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Introduction

The root of Angelica acutiloba, an herbal medicine distrib-
uted in east Asia, has been widely used to nourish blood, 
and moisten the intestines for the treatment of gyneco-
logical diseases, hemodysfunction, and constipation.(1,2) 
In the field of traditional medicine, the root of Angelica 
acutiloba can be regarded as an therapeutic choice in the 
treatment of allergic diseases.(3)

Allergy is defined as a hypersensitivity disorder caused 
by environmental substances known as allergens.(4,5) 
Mast cells have been well known as the effector cell in 
IgE-mediated immediate hypersensitivity and allergic 

reactions.(6,7) When mast cells are activated, they release 
the inflammatory mediators. Among them, cytokines 
are immunomodulatory substances that control prolif-
eration, differentiation, and activity of immune cells.(8) 
Histamine enhances vascular permeability and inflam-
matory reactions.(9)

To date, A. acutiloba has been reported to have anti-
tumor,(10) anti-inflammatory,(11–13) immunostimulatory,(14) 
anti-complementary,(15) insecticidal,(16) and anti-diabetes 
activities.(17) Although some studies have demonstrated 
the anti-inflammatory effects of A. acutiloba, the anti-
allergic activity has not been studied yet. Considering 
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the traditional uses and pharmacological activities, we 
planned to investigate the effects and mechanism of 
action of A. acutiloba on allergic reactions in the present 
study.

Lots of studies of allergic reactions have revealed 
several inducers of mast cell activation. Phorbol-12-
myristate-13-acetate (PMA) plus calcium ionophore 
A23187 and compound 48/80 have been widely used 
to induce mast cell activation and well documented.(18) 
Several models have been used in in vivo studies, includ-
ing the well-known passive cutaneous anaphylaxis (PCA) 
model, which is induced by injection of anti-dinitrophe-
nyl (DNP) IgE and used to investigate the effects of agents 
on allergic dermatitis.(19)

In the present study, we investigated the effect of A. 
acutiloba on PMA plus calcium ionophore A23187-
induced cytokine release and the compound 48/80-in-
duced release of histamine in a human mast cell (HMC) 
and rat peritoneal mast cell (RPMC), respectively. In 
a further investigation, we focused on the effect of A. 
acutiloba on the production and expression of the com-
ponents of the MAPK pathways (ERK, JNK, and p38) in 
HMCs. In the in vivo study, we investigated the effects of 
dorsal skin injection of anti-DNP IgE on Evans blue (EB) 
extravasation in rats.

Materials and methods

Reagents
Decursin, compound 48/80, anti-DNP IgE, DNP-
human serum albumin (HSA), PMA, A23187, and EB 
were purchased from Sigma-Aldrich (St. Louis, MO, 
USA). Recombinant interleukin (IL)-6 and IL-8, bioti-
nylated IL-6 and IL-8, and anti-human IL-6 and IL-8 
were purchased from BD Biosciences (San Diego, CA, 
USA). Recombinant tumor necrosis factor-α (TNF-α), 
biotinylated TNF-α, and anti-human TNF-α were pur-
chased from R&D Systems (Minneapolis, MN, USA). 
3-(4,5-Dimethylthiazole-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT), the cell culture media Iscove’s Modified 
Dulbecco’s Medium (IMDM), and fetal bovine serum 
(FBS) were purchased from Gibco BRL (Grand Island, 
NY, USA). The histamine kit was purchased from Oxford 
Biomedical Research (Oxford, MI, USA). All antibodies 
(Abs) were purchased from Santa Cruz Biotechnology 
(Santa Cruz, CA, USA).

Sample preparation and high-performance liquid 
chromatography (HPLC) analysis
A. acutiloba roots were obtained from Kyung Hee 
University Medical Center (Seoul, Korea). Samples 
were identified by Professor Youngmin Bu of Kyung 
Hee University. Sample specimen (A023) of A. acutiloba 
roots were deposited at the Department of Anatomy, 
College of Oriental Medicine, Kyung Hee University, 
Seoul, Korea. One hundred grams of root was extracted 
by maceration with 80% EtOH (2000 ml), and kept in an 
airtight container for 2 weeks. The mixture was filtered 

using Whatman filter paper, evaporated in vacuo at 60°C, 
and freeze dried to obtain A. acutiloba root EtOH extract 
(AAE, 41.0 g).

For the quantitative analysis of AAE, 10.0 mg of extract 
was dissolved in 2.0 ml of MeOH and analyzed by HPLC 
(Waters 2695 Alliance System with a 2996 PDAD detec-
tor and a Waters Empower System, Ver. 5.00; Waters, 
Milford, MA, USA). The separation was performed on 
a Gemini Reversed Phase C

18
 column (4.6 × 150 mm, 

5.0 µm; Phenomenex, CA, USA). The mobile phase 
consisted of acetonitrile and distilled water (7:3). The 
flow rate was kept constant at 1.0 ml/min. The sample 
injection volume was 10 µl. Absorbance was measured 
at 330 nm with a run time of 65 min. Decursin was used 
as a standard for AAE. The standard calibration curve 
of decursin, y = 35944x − 621.28 (R2 = 0.9991), was used. 
The average content of decursin in A. acutiloba was  
calculated to be 0.980 ± 0.121 mg/g (N = 2), from the 
above formula (Figure 1).

Animals
Eight-week-old male Sprague-Dawley (SD) rats were 
purchased from Samtako (Ossan, Gyeonggi-do, Korea). 
Animal care and all experimental procedures were 
approved by and conducted according to the guidelines 
of the Kyung Hee University Institutional Animal Care 
and Use Committee (KHUASP(SE)-11-024). The rats 
were housed under controlled temperature (22 ± 2°C) 
with constant humidity and 12-hour light/dark cycles 
(lights on from 0700 to 1900), and food and water were 
provided ad libitum.

Culture of the HMC-1 cells and sample treatment
The human mast cell line-1 (HMC-1) was grown in 
IMDM with 10% FBS at 37°C in a 5% CO2 atmosphere 
with 95% humidity. The HMC-1 cells (3 × 105 cells in 
24-well plates) were pretreated with non-cytotoxic 
concentrations of AAE (1, 10 and 100 μg/ml) for 1 h 
before they were stimulated with 25 nM PMA plus 1 µM 
A23187 (PMACI).

MTT assay for cell viability
Cell viability was determined using an MTT colorimet-
ric assay. Briefly, a HMC-1 cell suspension (3 × 105 cells) 

Figure 1.  Quantitative analysis of AAE by HPLC. The retention 
time of decursin was 34.3 min.
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was cultured (24-well plates) with AAE (1, 10 and 100 
μg/ml). An MTT solution (5 mg/ml) was then added to 
each well, and the cells were cultured overnight. After 
washing out the supernatant, the insoluble formazan 
product was dissolved in DMSO. The optical density 
(OD) of the culture plates at 540 nm was measured with 
an ELISA reader. The OD of formazan that formed in 
untreated control cells was taken to represent 100% 
viability.

Cytokine assay
After incubation with PMACI for 7 h, each culture 
supernatant was subjected to ELISA (method pre-
viously described.(20) Briefly, 100-μl aliquots of the 
mouse anti-human TNF-α, IL-6, and IL-8 monoclonal 
antibodies (1.0 μg/ml of PBS at pH 7.4) were coated in 
96-well ELISA plates (Nunc, Roskilde, Denmark) and 
were blocked with PBS containing 1% BSA, 5% sucrose, 
and 0.05% NaN

3
 and incubated with each supernatant 

or recombinant TNF-α, IL-6, or IL-8 standard. After 
washing, 0.2 μg/ml of biotinylated anti-human TNF-α, 
IL-6, or IL-8 was added, and then they were incubated 
at 37°C for 2 h. After another wash, avidin-peroxidase 
was added and the antibodies were incubated at 37°C 
for 30 min. The wells were washed again, and the ABTS 
substrate (Sigma-Aldrich) was added. Color develop-
ment was measured at 405 nm with an automated 
microplate ELISA reader. A standard curve was gener-
ated on each assay plate with serially diluted recombi-
nant human TNF-α, IL-6 or IL-8.

Western blotting analysis of MAPK expression
After incubation with PMACI for 30 min, the cells were 
harvested and washed twice with ice-cold PBS. The 
washed cell pellets were resuspended in a lysis buffer, 
and protein fractions were obtained after centrifugation 
at 13,000 × g and 4°C for 20 min. The protein concentra-
tion was determined using the Bio-Rad (Hercules, CA, 
USA) protein assay reagent according to the manu-
facturer’s instructions. Each protein was separated on 
a 12% sodium dodecyl sulfate (SDS)-polyacrylamide 
gel; the proteins were then transferred to a nitrocel-
lulose membrane. The membrane was blocked with 
1% skimmed milk and 1% BSA in PBS containing 0.5% 
Tween-20 (PBST) for 1 h at room temperature. After 
the membrane was lightly washed with PBST, it was 
incubated overnight at 4°C with anti-MAPK antibodies 
(p-ERK, t-ERK, p-JNK, t-JNK, p-p38, and t-p38; 1:1000 
dilutions in the 1% BSA in PBST solution) and then 
washed 3 times with PBST. Anti-mouse IgG, the sec-
ondary antibody (1:2000 dilution in the blocking solu-
tion), was incubated for 1 h at room temperature, and 
the antibody-specific proteins were visualized using 
an enhanced chemiluminescence (ECL) detection 
reagent (Amersham Pharmacia, Piscataway, NJ, USA). 
Bands were analyzed using Quantity One 1-D analysis 
software (Bio-Rad). Data were obtained from triplicate 
experiments.

Histamine assay
RPMCs were obtained using the method previously 
reported.(20) The cells were then suspended in a concen-
tration of 1 × 106 cells/ml in HEPES-Tyrode buffer. The 
200 μl of peritoneal cell suspensions was incubated with 
25 μl of AAE (final concentration: 1, 10 and 100 μg/ml) for 
10 min at 37°C. Histamine release was evoked by adding 
25 μl of compound 48/80 (final concentration, 5 μg/ml) 
and incubating at 37°C for 20 min. The reaction was dis-
continued 20 min later by cooling the tubes, and the tubes 
were centrifuged at 3000 rpm for 15 min at 4°C. The hista-
mine content was measured using the o-phthalaldehyde  
spectrofluorometric procedure. The fluorescence inten-
sity was measured at 440 nm (excitation wavelength, 
360 nm) with a spectrofluorometer.

PCA and sample treatment
SD rats were injected with 0.5 μg (50 μl) anti-DNP IgE 
intradermally at three dorsal shaved skin sites. Forty-eight 
hours later, each rat was injected with 100 μg (100 μl) of 
DNP-HSA in saline containing 4% EB through the dorsal 
vein of the penis. AAE was suspended in distilled water 
and orally administered (160 mg/kg, 4 ml/kg) 1 h before 
the EB injection; the vehicle-treated group received the 
same volume of distilled water. The dorsal skin tissues 
of the rats were removed 30 min after EB injection. An 
image of each tissue was taken, and the EB-stained area 
was measured with an image analyzer (Scion Image, ver-
sion 4.0.3; Scion Corporation, MD, USA). EB extravasa-
tion of each tissue was extracted by formamide for 24 h 
and measured at 620 nm with a spectrophotometer 
(Beckman, IL, USA), and the amount of dye (μg/ml) was 
calculated using the calibration curve of EB.

Statistical analysis
Each measured value is presented as the mean ± stan-
dard error of mean (S.E.M.). Statistical analysis was per-
formed using the SAS statistical software (SAS Institute, 
Cary, NC, USA). Treatment effects were analyzed using 
one-way ANOVA, followed by Duncan’s multiple-range 
test, and P < 0.05 was considered to be significant.

Results

Effect of the AAE on cytotoxicity in HMC-1 cells
AAE (1, 10 and 100 μg/ml) had no cytotoxic effect over a 
24-h period (Figure 2).

Effect of AAE on IL-6, IL-8 and TNF-α release
IL-6, IL-8 and TNF-α were not detected in the normal 
group, while their levels were increased in the PMACI-
treated control group. Non-cytotoxic concentrations of 
AAE reduced the release of these cytokines. Treatment 
with 10 and 100 μg/ml AAE significantly reduced IL-6 
release compared with the control group (Figure 3A). 
Treatment with 1, 10 and 100 μg/ml AAE significantly 
reduced IL-8 release compared to the control group 
(Figure 3B). Treatment with 1, 10 and 100 μg/ml AAE 
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significantly reduced TNF-α release compared to the 
control group (Figure 3C).

Effect of AAE on histamine release from RPMCs
Normal group showed only slight release of histamine, 
while the histamine release increased over 17 times in 
the compound 48/80-treated control group. Treatment 
with 10 and 100 μg/ml AAE significantly inhibited hista-
mine release compared to the control group (Figure 4).

Effect of AAE on the phosphorylation of MAPKs
ERK, JNK, and p38 were not phosphorylated or were 
only slightly phosphorylated in the normal group, while 
PMACI-induced control group showed increased phos-
phorylation. Treatment with 1, 10 and 100 μg/ml AAE 
significantly inhibited p-ERK/t-ERK protein expres-
sion (Figure 5A,B) and p-JNK/t-JNK protein expression 
(Figure 5A,C) compared to the control group. However, 
1, 10 and 100 μg/ml AAE did not inhibit p-p38/t-p38 pro-
tein expression (Figure 4A,D).

Effect of AAE on PCA
The normal group showed evident EB-stained blood 
vessels in the dorsal skin; however, there was no EB 
extravasation or stained areas (Figure 6). In contrast, the 
anti-DNP IgE-injected vehicle-treated group showed 
evident EB extravasation and stained areas compared 
to the normal group (Figure 6). The group treated with 
273 mg/kg AAE showed evident reduced extravasation 
(Figure 6A) and stained areas (Figure 6B) compared with 
the vehicle-treated group.

Discussion

In the present study, AAE inhibited the release of TNF-α, 
IL-6, IL-8; PMACI-induced phosphorylation of ERK and 
JNK in HMC-1 cells; and compound 48/80-induced his-
tamine release in RPMCs. AAE also inhibited EB extrava-
sation in a PCA rat model.

PMACI-induced TNF-α, IL-6 and IL-8 release was 
inhibited by AAE in HMC-1 cells. Mast cells release hista-
mine, proteases, prostaglandins, leukotrienes, and several 
pro-inflammatory cytokines such as TNF-α, IL-1β, IL-4, 
IL-6, IL-8 and IL-13.(8) Of these inflammatory cytokines, 
TNF-α, IL-6 and IL-8 in particular play key roles in allergic 
reactions.(21) TNF-α induces differentiation, proliferation, 
activation, apoptosis, and release of pro-inflammatory 
mediators in mast cells.(22) Moreover, the TNF-α inhibi-
tors infliximab and etanercept are regarded as clinically 
useful therapeutics for allergic inflammation.(22) IL-6 

Figure 2.  Effect of AAE on cell viability in HMC-1 cells. The optical 
density of the culture plates at 540 nm was measured with an 
ELISA reader. The value represents the mean ± S.E.M. from three 
independent experiments.

Figure 3.  Effect of AAE on PMACI-induced IL-6 (A), IL-8 (B), 
and TNF-α (C) release in HMC-1. Normal group was not treated  
with AAE and PMACI. Data represent the mean ± S.E.M. from 
three independent experiments. *P < 0.05, **P < 0.01, compared 
with the control group.
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induces cell differentiation, growth, survival and migra-
tion during inflammation and immune responses.(23) 
IL-8 is a potent chemotactic cytokine in localized inflam-
matory reactions. It is known to be activated by radicals 
and results in further increase in the number of radicals 
in inflammatory cells.(24) It is suggested that AAE brings 
about its anti-allergic effects by decreasing the level of 
TNF-α, IL-6 and IL-8 released from mast cells.

In our study, AAE inhibited the compound 48/80-
induced histamine release from RPMCs. Compound 

48/80 is a popular inducer of the release of vasoactive 
mediators, including histamine, from mast cells or baso-
philes, by increasing the permeability of the lipid bilayer 
membrane.(9) Histamine, a typical initiator of allergic 
inflammatory reactions in response to antigen exposure, 
causes several clinical symptoms including redness, 
swelling, and itching.(25) Thus, the current results indicate 
that AAE exhibits its anti-allergic effects partially by inhi-
bition of histamine release from mast cells.

From our in vitro studies, we demonstrated that AAE 
inhibited chemically induced cytokine and histamine 
release from mast cells. The conditions in an in vitro cell 
are considered to be different from those in vivo. Therefore, 
we confirmed the effect of AAE on an in vivo allergy model. 
Oral administration of AAE inhibited EB extravasation 
induced by anti-DNP IgE injection. Intradermal injection 
of anti-DNP IgE induces anaphylaxis in the case of local 
allergic reactions by increasing mast cell-dependent vascu-
lar permeability.(19) Therefore, we proved the anti-allergic 
effect of AAE in the in vivo model. The dose was calculated 
from the human dose (4 g raw material/60 kg weight), and 
then this was converted by extraction yield (41.0%), into 
27.3 mg/kg. In general, the metabolism of a rat is known to 
be about 10 times higher than that of a human(26); thus, we 
selected a dose that was 10 times (273 mg/kg) the general 
human dose (27.3 mg/kg).

We investigated whether the inhibitory effects of AAE 
affected cytokines and histamine released from mast cells 
via the MAPK pathway. AAE inhibited PMACI-induced 
ERK and JNK expression but not p38 expression. MAPK 

Figure 4.  Effects of AAE on compound 48/80-induced histamine 
release from RPMCs. Normal group was not treated with AAE and 
compound 48/80. The value represents the mean ± S.E.M. from 
three independent experiments. *P < 0.05, compared with the 
control group.

Figure 5.  Typical protein expressions of MAPKs and their phosphorylated forms (A) and the protein ratio of p-ERK/t-ERK (B), p-JNK/t-JNK 
(C), and p-p38/t-p38 (D), respectively. The value represents the mean ± S.E.M. from 3 independent experiments. **P < 0.01, compared with 
the control group.
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pathways are one of the most important signaling path-
ways in immune responses; they regulate the production 
and activity of inflammatory mediators by the activation 
of transcription factors such as NF-κB.(27) ERK, JNK, and 
p38 are typical MAPK groups in mammals. The activation 
or expression of these MAPKs are known to be different 
due to differences in extracellular stimuli, downstream 
targets, and disease models.(27) Thus, our results sug-
gest that AAE regulated the inflammatory process by 
inhibiting the phosphorylation of ERK and JNK, but not 
the phosphorylation of p38. Another study showed that 
decursin, a major constituent of AAE, inhibited vascular 
endothelial growth factor-induced phosphorylation of 
ERK and JNK, but not p38 in vascular endothelial cells.(28) 
Therefore, we think that the anti-allergic effect of AAE 
may be attributable to decursin.

Conclusion

In conclusion, AAE inhibited the mast cell-derived 
inflammatory allergic reactions by inhibiting the release 
of histamine, the production of pro-inflammatory cytok-
ines (TNF-α, IL-6 and IL-8) and the phosphorylations of 
ERK and JNK.

Declaration of interest

This work was supported by the National Research 
Foundation of Korea (NRF) grant funded by the Korea 
government [MEST] (No. 2010-0001278).

References
  1.	Zhao, K.J., Dong, T.T., Tu, P.F., Song, Z.H., Lo, C.K., Tsim, K.W. 

Molecular genetic and chemical assessment of radix Angelica 
(Danggui) in China. J Agric Food Chem 2003, 51, 2576–2583.

  2.	Kumazawa, Y., Mizunoe, K., Otsuka, Y. Immunostimulating 
polysaccharide separated from hot water extract of Angelica 
acutiloba Kitagawa (Yamato tohki). Immunology 1982, 47, 75–83.

  3.	Sarker, S.D., Nahar, L. Natural medicine: the genus Angelica. Curr 
Med Chem 2004, 11, 1479–1500.

  4.	Profet, M. The function of allergy: immunological defense against 
toxins. Q Rev Biol 1991, 66, 23–62.

  5.	Kay, A.B. Overview of ‘allergy and allergic diseases: with a view to 
the future’. Br Med Bull 2000, 56, 843–864.

  6.	Galli, S.J. Mast cells and basophils. Curr Opin Hematol 2000, 7, 32–39.
  7.	Galli, S.J., Maurer, M., Lantz, C.S. Mast cells as sentinels of innate 

immunity. Curr Opin Immunol 1999, 11, 53–59.
  8.	Reuter, S., Stassen, M., Taube, C. Mast cells in allergic asthma and 

beyond. Yonsei Med J 2010, 51, 797–807.
  9.	Akdis, C.A., Blaser, K. Histamine in the immune regulation of 

allergic inflammation. J Allergy Clin Immunol 2003, 112, 15–22.
10.	Yamada, H., Komiyama, K., Kiyohara, H., Cyong, J.C., Hirakawa, Y., 

Otsuka, Y. Structural characterization and antitumor activity of a 
pectic polysaccharide from the roots of Angelica acutiloba. Planta 
Med 1990, 56, 182–186.

11.	Tanaka, S., Kano, Y., Tabata, M., Konoshima, M. [Effects of “Toki” 
(Angelica acutiloba Kitagawa) extracts on writhing and capillary 
permeability in mice (analgesic and antiinflammatory effects)]. 
Yakugaku Zasshi 1971, 91, 1098–1104.

12.	Kim, C.M., Heo, M.Y., Kim, H.P., Sin, K.S., Pachaly, P. 
Pharmacological activities of water extracts of Umbelliferae plants. 
Arch Pharm Res 1991, 14, 87–92.

13.	Tanaka, S., Ikeshiro, Y., Tabata, M., Konoshima, M. Anti-
nociceptive substances from the roots of Angelica acutiloba. 
Arzneimittelforschung 1977, 27, 2039–2045.

14.	Kumazawa, Y., Nakatsuru, Y., Fujisawa, H., Nishimura, C., 
Mizunoe, K., Otsuka, Y., Nomoto, K. Lymphocyte activation by 
a polysaccharide fraction separated from hot water extracts of 
Angelica acutiloba Kitagawa. J Pharmacobio-dyn 1985, 8, 417–424.

15.	Kiyohara, H., Yamada, H., Cyong, J.C., Otsuka, Y. Studies on 
polysaccharides from Angelica acutiloba. V. Molecular aggregation 
and anti-complementary activity of arabinogalactan from Angelica 
acutiloba. J Pharmacobio-dyn 1986, 9, 339–346.

16.	Miyazawa, M., Tsukamoto, T., Anzai, J., Ishikawa, Y. Insecticidal 
effect of phthalides and furanocoumarins from Angelica acutiloba 
against Drosophila melanogaster. J Agric Food Chem 2004, 52, 
4401–4405.

Figure 6.  Inhibitory effects of AAE (273 mg/kg) on EB extravasation (A) and EB-stained area (B) in the dorsal skin site of PCA rat model. 
The stained blue areas indicate EB extravasation. Normal group was not treated with anti-DNP IgE and AAE. The vehicle-treated group was 
administered distilled water. Value represents the mean ± S.E.M. of 8 animals each. *P < 0.05, compared with the vehicle-treated group. 
(See colour version of this figure online at www.informahealthcare.com/ipi)



Effects of A. acutiloba on mast cell-mediated allergic reactions  577

© 2012 Informa Healthcare USA, Inc.�

17.	Liu, I.M., Tzeng, T.F., Liou, S.S., Chang, C.J. Angelica acutiloba 
Root Attenuates Insulin Resistance Induced by High-Fructose Diet 
in Rats. Phytother Res 2011, 25, 1283–1293.

18.	Cochrane, D.E., Douglas, W.W. Calcium-induced extrusion of 
secretory granules (exocytosis) in mast cells exposed to 48-80 or 
the ionophores A-23187 and X-537A. Proc Natl Acad Sci USA 1974, 
71, 408–412.

19.	Leng, W., Kuo, C.G., Qureshi, R., Jakschik, B.A. Role of leukotrienes 
in vascular changes in the rat mesentery and skin in anaphylaxis. 
J Immunol 1988, 140, 2361–2368.

20.	Kim, E.K., Kim, E.Y., Moon, P.D., Um, J.Y., Kim, H.M., Lee, H.S., 
Sohn, Y., Park, S.K., Jung, H.S., Sohn, N.W. Lithospermi radix 
extract inhibits histamine release and production of inflammatory 
cytokine in mast cells. Biosci Biotechnol Biochem 2007, 71, 
2886–2892.

21.	Choi, Y.H., Yan, G.H. Ellagic Acid attenuates immunoglobulin 
E-mediated allergic response in mast cells. Biol Pharm Bull 2009, 
32, 1118–1121.

22.	Russo, C., Polosa, R. TNF-alpha as a promising therapeutic target 
in chronic asthma: a lesson from rheumatoid arthritis. Clin Sci 
2005, 109, 135–142.

23.	Hirano, T. Interleukin 6 and its receptor: ten years later. Int Rev 
Immunol 1998, 16, 249–284.

24.	Vlahopoulos, S., Boldogh, I., Casola, A., Brasier, A.R. Nuclear factor-
kappaB-dependent induction of interleukin-8 gene expression by 
tumor necrosis factor alpha: evidence for an antioxidant sensitive 
activating pathway distinct from nuclear translocation. Blood 
1999, 94, 1878–1889.

25.	Leonardi, A., Quintieri, L. Olopatadine: a drug for allergic 
conjunctivitis targeting the mast cell. Expert Opin Pharmacother 
2010, 11, 969–981.

26.	Chiou, W.L. Determination of drug permeability in a flat or 
distended stirred intestine. Prediction of fraction dose absorbed in 
humans after oral administration. Int J Clin Pharmacol Ther 1994, 
32, 474–482.

27.	Chang, L., Karin, M. Mammalian MAP kinase signalling cascades. 
Nature 2001, 410, 37–40.

28.	Son, S.H., Kim, M.J., Chung, W.Y., Son, J.A., Kim, Y.S., Kim, 
Y.C., Kang, S.S., Lee, S.K., Park, K.K. Decursin and decursinol 
inhibit VEGF-induced angiogenesis by blocking the activation of 
extracellular signal-regulated kinase and c-Jun N-terminal kinase. 
Cancer Lett 2009, 280, 86–92.



Copyright of Immunopharmacology & Immunotoxicology is the property of Taylor & Francis Ltd and its

content may not be copied or emailed to multiple sites or posted to a listserv without the copyright holder's

express written permission. However, users may print, download, or email articles for individual use.


