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Anti-inflammatory Effect of Boswellia sacra (Franckincense) Essential Oil in a Mouse Model of Allergic
Asthma. Lee, Hye-Youn', Mi-Young Yun?, and Sang-Mo Kang"**. 'Department of Bioengineering Gradu-
ate School at Konkuk University Seoul 143-701, Korea, *Department of Beauty Health Care, Daejeon University,
Daejeon, 300-716, Korea, *Department of Microbial Engineering, Konkuk University, Seoul, 143-701, Korea -
Frankincense, the gum resin derived from Boswellia species, is complex mixtures composed of about 5~9%
highly aromatic essential oil, 65~85% alcohol-soluble resins, and the remaining water-soluble gums. The anti-
inflammatory properties of frankincense, alcohole-soluble resins, are well-recognized, but the question of
whether aromatic essential oil also plays a role in the allergic asthma remains unanswered. This study was per-
formed to evaluate anti-inflammatory effects of Boswellia sacra essential oil (BSEO) on ovalbumin (OVA)-
induced asthma mouse model. BALB/c mice after intraperitoneal OVA sensitization were challenged with
intratracheal OVA. One experimental group was inhaled with 0.3% BSEO for the later 8 weeks. BALB/c
mice were sensitized and challenged with OVA and developed airway eosinophilia, mucus hypersecretion,
and airway hyperresponsiveness. In contrast, the BSEO treated mice had reduced a number of eosinophils
among BALF cells, goblet cell hyperplasia, and airway hyperresponsiveness. Cytokine analysis of BALF
revealed that BSEO caused an increase in Th1 cytokine (interferon-y (IFN-y)) and a decrease in Th2 cytok-
ines (interleukin-4 (1L-4), IL-5 and 1L.-13) levels. In addition, the OVA-specific serum IgE and eotaxin levels
were also reduced. In mice inhaled BSEO, CD4*, CD3"/CCR3*, and B220*/CD23* mediastinal lymph nodes
cells were also decreased. These results suggest that inhaled BSEQO as a immunomedulator in Th1/Th2 medi-
ated asthma may have therapeutic potential for the treatment in allergic airway inflammation by a simple,

cost-effective way.
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G 71HA AL FEE) Hg AR A
2 653 AF 2042 g9 BALBLc "2 E Aoz
Kung 5[32]8] W& A8l A3t 500 pg/mLe
FE] (OVA, chicken egg ovalbumin; Grade IV)# 10%
(w/v) aluminum potassium sulfate (Alum; Sigma)E- PBS
2 g3 F E3)e, o] EFE-E 10 N NaOHZE pHE
6.5% FABIe] AF2eM 147F F<t RS 750 Gell A
5% <t YAEEEH. ©] OVA/Alum FAES SH
£ 7t deli ] o2 §3g F 100 pg OVAE 02
mlLE 2A3le] FhI3E F A AR} 1Yol B 2 T4}
st AR A2 F AR AlEF 1496l 10% chloral
hydrate (Fluka, USA)E. A FE vl sk & Fab3al(500
pg/ml) 100 uLE 7|EFodste] Wy Fdazich A Al
Z 2194 250x300x250 mm®] polycarbonate A &
chamber (DJ-435, Daejong Inc., Republic of Korea)3lel|A]
8 B9k, 159 3Y, 19l 30% Buxco Aecrosol
Delivery System (NE-CT10, Buxco Co., USAYE o]-&3}o]
1~4F7F2 2.5 mg/mL. OVA/PBS 49, 128]3 5~85F7+-2
5 mg/mL OVA/PBS -£92 acrosol®sle] E-53ated F314
713 1254 SAAA Aol AME-sisic)
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(B. sacra essential oil; BSEO)E Tisserand (Aromatherapy
Products Ltd. Brighton, Englandy’} QAR 298 AM-315]
o OVA/AlumEZ A4l 74271 F 21948 857 03%
BSEOE 1544l 33], 13] 3084 2-F3ld 443 o
ZFle PBSE 5% AMEsll e 144 AAA AY
o) Ah&3Ekc
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E Aol M= AF 1Y alumE PBSel] 438 & 2
7RSI, 1499l PBSTHE: 7]3h Fodd F 2194
872k, 1579l 39, 13] 3087 PBSTHS: A1) AAF A
7L A dRFNNCE ARSI T, OVA/AmSE 7}
b FHA7 AFEE AEFOVA-CDHSE, OVA/alume

2 22 Al F ASA wiE 2 SRR AR
formoterol(1 mg/Lyg FUAIZ] AFATE FAANZF(OVA-
FD2.2, OVA/alum®2 73 A7) F 0.3% BSEOE
FYA AL APEeE A3 F 42, 7 vl
2 o] Al

7|xe| Balbts 53

BSEOZS] #71% AAE $13tel 1254 v 55
AA BT 24417 Fol A AW F7) F(Whole body
plethysmographs, Biosystem XA; Buxco research system,
Wilmington, NC, USA) #8]& Al-4-3}e] Hamelmann 5
12318 "ol me) wepE=le) 23t 7| = AL FUAA
7)%2] F}ulukg-(airway hyperresponsiveness; AHRYS &3
s}, el (Sigma. USA) $-8945 3.125, 6.25, 125,
25, 50 mg/mLe] $E2 F4|3le] nebulizer® F ol EY
AR F, e wiof Wigk 7128 hgAdE 108 B o
£e) RUER 2 2359t Penh 3 Biosystem XA
software (Buxco Research System, Wilmington, USA)E
o3}y E A3 T, Hamelmann $[23}2] vh2-2] -3-4]o]
2Jalo] 24 ajsict.

Penh = Pause x PIF/PEF, Pause = (Te — Tr)/Tr

(PIF, peak inspiratory flow; PEF peak expiratory flow;
Te, expiratory time; Tr, relaxation time).
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A% 8 ¥ A3+ 10% chloral hydrate (Fluka, USA)
£ B el Foidt F gL AR Ao Y},
3,000 rpmell A 108 ot YA Eeste AL A9,
-70°Co]] HAHA Ao ARSI

713A) S E M2}l (bronchoalveolar labage fluid; BALF)
2 37°Col A FA}71 2 10% FBS DMEM wjof4-& 7] 50]]
uhasle] o) A i FUAAA d9len, o] FAE 3
3] uhEsigin). o) HE AF 2] HEE cytospin centrifuge
(Cellspin, Hanil, Korea)Z ARE-3led 1,000 rpmell A £efe]
= Zet2 Yol =33k Diff-Quik® @A o ZAHF,
I, BETF Y N2SE B301E (Nicon, Japan) 3
oA 40002 HFsted ZAVBIHTH30).

HE % MLN MZ B2

B]AFS- % Z3}o] Eagle's minimum essential mediumtfjel]
A g ) S o438l dUHE FHAE T
v}, o] FA FH3 v A EE | mg/mL OVA, 10% FBS,
5x10° M 2-mercaptoethanol, 100 ug/mL  streptomycin}
100 U/mL penicillin®] £<17F RPMI-1640 w1 200 uLg
A7Ysbe] 5x10° cellsiwelle] X2 29 FF wioddt ¥
Age)sle] AEZ AAA7) L g AEAL A5



FHE Y2x (Medlastmal lymph node; MLNYS #&|g
F 3ZA AxE SR feElE HYTE Al £
PBSE H]Ziﬁ]-.'ﬂ 5x10‘ cells/well?] 52 39 ¥} wjokst
% $AE 3 FEA7)(FACS, Becton Dickinson, U.S.A)E
ol-g-3le] FAslgivt.

S RMZE By

MLNeEXE| 25t M E2Xe o] 71 Al o 2
Aol W3t A2 c}.a%} A2 87] 98 5%x10° cells/
weni ZATE 7 13] QARES AR 13] Al F
40l A =\ FHBFA S st} el PE-anti-CD3e,
FITC-anti-CD19, PE-anti-CCR3, FITC-anti-CD4, FITC-
anti-CD8, PE-anti-CD23, FITC-anti-CD69, PE-anti-B220,
FITC-anti-IgE, PE-anti-Gr-1, FITC-anti-CD11b% ¥ 3 30
B2 Aeelr] vbeAF S vhE F 33 oAF Ak A
A deR A F A2 3 ExEe] 33 FACSY)
Cell Quest 2188 o] £3le] CD3*, CD19*, CCR",
CD4*, CD8*, CD3e*/CD69*, B220%/CD23*, CD3e*/CCR3,
CD11bY/Gr-1* A E5E w3 %(%)i 4& FHEITE
g8k 7} ZZMVH A NEFFE ARSI

ELISA B4

Ha] P ella] E2lst BALE, 84 9 w|AAE wiok A
ZodoA IL-4, IL-5, IL-13, eotaxin, IFN-y 2@ OVA-
specific IgEE &48)7) 918} ELISA kit Ahg-sled Ak
FE SAAG19]. 7 SAE coating HF-E-Y ol 3}
o] microwelle] coatingdt ¥ 4°CellA ovemightdtgict. 2
well2 33] washing $h5-8-9 02 A3 ¥ BALF, €3
(100 314 2 wiAA E ek AFFAE 100 pLy -8}
Ak A7 FeE AL A HEAEE F 23] washing $5-&
K02 AH g hg antibody Avidin-HRP conjugated 100
uULE XEE, 147 Aol wiR|gE § oha] M)A slede)
o7]e]l TMB 7]E& 100 uLy E58l ddell A 30%-2F
HE2 8 F 50 ule] stop £-4-& ]2jdt F ELISA reader
450 nmo M FHEES é"éﬁ}&’i‘:}.

=% ga| A

& wlolle] 10% 2L A7 F A sl &
Bx= 3ol 827 M3 TR, epoxyel] EFI3E $ microtome
22 AHE "Ee] hematoxylin/eosin (H&E), collagen
deposition ?i"i? 2l Masson's trichrome (M-T), goblet cell
& $13F Periodic acid-Shiff (PAS) $4-2- $~a§s}eict.
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chefsl Algl oz Wl oo 7‘5_34{— mean + standard error
2 7123}, $o4 HZL Student's r-test A ui-S-
of-g-3fed HAAIBIA.
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& vepll= EAo] glem(s, 43], ol=gh FArIukeel 27t
71%74 22 Arle] ARE o]4F T QJeH38]. & AlFel
A 857} OVA aerosol® BSEOE 1544 33, 19 30%
7F B2 EdRjy] & 7}5 ;JFUYB}ioﬂ BSEQY] ¢J3ke =
Aka}7) e mixeh S AASRAL 244)7E Fofl AAl
AAHF7E RS 01%6}04 OVA-CT## OVA-BSEOT
o] WelZe] gat Penh 7hS- vw3IITH(Fig. 1). Fig. 1o
A el wke) o), AARE) ¥]8] OVA-CT2] Penh 3t
2 velERl 4 yxellM 25 A Vel e, OVA-BSEO
P& el Ed 12,5 mg/ml $EFE OVA-CTEl B8l &
o3l A= U THp<0.05). 50 mg/mL2) el uigt
Penh Zk& AANE 1.81x0.23¢] v18] OVA-CTH- 6.83£0.78
2 ¥x3 2712 Jehiigl 2™ OVA-BSEOT-E 4.90+0.34
2 OVA-CTE Ib‘*}o:i oF 28.3% %21'5"}7%1 ol A = i e}
(p<0.05). ¥ 2Tl OVAFTT formoterol &4
2 Barnes 5 [31% °4?L°ﬂ o5 X] =4 el 2 3ElA 2
N5 FFEE o)A T T 2 Yol A5 AlE 249
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Fig. 1. BSEO inhibits AHR to aerosolized methacholine. Mice
were sensitized and challenged as described in Materials and
Methods. Enhanced pause (Penh) measurements 24 hours after the
last challenge using Buxco system with mice exposed to increas-
ing doses of methacholine. Abbreviations: Nr, saline-treated mice;
OVA-CT, OVA-sensitized/challenged mice were treated with PBS;
OVA-FT, OVA-sensitized/challenged mice were treated with for-
moteol (1 mg/kg); OVA-BSEO, OVA-sensitized/challenged mice
were treated with 0.3% BSEOQ. The results represent the means £
SE of 6 animals per group. Significance was determined using the
Student's ¢-test versus the OVA-CT group (*p<0.05, **p<0.01).
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2] dqollME HollM BAdshel vIRIES] histamin release,
prostaglandin E, 52 7|=4% wiAAES A5 A2
2 BuHEg I, B A E OVA-FTEY Penh 2
3.52+0.522 OVA-CTZ) ®ja} 7}2h=] pniub-go} 48.5%
FoEA A= Aok (p<0.05).

g Roy Si46]o 2lshd T2 resin ¥ F
boswellic acids (BA)= leukotriene & A A 241, TNF-ao]]
=g A ze] F2E10] VCAM-19] 3 S AA|sh=
9 28sied A 95 AF 2o GFE dAEcla B
328} vl v} o] B yo) ubEd jeukotriene 7R 3t
=& FHEATIE ZATA 45l 283l e BAS) ¢
A 2pgo] Ao, B AN T ) HF F o
S0l A7 718A A (27, 3919 HA)7F BSEO AA
Told B oz veptowe Zag AL resin Bt
opel ol QUM SHHA] 2hgo] Q= Zlog 4
Hloh =31 o8t 7= HAe] AA7F ZATA 1S
HE[451 mlAe oJaks Elslr] sl o) F w2 94
< 59 3 4503 Qs A &4 455 st

st

He| Z=H& Yisjol| st BSEOS| &=t

AN, HE9) 2 945 RS 72y ol Ed Ag
< dHRA 7= 95 ddel F8 FAQAte|T}20]. £
Algol M OVA-BSEOTe] Al 5 Ao ul#|=
g3 2] $i8) H&E 943 M-T §422 257
ARE PaEATHFig. 2). B AN A (Fig. 200 =
ANEL] EA AR AR AEY ] & B
ojv} ZALF, £FF, Wl 5] dEMEe &2 HF
HA g whd, OVA-CTZolAME A7]13A] 54 F 43

Fllol| GFAE] AlgE AR} A7|HA] 2 s Ee] ol ¥
g 2 gze] W= ch(Fig. 2B). ololl ¥)3led OVAFTZ
(Fig. 2C)3+ OVA-BSEOZ-(Fig. 2D)el M e S X 9] &
+9 4FNZEC 22d g AT e, A%
Z2 F¢lo) Aig Feplg AFHeE gl A9t
ol A3 AEE AAsP= M-T 94 FHA% OVA-CTE
(Fig. 2F)ell ®]&}od OVA-FT(Fig. 2G)¥ OVA-BSEO+
(Fig. 2H)ell A 7k45e] BSEO7} 3AMF9] H 29 A4S
AAsle] 2zEAte] 7RAEE F]IE 4 ghadeh(Fig. 2).

g oA A 710 PFo R ek 7I=E A
FAo) dopprl Almlahye] Af3kFig. 2P)¢ ¥4 2
¥ (goblet cel)?] 7 HAoR Qg HAFH] F7| Hife]
vehdt}7, 41).

E J7oIA goblet cell®] 3} A HE B 3l 2z
aEA eubEld 22L& PAS 9A-S 3hed(Fig. 3A),
goblet cellS x400 &rjAolA ASsievhFig. 3B). L A
T} goblet cell F+& AL 0.520.59) vl OVA-CTE
71.026.022 <F 708 o]} F7Fe}Sial, OVA-FTT 55.5
+3.5, OVA-BSEOT-& 50+4.02 OVA-CTZo] B3l £<]
Ao AA &7} vepteh(Fig. 3B).

0]9} 7+ A= BSEO7} goblet cell®] & FA2.2 <l
g Aol Ra] 07 dolid 7= FAHE JAER= A H
o Fn Fig. 29| 4SHE A&A] Aol 34 Fig. 19
715 A Zhae] %S e AR SaE

OVA 50| 83 IgES BALF L HBME 0| Hs}
G4 HAlL AW PUEe] IE FA7E F7H5058}

I, BALFA IL4, IL-52] 27129, 4219+ 37 A7)

F7H34, 56151 B0 Sl AR HuHgi £ 4T

Fig. 2. Effect of BSEO on histology of lung tissue (H&E and Masson trichrome staining) in lung tissues of OVA-induced mouse
model of asthma. Histological examination of lung tissue was obtained from sensitized mice 24 h after the last saline aerosol (A and E),
OVA aerosol (B and F), OVA aerosol plus 1 mg/kg formoteol (C and G), or OVA aerosol plus 0.3% BSEO (D and H). Lung tissues were
fixed, sectioned at 7 um thickness, and stained with H&E (A-D, magnification x400) or M-T (E-H, magnification x400), and examined by
Mmicroscopy.
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Fig. 3. Effect of BSEO on mucus production in OVA-induced
mouse model of asthma, Histological examination of lung tissue
was obtained from sensitized mice 24 h after the last saline aero-
sol A. OVA aerosol; B. OVA aerosol plus 1 mg/kg formoteol; C.
or OVA aerosol plus 0.3% BSEQ; D. PAS positive cells/mm in
bronchiolar basement membrane; E. Lung tissues were fixed, sec-
tioned at 7 um thickness, and stained with PAS for mucus produc-
tion (A-D, magnification x400). Arrow indicates goblet cell.
Means + SE of data and significance were the same as Fig. 1
(*p<0.05, **p<0.01).

Nr OVA-CT

AN AW anti-OVA specific IgE2] % =43t A7} A
AT 74,6153 B3] OVA-CT-S 400.5£19.55% 5.7v)
o]} £718}9 3, OVA-CTH 341.022.00 v]8) OVA-FT#
2 341.0+2.0, OVA-BSEOT-& 32552958 FojHow o
A EA7}F VPG THP<0.05)(Fig. 4A).

BALF Y & A E4E OVA-CTH 4.2020.369 ®) 3
OVA-FT-& 2.85+0.26, OVA-BSEOF-Z 2970273 74
el frefHel RelE Vehigl ok (p<0.05)(Fig. 4B), Diff-
Quik22 Msled FArE 248 25} AT 4.00+],
OVA-CTF2 315£37.0, OVA-FTZ--2 193.5:7.5, OVA-
BSEOT2 279.0+5% vleh} OVA-CT ¢l ®]sle] OVA-
BSEOT-°] 10% ol 7k4dh ZH3kS Rdovt 94 2l
+ AdehFig. 40).
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Fig. 4. Effects of BSEO on anti-OVA plasma IgE, total BALF
cells, and eosinophils in BALF. A. Anti-OVA specific IgE was
measured using ELISA; B. BALF was obtained from each group
of mice and the number of total cells were counted; C. differen-
tial BALF cell counts were determined on Diff-Quik-stained
cytospin slide. Abbreviations were the same as Fig. 1. Means = SE
of data and significance were the same as Fig. 1 (*p<0.05,
*p<0.01).
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ol OVAdl dist IgE %2 Zh= IgE 3A1E AAsk= BA
¥Z AFsl= T helper 2(Th2) A E2) 84 7152, 53194
9 Aoz By v glom, BALRY 3AFSS] 7k
= Th2 A F 2Ade] A2 ¢l AR Ae] 7=l
AskFig. 1} #e] 228 w3} A (Fig. 2)9) viEe] 7)
29 24 e A7 FZIHie, 419t TP e
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Fig. 5. Effects of BSEO on CD4+, CD3+/CCR3+, and B220+/
CD23+ cells absolute number in mediastinal lymph nodes of
OVA-induced mouse model of asthma. Abbreviations were the
same as Fig. 1. Means + SE of data and significance were the
same as Fig. 1 (*p<0.05, **p<0.01).

(P<0.01), BSEO7} Thl == Th2 WM E 7F A}
lung .29 recruitment® HAA7)E A2z ARG
(results not shown).

MLNelA Th AlZe] CD4* A HEFE MLNY & 9
o A Zpol FACS 235 H43F 222 MLN Y CD4*
Th 3 NESFE ehiis, AT 140£0.44, OVA-CTT
2. 473:0.282 oF 3f o}A} FVFHUTL o]l ®is} OVA-FT
T2 2.47+0.42, OVA-BSEOT-E 2.66:0.322 OVA-CT#
off ulsled o 50% oA e Aa(p<0.001)E ekl
BSEO7} MLNY| Th AlZE E33 2R ZheA|7ls AR
o=k (Fig. 5A). CD3E T AE 2 FX|Q1AH9leH,
CCR3R= FANF, 3477 9 T A2 Fd 4181 A%
7}l A 2[17] ¥ A3 23} CD3Y/CCR*] Ao AE
$E AT 0.22£0.089] H] 3 OVA-CTE-Z 1.38+0.19%
o 6] oAt 271G, ool B8] OVA-FTEE 0.65+0.06,
OVA-BSEOZ-2 0.86x0.012 OVA-CTZol uv]dte] Z+z+
52%, 37% A 9l 2HAE Jehe] BSEO7F MLNY
EEA T AEE A7) AR HU5KTHp<0.01)
(Fig. 5B). B3}, B220*/CD23" A B A2 A x5
= ARl 0.48:0.0300 HIE] OVA-CTEL 1.72+0.242 2
o) ol A Z7EE9 L, ol ¥]s] OVA-FT®-Z 0.80£0.21,
OVA-BSEOZZ 1.160.132-2 OVA-CTol| ulsle] 242}
54%, 32% 99X e AAE viepfe] BSEOZ B A%
g4 dAl = Fedsts AR Fel =%l vh(p<0.01)(Fig.
50).

Marco E[351 34 ABAQ] FTY720 $42% MLN
v CD4*, CD8' T YZ+2 CDI19* B HEZ+9 47} &5
Hog AT Bustgon, 2 A MLNA
BSEO7} ¥isH £, ZANE 2531 T A9 OVA IgE
55 AAksRE B AIZE AAIE] A offet 4SAME
E9 g2 29 recruitmentE ste] Ao = 2AY
A2 M ES A (Fig. 2), anti-OVA specific IgE 74, 7
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eotaxin 43.2+2.902 % EF OVA-CTl 3] 94
ol Zag e eh(p<0.05)(Fig. 6).
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Fig. 6. Effect of BSEO on cytokine and chemokine levels in
BALF of OVA-induced mouse model of asthma. Levels of IL-5
(A), IL-13 (B), eotaxin (C), were analyzed by ELISA. Abbrevia-
tions were the same as Fig. 1. Means + SE of data and signifi-
cance were the same as Fig. 1 (¥p<0.05, **p<0.01).
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Fig. 7. Effect of BSEO on cytokine levels in splenocyte culture
supernatant of OVA-sensitized mice. Levels of IL-4 (A) and
IFN-y (B) were analyzed by ELISA. Means + SE of data and sig-
nificance were the same as Fig. 1 (*p<0.05, **p<0.01).
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