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This study was undertaken to investigate the tieetpeffect ofAngelica acutiloba on allergic dermatitis, which
Angelica acutiloba is traditionally known to have antiinflammatoryests. Sprague-Dawley (SD) rats were divided into
five groups: normal control group, experimentadrgfic dermatitis group (vehicle group), low dosé\nfielica acutiloba
extract (low-dose group), high doseffgelica acutiloba extract (high-dose group), and antihistamine éabgtoup with
experimental dermatitis (antihistamine group). Tietakocyte, neutrophil, lymphocyte, monocyte andigophil counts
were significantly higher in the vehicle group ttaithe control group, but these variables wengifggntly lower in the
low- and high-dose groups than in the vehicle grduge platelet/lymphocyte ratio in the red bloodl zelex was
significantly lower in the low- and high-dose gredipan in the vehicle group. Low and high doseb@fngdlica acutiloba
extract did not have toxic effects on liver andnig. Serum NO, iINOS and levels were highest irvétgcle group but
significantly lower in the low- and high-dose greupspecially in the high-dose group. The restilthis study suggested
that theAngelica acutiloba extract had the effect of alleviating or treatihg experimental allergic dermatitis, and it was

concluded that the high dose was more effective.
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INTRODUCTION

In developing countries, it is estimated that thenber
of asthmatic patients is about 300 million peopiel about
400 million people suffer from allergic rhinitisg®ankar et
al., 2009). In the United States, allergic diseaseshe sixth
most common chronic disease, affecting 17% of tprip
lation. The resulting cost of health care spendimpunts

to about $ 18 billion annually. In Korea, the diagis of
allergic reactions, including atopic dermatitilementary
school students has increased from 13.7% in 1999.8%6
in 2005 (Hong, 2007). According to the National item-

surance Corporation data, the number of patiertitsatopic
dermatitis from 759 in 2007 to 1,264 in 2011, theusal
average rate has increased by 13.6%, and the povpof
serious patients is also increasing. Atopic detinat a
chronic recurrent eczema characterized by langet that
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is often difficult to cure. The clinical manifestats of atopic
dermatitis are very diverse, and the severity efdisease
also varies. In recent years, the number of patigith severe
symptoms is increasing. In addition, if atopic datitis is
not actively treated early, the so-called 'atopychiappears,
which progresses to asthma and rhinitis. So faretls
no way to completely cure atopic dermatitis. Treathof
patients with atopic dermatitis includes basic roéthfor
protecting the skin, treatment for dermatitis, tdieation and
elimination of inflammatory factors, etc. (Krakowsk al.,
2008). The treatment should be based on the age;cs,
location and severity of the patient, and perspatidin of
each patient to identify the deterioration factmd how to
deal with them. Since atopic dermatitis does net lasfunda-
mental cure, its goal should be to alleviate symgtgpre-
vent early treatment, prevent lesion worsening,aegdent
recurrence as far as possible. Atopic dermatitisesmost
common treatment method currently available. Siercan
cause side effects such as skin atrophy, telangiachypo-
pigmentation, steroid acne, increased hair grokesgacea-
like eruption, inhibition of hypothalamic-pituarghenal
axis disturbance, increased risk of glaucoma atatat,
and Cushing's syndrome (Kim and Cho, 2014). Calcine
inhibitors may induce kidney dysfunction, elevatddod
pressure, headache, hyperlipemia, vomiting, abragiam
enlargement, increased blood sugar, increasedfriskec-
tion, hand shaking, diarrhea, anorexia, stomacfudgton,
anemia, leukopenia, and thrombocytopenia (Fleig!999;
Sidbury and Hanifin, 2000; Haper et al., 2001; Kahgl.,
2001; Murphy and Atherton, 2001). Phototherapytime-
consuming procedure that requires frequent visit®spitals.
Nonsteroidal agents exert cytopenia, gastroingstisorders,
and hematopoietic function impairment (Sidbury Biadhifin,
2000). Immune response modifiers have disadvantsgels
as high recurrence rate, fever, body aches, headauth
eosinophilia after treatment of atopic dermatfifiserefore,
we have designed this study to find a physiololyicaitive
substance which exerts the effect of relievingeating and
has little side effects on systemic allergic sympoln this
study, we examined the effect Ahgelica acutiloba in SD
rats with experimental allergic reactions.

MATERIALS AND METHODS
Animals and grouping

5 weeks-aged SD male rats were purchased (Dong Joo
Medilab., Busan, Korea) and subjected to animabtatian
for 1 week before being used in the experiment t@impera-
ture was maintained at 22°C and the humidity was main-
tained at 4660%. Sterilized drinking water and solid feed
were freely available. Rats were classified inte fyroups.
The control group (n=10) did not undergo any treatrand
the other four groups were administered with OM® g
and AL (OH) 3-5 mg three times a week by intraperitoneal
injection to induce a delayed hypersensitivity tieaic The
vehicle group that atopic dermatitis was inducechbtiany
treated (Vehicle group, n=10). A dose of 12.5 mgiegght
of Angdlica acutiloba extract was orally administered (Low-
dose group, n=10), a dose of 50 mg/kg weightrmjelica
acutiloba extract was orally administered (High dose group,
n=10), and 0.41 mg/kg weight of CLARITYNE TAB anti-
histamine was orally administered (Antihistamineugr,
n=10).

This study was accepted by the Animal Ethic Conamitt
of the Catholic University of Pusan.

Experimental allergic reaction and dermatitis

After inducing the delayed hypersensitivity reaatithe
experimental groups were removed<22 cm area of the
dorsal hair and were induced dermatitis on thel lacea
using a brush with-325 mg of ovalbumin (OVA) and 15@
of AL (OH). After induction of delayed hypersensity
reaction, 1.5 cc of 0.85% saline was orally adrtenésl in
the vehicle group. Once every two days from onekwafter
patch sensitization, a dose of 12.5 mg/kg or 5&kgngf the
Angelica acutiloba extract were orally given in the low- and
high-dose-groups (Fig. 1).

Preparation of Angelica acutiloba extract

100 g of Angdlica acutiloba were extracted into 1 liter of
80% ethanol and the extract was prepared. Thedthas
evaporated at 65 for 5 days, and distilled water was added
to the evaporated amount. After filtration usingn®! filter
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paper, the filtered extract was used. It was cowit that  prepared at six concentrations of 1,@0mL, 500ug/mL,
0.05 g of Angdlica acutiloba was contained per 1 mL of the 250ug/mL, 125ug/mL, 62.5ug/mL and 31.2g/mL. 1 mL
extract. The extracts were measured by spectropietés ~ of DPPH solution was added to 1 mL of this extfeattrol:
at 600 nm and showed a concentration of 0.430. 99.5% ethanol), shaken for 10 seconds using axvaniteer,
L . _ _ ) and incubated at 37 for 30 minutes. As a positive control,
Antioxidant activity analysis of Angelica acutiloba extract _ ) o
L-ascorbic acid was prepared at 6 concentrations te
DPPH (1,1-diphenyl-2-picryl hydrazyl) was tested to above extract, and 1 mL of DPPH solution was added
evaluate the antioxidant activity 8hgelica acutiloba extract.  prepare a control solution. Then, the absorbansemesas-
Antioxidant activity means the ability of certambstances ured at 517 nm using an X-mark micro spectrophoteme
to remove free radicals. This experiment is basedhe  reader. The antioxidant activity of tiAegelica acutiloba
property that DPPH hydrazyl absorbs hydrogen agasy  extract and the positive control was compared thigrabsor-
because it contains unstable nitrogen atoms, aisdélacts  bance of the control. The inhibition rate of DPRitivity was
with antioxidative substances and loses inherdatatality determined according to the following equationuassg
by accepting hydrogen atoms. The degree of decrfase that the absorbance of the control group withogietktract
radicals using DPPH was measured by a spectropbt#gm Angelica acutiloba (control group) was abs (control). And
and indirectly, the antioxidant activity of the mdt was it is shown in Fig. 2.

measured. When the radical was reduced to an a@fatitix o
Inhibition rate (%) = abs (control) - abs (sample)/

it lost its original purple color and turned yellolie analysis
abs (control)>< 100

process is as follows: The DPPH solution was pezbhy

mixing 0.08 g of DPPH and 1 L of ethanol in a liglark Fig. 3 is a graph showing the results of the aiutamt
room. The prepared DPPH solution was stored at’-20 activity evaluation test of théngelica acutiloba extract. As
Then, extracts for antioxidant activity evaluativare pre-  shown in Fig. 1, the antioxidant activity of L-aduic acid,
pared by concentration. Then, extracts for antixidctivity  a positive control drug, 93.93% was at a conceoiraif
evaluation were prepared by concentration. Thaebivas  1,000ug/mL, 91.37% was at a concentration of fp@admL,

1 Week 2 Week 3 Week 4 Week 5 Week Sacrifice

Groups
1. Control
2. Allergy model

Groups

OVA -40 g + IP injection 1. Control

AL(OH) 3~5 mg 2. Vehicle

3. Low-dose of
Angelica
acutiloba model Back skin

4. High-dose of allergy induce

Angelica OVA - 150 ug +
acutiloba model AL(OH) 3~25 mg

5. Anti-histamine
model

Fig. 1. Experimental schedule.
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and 90.73% was at a concentration of 2§0nL, 89.46%

was at a concentration of 12§/mL, 88.77% was at a con-

centration of 62.5Qg/mL, and 84.35% was at a concentra-  All rats were fasted for 24 hours before sacrifivere
tion of 31.251g/mL. The antioxidant activity of thingdica anesthetized by ether and fixed on the rat operadible

Sacrifice and sampling

acutiloba extract was 71.25% at a concentration of 1,@J0  (Dong Sew Science, Korea). The heart was exposttd wi
mL, 66.13% at a concentration of 508/mL, 45.05% ata upper abdominal incision and 6 mL of blood wasemé#d
concentration of 25Qg/mL, 11.50% at a concentration of directly from the heart. 1.0 mL of the blood wasiged into
125ug/mL. 0.96% at a concentration of 62;@mL, and  EDTA bottle for measuring CBC & diff-count, 2 mLdaid
0.00% at a concentration of 31 2%mL. was used for analysis of liver and renal functicarkars,
As shown in Fig. 3, DPPH reacted with thegelica and the remainder nitric oxide (NO) concentrations.
acutiloba extract to lose its original purple color and &dn For histopathological examination of skin tissuar ivas
yellow as the increased concentrations of Amgelica removed with a razor, and skin tissue was cutdrgm X<
acutiloba extract. Therefore, as shown in Fig. 3 and Fig. 4,2 cm size. Half of the cut tissues were frozenrat for
the Angelica acutiloba extract exhibited antioxidative activity
in a concentration-dependent manner, and about &0%
activity was observed at 25@/mL. Antioxidant
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Vv é > NO, +AO=H —P + Ao-
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Fig. 2. Change of face color of rats according to expertal Fig. 4. The reaction of DPPH with thngeica acutiloba extract.
allergic reaction. 1 w, 1 week after inductionadtergic reactior DPPH reacted with théngdica acutiloba extract to lose its original

2 w, 2 week after induction dllergic reaction; 3 w, 3 week ai purple color and turned yellow as the increasmttentrations ¢
induction of allergic reaction. the Angelica acutiloba extracts.
100.00
- £ Ascorbic acid  §3] Angelica acutiloba
90.00 | &4 .
e
80.00 ’
B
70.00 | £ pas
5 60.00
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Fig. 3. Antioxidant activity of Angdica
20.00 acutiloba by o, o-diphenyl$-picrylhydrazyl
10,00 (DPPH) test. 1,000L of Angdica acutiloba
: hadantioxidant activity of 71.25, whereas its
0.00 — 62.50uL had an activity of 0.96%. However,

1000 pL 500 L 250 L 62.50 L 3125 L 0% was in the 31.2fL.
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analysis of inducible nitric oxide synthase (iNOS).
Analyses of variables

Total WBC: Total WBC & diff-count were measured
using Auto Hematology Analyzer (BC-2800 ver., Stneme
Mindary Bio-Medical Electronics Co., Ltd., Germany)

Liver and renal markers: To assess toxic effects of the

at 70 volts for 30 minutes and at 100 volts forolirhand

30 minutes. The electrophoresed proteins werefénaed

to a nitrocellulose membrane under refrigeratiorl@d
volts for 1 hour and 30 minutes. Membranes weleeia
with Ponceau solution, and blocking was performs&dgia
blocking buffer. The primary antibodies iINOS dhdctin
were washed with 0.1% Tween 20 (PBST) 5 times for 7
minutes after over night af@. After the secondary Ab was

Angelica acutiloba extract, serum aspartate aminotransferasettached for 2 hours at room temperature, expressid

(AST), alanine aminotransferase (ALT), blood urt@gen
(BUN) and uric acid levels were measured by Autcdyper
9500.

NO: To assess the degree of tissue damage and inftamma
caused by oxidative NO in all groups, serum NOl&ewere
analyzed. The blood drawn from the heart of theegxp
mental animals was measured using centrifuged plagm
2,500 rpm. After adding 40L of a 75 mmol/L ZnSO 4
solution to 1QuL of plasma, 5Q.L of a 55 mmol/L NaOH
solution was mixed and centrifuged at 16,48 for 10
minutes. Glycine buffer was added to@0of the super-
natant, Then, nitric oxide was measured after phydes.

analysis were performed using ECL prime (Amersham
Parmacia Biotech, Buckinghamshire, London, UK). The
results were quantified using vision works imagivare
and quantified by calibrating the amount of eadnai
transduction protein with thgactin, a house keeping gene.
Control protein expression level as 1 was companethe
differences in protein expression levels betweenpg were
compared.

Statistical analysis

All data were expressed as meanstandard deviation
(SD). The statistical significances among the fiveups
were identified by ANOVA and then Scheffe post best

100pL of Griess reagent [1% (w/v) sulfanilamide, 0.1% (SPSS, version 21.0) was appli€g:0.05 was accepted to

(w/V) naphtylethylenediamine in 2.5% (v/v) phospbor
acid] were added to 120 of the supernatant. The mixture
was incubated in 96-well plates for 15 minutes absbr-

be statistically significant.

RESULTS

bance was measured at 540 nm using an ELISA reader.

Standard concentration curves were obtained byvitep
dilution of sodium nitrite (NaNg).

Hematology

Leukocyte indices:Table 1 compares the changes in leuko-
cyte indices of the five groups. Total leukocyte granu-

Western blot for INOS: The skin tissues were finely chopped locyte counts were significantly higher in the odi the

with surgical knife, and homogenized with homogeniz
by adding lysis buffer. This was centrifuged &t 4or 10

low-dose and the high-dose groups than the cogitoalp
(P<0.05), but the total leukocyte counts in the tdgise

minutes at 13,000 rpm. The supernatant was added to group were significantly lower than those in théigte

commercially available reagent (Bio-Rad Proteiraps§t,
Bio-Rad Hurcules, CA, USA) and the protein absockan
at 595 nm was measured. DW (distilled water) ancpéa
buffer were mixed with the supernatant and an gpjaie
amount, respectively. After heating at@©@5for 10 minutes,
the mixture was cooled at -20 for 3 minutes, and then
18.5uL of sample was loaded on each~12% sodium
dodecyl sulfate-polyacrylamide gel. This was etggtioresed

group P<0.05). In the lymphocyte, monocyte and eosinophil
counts, the vehicle and low-dose groups were signitly
higher than the control grouP<£0.05), but the high-dose and
antihistamine groups were not significantly différfom the
control group and were significantly lower than tedicle
group P<0.05). The N/L ratio was the highest in the vehicl
group P<0.05), and the low-dose and the high-dose groups
were significantly lower than the vehicle gro®x(.05).
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Table 1.Leukocyte indices in the five groups

Variable Group Control Vehicle Low-dose High-dose Antihistamine
T-WBC (<10%/uL) 5.39+1.34 6.37%1.84 8.12+2.40 6.01+1.65" 5.05:1.38
Neutrophil ¢<10%/uL) 0.95+0.21 2.51-0.67 2.55+0.55 1.51+0.52" 1.02+0.60
Lymphocyte 107uL) 4.23+1.26 3.5&1.23 5.35+1.57 4.30+1.71 3.90+1.47
Monocyte §10°%uL) 0.13+0.02 0.210.03 0.25+0.03 0.14+0.01" 0.13+0.01
Eosinophil &10%/uL) 0.11+0.01 0.38:0.02 0.49+0.03 0.18+0.01" 0.10+0.01'
N/L ratio 0.22+0.04 0.76:0.07 0.47£0.03 0.35£0.03 0.26£0.02
Neutrophil (%) 18.7312.31 40.5%13.54 31.53t10.26 26.36:9.977 21.42+9.57
Lymphocyte (%) 78.7817.40 55.16:19.67 65.07:16.84" 70.74:16.60" 75.92£17.05
Monocyte (%) 2.5%1.00 4.3%1.68 3.41+1.577 2.90+1.10 2.68+1.24
Eosinophil (%) 0.02:0.00 0.068-0.0T 0.06+0.01 0.03:0.00 0.02£0.00

Data are expressed mearstandard deviation (SD).
* P<0.05 (statistical significance compared with the control group); T, P<0.05 (statistical significance compared with takigle group).
Abbreviation: Control, normal rats without atopirichatitis; vehicle, atopic dermatitis group; Lowase, atopic dermatitis + 12.5 mg
Angdlica acutiloba; High-dose, atopic dermatitis + 50 mgAsigdica acutiloba; Antihistamine, atopic dermatitis + antihistamineatec
group; T-WBC, total white blood cell; N/L ratio, uteophil/lymphocyte ratio

Table 2.Liver and renal markers in the five groups

Variable Grour Control Vehicle Low-dose High-dose Antihistamine
AST (U/L) 181.82t28.47 137.4:32.46 155.2534.33 145.86:31.03 153.8£36.70
ALT (U/L) 27.15+12.40 28.68:13.42 25.2510.67 27.8513.45 28.6%14.40
BUN (mg/dL) 34.42-10.07 36.2%11.14 22.857.51" 16.87:6.41" 18.36:8.48

UA (mg/dL) 0.510.03 0.42:0.03 0.36:0.02 0.46:0.02 0.42:0.02

Data are expressed mearstandard deviation (SD).
* P<0.05 (statistical significance compared with the control group); T, P<0.05 (statistical significance compared with tekigle group).

In comparisons betwedimgelica acutiloba extract groups,

the high-dose group had significantly lower lewafigotal
leukocyte, neutrophil, lymphocyte, monocyte andrexhil
counts and N/R ratio than the low-dose grdegp.05).

Liver and renal markers

In both the low- and high-dose groupagelica acutiloba
extract administered did not show any toxic effects¢he

liver and kidneys (Table 2).

Serum nitric oxide (NO)

Serum NO concentrations were the highest in thigheeh
group. Serum NO concentrations in the low-, highd a

antihistamine groups were significantly lower thiaose in

the vehicle groupR<0.05). In comparisons betweangdica
acutiloba extract groups, high-dose group showed a slightly
lower trend compared with low-dose group, but atistical
significance P>0.05) (Fig. 4).

INOS expression of skin tissues

The INOS expression of the skin tissues were tiedsi
in the vehicle group. The iINOS expression levethénow-,
high- and antihistamine groups were significantyer
than those in the vehicle group<0.05). In comparisons
betweenAngdica acutiloba extract groups, high-dose group
had significantly lower iINOS expression levels thawv-
dose groupR<0.05) (Fig. 5).
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Fig. 5. Histological findings of the skitissue (H & E stail
maghnification }200). a, control group; b, vieke group (atop
dermatitis); ¢, low-dose group; d, high-dose graj@nhistamir
group. Excessivepidermal hyperplasia, hyperkeratosis, epide
parakeratosis, marked leukocitfitration in the dermis, and derr
edema were observed on the skinratf in the atopic dermati
group (b). The epidermal changes atmimal infiltrations wei
reduced in the ¢, d and e groups.

DISCUSSION

Recently, several researchers have also focusatlern
native therapies using traditional herbs to oveedhe
limitations of existing therapies for atopic derntigteported
that Traditional herb Hyangso-san inhibited To&nd IFN-
y-induced STAT1 activation, thereby inhibiting ThFand

inflammatory reaction which is the cause of alledgrma-
titis. In the case of inflammatory diseases ineigdatopic
dermatitis, the above-mentioned peripheral bloaldeyte
lineage cells as well as the N/L ratio (NLR) asmahcreased
(Dogru and Citli, 2017). Especially, NLR is a nowdrker
for assessment of inflammation. NLR has the adgasta
of being readily available, inexpensive and easatoulate.
It is available, cost effective and easy to cateuldlLR is
associated with chronic inflammatory diseases asatar-
diovascular disease, hypertension and diabeteshasé
prognostic importance (Imtiaz et al., 2012; Biyilak, 2013;
Uslu et al., 2013; Kayadibi et al., 2014; Sahaal.eP014).
Patients with atopic dermatitis have higher NLRdmRoand
Citli, 2017). Patients with atopic dermatitis (ABXhibit
higher neutrophilic inflammation with eosinophiirdlam-
mation (Spergel et al., 1998; Choy et al., 2012y idbal.,
2013). According to a recent study, AD patientsihectased
serum IgE levels and blood eosinophil counts ilafth the
score of AD. These studies suggest that neutroEeaisign
of AD. Furthermore (Hon et al., 2013), reported thare
was a positive correlation between the severitAbfand
neutrophil count, but a negative correlation wjtimphocyte
count. The results of the liver and kidney functioarkers
in the low- and high-dose groupsAfigelica acutiloba were
not significantly different from those of the caitgroup,
suggesting that it had no toxic effect. NO is pamtlin
various parts of the body, including the nervossesy, lung,
liver, gastrointestinal tract, blood vessels, imengystem and
skin cells (Knowles and Moncada, 1994). NO acts iaes-
senger molecule in cell-to-cell communication (Logtein

IFN-y mediated chemokine production and expression. Irand Snyder, 1992) and exerts vasodilation, neasstission,

addition (Tao et al., 2017), demonstrated that iy (a
bioactive component of Astragali Radix, which Slanese
herb for treating allergy), attenuated the destoaif epi-
thelial TJs by reducing the secretion of TSLP/IL&%&
inhibiting the TLR4 mediated NkB signaling pathways,
suggesting that this may be an alternative treatfoeatopic
dermatitis. In this study, total leukocyte, neutiggympho-
cyte, monocyte, eosinophil, neutrophil/lymphocgtorlevels
were significantly lower in the high-doseAxfigelica acutiloba
extract than in the allergic dermatitis group (e@hgroup).
This means that th&ngelica acutiloba extract alleviates the

intestinal peristalsis and other autonomic functiBiliar,
1995; Moncada and Higgs, 2012). NO is generatetthdy
enzymatic reaction of the nitrogen group with greninal
oxygen of L-arginine with molecular oxygen. NO kscaa
potent cellular toxin, either protecting the bodpiast in-
vading pathogens and tumor cells or destroying abcedls
and tissues (Liew and Cox, 1991). The latter mddection
is of central importance for the role of NO in hipsinune
defense, immunoregulation, and autoimmune tisgueyin
(Kolb and Kolb-Bachofen, 1992; Aggard, 1994). Matudies
have reported that nitric oxide (NO) correlatedsitvariety
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of inflammatory diseases. NO causes an inflammatifegt
in a dose-dependent manner. In chronic inflammation
large amount of NO produced by iNOS plays a cruoial
Increased NO concentrations lead to the formatfopeo-
oxynitrite, which is in turn harmful both as a resf its
direct effect on cellular enzyme-protein systentstarough
its reaction with superoxide radicals (Sahin et24101). In
this study, the serum NO concentration was sigmifiy
lower in the low- and high-dose groups than inwkicle
group, indicating the antiinflammatory effect Afgelica

acutiloba. INOS plays an important role in the production

of NO. The proper amount of iINOS plays an esserttial
in the physiology of the human body, but overpreiduds
involved in the development of a number of inflantona
diseases including cancer (Vannin et al., 2015hifnstudy;,
INOS expression level of skin tissue was signifiydower
in Augerica acutiloba groups than that of vehi€leerefore,
the effect of Augerica acutiloba on dermatitis wasfirmed.
Especially, high-dose group showed lower iINOS esgioa
than low-dose group, meaning that high doses ofeficg
acutiloba are more effective in the treatment opiatder-
matitis. In this study, NO/INOS expression of thagis-
sues was the highest in the vehicle group, bul\tigerica
acutiloba groups were significantly lower, suggestnti-
allergic dermatitis effects of Augerica acutiloba.
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