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Background: Andrographolide (Andro) is the main compound distributed in medicinal herb Andrographis
paniculata. This study aims to observe the amelioration of Andro on streptozotocin (STZ)-induced diabetic
retinopathy (DR) in mice.

Methods: STZ-induced non-proliferative DR (NPDR) for 2 months and proliferative DR (PDR) for 5 month in
C57BL/6 mice were used in this study, respectively. Retinal vessels were observed by immunofluorescence
staining for cluster of differentiation 31 (CD31). Evans blue permeation assay was used to detect the breakdown
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Ai};lv:(t));rapholi de of blood-retinal barrier (BRB). Real-time PCR and immune-blot were used to detect mRNA and protein expression.
Diabetic retinopathy Enzyme-linked immunosorbent assay (ELISA) was used to detect serum tumor necrosis factor-o. (TNF-av),

interleukin (IL)-6, and IL-1p3.

Results: Retinal immunofluorescence staining with CD31 showed that Andro reduced the increased retinal vessels
in STZ-induced PDR mice. Evans blue permeation results demonstrated that Andro attenuated the breakdown of
BRB in STZ-induced NPDR mice. In STZ-induced PDR mice, Andro decreased the increased vascular endothelial
growth factor (VEGF) in serum and vitreous cavity, and reduced the increased retinal mRNA expression of VEGF
and its receptors. In STZ-induced NPDR mice, Andro abrogated the nuclear translocation of nuclear factor kKB
(NF-&B) p65 and early growth response-1 (Egr-1), and reduced the increased phospho-NF-<Bp65, -inhibitor of
kappa B (IkB), and -IxB kinase (IKK). Andro also decreased the increased serum and retinal mRNA expression of
TNF-q, IL-6, IL-13, serpinel, and tissue factor (TF).

Conclusions: Andro ameliorates DR via attenuating retinal angiogenesis and inflammation, and VEGF, NF-B, and
Egr1 signaling pathways all play important roles in this process.

Angiogenesis
Inflammation

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

With the changing of lifestyle and the increasing of aging population,
diabetes mellitus (DM) has been a serious and concerning health
problem in the world. In China, the number of people who suffered
from diabetes is about 98.4 million in the year 2013, which is the highest
in the world [1]. DM is generally associated with severe complications
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NPDR, non-proliferative DR; PDR, proliferative DR; CD31, cluster of differentiation 31;
BRB, blood-retinal barrier; VEGF, vascular endothelial growth factor; ELISA, enzyme-
linked immunosorbent assay; TNF-c, tumor necrosis factor-o; IL, interleukin; NF-<B, nucle-
arfactorkB; Egr-1, early growth response-1; B, inhibitor of kappa B; IKK, IB kinase; TF, tis-
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group box-1; RAGE, receptor for advanced glycation end products; OPN, osteopontin; tPA,
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such as diabetic retinopathy (DR) and diabetic nephropathy, which
greatly reduce the quality of life and the survival of diabetic patients.
DR, the chronic vascular complication due to the development of DM,
is one of the most common and serious complications of DM [2,3].
Vision loss from DR has been a major and leading cause of blindness
in adult. It is reported that nearly all persons with type 1 diabetes and
about 60% of persons with type 2 diabetes will develop DR when living
with DM for the first two decades [4,5].

The classification of DR mainly includes non-proliferative DR
(NPDR) and proliferative DR (PDR) according to the International
Clinical Diabetic Retinopathy Disease Severity Scale [6]. NPDR is charac-
terized by selective loss of pericytes, the formation of acellular
capillaries, the thickening of basement membrane, the increased vascu-
lar permeability, and capillary occlusion [5,7]. The resulting ischemia
due to capillary non-perfusion leads to the increased secretion of vari-
ous growth factors including VEGF, which promotes neoangiogenesis
in retina, and retinal angiogenesis is the hallmark of PDR [5,7]. Thus,
anti-inflammation and anti-angiogenesis have been considered as the
potential therapeutic strategies for DR [8].
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Table 1
Sequences of primers used for real-time RT-PCR.

Target Primer Sequence annealing temperature (°C)

Actin FP 5/-TTCGTTGCCGGTCCACACCC-3’ 61 °C
RP 5'-GCTTTGCACATGCCGGAGCC-3’

VEGFA FP 5/-GCTACTGCCGTCCGATTGAG-3’ 60 °C
RP 5/-ACTCCAGGGCTTCATCGTTACAG-3’

FLT-1 FP 5/-CCTGATGGGCAAAGAATAACAT-3’ 60 °C
RP 5'-ATTTGGACATCTAGGATTGTATTGG-3'

KDR FP 5'-GTGGTAAGTTGCGATTGTTGTG-3' 60 °C
RP 5'-TGAACATTCGCCTTCTTTGATA-3’

IL-1p FP 5'-AAAAAAGCCTCGTGCTGTCG-3' 60 °C
RP 5/-GTCGTTGCTTGGTTCTCCTTG-3’

IL-6 FP 5'-ACAAAGCCAGAGTCCTTCAGAGAG-3' 62 °C
RP 5'-TTGGATGGTCTTGGTCCTTAGCC-3’

TNFa FP 5'-CTGAACTTCGGGGTGATCGGT-3' 62 °C
RP 5/-TCCTCCACTTGGTGGTTTGCTAC-3’

Egr-1 FP 5'-GGCGATGGTGGAGACGAGTTAT-3’ 58 °C
RP 5'-CAAAGTGTTGCCACTGTTGGGT-3’

TF FP 5/-ACACAAACCTTGGACAGCCAGTAA-3' 59 °C
RP 5'-CTTTCCCGTGCTTGAGCCTTT-3’

Serpinel FP 5'-ACAGCTCATGCCCTCCGCCA-3’ 62 °C
RP 5'-CACCAGGCGTGTCAGCTCGTC-3’

Andrographolide (Andro), a natural diterpenoid lactone, is the main
compound isolated from traditional medicinal herb Andrographis
paniculata Nees (Acanthaceae) [9]. A. paniculata Nees is well-known
for clearing away heat and toxic materials, and has been widely used
for centuries in Asian countries like China, India, and Thailand for the
treatment of sore throat, flu and upper respiratory tract infections [9].
There are various reports about the anti-inflammatory activity of
andrographolide in experimental models of asthma, cigarette smoke-
induced lung injury, pulmonary fibrosis, inflammatory bowel disease,
etc. [10-13]. In addition, andrographolide is also reported to inhibit
tumor angiogenesis in vivo and in vitro [14-16]. As andrographolide
has obvious anti-inflammatory and anti-angiogenic activity, it may
have potential therapeutic activity against DR. The present study aims
to observe the amelioration of andrographolide on DR (including
NPDR and PDR), and further explore the engaged mechanisms from
inhibiting retinal inflammation and angiogenesis.

2. Materials and methods
2.1. Chemical compounds and reagents

Andrographolide (Andro), its purity is above 98.5%, was purchased
from Nanjing TCM Institute of Chinese Materia Medica (Nanjing,
China). Cluster of differentiation 31 (CD31) antibody and fluorescein
isothiocyanate (FITC) conjugated anti-Rat IgG were purchased from
BD Biosciences (Franklin Lakes, NJ). Enzyme-linked immunosorbent
assay (ELISA) kit for VEGF was obtained from R&D (Minneapolis, MN),
and other ELISA kits were purchased from RapidBio (West Hills, CA).
Trizol reagent was purchased from Life Technology (Carlsbad, CA).
PrimeScript® RT Master Mix and SYBR® Premix Ex Taq™ were pur-
chased from Takara (Shiga, Japan). NE-PER® nuclear and cytoplasmic
extraction reagents and Pierce® BCA Protein Assay Kit were purchased
from Thermo Scientific (Bremen, Germany). NF-xkBp65, phospho-NF-
KBp65, phospho-IkB, phospho-IKK, Egr1, 3-actin, and LaminB antibod-
ies were all purchased from Cell Signaling Technology (Danvers, MA).
Peroxidase-conjugated goat anti-Rabbit IgG (H + L) and peroxidase-
conjugated goat anti-Mouse IgG (H + L) were purchased from Jackson
ImmunoResearch (West Grove, PA). Other reagents unless indicated
were purchased from Sigma Chemical Co. (St. Louis, MO).

2.2. Experimental animals

The C57BL/6 mice (18-22 g) were purchased from the Shanghai
Laboratory Animal Center of Chinese Academy of Sciences (Shanghai,

China). The animals were maintained under controlled temperature
(23 £ 2 °C), humidity (50%), and lighting (12 h light/12 h dark). The
animals were fed with a standard laboratory diet and given free access
to tap water. All animals received humane care according to the institu-
tional animal care guidelines approved by the Experimental Animal Eth-
ical Committee of Shanghai University of Traditional Chinese Medicine.

2.3. Establishment of the mice model of STZ-induced NPDR

Thirty-five mice were administered intraperitoneally (i.p.) with
55 mg/kg STZ for 5 consecutive days, while the other sixteen mice
were injected (i.p.) with physiological saline and served as control
animals. The concentration of serum glucose was measured 7 days
after the last injection, and the mice with high glucose concentration
(>16.5 mmol/L) were considered as diabetic mice. In this experiment,
the glucose concentration of 33 mice was >16.5 mmol/L, and those
mice were randomly divided into two groups: NPDR model (n = 17)
and NPDR + Andro (10 mg/kg) (n = 16), respectively. At 1 month
after the injection of STZ, the mice were administered intraperitoneally
(i.p.) with Andro (10 mg/kg per day) consecutively for 1 month. At
2 months after the injection of STZ, 6 mice of each group were used
for the measurement of BRB breakdown by using Evans blue. The
other mice were anesthetized by sodium pentobarbital (30 mg/kg,
i.p.), the blood samples were taken from the abdominal aorta, and the
eyes were removed immediately.

2.4. Establishment of the mice model of STZ-induced PDR

Twenty-two mice were administered intraperitoneally (i.p.) with
55 mg/kg STZ for 5 consecutive days, while the other ten mice were
injected (i.p.) with physiological saline and served as control animals.
The concentration of serum glucose was measured 7 days after the
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Fig. 1. Analysis of body weight and blood glucose level. (A) Body weight; (B) blood glucose
level. Data = Means 4+ SEM (n = 9 for control, n = 10 for DM, n = 8 for Andro).
***P < 0.001 compared to control.
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last injection, and the mice with high glucose concentration
(>16.5 mmol/L) were considered as diabetic mice. In this experiment,
the glucose concentration of 19 mice was >16.5 mmol/L, and those
mice were randomly divided into two groups: PDR model (n = 10)
and PDR + Andro (10 mg/kg) (n = 9), respectively. At 3 months after
the injection of STZ, the mice were administered intraperitoneally
(i.p.) with Andro (10 mg/kg per day) consecutively for 2 months. At
5 months after the injection of STZ, the mice were anesthetized by
sodium pentobarbital (30 mg/kg, i.p.), the blood samples were taken
from the abdominal aorta, and the eyes were removed immediately.
Meanwhile, the body weight was monitored and the concentration
of blood glucose was determined by Glucometer® (Accu-Check®
Performa Nano, Roche Diagnostics, Germany) during the whole
experimental process.

2.5. Retinal cluster of differentiation 31 (CD31) immunofluorescence
staining

The experimental procedure of retinal CD31 immunofluorescence
staining was described in our previous published papers [17,18],
and the retinas were pictured under the fluorescence microscopy
(IX81, Olympus, Japan). The quantity of the vessels was counted as in
previously described method [17-19].

2.6. Measurement of blood-retinal barrier (BRB) breakdown using Evans
blue

Mice were injected with 2% Evans blue (10 pl/g, i.p.) in PBS. After 2 h,
blood was extracted through the left ventricle; and the mice were
perfused with PBS to completely remove the Evans blue dye in blood
vessels. Retinas were carefully dissected and the weight was deter-
mined after thoroughly drying. Next, the retinas were incubated in
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120 pl formamide for 18 h at 70 °C to extract the Evans blue dye. The
extract was centrifuged at 10,000 g twice for 1 h at 4 °C. Absorbance
of the supernatant was measured with a spectrophotometer at
620 nm. The concentration of Evans blue dye in extracts was calculated
using a standard curve of Evans blue in formamide and normalized to
the dried retinal weight.

2.7. ELISA analysis

The whole blood and fluids in vitreous cavity were centrifuged at
3000 rpm, 4 °C for 15 min, and serum and fluids in vitreous cavity
were collected for ELISA analysis according to the manufacturer's
instructions.

2.8. RNA isolation and cDNA synthesis

Total RNA in retinas was isolated using Trizol reagent according to
the instruction. The RNA content was determined by measuring the
optical density at 260 nm, and cDNA was synthesized according to the
instruction described in the kits.

2.9. Real-time PCR analysis

Real-time PCR was performed using a SYBR green premix according
to the instruction. Relative expression of target genes was normalized to
Actin, analyzed by 2724 method and given as ratio compared with the
control. The primer sequences used in this study are shown in Table 1.

2.10. Nuclear and cytoplasm protein extraction

Retinal cytosolic and nuclear proteins were isolated as described
in NE-PER® nuclear and cytoplasmic extraction kits. The protein
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Fig. 2. Andro inhibited retinal angiogenesis in STZ-induced PDR mice and attenuated BRB breakdown in STZ-induced NPDR mice. (A) Immunofluorescence staining of retinas with CD31 in
STZ-induced PDR mice, and the enlarged partial view of CD31-stained retina was showed (original magnification x 100). (a. Control, b. DM, c. DM + Andro 10 mg/kg). (B) Quantitative
results of CD31-stained retinal vessels. Data = Means & SEM (n = 4). ***P < 0.001 compared to control; ***P <0.001 compared to DM without Andro. (C) BRB breakdown was detected
by using Evans blue leakage assay in STZ-induced NPDR mice. Data = Means + SEM (n = 6). **P < 0.001 compared to control; *P < 0.05 compared to DM without Andro.
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concentration of samples was detected by Pierce® BCA Protein
Assay Kit, and all the samples were normalized to the equal protein
concentration.

2.11. Western-blot analysis

Retinas were homogenized in ice-cold lysis buffer containing 50 mM
Tris, pH 7.5, 150 mM NaCl, 1 mM EDTA, 20 mM NaF, 0.5% NP-40, 10%
glycerol, 1 mM phenylmethylsulfonyl fluoride 10 pg/ml aprotinin,
10 pg/ml leupeptin, and 10 pg/ml pepstatin A. After centrifugation,
protein concentration of the resulting supernatant was determined,
and normalized to equal amount of protein of each sample. Proteins
were separated by SDS-PAGE and blots were probed with appropriate
combination of primary and horseradish peroxidase-conjugated second-
ary antibodies. Proteins were visualized by enhanced chemilumines-
cence kits. For repeated immunoblotting, membranes were stripped in
62.5 mM Tris (pH 6.7), 20% SDS and 0.1 M 2-mercaptoethanol for
30 min at 50 °C.

2.12. Statistical analysis

Data were expressed as means =+ standard error of the mean. The
significance of differences between groups was evaluated by one-way
ANOVA with LSD post hoc test, and P < 0.05 was considered as
statistically significant differences.

3. Results
3.1. Measurement of body weight and blood glucose concentration

As shown in Fig. 1A, the body weight of diabetic mice was obviously
lower than that of normal control mice (P < 0.001), and there was weak
amelioration of body weight after the treatment of Andro (10 mg/kg).
Further, Fig. 1B showed that blood glucose concentration in dibetic mice
was obviously higher than that in normal control mice (P < 0.001),
while after Andro (10 mg/kg) treatment there was not much effect on
the elevated blood glucose concentration in diabetic mice.

3.2. Andro inhibited retinal angiogenesis in STZ-induced PDR mice

The inhibition of Andro on retinal angiogenesis in STZ-induced PDR
mice was observed by staining retinal vessels using CD31. Fig. 2A is the
partially enlarged picture of CD31-stained retinas. From Fig. 2A, we can
see that there were more CD31-stained vessels in diabetic mice
(Fig. 2A-b) than in normal control mice (Fig. 2A-a), whereas such
increased vessels were diminished in diabetic mice after treated with
Andro (10 mg/kg) (Fig. 2A-c). Further, after counting the number of
vessels, we can see that Andro (10 mg/kg) obviously decreased the in-
creased number of retinal vessels in diabetic mice (P < 0.001) (Fig. 2B).

3.3. Andro attenuated BRB breakdown in STZ-induced NPDR mice

The attenuation of Andro on BRB breakdown in STZ-induced NPDR
mice was observed by using Evans blue leakage assay. As shown in
Fig. 2C, the results of Evans blue leakage assay showed that there was
increased vessel leakage in STZ-induced diabetic mice (P < 0.001),
whereas Andro (10 mg/kg) obviously inhibited such increased vessel
leakage in STZ-induced diabetic mice (P < 0.05).

3.4. Effects of Andro on VEGF expression in STZ-induced PDR mice

Further, the effects of Andro on the expression of VEGF, which is the
main growth factor for stimulating angiogenesis, were observed in
STZ-induced PDR mice. As shown in Fig. 3A, Andro (10 mg/kg) de-
creased the elevated serum VEGF content in STZ-induced diabetic
mice (P < 0.01). In addition, Andro (10 mg/kg) also decreased the
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Fig. 3. Effects of Andro on VEGF expression in STZ-induced PDR mice. (A) Serum content of
VEGF. Data = Means + SEM (n = 6). (B) VEGF content in vitreous cavity. Data =
Means + SEM (n = 8 for control, n = 8 for DM, n = 6 for Andro). (C) Retinal mRNA ex-
pression of VEGF and its receptors including FLT-1 and KDR. Data = Means 4 SEM (n = 7
for control, n = 8 for DM, n = 6 for Andro). *P< 0.05, **P< 0.01, ***P < 0.001 compared to
control; *P < 0.05, *P < 0.01, ##P < 0.001 compared to DM without Andro.

increased VEGF content in vitreous cavity in diabetic mice (P < 0.05)
(Fig. 3B). Further, the results of real-time PCR analysis showed that
Andro (10 mg/kg) decreased the elevated mRNA expression of VEGF
and its receptors like FLT-1 and KDR in retinas in STZ-induced diabetic
mice (P < 0.05, P<0.001).

3.5. Effects of Andro on NF-B signaling pathway in STZ-induced NPDR mice

As shown in Fig. 4A, we can see that Andro (10 mg/kg) obviously
decreased the increased expression of NF«Bp65 in retinal nucleus in di-
abetic mice. After calculating the gray density of the protein bands
(Fig. 4B), the expression of NF-kBp65 was obviously increased in retinal
nucleus in STZ-induced diabetic mice (P < 0.001), but not changed in
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retinal cytoplasm. After mice were treated with Andro (10 mg/kg), the
increased retinal nuclear NF-kBp65 was obviously decreased in diabetic
mice (P < 0.001). Meanwhile, Andro (10 mg/kg) also weakly decreased
the expression of NF-kBp65 in retinal cytoplasm in diabetic mice
(P<0.05).

Further results in Fig. 4C demonstrated that the expression of phos-
phorylated NF-Bp65, IkB and IKK proteins was obviously increased in
retinas of STZ-induced diabetic mice, whereas Andro (10 mg/kg) de-
creased such elevated expression of phospho-NF-<Bp65, -IB and -IKK.
The inhibition of Andro on the phosphorylated activation of NF-xkBp65,
IkB and IKK proteins was confirmed in the results of gray density of
protein bands in Fig. 4D (P < 0.05, P < 0.001).

As shown in Fig. 4E, retinal mRNA expression of IL-1f3, IL-6, and TNF-
o was increased in STZ-induced diabetic mice (P < 0.05, P < 0.01),

whereas such increased mRNA expression was reduced in Andro-
treated diabetic mice (P < 0.05, P < 0.01). In addition, the results of
Fig. 4F showed that serum levels of IL-1(3, IL-6, and TNF-at were increased
in STZ-induced diabetic mice (P<0.05, P< 0.01). After mice were treated
with Andro (10 mg/kg), the elevated serum levels of IL-1p, IL-6, and
TNF-a were all decreased (P < 0.05, P < 0.01).

3.6. Effects of Andro on Egr1 signaling pathway in STZ-induced NPDR mice

As shown in Fig. 5A, we can see that Andro (10 mg/kg) obviously
decreased the increased expression of Egr1 in retinal nucleus in STZ-
induced diabetic mice. After calculating the gray density of the protein
bands (Fig. 5B), the expression of Egr1 was obviously increased in reti-
nal nucleus in STZ-induced diabetic mice (P < 0.05). After mice were
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treated with Andro (10 mg/kg), the increased retinal nuclear Egr1 was
obviously decreased in diabetic mice (P < 0.01). Andro (10 mg/kg)
also weakly decreased the expression of Egr1 in retinal cytoplasm in
diabetic mice (P < 0.001).

As shown in Fig. 5C, retinal mRNA expression of Egrl, TF
and serpinel was increased in STZ-induced diabetic mice (P < 0.05,
P<0.01, P<0.001), whereas such increased mRNA expression was re-
duced in Andro-treated diabetic mice (P < 0.01, P < 0.001). In addition,
the results of Fig. 5D showed that serum levels of TF and serpinel
were increased in STZ-induced diabetic mice (P < 0.001). After mice
were treated with Andro (10 mg/kg), the elevated serum levels of TF
and serpinel were both decreased in diabetic mice (P < 0.001).

4. Discussion

Retinal neoangiogenesis is characterized by the growth of abnormal
retinal vessels, which is the critical pathological changes during the
development of DR, and it is also the hallmark of PDR [7]. The anti-
angiogenic agents are considered as the promising treatment for DR
[20,21]. Previous studies have showed the anti-angiogenic activity of
Andro and its potential application in tumor growth inhibition
[14-16]. Our present results showed that Andro reduced the increased
number of retinal vessels in STZ-induced diabetic mice. This study is
the first report about the inhibition of Andro on retinal angiogenesis
during the development of PDR, which indicates the potential great
value for the development of Andro for the treatment of DR.

VEGF, a well-known pro-angiogenic factor, plays important roles in
regulating retinal angiogenesis [22,23]. Anti-VEGF therapy is considered
as the feasible treatment for DR [24], and currently there are some
anti-VEGF drugs including macugen (Pegaptanib sodium), lucentis

(Ranibizumab), and avastin (Bevacizumab) under investigation to
treat DR [25]. In the present study, we found that the elevated contents
of VEGF in serum or vitreous cavity in STZ-induced PDR mice were both
reduced after mice were treated with Andro. VEGF exerts its biological
activity mainly via binding with its receptors like KDR or FLT1 [26].
Further results demonstrated that Andro decreased the increased
retinal mRNA expression of VEGF and its two receptors including FLT1
and KDR. Our results indicate that Andro inhibits retinal angiogenesis
via inhibiting VEGF signaling pathway, and thus contributes to the
amelioration of PDR.

Retinal inflammation has also been reported to be critically involved
in the development of DR, and specially NPDR [27]. The increased secre-
tion of pro-inflammatory cytokines like TNF-v, IL-1f3, and IL-6 will lead
to the increased leukostasis and further breakdown of BRB during the
development of NPDR [27,28]. NF-kB is a critical transcriptional factor
involved in regulating inflammation [29]. NF-kB is responsible for
inducing the production of various pro-inflammatory cytokines such
as TNF-a and IL-1(3 [29,30]. Our results showed that Andro attenuated
the increased BRB breakdown and reduced the elevated production of
pro-inflammatory cytokines in STZ-induced NPDR mice. In addition,
Andro decreased the increased nuclear translocation of NF-<Bp65 and
the phosphorylation of NF-kBp65, IB, and IKK. All those results indicate
that Andro can inhibit the activation of NF-kB signaling pathway, which
contributes to the attenuation of retinal inflammation in STZ-induced
NPDR mice and is helpful for the amelioration of NPDR.

Egr1 is another important transcriptional factor, and its main biolog-
ical function is to transmit the signals involved in cell growth, differen-
tiation, and apoptosis [31,32]. Egr1 is reported to be critically involved
in various diseases such as tumor growth, and some cardiovascular
pathological processes including ischemia and atherosclerosis [32-35].
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Recently, there is a report that demonstrates that the high-mobility
group box-1 (HMGB1)/receptor for advanced glycation end products
(RAGE)/osteopontin (OPN)/early growth response-1 (Egr-1) pathway
is involved in inflammatory, angiogenic, and fibrotic responses in prolif-
erative vitreoretinal disorders including PDR [36]. In our present study,
we found that Andro decreased the increased nuclear translocation of
Egr1 in STZ-induced NPDR mice. The results clearly demonstrate the in-
hibition of Andro on the transcriptional activation of Egr1 in diabetic
mice. Next, the results showed that Andro decreased the increased
mRNA expression and serum contents of serpinel and TF, which are
both downstream genes regulated by Egr1 [37]. Serpinel, also named
plasminogen activator inhibitor 1, is a rapid inhibitor of tissue plasmin-
ogen (tPA) and acts as the primary regulator of fibrinolysis, which is
critically involved in modulating extracellular matrix proteolysis [38].
Recent studies demonstrate that the increased plasma serpinel content
is associated with the progression of DR [39,40]. TF, a transmembrane
glycoprotein, is involved in regulating blood coagulation, and recent re-
ports demonstrate its potential regulation of angiogenesis [41,42]. TF is
also reported to be increased during the development of DR [43]. Thus,
Andro-induced reduced expression of serpinel and TF will be helpful
for the amelioration of DR. Egr1 also contributes to the regulation of
the production of some pro-inflammatory cytokines such as TNF-a
and IL-6 [37,44]. Thus, Andro-induced decreased activation of Egrl
may also contribute to the reduced production of pro-inflammatory
cytokines including TNF-q, IL-1P, and IL-6. All those results indicate
that Andro-induced inhibition on Egr1 signaling pathway contributes
to the amelioration of Andro on retinal inflammation or angiogenesis
during the progression of DR.

In conclusion, our study demonstrates the obvious amelioration of
Andro on retinal inflammation and angiogenesis during the develop-
ment of DR, and VEGF, NF-kB, and Egr1 signals all play important roles
in such process. This study provides the strong evidences for the
potential application of Andro for the treatment of DR in clinic.
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