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Abstract: The aim of this study was to examine inhibitory
effects of pine needle ethanol extracts (PNEE) on atopic der-
matitis (AD). To determine inflammatory activity PNEE was
added to LPS-induced murine peritoneal macrophages for an
in-vitro test. In addition, anti-AD test was carried out by
spreading PNEE on the dorsal skin of 2,4-dinitrochloroben-
zene (DNCB)- induced BALB/c mice. It was confirmed that
the nitric oxide (NO) secretion was suppressed when 1~
50 pg/mL of PNEE were added to LPS-induced murine peri-
toneal macrophages. Moreover, levels of TNF-a, IL-6, and
IL-1B, were decreased. For the anti-AD test, PNEE alleviated
symptoms of the erythema in DNCB-induced mice. Further-
more, the IFN-y secretion of the group treated with PNEE was
increased in splenocytes from DNCB-induced mice com-
pared to the positive control, while 1L-4 secretion dimin-
ished. Through these results, we can conclude that PNEE can
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inhibit AD by modulating the IFN-y, IL-4 cytokines produc-
tion and inhibiting inflammation.
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Auk-&-o] F7FSHAl k. IFN-y cytokine th 44 31 NK
S FA A7), B4 B o) A4 2 TNF-o, 1L-6 9
IL-1B9} 22 cytokineS HH|slo] Z AN EQ AHALE &
A7) & A A< et [11,12] Z2ol= ¥
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6101] AMR-3F 49 (Pine needle) & LR o)A A4 3H=
FE o REE YHE A SR (F)Evetol A Fartol A

shgleh Al 2] 108] k2] 70% o eh-2-2 7}8}o] Al-L-of A]

104 7F wakste] &5k Ant. el 9 o 23t &, rotary
evaporator (RE200, Yamato Co., Tokyo, Japan) 2 -5<3}¢]
20°Co A skl AEo) ALgeh et

22 A0

WF 6592 43 BALBL uh9-2 9 AT 479 53

BALB/c UF2-AS AMLEYTH nfeAL ¢ E

(Orient Co., Seongnam, Korea) 25 E F¢5to] &% 20+

2°C, &= 50£10%, 12A)7F HoFF7]71 SR B = 5] o A
122907 ol A28 F Gl AHEIs

23.pHY M=
F9 AdeE FEE9 pHe Smgmlo FE== pH meter
(HM-30V, Toa, Kobe, Japan)S A}-8-5}0] =45} om, M
= MALA (JC801 Color technosystem Co., Tokyo, Japan)E
olgalo] 245ttt 0.5 mgml 2] £ e 22
S WA cello]] 10 mLA4 ¥ 11, H = (Lightness, L*), 2] &=
(Redness, a*), 3FA = (Yellowness, b*) 3F& 24519 t). o]
o) A3 22 W Tk ZFS L* =93.73, a* =-0.12, b* =0.110]
et

24. 94 AZ 82 9L W

Mishell = [29]9] ¥ oF7F HE 5}o] npeA Bk o AL A
25 EYskth A% 677 9] o7 BALB/e mhe-220f] 3%
thioglycollate S £-7}FAF5}o] A A2 A& § =51,
49 T RPMI 1640 v 2| & 2745 A2 5}t9lc}, 340 27}
A 22 4°C, 1800 rpmof| A 557+ Y E 2] (UNION 32R,
Hanil Co., Incheon, Korea)3t %=, RBC lysis buffer (Trisbuf-
fered ammonium chloride; 0.87% NH,CI, pH 7.2) o] 1057t
ARAA AELE A AT 1 &, 10% FBS (Fetal bo-
vine serum)-RPMI 1640 HjZ| & A 7}3}o] 5x10° 2 5%x10°
cel/mL =2 3]A35}al o] & well plateo] HE33}¢] 37°C,
CO, incubator (MCO-15 AC, Sanyo, Osaka, Japan)o]| 4] 44| 7t
woyakgich. whof ., RPMI 1640 o) 2 38 4] 2{5fo] b2
ZA| LS A7 8L 10% FBS-RPMI 1640 Hj 2| S M 713814
t}. 71 3, PBS (Phospate buffered saline, pH 7.2), LPS (Li-
popolysacchride, 5 ug/mL), 4 70% ot FEES A7}
3} 37°C, CO, incubator (MCO-15 AC, Sanyo, Osaka, Japan)
o141 12 5 244171 591 wFat e,

2.5. 9 &) M| Z.9] nitric oxide £ H|ZF 23

A A 2 2 A A &= nitric oxide (NO)2] & griess WE
o °]83k 543Ut} 2 microplateo] 2441 7h B et
) AIA 3 AlZol-S W 31 5789 griess A 2F (1% sulfanilamide
+ 0.1% naphthylendiamine dihydrochloride 1:1)& A7}51o
Al 2o A 10571 WF-8-A] 71 &, microplate reader”] (Model 550,
Bio-rad, Richmond, USA)E ¢]-£3}4] 540 nmo]| A SF =&
245tk AE g Y NO9 %=+ sodium nitrite
(NaNO,)2) 5 5 EEZAI 3} ] wofe] A},
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2.6. ) 4] M| 3£ 9] cytokine 8] 23

A 32 v kol W ©] TNF-a., IL-6 2 IL-1B cytokine®| H-H] =&
ELISA-kit (Mouse ELISA set, BD Bioscience, San Diego, USA)
£ o] 8-3lo] 243}t o] & )3l microplateo] capture anti-
body =2 anti-mouse TNF-a, IL-6 ¥ [L-1BE E323}¢] 4°Co|
A] 3150 52t coatingA| F T} 0] PBST (0.01 M PBS, pH
7.2, 0.05% Tween 20)% A 2 3}4] 10% FBS &0 © & block-
ing 3}t PBSTR A 23t &, ZF miroplateo] NOS =43}
d A 5L g AT NS EFokaL Aol A 24]7F BE
SAAT]. ThA] PBST= A2t § 3] 45t biotinylated anti-
mouse TNF-a, IL-6 detection antibody®} streptavidin-horse-
radish peroxidase conjugate—% A7}slo] AL oA 1A 7 -
Al F T} IL-1B9] 7 -$-, biotinylated anti-mouse IL-1p detection
antibodyS 2 7}5F3L 1A 7F HE-S- &2, streptavidin-horseradish
peroxidase conjugates 3 7}5}0] 3048 HF-S-A| F T} 11 &, o]
£ t}A] PBSTZ A &3t T2, OPD (o-phenylenediamine) U
H,0,Z &7}t phosphate citrate buffer (pH 5.0) & 3 7}5}9
AL of A 305 ZoF otut-2 A AT 2N H,S0,2 HheL =
FA]Z] &, microplate reader (Model 550, Bio-rad, Richmond,
USA)E ©]-8-3}o] 490 nmof| A FF =5 57453t
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Abn 5 [30]9] & oFF W@ stel obn WS G
shoich. Al 453 ) +7 BALB/c nh920] 5 5915 7
FLEHA A Bk 2, u A 7F 2] -5 = E 2441 7F B A] 54l
t}. 24A] 7F 2 1% DNCB (dinitrochlorobenzen) -8 9% (acetone:
olive 0il =3:1) & UFUof 3HH nfe A9 ] FH&L &

of Zxatil, 4+ F FE+= 0.3% DNCB §-92 6}_‘7—_01]
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=)
;“%0}0““4 23 v RPMI 1640 A 2 A &3t 3,
tissue grmderi A3 st] NS FE A F T A2 A
2 4°C, 1800 rpmof| A SE7F Y4 &2 3t 3, RBC lysis buffer
of 1027t BAAIA HEHZ A ATt 7L 3, 10% FBS-
RPMI 1640 W)X 2 H71510] 2x10° cellmL 55 & 3|45
)%+ M| 32 @ EFS 37°C, CO, incubatoro A 72A] 7t 5k

Fstsict.
29. ¥4 AL AFAS cytokine £¥1% &4

]2 A E Hl oF ol o] IFN-y & IL-4 cytokine 2H] -2 tfj 4] A
E HjFe 9] cytokine ZH|F S TUL YHOR SH

sholt.

2.10. 83 9] total IgE ¥F 23

AE £ 7 Yo eye bleeding® 2 2 3t &, 0] 4°C, 10,000
rpmof A S F<t A4 Rl st @S Reskal T‘/P et
A2 Aol AHE-sE7] A7EA] -20°Co] A Etkst gl 0w, uf
o~ FA U total IgEQ] 3FeF-S ELISA kitE 0130}01 =3
owu} H ], ELISA microplateo] anti-mouse IgES HE33}
o] 4°CoY| A] 3} 52t coatingA] F T}, ©] & PBSTE A| %5}
1! 2% BSA (Bovine serum albumin) &2 © & blocking 3}
t}. o] & PBSTE Al A3t 5, ZF microplateo]] 1/302 3] 43t
A= 9L A2 A 247 HHS-A[ Zi T THA] PBSTE A4
5}al 3] X3t biotinylated anti-mouse IgE strepavidin-horse-
radish peroxidase conjugate S g o] A2 0f 4| 1A]7F HF-g-A]F
t}. o] & t}A] PBSTE A| &3 o}-2, OPD U H,0,& A 7}3k
phosphate citrate bufferS- 2 7}5}o] A2 of A 305 ZoF oFHt
< A AT S £E5A717] 98 ZF microplateo] 2N
H,S0,& Y2 &, microplate reader”] & ©]-23}4] 490 nmo|
A EF=E S5

211 ¥ A 29 45 £3
H| & A S el S 2x10° cel/mL =2 well plateo] £
3t 3., 37°C, CO, incubatoro]| A 72A| 7+ vjj s} At vl &,
MTT (thiazol blue tetrazolium bromide, 5 mg/mL) A| k-2 7}
S} 24| 7F A vl oFs}o formazan crystal A& & =3} T}
o]Z 4°C, 2000 rpmoll A 1087+ Q4] Ha] 5 &, AZoe
A A3}aL DMSO (dimethyl sulfoxide)Z 2 7}3}F0] 540 nmo]|
X FHES ST B AE SAE b o] o

s A 4bst it

Proliferation Index (%) = (Sample2] &34= / Control2] &34
L) x 100

2.12. 34 A=

= Ago st B4 A &]& SAS program (Statistical ana-
Iytical system V8.2, SAS Institute Inc., Cary, NC, USA)& ©]
2319} one way ANOVAH O 2 HALR XS A A|519 o,
24 PS5 219 4214 492 Duncand] AW 02
p<0.05 2ol A A A5

3.8 9 1

3LpHYE A%

H 2 ARATFA Q] Auzpe] &1L 7 Qe thoksl A g
S AYE AHAES A& Aol A&al8&= A =7 &3]
o]Zo] X 3 9lr}. A Eo] pH: }%’%‘% Az Al F
S v A= Fa3 ecloz an U F49 A [31],
Chul 1,4 Lol = W & & [32]0f Hodtch B3 HAE
2 chlorophyll, carotenoid ¥ flavonoid 5 tFFst A A E &
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Table 1. pH and color value of Pine needle ethanol extracts

Color
pH L* a* b*

Pine needle ethanol extract 5.46+0.00 70.41+0.03 -11.30+0.00 83.19+0.15
OF el glo] ABol M7k Al AEAA ] A Bik o} S5 melS Selsioth. $AT AL, Yen 5 3612
Ueh 44 2713 3 AEA5] B S A9 2 ofF oEA FER S0 pgml SEoA] 86%e]

=

o [33). mebd £ olEre 2E 8 pH L AES &
ATHE Table 1o b oich. £ oske 222 p
5.469] L2 O S by o) MEL BE, 4 E U
S E 7} 72 7041, -11.30 2 83,198 Wi, AL} =11
HME7} ob W A0 ettt

o
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3.2. 9 &] A 2.9 nitric oxide L8]

AR EL b 2fobel 22 g e] 2] o3t £7] Bl
= HE ok AlZZR2 A, o] 2igt uhH 2ot AFE A7) 7]
A3l o 7HA] E4& &H[3ktt. o] F nitric oxide (NO)&=
A Wol A NO synthase (NOS)eh= &40 Fof| 285 &
&l L-arginine © &= 5. ¥ A /J == ¥h-3AJ o] Zet A2tz
X WIS, A Z54, ABAEA 4 dHold 59 A
=54 WA of] FFE vl AW WA 28] F4 oA 9 F
Alzzo) gt Hro] 282 sh= Fa% AsHY Edoltt
[34]. 3FA|TF LPSO] &J 3] W2 &F] NO7F QA = a1, o] of] €]
SHAZRGoR 229wty 9 W A A 9] o] o2 L
U g5 e 2 S5 A Foll wofstA Ho [35]. et
A F9Q et 550 LPSE g50| ¥ v tf 4
A|222] NO £H]50l 2= G dot7] el d2A]
3 HjQFA o) NO, =5 54530t (Fig. 1). LPS A2 &
NO 2H|=F2 F4 A |3l 4uf) o]k S7HE Sl oW, &
A FE5S A28t 4, NO o] LPS A
gl E o o)A o 2 faghe 215 §3] 50 ng/mL
[ Belon, F&5E8 A
50% ©]/¢9] =2 NO 4] A
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Fig. 1. Inhibitory effects of pine needle ethanol extracts on the
secretion of NO in peritoneal macrophages. “*means with different
superscripts are significantly different (p<0.05) as determined by
duncan’s multiple range test.
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3.3. 9| 4] M| Z 9] cytokine £

TNF-a, IL-6 % IL-1B cytokine-2 4315 o Al A Lo A B
W5 A FASA eytokine 2 27] Wojukgo] o)
o] a3k A bt FUAHAIA] TNF-o= AU ol A
GlAHEL YET 5w 7o] o3 44 F o} 1| = eytokine
o7 oy g4 B W I5 Ao T 3 Aol F8
g gk gt} [37]. IL-6+= BA| 32 2] £3HE F%15to] 34|
A& Z7PA71E v, Aol 4 Tl A B A% ob4
olut A7} WMol e W Aed AT 5o ole A A
FEehs Aoz dYA Stk £33 IL-1B= NOE A
A8t sk miAEA o), TH 2] B3}, BAI 9] A%
T NK cell& B4 3HA] 7] cytokineo] o} [38,39]. wHabA] 4
¢ e FEES L A A ol H7tsto] vt F,
TNF-a, IL-6 ¥ IL-1pB cytokine®] H-H|=F-& =25} 4 th(Fig.
24). TNF-a.9] 49 110 pgimL 30 4] 01202 37}
skl o, 50 pg/mL FEo A AT - BHEE Bl
v PBSEHS AR w3} golHel Aolrl ot ol
porcine peripheral blood mononuclear cello] CLAE *] 2|3t
5 TNF-a 2432 243 27} [40]2} SASHC) L6 2
IL-1Be] 74, 91 e 22 kol o8 = o2y
O 72 Zasteleh olgdt At S8 oflehE =22 4112
T s 5= 421 A7toto] A3t & eSS
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Fig. 2. Inhibitory effects of pine needle ethanol extracts on the
secretion of TNF-ot in peritoneal macrophages. *‘means with dif-
ferent superscripts are significantly different (»p<0.05) as deter-
mined by duncan’s multiple range test.
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Fig. 3. Inhibitory effects of pine needle ethanol extracts on the
secretion of IL-6 in peritoneal macrophages. “means with differ-
ent superscripts are significantly different (p<0.05) as determined
by duncan’s multiple range test.
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Fig. 4. Inhibitory effects of pine needle ethanol extracts on the
secretion of IL-1p in peritoneal macrophages. “‘means with dif-
ferent superscripts are significantly different (p<0.05) as deter-
mined by duncan’s multiple range test.
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A, TAE, A 5 ThoFel A 259 o3 U e =
AOR FeA glrt. L ofEv] 7|5l o] M ejshy 29l
Tt A7t ghds] A= EA g4 2 v of o] P% ?1;
o 7146 2ol 7k &0l WE AL Sl [4,5]. o]of &

SRS R OHEP:%%%“ o] o™ t&%‘oi@ 30 o AOH 0}
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Fig. 5. Effects of pine needle ethanol extracts on IFN-y secretion
in splenocyte from atopic dermatitis-like skin lesions mice. Nega-
tive control (NC): untreated, Positive control (PC): DNCB and ve-
hicle, Pine needle: DNCB and pine needle ethanol extracts. **
means with different superscripts are significantly different (p<
0.05) as determined by duncan’s multiple range test.
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Fig. 6. Effects of pine needle ethanol extracts on IL-4 secretion in
splenocytes from atopic dermatitis-like skin lesions mice. Negative
control (NC): untreated, Positive control (PC): DNCB and vehicle,
Pine needle: DNCB and pine needle ethanol extracts. ““means
with different superscripts are significantly different (p<0.05) as
determined by duncan’s multiple range test.

IFN-y2} Th 2 cytokine$l IL-49] BH|gFS =& s1¢ch. 1 4
3}, IFN-y9] EH|ZFo] S0 o7 =715t O} negative
controlo]] H] 3] &%} 5] W2 7k W Glth (Fig. 5). [L-42] £-4]
2k o] 49 (Fig. 6), positive controlo]] H] 3] W& ZH& X &t
ol= B3 A4 FE& [43] X Quillaja saponin [44]5 ¥4
Alszo A3k -9 IFN-ye] &85 F7Hef o] 1L-49
wulepo] ZHastolehs A Anel dxshole. whaba 4
A oldE FEECl TRl A4 Th2 A0} 285 S oF
£9] 9j39] ol Alof T HA Ao AR,

3.5. 84 9 total IgE FF

olE ] WEYL 7HA 3210 80~85%7F A £ 3 IgEQ)
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Fig. 7. Effects of pine needle ethanol extracts on total IgE sec-
retion in sera from atopic dermatitis-like skin lesions mice. Nega-
tive control (NC): untreated, Positive control (PC): DNCB and
vehicle, Pine needle: DNCB and pine needle ethanol extracts. *®
means with different superscripts are significantly different (p<
0.05) as determined by duncan’s multiple range test.
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3.6.°H1F A2 345 23

MTT assay+= 2oFQle Al W | EZ =0t Epa G4
Zp-gof ofsto] gt of =84 7]E ¢l MTT tetrazolium=:
A2 G H = vj=gA] 9] MTT formazan (3-(4,5-dimethyl-
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Fig. 8. Effects of pine needle ethanol extracts on the proliferation
splenocytes from atopic dermatitis-like skin lesions mice. Negative
control (NC): untreated, Positive control (PC): DNCB and vehicle,
Pine needle: DNCB and pine needle ethanol extracts. *"means
with different superscripts are significantly different (p<0.05) as
determined by duncan’s multiple range test.
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Fig. 9. Effects of pine needle ethanol extracts in atopic dermatitis-
like skin lesions mice. Negative control (NC): untreated, Positive
control (PC): DNCB and vehicle, Pine needle: DNCB and pine
needle ethanol extracts.
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