DM without DC. (c) Retinal
protein expression of occludin and claudin-1 is detected by immunoblotting using specific antibodies. The occludin protein represents four
independent experiments, and claudin-1 protein represents two independent experiments.
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FIGURE 3: The expression of occludin and claudin-1 in retinas. (a) The representative pictures of retinal immunofluorescence staining of
occludin (A, D, G, and J) and DAPI (B, E, H, and K). Merge of occludin- and DAPI-stained images (C, F, I, and L). (b) The representative
pictures of retinal immunofluorescence staining of claudin-1(A, D, G, and J) and DAPI (B, E, H, and K). Merge of claudin-1- and DAPI-stained

images (C, E I, and L) (original magnification x400).

This result indicates the increased retinal vessel leakage. After
the rats were treated with 300 mg/kg DC, the increased retinal
vessel leakage was reduced (P < 0.05). However, 30 mg/kg
DC did not inhibit the increased retinal vessel leakage in STZ-
induced diabetic rats.

3.3. Retinal mRNA and Protein Expressions of Tight Junction
Proteins. The mRNA expressions of tight junction pro-
teins were further analyzed by real-time PCR. The retinal
mRNA expressions of occludin (Olen), ZO-1 (Tjpl), claudin-
1 (Cldnl), and claudin-5 (Cldn5) were decreased in STZ-
induced diabetic rats (P < 0.05, P < 0.05, P < 0.01,
and P < 0.01, resp.). DC (30 and 300 mg/kg) reversed
the decreased retinal mRNA expression of occludin in STZ-
induced diabetic rats (P < 0.05) (Figure 2(b)); by contrast,
DC did not evidently affect the decreased ZO-1 expression.
The decreased retinal mRNA expression of claudin-1in STZ-
induced diabetic rats was increased after these rats were
treated with DC (30 and 300 mg/kg) (P < 0.01) (Figure 2(b)).
However, the decreased mRNA expression of claudin-5 in
the STZ-induced diabetic rats remained unchanged after

the rats were treated with 300 mg/kg DC, but 30 mg/kg DC
could weakly increase the decreased expression of claudin-
5 (P < 0.05). The protein expression of occludin and
claudin-1 was decreased in the STZ-induced diabetic rats;
conversely, DC (30 and 300 mg/kg) reversed the decreased
protein expressions of occludin and claudin-1 (Figure 2(c)).

3.4. Retinal Immunofluorescence Staining of Occludin and
Claudin-1. Occludin and claudin-1 were subjected to im-
munofluorescence staining to detect their corresponding
expressions in the retinas. DAPI staining results (Figures
3(a) and 3(b)-B, E, H, and K) showed ganglion cell layer
(GCL), inner plexiform layer (IPL), inner nuclear layer (INL),
outer plexiform layer (OPL), and outer nuclear layer (ONL)
in the retinas. The retinas stained with occludin were also
observed (Figure 3(a)-A, D, G, and J). After the occludin-
stained images were merged with DAPI-stained images, we
can see that the retinal expression of occludin was decreased
in GCL, INL, and OPL (Figure 3(a)-F); this decrease was
reversed by DC (30 and 300mg/kg) (Figure 3(a)-I and
L). The retinas stained with claudin-1 were also observed
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FIGURE 4: Effects of DC on the expression of ICAM-1, TNFa, IL-6, IL-1§3, and the activation of NF-«B signaling pathway. (a) Retinal mRNA
expression of ICAM-1 (ICAMI), TNF« (Tnf), IL-6 (116), IL-13 (Illb). Data are expressed as means + SD (n = 10 for control, n = 7 for DM,
n = 9 for DM+DC 30 mg/kg, and n = 8 for DM+DC 300 mg/kg). “P < 0.05, " P < 0.01 compared to control; P <0.05 %P <0.01 compared
to DM without DC. (b) Retinal expression of ICAM-1 and phosphorylated p65, IxB, and IKK. ICAM-1 and phosphorylated p65, IxB, and IKK
are detected by immunoblotting using specific antibody. Results represent at least three repeated experiments. (c) Quantitative densitometric
analysis of ICAM-1 and phosphorylated p65, IxB, and IKK. Data are expressed as means + SD (1 = 10 for control, n = 7 for DM, n = 9 for
DM+DC 30 mg/kg, and n = 8 for DM+DC 300 mg/kg). *P < 0.05, “*P < 0.01 compared to control; “P < 0.05, P < 0.01, and **P < 0.001

compared to DM without DC.

(Figure 3(b)-A, D, G, and J). After the claudin-1-stained
images were merged with DAPI-stained images, we can see
that the retinal expression of claudin-1was decreased in GCL,
INL, and OPL (Figure 3(b)-F); this decrease was reversed by
DC (30 and 300 mg/kg) (Figure 3(b)-Iand L).

3.5. Retinal mRNA Expressions of ICAM-1, TNF-a, IL-6, and
IL-1B. The retinal mRNA expressions of ICAM-1 (ICAMLI),
TNFa (Tnf), IL-6 (116), and IL-18 (Il-1b) were increased
in the STZ-induced diabetic rats (P < 0.05, P < 0.01)
(Figure 4(a)). DC (300 mg/kg) reduced the increased retinal
mRNA expressions of ICAM-1, TNFa, IL-6, and IL-18 (P <
0.05, P < 0.01). DC (30 mg/kg) also reduced the increased
retinal mRNA expressions of TNFa and IL-13 (P < 0.05,
P <0.01).

3.6. Retinal Expression of ICAM-1 and Phosphorylation of
p65, IkB, and IKK. The protein expression of ICAM-1 was
increased in the retinas of STZ-induced diabetic rats, but it
was decreased in DC-treated (30 and 300 mg/kg) diabetic
rats (P < 0.01) (Figures 4(b) and 4(c)). In addition, the
expressions of the phosphorylated p65, IkB, and IKK were
increased in the STZ-induced diabetic rats (P < 0.05, P <
0.01), but this increase was decreased after the rats were
treated with DC (30 and 300 mg/kg) (P < 0.05, P < 0.01,
P < 0.001, resp.).

3.7. Serum Cytokine Levels. The ELISA results showed that
the serum levels of TNFa, IFN-y, IL-6, IL-1f3, IL-8, IL-12, IL-
2,1L-3, and IL-10 were increased in the STZ-induced diabetic
rats (P < 0.001) (Figure 5). DC (30 and 300 mg/kg) reduced
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compared to control; #pP<0.01,*P <0.05 compared to DM without DC.

the increased serum levels of those cytokines (P < 0.01,
P < 0.001); and the inhibitory effect of 300 mg/kg DC was
better than that of 30 mg/kg DC.

4. Discussion

According to the historical records of traditional Chinese
medicine, Shi-Hu can be used to improve eyesight. In general,
Shi-Hu is a monarch drug of several Chinese patent drugs,
such as Shi-Hu-Ye-Guang-Wan and Shi-Hu-Ming-Mu-Wan,
which are traditionally used to improve eyesight and indexed

in Chinese and Local Pharmacopeia. Although Shi-Hu is
traditionally used to improve eyesight in China, there are
no much scientific evidences supporting its activity and
mechansim. One report demonstrated the amelioration of
total alkaloids extracted from D. nobile on diabetic cataract
in rats [16]. Recently, our previous study showed that D.
chrysotoxum alleviated retinal angiogenesis during the devel-
opment of DR [14]. Our results in this study showed that
DC did not evidently affect body weight and blood glu-
cose concentration of diabetic rats; however, 300 mg/kg DC
alleviated retinal BRB breakdown in STZ-induced diabetic



rats. The results provided additional evidences regarding the
potential amelioration of D. chrysotoxum on DR; these results
also contributed to the treatment of DR affecting diabetic
patients.

Z0O-1, occludin, and claudin-1/5 are the main proteins
involved in the tight junction complex, which is essential
for the control of endothelial permeability [17, 18]. Reti-
nal endothelial barrier integrity is also implicated in the
maintenance of vascular permeability and the development
of DR [19]. ZO-1, occludin, and claudin-1/5 expressions
are decreased in NPDR [20, 21]. Our results showed the
decreased retinal mRNA expression of ZO-1, occludin, and
claudin-1/5 in diabetic rats, but the decreased expressions
of occludin and claudin-1 were reversed by DC (30 and
300 mg/kg). Furthermore, the reversed protein expressions
of occludin and claudin-1 induced by DC were confirmed
by western blot analysis and immunofluorescence staining
results of occludin and claudin-1 in the retinas. These results
indicated that DC could prevent the decreased expression of
tight junction proteins, such as occludin and claudin-1, which
may also contribute to the alleviation of DC on STZ-induced
NPDR.

ICAM-1 is critical for regulating retinal leukocyte adhe-
sion, and its expression is induced by NF-xB activation
mediated by proinflammatory cytokines; this process has
been correlated with the increase in leukostasis and further
breakdown of BRB in the development of DR [22]. Our results
demonstrated that DC (300 mg/kg) reduced the increased
retinal mRNA expression of ICAM-1. Furthermore, DC (30
and 300 mg/kg) reduced the increased protein expression of
ICAM-1 in STZ-induced diabetic rats. Therefore, DC could
prevent retinal vascular leakage in the development of STZ-
induced DR.

Multiple mediators play important roles in inflamma-
tion, including proinflammatory cytokines and chemokines.
Inflammation is critically involved in the development of
DR [12, 13]. TNFa, IL-6, and IL-1f3 are common proinflam-
matory cytokines; these cytokines are increased in serum,
vitreous, or retinas from diabetic patients or rats [23-25].
This increase in proinflammatory cytokine concentration in
diabetic rats can be decreased by Panax notoginseng, Radix
Astragali, and Angelica sinensis aqueous extracts, Tinospora
cordifolia extract, and compounds, including «-linolenic
acid and curcumin, and these substances elicit obviously
beneficial effects by preventing the development of DR [26-
29]. Furthermore, NF-«xB/Rel family plays a critical role
in regulating host immune and inflammatory responses
by regulating the production of various pro-inflammatory
cytokines, such as TNFa and IL-1f3, and so forth [30, 31]. Our
results showed that DC reduced the increased retinal mRNA
expression and serum levels of TNFa, IL-6, and IL-1f3, and
also reduced the increased phosphorylation of p65, IxB, and
IKK in STZ-induced diabetic rats. Therefore, DC ameliorated
retinal inflammation by inhibiting NF-xB signaling path-
way.

Other cytokines, such as IL-8, IFN-y, IL-2, and IL-3, are
increased in patients or rats with DR [32-35]. In the present
study, DC (30 and 300 mg/kg) prevented the increased serum
levels of these cytokines, which may also contribute to
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FIGURE 6: The schematic diagram of mechanism involved in the
amelioration of DC against DR in STZ-induced diabetic rats.

the amelioration of DC on DR. IL-10 is considered as an
anti-inflammatory cytokine; however, serum or intravitreal
IL-10 levels are not remarkably different in diabetic patients
and nondiabetic patients [35-37]. Conversely, decreased IL-
10 level has been observed in diabetic patients [38]. IL-12 was
previously reported to inhibit angiogenesis via inducing IP-
10 expression [39]. No difference in serum IL-12 level has
been observed in nondiabetic patients and diabetic patients
[40]; however, decreased serum IL-12 level has been detected
in some diabetic patients [41]. Despite these contradictory
results, sera IL-10 and IL-12 levels have not been detected in
STZ-induced diabetic rats. Our results showed that sera IL-
10 and IL-12 concentrations were increased in STZ-induced
diabetic rats but decreased in DC-treated diabetic rats. The
increased sera IL-10 and IL-12 levels may be attributed to
the enhanced self-defense of diabetic rats during the devel-
opment of DR to counteract inflammation and angiogenesis.
As DR was ameliorated by DC, the increased IL-10 and IL-12
levels were also alleviated.

Our results demonstrated that DC inhibited retinal
inflammation by inhibiting NF-«xB signaling pathway. DC
also prevented the decreased expression of tight junction
proteins, such as occludin and claudin-1. These findings
greatly contributed to the amelioration of DC against the
development of DR. The schematic diagram of mechanism
involved in the amelioration of DC against DR was shown
in Figure 6. The present study and previous study [14]
demonstrate that D. chrysotoxum could ameliorate retinal
inflammation, maintain retinal BRB, and attenuate retinal
angiogenesis, thereby attenuating the development of DR.
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Thus, D. chrysotoxum may be recommended as a supple-
mentary treatment for patients with DR. These results also
provided strong experimental evidences for the eyesight-
improving capacity of medicinal Dendrobium (Shi-Hu).

Conflict of Interests

The authors declare that there is no conflict of interests
regarding the publication of this paper.

Acknowledgment

This work was financially supported by National Natural
Science Foundation of China (81173517 and 81322053).

References

[1] E. Ginter and V. Simko, “Global prevalence and future of
diabetes mellitus,” Advances in Experimental Medicine and
Biology, vol. 771, pp. 35-41, 2012.

[2] N. Cheung, P. Mitchell, and T. Y. Wong, “Diabetic retinopathy,”
The Lancet, vol. 376, no. 9735, pp. 124-136, 2010.

[3] M. Barot, M. R. Gokulgandhi, S. Patel, and A. K. Mitra,
“Microvascular complications and diabetic retinopathy: recent
advances and future implications,” Future Medicinal Chemistry,
vol. 5, no. 3, pp. 301-314, 2013.

[4] S. Kastelan, M. Tomic, A. G. Antunica, J. S. Rabatic, and
S. Ljubic, “Inflammation and pharmacological treatment in
diabetic retinopathy, Mediators of Inflammation, vol. 2013,
Article ID 213130, 8 pages, 2013.

[5] D. Gologorsky, A. Thanos, and D. Vavvas, “Therapeutic inter-
ventions against inflammatory and angiogenic mediators in
proliferative diabetic retinopathy,” Mediators of Inflammation,
vol. 2012, Article ID 629452, 10 pages, 2012.

[6] A. P. Adamis, “Is diabetic retinopathy an inflammatory dis-
ease?” British Journal of Ophthalmology, vol. 86, no. 4, pp. 363-
365, 2002.

[7] W.Xu, E Zhang, B. Lu et al., “Development of novel chloroplast
microsatellite markers for Dendrobium officinale, and cross-
amplification in other Dendrobium species (Orchidaceae),
Scientia Horticulturae, vol. 128, no. 4, pp. 485-489, 2011.

[8] T. B. Ng, J. Liu, J. H. Wong et al., “Review of research on
Dendrobium, a prized folk medicine;” Applied Microbiology and
Biotechnology, vol. 93, no. 5, pp. 1795-1803, 2012.

[9] Y.P.Zhao, Y. O. Son, S. S. Kim, Y. S. Jang, and J. C. Lee, “Antioxi-

dant and anti-hyperglycemic activity of polysaccharide isolated

from Dendrobium chrysotoxum Lindl,” Journal of Biochemistry

and Molecular Biology, vol. 40, no. 5, pp. 670-677, 2007.

H. Yang, G. X. Chou, Z. T. Wang, Y. W. Guo, Z. B. Hua, and L.

S. Xu, “Two new compounds from Dendrobium chrysotoxum,

Helvetica Chimica Acta, vol. 87, no. 2, pp. 394-399, 2004.

H. Yang, G.-X. Chou, Z.-T. Wang, Z.-B. Hu, and L.-S. Xu, “Two

new fluorenones from Dendrobium chrysotoxum, Journal of

Asian Natural Products Research, vol. 6, no. 1, pp. 35-38, 2004.

Y.-Q. Gong, Y. Fan, D.-Z. Wu, H. Yang, Z.-B. Hu, and Z.-T.

Wang, “In vivo and in vitro evaluation of erianin, a novel anti-

angiogenic agent,” European Journal of Cancer, vol. 40, no. 10,

pp. 1554-1565, 2004.

Y. Q. Gong, Y. Fan, L. Liu, D. Z. Wu, Z. Chang, and Z. T. Wang,

“Erianin induces a JNK/SAPK-dependent metabolic inhibition

(10]

(16]

(17]

(21]

[22]

(23]

[24]

(27]

(28]

in human umbilical vein endothelial cells,” In Vivo, vol. 18, no.
2, pp. 223-228, 2004.

C.Y. Gong, Z.Y. Yu, B. Lu et al., “Ethanol extract of Dendrobium
chrysotoxum Lindl ameliorates diabetic retinopathy and its
mechanism,” Vascular Pharmacology, vol. 62, no. 3, pp. 134-142,
2014.

L. J. Ly, H. X. Xu, X. W. Wang, and G. Z. Guo, “Increased
nitric oxide synthase activity is essential for electromagnetic-
pulse-induced blood-retinal barrier breakdown in vivo,” Brain
Research, vol. 1264, pp. 104-110, 2009.

X. Y. Wei and Y. Long, “Study on the prevention and the
proteomics on diabetic cataract in rat lens by the total alkaloids
extracted from Dendrobium nobile Lindl} Natural Product
Research and Development, vol. 20, pp. 617-621, 2008 (Chinese).
N. S. Harhaj and D. A. Antonetti, “Regulation of tight junctions
and loss of barrier function in pathophysiology,” The Interna-
tional Journal of Biochemistry & Cell Biology, vol. 36, no. 7, pp.
1206-1237, 2004.

E. Vandenbroucke, D. Mehta, R. Minshall, and A. B. Malik,
“Regulation of endothelial junctional permeability,” Annals of
the New York Academy of Sciences, vol. 1123, pp. 134-145, 2008.

K. K. Erickson, J. M. Sundstrom, and D. A. Antonetti, “Vascular
permeability in ocular disease and the role of tight junctions,”
Angiogenesis, vol. 10, no. 2, pp. 103-117, 2007.

C. Bucolo, K. W. Ward, E. Mazzon, S. Cuzzocrea, and F. Drago,
“Protective effects of a coumarin derivative in diabetic rats,”
Investigative Ophthalmology & Visual Science, vol. 50, no. 8, pp.
3846-3852, 2009.

K. C. Silva, M. A. B. Rosales, D. E. Hamassaki et al., “Green
tea is neuroprotective in diabetic retinopathy,” Investigative
Ophthalmology & Visual Science, vol. 54, no. 2, pp. 1325-1336,
2013.

E. C. Leal, J. Martins, P. Voabil et al.,, “Calcium dobesilate
inhibits the alterations in tight junction proteins and leukocyte
adhesion to retinal endothelial cells induced by diabetes;
Diabetes, vol. 59, no. 10, pp. 2637-2645, 2010.

N. Demircan, B. G. Safran, M. Soylu, A. A. Ozcan, and S.
Sizmaz, “Determination of vitreous interleukin-1 (IL-1) and
tumour necrosis factor (TNF) levels in proliferative diabetic
retinopathy;” Eye, vol. 20, no. 12, pp. 1366-1369, 2006.

M. C. Mocan, S. Kadayifcilar, and B. Eldem, “Elevated intrav-
itreal interleukin-6 levels in patients with proliferative diabetic
retinopathy;” Canadian Journal of Ophthalmology, vol. 41, no. 6,
pp. 747-752, 2006.

R. A. Kowluru and S. Odenbach, “Role of interleukin-1f in
the development of retinopathy in rats: effect of antioxidants,”
Investigative Ophthalmology & Visual Science, vol. 45, no. 11, pp.
4161-4166, 2004.

D. Gao, Y. Guo, X. Li et al., “An aqueous extract of Radix
Astragali, Angelica sinensis, and Panax notoginseng is effective in
preventing diabetic retinopathy,” Evidence-Based Complemen-
tary and Alternative Medicine, vol. 2013, Article ID 578165, 11
pages, 2013.

S.S. Agrawal, S. Naqvi, S. K. Gupta, and S. Srivastava, “Preven-
tion and management of diabetic retinopathy in STZ diabetic
rats by Tinospora cordifolia and its molecular mechanisms,
Food and Chemical Toxicology, vol. 50, no. 9, pp. 3126-3132, 2012.
J. H. Shen, Q. Ma, S. G. Shen, G. T. Xu, and U. N. Das,
“Effect of a-Linolenic acid on Streptozotocin-induced diabetic
retinopathy indices in vivo,” Archives of Medical Research, vol.
44, no. 7, pp. 514-520, 2013.



10

(29]

(30]

(31]

(32]

(34]

(35]

[36]

(37]

(38]

S. K. Gupta, B. Kumar, T. C. Nag et al., “Curcumin prevents
experimental diabetic retinopathy in rats through its hypo-
glycemic, antioxidant, and anti-inflammatory mechanisms,’
Journal of Ocular Pharmacology and Therapeutics, vol. 27, no.
2, pp. 123-130, 2011.

P. A. Baeuerle and D. Baltimore, “Nf-«B: ten years after;” Cell,
vol. 87 no. 1, pp. 13-20, 1996.

P. A. Baeuerle and T. Henkel, “Function and activation of NF-
«B in the immune system,” Annual Review of Immunology, vol.
12, pp. 141-179, 1994.

S. Li, X.-A. Fu, X.-E Zhou, Y.-Y. Chen, and W.-Q. Chen,
“Angiogenesis-related cytokines in serum of proliferative dia-
betic retinopathy patients before and after vitrectomy,” Interna-
tional Journal of Ophthalmology, vol. 5, no. 6, pp. 726-730, 2012.
S. Johnsen-Soriano, M. Sancho-Tello, E. Arnal et al., “IL-2 and
IFN-gamma in the retina of diabetic rats,” Graefes Archive for
Clinical and Experimental Ophthalmology, vol. 248, no. 7, pp.
985-990, 2010.

Y. Liu, L. E Leo, C. McGregor, A. Grivitishvili, C. J. Barnsta-
ble, and J. Tombran-Tink, “Pigment epithelium-derived factor
(PEDF) peptide eye drops reduce inflammation, cell death
and vascular leakage in diabetic retinopathy in Ins2*** mice;”
Molecular Medicine, vol. 18, no. 1, pp. 1387-1401, 2012.

C. Herndndez, R. M. Segura, A. Fonollosa, E. Carrasco, G.
Francisco, and R. Simd, “Interleukin-8, monocyte chemoattrac-
tant protein-1 and IL-10 in the vitreous fluid of patients with
proliferative diabetic retinopathy,” Diabetic Medicine, vol. 22,
no. 6, pp. 719-722, 2005.

B. T. Ozturk, B. Bozkurt, H. Kerimoglu, M. Okka, U. Kamis,
and K. Gunduz, “Effect of serum cytokines and VEGF levels on
diabetic retinopathy and macular thickness,” Molecular Vision,
vol. 15, pp. 1906-1914, 20009.

J. Zhou, S. Wang, and X. Xia, “Role of intravitreal inflamma-
tory cytokines and angiogenic factors in proliferative diabetic
retinopathy;,” Current Eye Research, vol. 37, no. 5, pp. 416-420,
2012.

N. Dong, B. Xu, B. Wang, and L. Chu, “Study of 27 aqueous
humor cytokines in patients with type 2 diabetes with or
without retinopathy;” Molecular Vision, vol. 19, pp. 1734-1746,
2013.

C. Sgadari, A. L. Angiolillo, and G. Tosato, “Inhibition of
angiogenesis by interleukin-12 is mediated by the interferon-
inducible protein 10,” Blood, vol. 87, no. 9, pp. 3877-3882, 1996.
A. A. Gverovi¢, K. Karaman, L. Znaor, A. Sapunar, V. Busko,
and V. Puzovi¢, “IL-12 concentrations in the aqueous humor
and serum of diabetic retinopathy patients,” Graefe’s Archive for
Clinical and Experimental Ophthalmology, vol. 250, no. 6, pp.
815-821, 2012.

C. M. G. Cheung, M. Vania, M. Ang, S. P. Chee, and J. Li,
“Comparison of aqueous humor cytokine and chemokine levels
in diabetic patients with and without retinopathy,” Molecular
Vision, vol. 18, pp. 830-837, 2012.

Journal of Diabetes Research



