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摘要  奥沙普秦是临床常用抗炎药物, 口服易造成胃肠穿孔, 与其分子结构中羧酸基团引起的局部刺激密切相关. 丹

皮酚是牡丹的有效成分, 有抗炎、抗氧化的功效. 合成了奥沙普秦丹皮酚酯(OPE), 试图在避免胃肠道并发症的同时, 

提高其抗炎效果. 通过 12-O-十四烷基佛波醇-13-乙酸酯(TPA)诱导的小鼠耳水肿模型评价了 OPE 的局部抗炎作用. 结

果显示局部应用 OPE 可有效改善 TPA 诱导的耳廓肿胀, 抗炎效果是奥沙普秦的 2 倍, 是丹皮酚的 4 倍. 而且 OPE 可有

效改善耳片组织 IL-1β, IL-6 和 TNF-α的表达, 效果优于奥沙普秦和丹皮酚. 进一步研究显示 OPE 可通过阻断 IκB 激酶

(IKK)活性来下调 kappa-κB (NF-κB)的活性.  
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Abstract  Oxaprozin is a common anti-inflammatory drug in the clinic. Oral medication of oxaprozin potentially induces the 
GI perforation, which is caused by the local irritation of its carboxylic acid group. Paeonol is an active ingredient of peony, and 
has anti-inflammatory and anti-oxidant effects. So oxaprozin-paeonol ester (OPE) was designed to avoid the GI complications
and enhence corresponding anti-inflammatory. The topical anti-inflammatory effects of OPE was evaluated in a 
12-O-tetradecanoylphorbol-13-acetate (TPA) induced mouse ear edema model. The results showed that topical treatment of
OPE could effectively improve the TPA-induced ear edema and its anti-inflammatory effect is 2 times higher than that of 
oxaprozin and 4 times than that of paeonol. Moreover, OPE treatment could effectively mitigate the expression of IL-1β, IL-6, 
and TNF-α, and its effect is better than that of oxaprozin or paeonol. Furthor study demonstrated that topical treatment of OPE 
could obviously down-regulate the activation of factor kappa-κB (NF-κB) by blocking IκB kinase (IKK) activities. 
Accordingly, OPE might be used as a promising anti-inflammatory agent for inflammation-associated skin diseases. 
Keywords  Oxaprozin; Paeonol; Inflammatory; Ear edema mode 

 

1  Introduction 

Inflammation, the most widespread disorder, is part of 
the complex biological response of body tissues to harmful 

stimuli, including irritants, damaged cells, or patho- 
gens.[1～3] The chronic inflammation results in the pro-
longed and oxidative stress, even irreversible damage to 
tissues.[4,5] The most common therapeutic drugs for in-
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flammatory symptoms are non-steroidal anti-inflammatory 
drugs (NSAIDs).[6,7] Despite their different structure, 
NSAIDs have a similar action mode by inhibiting the cy-
clooxygenase (COX) enzyme.[8,9]  

Oxaprozin (a) with a chemical structure of 3-(4,5-di- 
phenyl-1,3-oxazol-2-yl) propanoic acid is one of prominent 
NSAIDs (Figure 1).[10～14] Oxaprozin exerts its pharmaco-
logical effect through the inhibition of COX-dependent 
inflammation pathway.[15] Moreover, oxaprozin inhibits the 
NF-κB activation to regulate the inflammatory and im-
mune mediators produced by IκB kinase. But unfortunate-
ly, oral medication of oxaprozin potentially induces the 
gastric perforation, which is caused by the local irritation 
introduced by the carboxylic acid group of oxaprozin and 
the ion trapping mechanism from the lumen to muco-
sa.[16,17] So far, lots of attempts to mask the carboxylic acid 
group of NSAIDs are inappropriate, leading to the failure 
in overcoming NSAIDs based GI complications. 
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Figure 1  Chemical structure of oxaprozin and paeonol 

Paeonol (b) is a primary bioactive component of moutan 
cortex radicis. Numerous researches indicated that paeonol 
displays excellent biological activity, such as anti-inflam- 
matory, anti-oxidant, anti-bacterial, anti-diabetic, anti-  
allergic, and anti-angiogenic.[18～20] Also, paeonol has been 
used to treat skin pruritus, rheumatoid arthritis, and pain in 
China.[21] The anti-inflammatory of paeonol is contributed 
to its regulation on reactive oxygen, iNOS, COX-2, and 
proinflammatory cytokines including TNF-α and IL-1β.[22] 
In signal molecule level, some reports have shown that 
paeonol achieves its antioxidant and anti-inflammatory 
activity through inhibition or blocking the MAPK, ERK, 
and p38 signaling pathways.[23,24] 

The structural modification of the carboxyl group of 
NSAIDs is an effective way to reduce the irritating side 
effects of GI perforation.[25] Also, the introduction of anti-
oxidant groups might enhance anti-inflammatory effects of 
maternal skeleton.[26] To effectively manage inflammatory 
diseases and overcome the oxaprozin based GI complica-
tions, there is a urgent need to intervene an anti-inflamma- 
tory and anti-oxidant group. Hence, the synthesis of oxap-
rozin-paeonol ester (OPE) exploiting the anti-inflammatory 
and anti-oxidant capacity of paeonol to mask the carbox-
ylic acid group of oxaprozin was reported. 

2  Results and discussion 

2.1  Synthesis and characterization of OPE 

As shown in Scheme 1, OPE was prepared by the reac-
tion between oxaprozin and paeonol in yield of 80%, and 
used for the following biological experiments. Next, the 

biological properties of oxaprozin, paeonol and OPE were 
evaluated. 

 

Scheme 1  Synthesis of OPE 

2.2  Effect of OPE on TPA-induced ear edema 

In recent years, TPA-induced ear edema has been de-
veloped into a mature animal model of inflammation due 
to its advantages of simple operation, stable model, and 
often used to evaluate the anti-inflammatory activity of 
compound.[27～29] So the effect of OPE on TPA-induced ear 
edema was investigated. According to our previous publi-
cations, the concentration of TPA was selected as 0.008 
nmol•L－1, and compound concentration was selected as 
0.75 μmol•L－1.[30,31] As shown in Figure 2, topical treat-
ment of TPA alone led to a significant increase in the 
weight of ear punches from 14.9 mg to 40.4 mg, which 
verified that TPA could stimulate the progress of inflam-
matory. While pretreatment with oxaprozin and paeonol, 
OPE could obviously reduce the weight of ear punches 
compared to TPA treatment alone. And the inhibitory ef-
fect of OPE on TPA-induced ear edema model was 61.8%, 
which was about 2 times higher than that of oxaprozin and 
4 times than that of paeonol. These results indicate that 
OPE potential plays a synergy of oxaprozin and paeonol on 
treat TPA-induced inflammatory. 
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Figure 2  Effect of oxaprozin, paeonol, OPE on TPA-induced 
ear edema 
Data are presented as mean±SE (n＝4). Compared to TPA alone, *P＜
0.05 
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2.3  Effect of OPE on TPA-induced histological ap-
pearance 

When stimulated with TPA, the ear skin appears a sig-
nificant increase of skin thickening, which is linked with 
the edema, proliferation of epidermal keratinocytes, and 
increase of vascular permeability.[32] The disorders of in-
flammatory tissue can be evaluated by its histological ap-
pearance. In control tissues only treated with acetone (Fig-
ure 3a), there was a normal performance in epidermal layer 
without any significant lesion. When stimulated with TPA, 
the ear occurred obviously inflammation leading to epi-
dermal hyperplasia, hyperkeratosis, and leukocyte infiltra-
tion of tissue (Figure 3b), which is consistent with the re-
sults of previous report.[30] It is amazing that topical pre-
treatment with oxaprozin, paeonol, and OPE obviously 
prevented the feature of inflammatory responses (Figures 
3c～3e). Those results revealed that OPE could effectively 
relieve TPA-induced inflammatory. 

 

Figure 3  Effect of oxaprozin, paeonol, OPE on TPA-induced 
histological changes of ear edema (H&E staining) 
Data are presented as mean±SE (n＝4). Compared to TPA alone, *P＜
0.05. Magnification 200× 

2.4  Effects of OPE on TPA-induced TNF-α, IL-1β, 
and IL-6 

Cytokines are protein molecules, which help to regulate 
the immune response of body against infection and trau-
ma.[33,34] After been stimulated, cells produce a variety of 
proinflammatory cytokines including TNF-α, IL-1β, and 
IL-6 to accelerate the process of inflammatory.[34,35] Then, 
we investigated whether or not OPE has effect on 
TPA-induced TNF-α, IL-1β, and IL-6. Wu et al.[25] verified 
that TPA induced the secretion of inflammatory factors. As 
shown in Figure 4b, TPA stimulation resulted in the obvi-
ous increase on the expression of TNF-α, IL-1β, and IL-6 

compared with control (Figure 4a). However, the topical 
pretreatment with oxaprozin, paeonol, and OPE could 
markedly reduce the expression of TPA-induced TNF-a, 
IL-1β, and IL-6 (Figures 4c～4e). Also the effects of OPE 
on TPA-induced TNF-α, IL-1β, and IL-6 were higher than 
those of oxaprozin and paeonol. These results also con-
firmed that inflammatory process was closely related to the 
expression of TNF-α, IL-1β, and IL-6. 

2.5  Effects of OPE on TPA-induced NF-κB activation 

Nuclear factor κB (NF-κB) consist p50, p52, p65, Rel, 
and RelB is a nuclear transcription factor that regulates 
expression of a large number of genes. They are critical for 
the regulation of apoptosis, viral replication, tumorigene-
sis, inflammation, and various autoimmune diseases.[36,37] 
Cytokines including TNF-α, IL-1β, and IL-6 involved in 
inflammation are regulated by NF-κB.[38,39] Herein, it is 
very important to evaluate how OPE effects the 
TPA-induced NF-κB activation. Here, the effect of OPE on 
p65 was investigated. After TPA stimulated (Figure 5b), 
p65 was evoked nuclear translocation to the nucleus indi-
cating an obviously increased expression. Figures 5c～5e 
also show that topical pretreatment with oxaprozin, pae-
onol, and OPE could strongly block the expression of 
TPA-induced p65. Moreover, topical pretreatment with 
oxaprozin, paeonol, and OPE also markedly decrease the 
expression of TPA-induced phosphor-p65, which contrib-
utes to its transcriptional activity (Figures 5c ～ 5e). 
Thence, the anti-inflammation effect of OPE is linked to its 
inhibition ability on NF-κB activation. 

2.6  Effects of OPE on TPA-induced IKK 

It has been demonstrated that phosphorylation of IκB 
proteins including IκBα is essential for NF-κB activation. 
The degradation of IκB arouses NF-κB to translocate into 
nucleus.[40] The IκB kinase (IKK) plays key roles in phos-
phorylating IκBα[41]. And IKK has been reported to highly 
relate with the NF-κB activation.[42] Then the effect of OPE 
on TPA-induced IKK was investigated. As described in 
Figure 6b, TPA stimulation resulted in the degradation of 
IκBα accompanies with its phosphorylation. The topical 
pretreatment with oxaprozin, paeonol, and OPE markedly 
suppressed the phosphorylation of IκBα (Figures 6c～6e). 
Moreover, topical pretreatment with oxaprozin, paeonol, 
and OPE obviously reduced the TPA-induced IKK activity 
(Figures 6a～6e). The results suggested that OPE inhibited 
activation of NF-κB by blocking IKK activities. 

2.7  Effects of OPE on TPA-induced Akt 

Besides IKK, NF-κB molecule is regulated by Akt sig-
nal pathway. Activated Akt signal is also involved in the 
phosphorylation and degradation of IκB, resulting in the 
NF-κB activation.[43] In addition, Akt signal pathway is 
involved in the mediation of pro-inflammatory cytokines 
including TNF-α, IL, and IFN.[44～46] So the effect of OPE 
on Akt signal pathway was investigated. As illustrated in 
Figure 7, TPA stimulation caused significant increases on  
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Figure 4  Effect of oxaprozin, paeonol, OPE on TPA-induced TNF-α, IL-1β, and IL-6 
Data are presented as mean±SE (n＝4). Compared to TPA alone, *P＜0.05. Magnification 200×

expressions and phosphorylation of Akt. And topical pre- 
treatment with oxaprozin, paeonol, and OPE significantly 
inhibited the TPA-induced Akt activity (Figures 7c～7e). 
All the results revealed that OPE exerted its anti-inflam- 
matory through down-regulating the NFκB activation by 
blocking Akt/IKK activities (Figure 8). 

3  Conclusions 

Inspired by paeonol, a natural antioxidants and antiul-
cerogenic, OPE had been designed and synthesized to 
avoid the GI complications of oxaprozin. In TPA-induced 
mouse ear edema model, OPE showed more beneficial 
effects on anti-inflammatory than that of oxaprozin or 
paeonol, including swelling, histological change, and re-
lease of proinflammatory cytokines. In addition, this study 
also revealed that the anti-inflammatory of OPE was asso-
ciated with its ability to down-regulate activation of NF-κB 
by blocking Akt/IKK activities. Currently, the develop-
ment of more potent lead compounds is ongoing in the 
same lab. 

4  Experimental section 

4.1  Materials 

Oxaprozin and paeonol were obtained from Shanghai 
Aladdin Bio-Chem Technology Co., LTD (China). 12-O- 
Tetradecanoylphorbol 13-acetate (TPA) was purchased 
from Sigma Chemical Co. (USA). 1H NMR and 13C NMR 
spectra of OPE were recorded on a Bruker AM-600 NMR 
spectrometer (USA) in CDCl3. Elemental analysis was 
conducted with a Series II 2400 elemental analyzer (USA). 
Melting point was measured with automatic melting point 
instrument (China). IR was recorded using a Shimadzu 
fourier transform infrared spectrometer (Japan). TNF-a, 
IL-1β, IL-6, anti-rabbit, anti-mouse horseradish peroxidase 
(HRP)-conjugated secondary antibodies, anti-Ser536 p65, 
antiphospho-Ser536 p65 antibodies, antiphospho-Ser32 
IkB-α, anti-IKK, anti-Ser473 Akt, antiphospho-Ser473 Akt 
were obtained from Beyotime Biotechnology Co. (China). 
Other chemicals used were obtained form available com-
mercially.  
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Figure 5  Effect of oxaprozin, paeonol, OPE on TPA-induced NF-κB activation 
Data are presented as mean±SE (n＝4). Compared to TPA alone, *P＜0.05. Magnification 200×  
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Figure 6  Effect of oxaprozin, paeonol, OPE on TPA-induced IKK 
Data are presented as mean±SE (n＝4). Compared to TPA alone, *P＜0.05. Magnification 200× 
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Figure 7  Effect of oxaprozin, paeonol, OPE on TPA-induced Akt 

Data are presented as mean±SE (n＝4). Compared to TPA alone, *P＜0.05. Magnification 200×
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Figure 8  A model of OPE modulation of TPA-induced signal 
transduction pathways in mouse skin in vivo 

4.2  Synthesis and characterization of OPE 

Oxaprozin (146.8 mg, 0.5 mmol), paeonol (84.2 mg, 0.5 
mmol), EDCI (144.5 mg, 0.75 mmol) and DMAP (61.4 
mg, 0.5 mmol) were mixed in dichloromethane (DCM, 5 
mL) at 0 ℃. The mixture was stirred for 6 h at 0 ℃, then 
quenched with water. The aqueous layer was extracted 
three times with EtOAc and the combined organic layers 
were washed with brine, dried over sodium sulfate, and 
evaporated to dryness and purified by column chromatog-
raphy to afford OPE as a white solid (182.4 mg, 80%). 
m.p. 114～115.5 ℃; 1H NMR (400 MHz, CDCl3) δ: 7.75 
(d, J＝8.8 Hz, 1H), 7.61～7.54 (m, 2H), 7.55～7.49 (m, 
2H), 7.33～7.17 (m, 6H), 6.74 (dd, J＝8.8, 2.5 Hz, 1H), 
6.54 (d, J＝2.5 Hz, 1H), 3.67 (s, 3H), 3.27 (t, J＝6.9 Hz, 
2H), 3.18 (t, J＝6.9 Hz, 2H), 2.44 (s, 3H); 13C NMR (101 
MHz, CDCl3) δ: 195.63, 170.63, 163.79, 161.62, 151.42, 
145.56, 135.15, 132.48, 128.98, 128.64, 128.55, 128.47, 
128.06, 127.93, 126.54, 122.86, 112.08, 109.06, 55.62, 
31.33, 29.70, 29.06; IR (KBr) ν: 3065, 2915, 2848, 1756, 
1576, 1496, 1425, 1201, 1139, 914, 822, 765, 693 cm－1. 
Anal. calcd for C27H23NO5: C 73.46, H5.25, N 3.17; found 
C 73.38, H 5.26, N 3.12. 

4.3  Animals 

Female ICR mice at 6 weeks old were supplied from 
Guangdong Medical Laboratory Animal Center (China). 
All mices were housed in condition of (25±1) ℃ at 50% 
relative humidity, fed with food and water ad libitum. This 
experiments were maintained in accordance with the 

guidelines of Guangdong Medical Laboratory Animal 
Center, and approved by the institutional ethical committee 
of Wuyi University. 

4.4  TPA-induced ear edema in mice 

Oxaprozin, paeonol, OPE, and TPA were dissolved in ac-
etone. Mice were randomly divided into 5 groups, and each 
group had four mice. For TPA-induced mouse ear edema 
model, the right ears of mice were topical treated with ac-
etone, oxaprozin, paeonol, and OPE respectively, and 
stimulated with TPA after 30min. The mice un-stimulated 
with TPA were set as control. All mice were euthanized 
after 6 h, and the ear punches of 9 mm diameter from mice 
right ears were taken and weighed. Then inhibitory effe- 
cts＝ [(Wa－Wb)/(Wa－Wc)]×100%. Where, Wa is the 
weight of ear treated with TPA alone, Wb is the weight of 
ear treated with TPA + test compound, Wc is the weight of 
ear treated with acetone alone. 

4.5  Histological appearance of mice ears 

Mice ear punches were selected and fixed in 10% for-
malin. After decalcified in EDTA buffer and subjected 
dehydration, ear punches were embedded into paraffin. 
The slice of 4 μm was serially sectioned, and stained with 
routinely H&E staining. Then the histological changes of 
mice ear were observed under a microscope. 

4.6  Determination of TNF-α, IL-1β, and IL-6  

The TNF-α, IL-1β, and IL-6 levels were determined as 
described previously.[47,48] After deparaffinized treatment, 
the ear slices were incubated in H2O2 (1.2%). Ear slices 
then were treated with the primary antibody of proliferat-
ing cell nuclear antigen (1∶100) overnight at 4 ℃. After 
washed, the ear slices were incubated into biotin-conju- 
gated horseradish peroxidase antibody (1∶200) for 1 h at 
25 ℃. Then the peroxidase was detected with 3,3-dia- 
minobenzidine tetrahydrochloride reactions, resulting to a 
brown label in ear tissue. For each ear slice, the positive 
staining cell numbers were counted in randomly five dif-
ferent fields. 

4.7  Assay of p65, phospho-p65, phospho-IκBα, IKK, 
Akt, phospho-Akt 

The effects of OPE on the NF-κB, Akt, IKK signal 
pathway were measured by immunohistochemistry analy-
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sis as described in our previous work.[49,50] Mice ears were 
selected, fixed, and embedded in paraffin. The sectioned 
ear slices of 4 μm were stained with routinely staining 
method, and the positive staining cell numbers were 
counted in randomly five different fields.  

4.8  Scoring of the expression of biomarkers 

The assays of IL-1β, IL-6, TNF-α, p65, p-p65, p-IκBα, 
IKK, Akt, and p-Akt were detected using integrated optical 
density (IOD) following semi-quantitative scoring sys-   
tem[51]. The staining intensity was scored as follows: 0, no 
staining; 1＋, faint; 2＋, moderate; 3＋, strong. The stain-
ing extent was graded as follows: 0, no staining; 1＋, ≤
25% of cells positive; 2＋, 26%～50% of cells positive; 3
＋, ≥51% of cells positive.[52] 

4.9  Statistical analysis 

All results are presented as mean±SE. Comparison be-
tween groups was calculated with one-way analysis of 
variance (ANOVA) followed by Dunnett’s t-test. P＜0.05 
was considered indicative of significance. 
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