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ABSTRACT Diabetic retinopathy (DR), a chronic microvascular retinal disorder leading to retinal nonperfusion
and ischemia, is one of the leading causes of blindness among individuals of working age. Inflammation and
neovascularization play important roles in the development of DR, especially proliferative DR (PDR). Therapies
with Chinese medicines (CMs) that improve microcirculation complementary to conventional treatments increase
the chances of delaying PDR development and improving visual acuity in diabetes patients. This review aimed
to introduce promising CMs targeting DR patients in clinical practice, together with their underlying molecular

mechanisms.
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Diabetic retinopathy (DR) is one of the leading
causes of blindness among the working-age
population, with around 93 million cases reported
globally in 2012."” As a chronic microvascular retinal
disorder, DR is characterized by progressive occlusion
of capillaries, resulting in retinal nonperfusion
and ischemia.” DR can be further classified into
nonproliferative diabetic retinopathy (NPDR) and
proliferative diabetic retinopathy (PDR). The symptoms of
NPDR include microaneurysms, intraretinal hemorrhages,
cotton wool spots and intraretinal microvascular
abnormalities. Compared to NPDR, the distinctive feature
of PDR is the vascular endothelial growth factor (VEGF)-
mediated pathological intraocular neovascularization.®

In current clinical practice, only close monitoring is
required for NPDR patients without pronounced macular
edema. However, clinically significant macular edema
often involves focal laser therapy. In addition, intravitreal
injections of triamcinolone or anti-VEGF agents
including ranibizumab are also effective in improving
the visual acuity. For PDR patients, pan-retinal laser
photocoagulation is the preferable treatment to induce
new vessel regression and prevent severe visual loss.

Since the pathophysiological feature of DR
is the occlusion of retinal ischemia and intraocular
neovascularization, Chinese medicines (CMs)
known to improve microcirculation within the retina
have their unique advantages in the DR treatment.
Therapies combining CMs with conventional surgical
and medical treatments show great promise in delaying
PDR development and improving the visual acuity in
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these diabetes patients. In this review, we aimed to
summarize the mechanisms of CMs in treating DR and
highlighting promising CMs that may be beneficial for
DR patients.

Mechanisms of CMs in Treating DR

Recent studies revealed that inflammation plays an
important role in the development of DR. In diabetes
patients, hyperglycemia leads to inflammation and
vascular dysfunction through several molecular signaling
pathways.® Consequently, retinal leukostasis will
develop in the retinas and correlates with the increased
expression of retinal intercellular adhesion molecule-1
and CD18.® The development of retinal leukostasis
might contribute to retinal vascular permeability and
capillary nonperfusion. In addition to retinal inflammation,
neovascularization is another key mechanism in the
development of DR, especially in PDR cases. Ocular
neovascularization may lead to severe complications like
neovascular glaucoma and vitreous hemorrhage.

Based on these findings, multiple research
groups have demonstrated the anti-inflammation and
anti-neovascularization effects of CMs on DR both in
vitro and in diabetic animal models.
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Puerarin

Puerarin is the active constituent of a Radix
puerariae. In a study by Zhu, et al,"”’ cultured retinal
capillary endothelial TR-iBRB2 cells were treated with
interleukin (IL)-1 B8, a key proinflammatory factor in the
development of DR, to induce leukostasis, validated
by the elevated expression of leukocyte endothelial
adhesion process. Strikingly, the treatment of puerarin
was capable to inhibit the IL-1 8 -induced leukostasis
by inhibiting the involved upstream and downstream
signaling pathways, suggesting the potential anti-
inflammation effect of puerarin in the retina.

Besides of anti-inflammation effects, Teng,
et al® demonstrated its anti-neovascularization
effect in streptozotocin (STZ)-induced diabetic rats.
Systemic administration of puerarin significantly
reduced DR progression indicated by morphological
changes of inner nuclear layer and outer nuclear layer
within retina. Additionally, they performed reverse
transcription-polymerase chain reaction (RT-PCR)
to compare the VEGF expression levels between
the treated and untreated groups. Consistently, the
ocular expression of VEGF in puerarin-treated group
was significantly decreased. Similarly, Song, et al®
observed systemic puerarin treatment was able
to block the initiation of DR in STZ-induced Wistar
rats, indicated by slightly changed retinal structure,
including inner nuclear layer and outer nuclear layer."”
Therefore, the in vivo experiments demonstrated that
puerarin may be a promising candidate in treating DR
patients by regulating angiogenesis factors expression.

Dendrobium Chrysotoxum Lindl

Dendrobium chrysotoxum Lindl (DC) has been
reported to exhibit antioxidant, immunomodulatory,
anticancer, and antisenescence activities."" Yu, et al"?
tested ethanol extract of DC to investigate its effects on
DR in STZ-induced diabetic rats. The anti-inflammation
effects of DC were confirmed by reduced retinal
expression of inflammatory factors, including IL-1 3, IL-6
and tumor necrosis factor (TNF)- ., within the retina of
diabetic rats. Additionally, the increased serum levels of
these factors were also attenuated."*'® DC treatment
also restored the increased retinal mMRNA expressions
of VEGF and VEGF receptor 2 (VEGFR2), together with
the elevated serum VEGF level in diabetic rats. As a
result, the retinal vessel density was decreased in DC-
treated diabetic rats."*'¥ Similar anti-neovascularization
effects were also observed in STZ-induced diabetic
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mice by another Chinese group.”® Further observation
showed that DC suppressed high-glucose-induced
VEGF expression and VEGFR2 activation through
VEGFR2-cRaf-MEK1/2-ERK1/2 and PI3K-AKT
signaling pathways."” Based on these in vitro and in
vivo experiments, Yu, et al"® confirmed the therapeutic
effects of DC in DR through both anti-inflammation and
anti-angiogenesis mechanisms.

Andrographolide

Andrographolide (Andro) is the main chemical
compound derived from Andrographis paniculat.."® Yu,
et al’” also tested the therapeutic effects of Andro in
the retinas of STZ-induced DR mice. Resembling DC,
Andro was able to reduce the elevated serum and retinal
mRNA expression of inflammatory factors in NPDR rats.
As a result, the breakdown of blood-retina barrier by
inflammatory factors, a critical step in DR development,
was effectively blocked. As expected, Andro significantly
blocked the increase in VEGF in serum and vitreous
cavity, and the increase in retinal mMRNA expressions
of VEGF and its receptors in PDR rats. Therefore, the
newly formed retinal vessels were effectively suppressed
during the development from NPDR to PDR.

Stephania tetrandra S. Moore

Stephania tetrandra S. Moore (STSM) is used
traditionally to remove fluid and to eliminate "wind and
damp" from the body and has been used for centuries
in China for the treatment of edema and arthritis.
Two major chemical components, tetrandrine and
fangchinoline, can be isolated from STSM.

Kobayashi, et al"® tested the anti-angiogenesis
effects of tetrandrine both in vitro and in vivo.
Tetrandrine potently inhibited choroidal angiogenesis
in cultured choroids in STZ-induced diabetic Wistar
rats. Such inhibition were also observed in air-pouch
granuloma angiogenesis in diabetic mice. After
establishing a retinal capillary in STZ-induced diabetic
rats in culture, the researchers tested the efficacy of the
root extract of STSM in suppressing neovascularization.
The results showed that administration of STSM
significantly inhibited neovascularization of both retinal
capillary and choroidal capillary in culture in a dose-
dependent manner. Furthermore, tetrandrine was
able to protect both the retinal and choroidal capillary
from neovascularization development in the same
way. Thus, it was concluded that STSM may delay the
progression of retinopathy in diabetic patients through
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the biological activity of tetrandrine.""?

Other Potential Compounds

Lonicerae Japonicae Flos (FL) is another
traditional Chinese drug used to clear away "heat" and
toxic material.***" In STZ-induced diabetic mice, Zhou,
et al®® observed the inhibitory effects of aqueous extract
of FL on new vessel formation. Retinal histopathological
observation showed that FL effectively reduced the
elevated number of newly formed blood vessels in the
retina. For the underlying molecular mechanism, FL
was also shown to reduce the increased serum VEGF
content and VEGF-induced choroid-retinal endothelial
RF/BA cells proliferation in a dose-dependent manner.
Therefore, FL may be beneficial for retinal angiogenesis
inhibition in DR patients.

Tauroursodeoxycholic acid (TUDCA) derived
from bear gall shows pharmacological effects in
treating various diseases.®® Wang, et al® conducted
in vivo experiments in STZ-induced diabetic rats
and found that TUDCA administration was able
to decrease the VEGF expression in the retina.
Meanwhile, the serum content of nitric oxide (NO) was
also lowered. Since NO is a causative factor to retinal
microvascular endothelial cells dysfunction in DR
patients, TUDCA may be another potential agent in
inhibiting neovascularization in DR patients.

The compound rhodiola cretini is able to clear away
free radical in human beings.®® In the STZ-induced
diabetic rats, daily rhodiola cretinii administration by
gastric perfusion significantly lowered VEGF expression
levels, indicated by both immunochemistry staining and
RT-PCR.*®

Chinese Classic Herbal Formulae

Different from individual herbs, Chinese classic
herbal formulae as part of Chinese herbology combine
multiple herbs for greater efficiency. Danggui Buxue
Decoction (DBD, % J)a24hf2i%) is the aqueous extract
of Radix Astragal and Radix Angelica sinensis.
Intragastrically administration of DBD (3.6 g/kg) in
STZ-induced diabetic rats for 8 weeks restored the
elevated serum and vitreous levels of VEGF.?” With
the additional ingredient Panax notoginseng (RRP), the
modified DBD reported by Gao, et al®® successfully
abolished the leukostasis in retinal vasculature in STZ-
induced diabetic rats. Moreover, they found that RRP
decreased the expression of key inflammatory factors
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in the retina. Thus, they inferred that RRP had a potent
effect in preventing the progression of DR by inhibiting
the inflammation of diabetic retina.

Shiquan Dabu Decoction (+4 X #k4%, SDD,
Sipjeondaebo-tang in Korean), is a widely used
traditional herbal formula to treat patients with fatigue,
loss of appetite, anemia, atopic dermatitis and
rheumatoid arthritis.” In oxygen-induced retinopathy
(OIR) mice, Lee, et al® found that systemic
administration of SDD by intraperitoneal injection
significantly reduced retinal neovascularization by
suppressing the expression of platelet derived growth
factor, a angiogenesis factor in PDR development.®”

Guipi Decoction (V21%4:%, GPD, Guibi-tang in
Korean), also named Guipi Decoction in Chinese,
is another oriental herbal formula widely used in
East Asia.®" Lee, et al® reported GBD's function
in depressing neovascularization in OIR mice. They
measured several angiogenesis-related factors reflecting
the retinal neovascularization process in the animal
model. Intraperitoneally administration of GBD daily
effectively decreased the VEGF expression compared
to the control group. Lee, et al® also observed the
inhibitory function of Siwu Decoction (w947:%, SWD,
Samul-tang in Korean) in DR neovascularization. Similar
results obtained from in vivo experiments also indicated
that it is a potential herbal formula for DR treatment.

Outlook and Conclusion

Multiple studies have been performed in
DR models to investigate the effects of CMs in
DR treatment (Table 1). Their common molecular
mechanism was through the inhibition of retinal vascular
endothelial inflammation or neovascularization.

To date, only a few clinical trials using CMs to
prevent PDR development in diabetes patients have
been conducted. Luo, et al® used retinal arterio-
venous circulation time as an indicator of blood flow and
reported that Qiming Granule (#2.###:2) may increase
retinal blood flow and improve blood circulation.
Another clinical study by Lian, et al® demonstrated
that Salvia miltiorrhiza was also beneficial for DR
patients. Lin, et al®® tested the therapeutic effects of
modified DBD with photocoagulation in treating PDR.

Although the effects of several CMs have been
tested in DR patients, the number of enrolled subjects
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Table 1. Potential Chinese Medicines in Treating DR
Mechanism Chinese medicines Biological effects in experimental DR
Inhibit retinal vascular Puerarin Inhibit leukostasis of TR-IBRB2 cells induced by IL-13

endothelial inflammation

Inhibit retinal
neovascularization

Modified DBD with RRP

DC

Andrographolide

STSM

Puerarin

Inhibit leukostasis and decrease expression of inflammatory factors in DR rats

Reduce increased retinal expression and serum levels of inflammatory factors in
DR rats

Reduce increased retinal expression and serum levels of inflammatory factors in
DR rats

Inhibit neovascularization of both retinal capillary and choroidal capillary in DR
rats in culture

Reduce DR progression in inner nuclear layer and outer nuclear layer within
retina, decrease ocular VEGF expression

Rhodiola cretinii

Decrease ocular VEGF expression in DR rats

DC Decrease ocular VEGF and VEGFR2 expression in DR rats
Andrographolide Decrease ocular VEGF and VEGFR2 expression in DR mice

FL Decrease ocular VEGF expression in DR mice

TUDCA Decrease ocular VEGF expression and serum content of NO in DR rats
SDD Decrease expression of PDGF in oxygen-induced retinopathy mice
GBD Decrease ocular VEGF expression in oxygen-induced retinopathy mice
SMD Decrease ocular VEGF expression in oxygen-induced retinopathy mice

Notes: DBT: Danggui Buxue Decoction; DC: Dendrobium Chrysotoxum Lindl; STSM: Stephania tetrandra S. Moore; FL: Lonicerae
Japonicae Flos; TUDCA: tauroursodeoxycholic acid; SDD: Shiquan Dabu Decoction; Guipi Decoction; SWD: Siwu Decoction.

was insufficient. Therefore, further clinical trials,
especially randomized controlled trials, are necessary
to confirm the safety and utility of CMs. At the same
time, exploring other novel traditional herbal formulae
based on the above-mentioned mechanisms may
potentially increase the cure rate of DR.
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