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The Effect of Nebulized Frankincense Essential Qil in an OVA-Induced Allergic Asthma Mouse Model.
Lee, Hye-Youn, Kum-Ran Kim, and Sang-Mo Kang'*. Department of Bioengineering Graduate School at
Konkuk University Seoul 143-701, Korea, ' Department of Microbial Engineering, Konkuk University, Seoul, 143-
701, Korea —In this study, we investigated the effects of frankincense essential oil (BSEO) on the immune cell
change in the lung, BALF and PBMC using a mouse model of asthma. BALB/c mice after intraperitoneal OVA sen-
sitization (day 1) were challenged intratracheally with OVA on day 14. Then, the asthma was induced by repeated
OVA inhalation challenged. The asthma induced mice group inhaled 0.3% BSEO for 30 minutes per trial, three
times a week, for 8 weeks using the nebulizer. After 12 weeks from the experiment, the mice was killed and the
lung, bronchoalveolar lavage fluid (BALF) and peripheral blood mononuclear cell (PBMC) were obtained. Next,
the change of immune cells inside the separated tissues was observed to identify the effects of BSEO on the allergic
asthma mice. In conclusion, the hypersensitive reaction of airway to the bronchoconstrictor in the allergic
asthma induced mice was effectively suppressed in Frankincense group, in Bermagot, Eucalyptus, Chamo-
mile, Marjoram and Frankincense groups, the natural aromatic essential oil groups. Furthermore, it was also
confirmed that the weight of lung, total number of alveolus cells and the number of BALF, MNL and DLN
increased after inducing allergic asthma were reduced. BSEO suppressed the percentage of CD3e"/CD19",
B220%/CD23* and CD11b"/Gr-17 cells in the lung tissue of allergic asthma mice. Moreover, BSEO also
reduced the percentage of CD4"/CD8", B220*/CD23" and CD3*/CCR3" cells in BALF. In addition, the per-
centage of CD3e"/CD19", CD3"/CD69" and B2207/CD23" cells in PBMC was reduced. The results of this
study indicate that BSEO would be effective to treat allergic asthma by the immune control suppressing the
activity of immune cells in each tissue.
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I 750 GellA 5% 3t BAEEsldH. o] OVA/Alum A
=& FHTE 718l 4313k F OVA(0.5 mg/mL) 200 uL=
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S21, 3218) 9ol we} 2] 92 7= YAG F
A A 71=2] F9uk-(airway hyperresponsiveness; AHR)S-
243)5c},
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Penh = PausexPIF/PEF, Pause = (Te-Tr)/Tr

PIF, peak inspiratory flow; PEF, peak expiratory flow;
Te, expiratory time; Tr, relaxation time.

8ol gl J|AX| HIE MY £2|

Ald £33 F AFE 10% chloral hydrate(Fluka, USA)
£ B el Fest F Ag AF Ao s Y3,
3,000 rpmel| A 108 53 AAlFE]std HAS ddon
-70°Ce!] 3% BAsEA APl ALsisict. jgeat &
A5 AT 242 vlo| e E2H (F)(Biotoxtech Co., Ltd.



Cheongwon, Korea)ell £)33}sc}.
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NaN; in PBS)2.2 23] Ak F 4°Coll A W 3Jshd-g
ArEgE}, 242l PE-anti-CD3e, FITC-anti-CD19, PE-anti-
CCR3, FITC-anti-CD4, FITC-anti-CDS8, PE-anti-CD23, FITC-
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£ odllX Bergamot, Chamomile, Marjoram, Eukalyptus,
Frankincense o}2u} oA @ AEL- thA} 22 B2-agonist &
5 23 Ee AL 130 7} ol2at oAld e S 3T &
A v 3 F 7| =A3GR] (Penhyg 431 v]aLs)
¢k (Fig. 1). Fig. 1o1A] vehd vie} zhe] ko) v]4)
OVA-CT#9] Penhzl-Z #e}ER 7t FxollA B4 el
©v}, OVA-FT#2 OVA-CTZel H]3) HEelE= 7t X0
A AT & VeI E ofZul A 2UFE F
Bergamott-2 WE}EA 7t FollA 27 OVA-CTEE
o} Penhzke] F7Fskie}. wWle} 22 25 mg/mLe) BEolA
OVA-CTZ¢] Penh3t 3.084£0.25¢] ¥]3)] Chamomile?-2
3.87940.163, Marjoram=2 3.73410.232.2 7|XA}8}e] =
7hell oM, 50 mg/mLe] FEoA OVA-CTT9 PenhZ}t
4.498+0.39] |3l Chmomiles™2 4.112+0.32, Marjoram7--
3.398+0.13°.2 7h43815it}. Eukalyptusss- WlelEd 2} =
oA Akl vjsl| 7)1 8 o] HAIESR, Frankincenser2]
Penhzk2- WelE2 25 mg/mLe) E5ellA 1.994£0.21, 50 mg/
mL2] Eell A 2.8240.162. 743} HFig. 1).

Duan (1612 W HZ Aol $83 97 A5 =4
whalol ERK(extracellular signal-regulated kinase)E- <4
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Fig. 1. Effect of aroma essential oils on AHR to methacholine.
AHR was assessed in OVA mice inhaled to essential oils by
analyzing Penh responses in a body plethysmograph. PBS or
increasing concentrations of Mch (12.5-50 mg/mL) were nebu-
lized for 3 min, and Penh measurements were taken and averaged
for 3 min after each nebulization. Abbreviations: Nr, saline-treated
mice; OVA-CT, OVA-sensitized/ challenged mice were treated with
PBS; OVA-FT, OVA-sensitized/challenged mice were treated with
formoteol (1 mg/kg). The results represent the means+SE of 6 ani-
mals 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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oA A3t} =3 W elFH 50 mg/mLe FEolA
Chamomile*, Marjoram+-, Frankincense-2] Penh%}-2
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Frankincense | A1 <9 YU(Boswellia sacra essential oil;
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FHE FHsaA AYE Ay
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TS G AN A BN el F2
A A2 d3A 8] Wb HEF3} BSEO ¥4

9 PEHRS-E B3| A3l OVA HF xF 2407
3 AFAY ByAL A AN ELE 2519

2 AF A W (white blood cell; WBCW|Z W78
vl A3} AAZ A neutrophils ¥l £ 14.243%, lym-
phocytes Bl == 82.943.5%, eosinophils #1553 0.510.1%,
basophils ¥l =3 0.15£0.07%, monocytes ¥l =+ 1.8+0.07
%ol A h(Fig. 2A, B). WBCHYl neutrophils ¥ =(%)= At
ol ¥]3] OVA-CTF°] 35.712.2%Z 5713152, OVA-
FT&2 19.3£0.7%, OVA-BSEOT-218.743.7%% Z}7} OVA-
CTZol B3l #231A 49l vh(Fig. 2A). WBCH]
lymphocytes ¥l == A Aol ¥]5le] OVA-CTE 57.6
+1.6%2 Adted o, OVAFTEL 76.011.6%, OVA-
BSEOT-2 72.642.6%% 25 OVA-CTZol v]3lo f<)s}t
A Z7)81vH(Fig. 2A). WBCH] eosinophils Bl AN
of] B8] OVA-CTZNAM 7.7510.35%2 AA A Z718F 2
FE A¢l3, OVA-FTE2 3.5+1.35%, OVA BSEOT2
4.85+1.05(%)2 Z}2F OVA-CTol Blsled frolAd sle %
27} vebsteh(p<0.01)(Fig. 2B).

22} basophils ¥l 5+ OVA-CTE 0.1420.07%¢]] H]3}e]
OVA-BSEOT-¢| 0.120.01%°2 <7t 245 YepiAet £
Aoz oA Vel A 93kl Monocytes Bl =%
OVA-CTZ°| 2.540.25%, OVA-FTF¢] 2.35H0.25%, OVA-
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of HAol|A Z W35 BedFA) X KFig. 2B).
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Fig. 2. Effect of BSEO on the differential leukocytes in periph-
eral blood of OVA-induced asthma mouse model. Peripheral
blood was smeared on a slide and stained with Diff-Quick to deter-
mine differential cell counts (A). Changes on total WBC numbers
and differential counts of lymphocytes in blood of OVA-induced
asthma mouse model (B). Mice were sensitized and challenged as
described in Materials and Methods. Abbreviations: Nr, saline-
treated mice; OVA-CT, OVA-sensitized/challenged mice were
treated with PBS; OVA-FT, OVA-sensitized/challenged mice were
treated with formoteol (I mg/kg); OVA-BSEQ, OVA-sensitized/
challenged mice were treated with BSEO (3 mg/mL). The results
represent the meanstSE of 6 animals per group. The Student's ¢
test shows significant variance among groups. *p<0.05; **p<0.01;
***p<0.001 compared with OVA-CT goup.

£ Aol OVA/AumSE i3t deix)Ad AAYFAR
ol|M | FAE EAs A} AN 0.1510.02 g0 2 1}
Epd vk OVA-CTES 0.3140.02 g0 2 A AlFo] v]3}e]
FA A (p<0.05) F7F513ct. OVA-FT-Z 0.1840.03 g,
OVA-BSEOQ Fo472 0.2530.01 go& veh} OVA-CTZ
vl 20% FHAsied £2)3 AjolE BSivh(Fig. 3A). 39
EE AT A AARES 0.9540.05(x107)7], OVA-
CTE-E 2.00£0.10(x107)7}], OVA-FTZ-& 1.30540.10(x107)
7}, OVA-BSEOT-Z 1.65+0.25(x107V] 2 vyel} OVA-FT
Z# OVA-BSEOZ-¢] OVA-CTZel Wlte] f-2ls}A 74
3 (p<0.01)(Fig. 3B).
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Fig. 3. Inhibitory effect of BSEO on OVA-induced decrease of
the number of inflammatory cells. Total lung weight, (B) total
lung cells, (C) total MLN cells and (D) total DLN cells counts
were determined in the BALB/c mice. Mice were sensitized and
challenged as described in Materials and Methods. Abbreviations:
Nr, saline-treated mice; OVA-CT, OVA-sensitized/challenged mice
were treated with PBS; OVA-FT, OVA-sensitized/challenged mice
were treated with formoteol (1 mgkg); OVA-BSEO, OVA-sensi-
tized/challenged mice were treated with BSEO (3 mg/mL). The
results represent the meansESE of 6 animals per group. The Stu-
dent's t-test shows significant variance among groups. *p<0.05;
**n<0.01; ***p<0.001 compared with OVA-CT goup.
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CTZIA S FA S B 48] 2717} et BSEO  715H24)
FRNA ATA G FANEAT) oSk o9k 2E B ATl MINK & DY ATHE 2AR 23 9

A= BSEO7L 98] 9438 JAlshs A& HedF Fig
29] ZARE 9A) Axe} 3 Fig. 19] 7= ZHA AA)ell
S FE HoE AN =¥ w9 A, FeEs
3L Ho vhgel AAFE HE o} J-o] YA =

Z 3.8540.65(x10° cells)ll ®l3ted OVA-CTZ°l 8.10+03
(X10° cells)S2. 24 o)Ak ARSI F AL} F7HIA,
OVA-FTZ-E 5.40+0.3(x10° cells), OVA-BSEOT-2 5.4010.6
(X10° cells)-2. 77} oF 30%0]4} OVA-CTZl ®|3le +

Absl7) $)5ke] AAL AJFEEE] BALF, DLN 2@ MLN 94 9: #4E el 9 =HP<0.01)(Fig. 3C). =3, F

£ ¥ AZAE wlashes e AR s

ZE W ME &+ Hs| bR
MLN aeroallergencl] W& L2Ix|A ZIuke<ljA] 738

DLN Al 252 243 A3 AAE 5.70£03(x10° cells)el
H]3}e] OVA-CTF-°] 1.80£0.6(x10° cells) 22 3.4u] |4}
A F A X257t 433, OVA-FTEZ 2.70103
(x10° cells)= OVA-CTZel| vl3led folat F7HE vehiisl

3 Y AA) A EQ 71=] $XAF M EDCs)So] o533t  ©h. 2t} OVA-BSEOTZ2 2.300.1(x10° cells)E OVA-

o naive T A|EE 253l Thl = Th2 WS 7l
AldHe 4 Aaolw[12], RHAA FEEDA #H9 ¢
%3 719 52 superantigen 5] A A ZE 2531
A 2t DCs7} ©hA] w4 HZA-(draining lymph nodes,

A Balb/c-Nr OVA-CT

CTZ# F2jgt xpol7} §Asich(Fig. 3D).
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Fig. 4. Effect of BSEO on the percentage of CD19/CD3, CD23/B220, and CD11b/GR-1-gated cells in lung of OVA-induced asthma

mouse model. Mice were sensitized and challenged as described

in Materials and Methods. Abbreviations: Nr, saline-treated mice; OVA-

CT, OVA-sensitized/ challenged mice were treated with PBS; OV4-FT, OVA-sensitized/challenged mice were treated with formoteol (1 mg/
kg); OVA-BSEQ, OVA-sensitized/challenged mice were treated with BSEO (3 mg/mL). The results represent the meanstSE percentage

cells for CD19* CD3* (A) or CD23*/B220" (B) or CD11b"/Gr-1"

(C) cells. Each dot polt represents of 6 animals per group.
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253 (Fig. 5A). CCR3 8Al= A, 297179 T
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%) C-C chemokine eotaxinel| 9]s) #Al3sl=]l= 7122 [17],
E AT A3 CCR3T A EZ ¥ &2 AANTEL 13%0]H
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Fig. 5. Effect of BSEO on the percentage of CD19/CD3, CD23/B220, and CD11b/GR-1-gated cells in BALF of OVA-induced asthma
mouse model. Mice were sensitized and challenged as described in Materials and Methods. Abbreviations: Nr, saline-treated mice; OVA-
CT, OVA-sensitized/challenged mice were treated with PBS; OVA-FT, OVA-sensitized/challenged mice were treated with formoteol (1 mg/
kg); OVA-BSEO, OVA-sensitized/challenged mice were treated with BSEO (3 mg/mL). The results represent the means+SE percentage
cells for CCR3*/CD3" (A) or CD8*/CD4" (B) or CD23*/B220" (C) cells. Each dotpolt represents of 6 animals per group.
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sled 742} o3l FrAdsich(Fig. 50).
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W A HE W3 (Fig. 49 AR Aoz s}
BALF W HYMEZ 4= 71ag dejAA 9459 71 =ik
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Fig. 6. Effect of BSEO on the percentage of CD19/CD3, CD69/CD3, and CD23/B220-gated cells in PBMC of OVA-induced asthma
mouse model. Mice were sensitized and challenged as described in Materials and Methods. Abbreviations: N7, saline-treated mice; OVA4-
CT, OVA-sensitized/challenged mice were treated with PBS; OVA-FT, OVA-sensitized/challenged mice were treated with formoteol (1 mg/
kg); OVA-BSEO, OVA-sensitized/challenged mice were treated with BSEO (3 mg/mL). The results represent the meanstSE percentage
cells for CD19" CD3" (A) or CD697/CD3" (B) or CD23*/B220" (C) cells. Each dot polt represents of 6 animals per group.
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6B). °|28F A32 BSEOQ7} PBMC Y ZAHF $9] 2715
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(Fig. 6).
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