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Abstract 

Purpose: Recent studies have reported the anti-inflammatory effect of Sinomenium acutum. We 
investigated the anti-inflammatory effect of sinomenine on endotoxin-induced uveitis in a rat model.  
Methods: Endotoxin-induced uveitis was induced in rat by lipopolysaccharide (LPS) immunization. 
Sinomenine (50mg/kg and 100mg/kg) was administered at 30 minutes before, 6 hours and 12 hours 
after LPS immunization. Clinical and histological severity was evaluated. Protein concentration and 
levels of tumor necrosis factor (TNF)-α and prostaglandin (PG)-E2 in aqueous humor were 
measured. Expression of activated Nuclear factor (NF)-κB p65 in ciliary body was also observed.  
Results: Clinical and histological severities were significantly milder in sinomenine-treated rat than in 
controls (P < 0.001). Sinomenine suppressed protein leakage and down-regulated the production of 
TNF-α and PG-E2 in a dose-dependent manner. Sinomenine treatment suppressed the 
translocation of the NF-κB p65 subunit into the nuclei.  
Conclusion: Systemic administration of sinomenine suppressed the inflammation of ocular tissues. 
These findings suggest that sinomenine could be a novel therapeutic agent for the control of 
endogenous ocular inflammatory disease. 

Key words: endotoxin-induced uveitis; NF-κB; PG-E2; Sinomenium acutum; TNF-α 

Introduction 
Uveitis refers to any intraocular inflammation. 

Anterior uveitis, involving the iris or ciliary body or 
both, is the most common type of uveitis. Anterior 
uveitis is reported in a range of 28.5% to 72% of 
uveitis patients in various studies [1-3]. Topical or 
systemic corticosteroids remain the mainstay of the 
management of patients with anterior uveitis, but the 
effect is usually transient. Treatments must be 
repeated in recurrent and chronic uveitis although the 
side effects of cataracts and raised intraocular 
pressure increase in frequency. Currently, no prom-
ising therapeutics except corticosteroid is available in 
the treatment of anterior uveitis.  

The mechanisms responsible for anterior uveitis 
remain unknown. However, recent evidence suggests 
that T lymphocytes play an important role in uveitis 
[4, 5]. Pathogenic effector T cells in anterior uveitis are 

T helper type 1 (Th1) cells, and they produce some 
cytokines such as interferon (IFN)–γ and interleukin 
(IL)-2 to recruit inflammatory cells. Some cytokines 
such as tumor necrosis factor (TNF), IL-1, IL-2, IL-6, 
and IFN-γ have been shown to induce inflammation 
in experimental animals after intraocular injection. 

Endotoxin-induced uveitis (EIU) is an animal 
model for acute anterior uveitis in humans, first 
reported by Rosenbaum, which is induced by 
injection of endotoxin, the lipopolysaccharide (LPS) 
component of the Gram-negative bacterial cell wall [6, 
7]. Observation of the inflammatory reaction in EIU 
showed that cellular infiltration and protein leakage 
reaches the maximal point at 24 hours after LPS 
injection [7]. Elevation of cytokines such as TNF-α, 
IL-6, monocyte chemoattractant protein (MCP)-1, and 
macrophage inflammatory protein (MIP)-2 were 
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concordant with maximal reaction of EIU [6, 7]. Other 
inflammatory mediators such as nitric oxide (NO) and 
prostaglandin (PG)-E2 are also involved in EIU [8-12]. 

Recent work has identified a potential treatment 
for inflammation, Sinomenine (SIN). It is a bioactive 
alkaloid extracted from the Chinese medicinal plant, 
Sinomenium acutum. Chinese doctors have begun 
using this extract to treat rheumatoid arthritis. 
Previous studies revealed that SIN has an inhibitory 
effect on lymphocytes proliferation in vitro [13] and a 
therapeutic effect on adjuvant arthritis, antigen- 
induced arthritis in rats, and autoimmune encephalo-
myelitis in rats [14, 15]. Researchers have proposed 
that this anti-inflammatory effect of SIN resulted from 
inhibiting the expression of cytokines, such as TNF-α 
and IFN-γ in the autoimmune encephalomyelitis 
model and autoimmune arthritis [14, 16]. Furthermore 
SIN has suppressive effects on both Th1 and Th2 
immune responses, but in mice the Th1 response is 
more suppressed by SIN compared to the Th2 
response in mice [17, 18].  

From this background, we hypothesized that 
SIN may have an anti-inflammatory effect in the EIU 
model of rats. The degree of the inflammation was 
clinically and histopathologically assessed 24 hours 
after the LPS injection. The total protein 
concentration, and the levels of TNF-α and PG-E2 in 
the aqueous humor were measured. The results 
indicate that SIN shows a dose-dependent 
anti-inflammatory effect on EIU, suggesting that SIN 
has a beneficial effect for the control of endogenous 
ocular inflammatory diseases.  

Methods 
Experimental animals  

Eight-week-old male Lewis rats (180~220g) 
purchased from Oriental Bio (Seoul, Korea) were used 
in this study. Different groups of rats were created for 
the experimental design: the experimental group was 
treated with SIN 50mg/Kg and SIN 100mg/Kg 
(Sinomenine hydrochloride, Tocris, St. Louis, MO), 
the negative control group with its vehicle, 
phosphate-buffered saline (PBS) and the positive 
control group with 1mg/kg dexamethasone 30 
minutes before, simultaneously with and 30 minutes 
after LPS injection. Ten male Lewis rats were allocated 
to each group. This animal study was conducted in 
accordance with guidelines of the ARVO Statement 
for Use of Animals in Ophthalmic and Vision 
Research and approval of the Institutional Animal 
Care and Use Committees (IACUC) of the Biomedical 
Research Institute at the Seoul National University 
Hospital (IACUC number: 10-0166).  

EIU induction 
EIU was induced by injection into the foodpad of 

200ug (100ug for each footpad) LPS from Salmonella 
typhrimurium (Sigma-Aldrich, St Louis, MO) that had 
been diluted in 0.2mL of PBS. During all procedures, 
including examination and photography, rats were 
anesthetized with a 1:1 ketamine hydrochloride 
(Phoenix Pharmaceutical, St. Joseph, MO): xylazine 
hydrochloride (Phoenix Pharmaceutical) mixture (1 
mL/kg) that was administered intramuscularly and 
all efforts were made to minimize suffering.  

Administration of Sinomenine  
 The sinomenine hydrochloride was dissolved in 

PBS for use in vivo tests. From the day of 
immunization, rats were treated intraperitoneally 
with SIN at 30 minutes before, 6 hours and 12 hours 
after LPS immunization. In addition, to evaluate the 
dose-response fashion, the experimental group was 
treated by two different doses of SIN, 50mg/kg and 
100mg/kg. Negative control group was treated with 
only its vehicle, PBS.  

EIU evaluation 
The severity of the intraocular inflammation was 

evaluated clinically and histologically. The degree of 
the anterior uveitis was clinically assessed 24 hours 
after the LPS injection. The severity of the intraocular 
inflammation was graded from 0 (no disease) to 4 
(severe disease), as described previously [11]. All eyes 
were examined with a binocular microscope and then 
scored clinically on the base of vascular engorgement, 
pupillary signs, and haziness of anterior chamber.  

For infiltrating cell counting, the aqueous humor 
sample was suspended in an equal amount of Türk 
stain solution (Merck, Germany), and the cells were 
counted with a hemocytometer under a light 
microscope. The number of cells per field (equivalent 
of 0.1 μl) was manually counted, and the results of 
four fields from each sample were averaged to 
calculate the number of cells per microliter. 

Protein concentration and Levels of TNF-α 
and PG-E2 in aqueous humor  

At 24 hours after LPS injection, the rats were 
euthanatized, and the aqueous humor was collected 
immediately from both eyes by an anterior chamber 
puncture (10~15 µL/rat) using a 30-gauge needle 
under the surgical microscope. The aqueous humor 
was pooled separately in each group. 

The total protein concentration in the aqueous 
humor samples was measured with a bicinchoninic 
acid protein assay kit (Pierce, Rockfold, IL). The 
aqueous humor samples were stored in ice water until 
testing, and total protein concentrations were 
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measured on the day of sample collection. 
The levels of TNF-α and PG-E2 in the aqueous 

humor were assessed with a commercially available 
ELISA kit (both, R&D Systems, Minneapolis, MN) 
according to the manufacturer’s instructions. The 
ELISA assay was performed in duplicate. 

Immunohistochemical studies for NF-κB 
We analyzed, by immunohistochemical 

methods, expression of activated NF-κB in ciliary 
body of rats with EIU. At 3 hours after LPS injection, 
rats were anesthetized, and the eyes were fixed by an 
intracardiac perfusion of 4% paraformaldehyde in 0.1 
M PBS. The eyes were enucleated and immersed in 
the same fixative for 12 hours and embedded in 
paraffin. Next, 5-µm sagittal sections were cut near 
the ciliary body. Sections were dewaxed with xylene 
and rehydrated with ethanol. Antigen retrieval was 
performed by heating sections in a microwave oven. 
The sections were rinsed in PBS twice and incubated 
with normal goat serum and then when with 
phospho-p65 (Ser311) (1:50; Santa Cruz Biotechn-
ology, Santa Cruz, CA). Binding of the primary 
antisera was localized with Alexa Fluor 555 goat 
anti-rabbit IgG (1:600; Molecular Probes, Eugene, OR). 
Nuclei were then stained with PBS containing DAPI 
(Invitrogen, Eugene, OR) for 5 minutes. The sections 
were examined by laser scanning confocal microscopy 
(LSM 510 META, Carl Zeiss, Germany). Within each 
sample, two areas were randomly photographed, and 
the number of activated NF-κB-positive cells was 
counted. The results of the two areas were averaged 
for each sample and in each group. This analysis was 
performed in the four eyes of two rats in each group. 

Statistical analysis 
Data was expressed as the mean ± standard 

deviation (SD). The Bonferroni test was used as a post 
hoc comparison to compare the four treatment groups 
after one-way ANOVA. P < .05 was considered to be 
statistically significant. Statistical analyses were 
performed using SPSS for Windows version 18.0 
(SPSS Inc, Chicago, Illinois, USA). 

Results 
SIN treatment ameliorates EIU 

Severe inflammation was found in the anterior 
segment of negative control rats at 24 hours after LPS 
administration. Obvious iridal hyperemia and 
exudative material could be observed in the anterior 
segment with slit lamp examination (Fig 1). Clinical 
scores were 3.75±0.46, 2.12±0.64, 1.38±0.74, and 
1.13±0.35 in negative control group, SIN 50 mg/kg, 
SIN 100 mg/kg, and positive control group, 

respectively. Significant reductions of inflammation 
were observed in eyes treated with 50 mg/kg, 100 
mg/kg of SIN as well as 1 mg/kg of dexamethasone 
compared to those in eyes treated with vehicle only 
(Fig 2).  

 

 
Figure 1. Clinical evaluation shows that sinomenine (SIN) prevents the 
inflammation in endotoxin-induced uveitis (EIU) in the iris and conjunctiva of 
rats. EIU-induced rats were treated with a vehicle, phosphate-buffered saline 
(PBS) (A), low-dose sinomenine (SIN) (50mg/kg, B), high-dose SIN (100mg/kg, 
C), and dexamethasone (1mg/kg), D). Results were given as mean ± SD. Note 
that the eyes of rats treated with PBS had severe inflammation, conjunctival 
injection, iris vascular engorgement, miosis, and exudative material at anterior 
chamber. In the eyes of rats treated with SIN 50mg/kg, moderate inflammatory 
reaction was showed. Both eyes of rats treated with SIN 100mg/kg and 
dexamethasone 1mg/kg showed mild inflammatory reaction.  

 

 
Figure 2. Sinomenine (SIN) prevents the inflammation of endotoxin-induced 
uveitis (EIU) in rats. The clinical score of EIU in Lewis rats eyes in the absence 
and presence of SIN was determined at 24 hours after LPS injection with a slit 
lamp microscope. Results were given as mean ± SD. Note that the eyes of rats 
treated with PBS had higher score than those of rats treated with SIN 50mg/kg, 
100mg/kg and dexamethasone 1mg/kg. Ocular inflammation was significantly 
decreased in SIN-treated rats compared to untreated rats. *P<0.05, one-way 
ANOVA followed by a Bonferroni post hoc test 

 
Histopathologic analysis also revealed a 

prominent cyclitis characterized by macrophages, 
polymorphonuclear cells and lymphocytes in the 
ciliary body and vitreous. Representative H&E 
histology of SIN-treated and -untreated rats is shown 
in Fig 3. In negative control mice, inflammatory cells 
were found in the ciliary body (Fig 3A, 3C). 
Dexamethasone-treated rats showed no inflammatory 
cells in the ciliary body (Fig 3B, 3D). Ciliary body 
collected from rats treated with 50 mg/kg SIN 
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showed mild cell infiltration without structural 
damage. Ciliary body collected from rats treated with 
100 mg/kg SIN showed almost normal histology (Fig 
3E and 3F). 

 In the negative control group, the number of 
inflammatory cells in aqueous humor at 24 hours after 
LPS administration was 29.5±7.55 x 105 cells/mL (n = 
16). The numbers of inflammatory cells in aqueous 
humor were 16.5±5.0 x 105 cells/mL, 10.0±3.7 x 105 
cells/mL, and 4.3±2.2 x 105 cells/mL in SIN 50 
mg/kg, SIN 100 mg/kg, and positive control group 
(Fig 4). Treatment with 50 and 100 mg/kg SIN 
significantly reduced the number of inflammatory 
cells in comparison with a negative control group (P = 
0.043, P = 0.021, respectively). The effect of 100 mg/kg 
SIN on the number of cells in the aqueous humor was 
lower but not statistically significant than the effect of 

1mg/kg dexamethasone (P = 0.059). In addition, there 
were no systemic adverse events including weight 
loss, hair loss, or sudden death.  

Effect of SIN on protein concentration and 
TNF-α/PG-E2 in aqueous humor 

Protein concentrations were 97.6±15.6 mg/mL, 
38.7±3.5 mg/mL, 15.8±2.4 mg/mL, and 6.1±1.4 
mg/mL in negative control, SIN 50mg/kg, SIN 
100mg/kg, and positive control group (Fig 5). Protein 
concentration in aqueous humor was significantly 
higher in negative control group than in SIN 50 
mg/kg, 100 mg/kg and dexamethasone 1 mg/kg 
group. Protein concentration in aqueous humor 
showed the anti-inflammatory effect of SIN.  

Considerable production of TNF-α and PGE2 in 
the aqueous humor was seen in the negative control 
group. SIN treatment also significantly reduced their 

concentrations in aqueous humor 
with a dose-dependent fashion. (Fig 
6A, 6B) 

Immunohistochemistry of 
NF-κB p65 

Activated NF-кB p65 immuno-
reactivity was strongly expressed in 
the iris-ciliary body. In contrast, the 
number of activated NF-κB-positive 
cells were lower in the iris-ciliary 
body of rats treated with SIN. 
Representative confocal microphoto-
graphs of ciliary body immunost-
ained with antibodies against NF-кB 
p65 of SIN-treated and -untreated 
rats is shown in Fig 7. Considerable 
expression of activated NF-κB p65 
was observed in the nuclei of the 
iris-ciliary body of EIU rats treated 
with vehicle alone (Fig. 7A). Only a 
few NF-κB p65-positive nuclei were 
detected in SIN- and dexamethas-
one-treated EIU rats (Fig. 7B, 7C and 
7D). Mean proportion of activated 
NF-κB-positive cells in the iris-ciliary 
body of control-EIU rats was 34.5 ± 
3.8%, whereas that in 50 mg/kg or 
100 mg/kg SIN-treated EAU mice 
was 17.0 ± 2.1% or 14.6 ± 2.8%, 
respectively (Fig. 8). The proportion 
of activated NF-κB-positive cells was 
significantly lower in EIU rats 
treated with 50 and 100 mg/kg SIN 
than that in control rats (P=0.016, P = 
0.010, respectively). 

 

 
Figure 3. Representative histopathology in ciliary body of Lewis rats’ eyes of endotoxin-induced uveitis in 
the absence and presence of sinomenine (SIN). Inflammatory cells are indicated as arrow. Rats with 
endotoxin-induced uveitis were treated with phosphate-buffered saline (PBS) (A) and 1mg/kg of 
dexamethasone (B) (X200 magnification). Higher magnification (X400 magnification) of ciliary body in rats 
treated with PBS (C) and 1mg/kg of dexamethasone (D). Severe inflammatory cells were observed in the 
PBS-treated rats (A, C). Higher magnification (X400 magnification) of ciliary body in rats treated with of 
SIN (E) and 100 mg/kg of SIN (F). Ciliary body collected from rats treated with 50 mg/kg SIN showed mild 
cell infiltration without structural damage. Ciliary body collected from rats treated with 100 mg/kg SIN 
showed almost normal histology. Results were given as mean ± SD. 
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Discussion 
Data from our study demonstrated that SIN has 

an anti-inflammatory effect both clinically and 
histopathologically on intraocular inflammation in a 
dose-response fashion. Treatment with SIN signific-
antly decreased total protein concentration, and the 
levels of TNF-α and PG-E2 in the aqueous humor, and 
decreased the number of activated NF-кB-positive 
cells. An intraperitoneal administration of SIN at the 
time of immunization significantly decreased the 
protein leakage and the inflammatory cytokines, mar-
kedly repressed ocular inflammation, and subseque-
ntly prevented damage in the eyes of rats with EIU.  

To elucidate the anti-inflammatory mechanism 
of SIN, we measured the NF-кB intranuclear positive 
rate. The activation of NF-κB plays a pivotal role in 
the pathogenesis of EIU and the NF-κB inhibitor 
decreased inflammation in uveitis [8, 19, 20]. After 
phosphorylation, the dissociation of I- κ B was 
facilitated, thus inducing the translocation of NF-κB 
which acts as a transcription factor. We showed that 
increased NF-κB activity in EIU correlates with 
clinical and histological grading of inflammation and 
that NF-κB activity was decreased in SIN-treated 
group. Even though exact pathways for the 
anti-inflammatory effect of SIN are still unknown, the 
possible therapeutic mechanism of SIN in 
inflammation can be by inhibition of NF-κB 
activation. Our data are consistent with previous 
reports that the inhibition of NF-κB may reverse the 
inflammatory process in other autoimmune diseases 
[21, 22]. Our results were also consistent with 
previous reports that SIN has been used to treat the 
inflammatory diseases including autoimmune 
encephalitis and arthritis in animal models [15, 16, 18]. 
While this is encouraging, additional research is 
necessary to further reveal the exact mechanism by 
which SIN suppressed the intraocular inflammation. 

 

 
Figure 4. A diagram of histopathologic evaluation in rats with 
endotoxin-induced uveitis. For infiltrating cell counting, the aqueous humor 
sample was suspended in an equal amount of Türk stain solution (Merck, 
Germany), and the cells were counted with a hemocytometer under a light 
microscope. The number of cells per field (equivalent of 0.1 μl) was manually 
counted, and the results of four fields from each sample were averaged to 
calculate the number of cells per microliter. A significant reduction in 
inflammatory cells was observed in the aqueous humor of rats treated with 
50mg/kg and 100mg/kg of sinomenine (SIN). Results are expressed as mean ± 
SD. *P<0.05, one-way ANOVA followed by a Bonferroni post hoc test 

 

 
Figure 5. Effect of sinomenine (SIN) on protein level in aqueous humor 
collected 24 hours after the induction of endotoxin-induced uveitis. Protein leak 
was decreased in rats treated with SIN 50mg/kg and 100mg/kg. Results are given 
as mean± SD. *P<0.05, one-way ANOVA followed by a Bonferroni post hoc 
test 

 
 

 
Figure 6. Effect of sinomenine (SIN) on tumor necrosis factor (TNF)-α (A) and prostaglandin (PG)-E2 (B) in aqueous humor collected 24 hours after the induction 
of endotoxin-induced uveitis. The level of TNF-α and PG-E2 was decreased in rats treated with SIN 50mg/kg and 100mg/kg in a dose-dependent manner. Results are 
given as mean mean ± SD. *P<0.05, one-way ANOVA followed by a Bonferroni post hoc test 
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Figure 7. Effect of sinomenine (SIN) on nuclear factor (NF)-κB p65 activation in the ciliary body 3 hours after the induction of endotoxin-induced uveitis (EIU). 
Confocal microphotographs of ciliary body immunostained with antibodies against NF-κB p65 (red) and nuclei (blue). Activated NF-κB is indicated as arrows. Rats 
with EIU were treated with phosphate-buffered saline (PBS) (A), 1mg/kg of dexamethasone (B), 50 mg/kg of SIN (C), and 100 mg/kg of SIN (D). Magnification x 400. 
Results were given as mean ± SD. 

 
 

 
Figure 8. Effect of sinomenine (SIN) on nuclear factor (NF)-κB positive rate. 
The proportion of activated NF-κB-positive cells was significantly lower in 
endotoxin-induced uveitis (EIU) rats treated with SIN than in those with 
phosphate-buffered saline (PBS). Data are the mean ± SD. *P<0.05, one-way 
ANOVA followed by a Bonferroni post hoc test 

 
Using a plant extract as a monotherapy for 

ocular inflammatory diseases is highly controversial. 
Furthermore, EIU rat model does not perfectly mimic 
uveitis in humans. EIU is acute and self-limited. 

Nevertheless, there are several reasons why the effect 
of SIN on EIU deserves attention. First, the short-term 
effects were quite promising although the long-term 
effects must be confirmed. Second, current 
therapeutic strategies for ocular inflammatory 
diseases involve the long-term use of corticosteroid or 
immunosuppressants. Repeated use of corticosteroids 
carries the risk of serious ocular adverse events such 
as cataract, increased intraocular pressure, and 
glaucoma. Therefore, a novel drug with a good safety 
profile could provide an alternative approach for 
ocular inflammatory diseases. SIN has a good safety 
profile with its use in traditional medicine and has 
shown no side effects in our study. In addition, SIN 
and corticosteroid could have synergistic properties 
and, together, have the potential to reduce the risks 
related to long-term use of corticosteroids. The 
concomitant therapy with corticosteroids and SIN 
would further studies. 

In summary, this study indicates that SIN shows 
a dose-dependent anti-inflammatory effect on EIU. A 
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possible mechanism for the effect of SIN may depend 
on its ability to inhibit the activation of NF-кB-related 
pro-inflammatory cascade. To the best of our 
knowledge, there have been no reports on the effect of 
SIN on uveitis. It could be more effective with 
increased doses. We suggest that SIN is a potential 
candidate drug for treating ocular inflammatory 
diseases.  
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