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BEVERAN . ERE & E T (Smvastatin, Sim) W IR L, & Bk s AR, Hoag ik iR B
W . KRN ZFANIEH (NSvehicle). #AIZ [ovalbumim (OVA)-vehicle] . Sim i J7 41 1 b 28 K Fa
(dexamethasone, DXM) PBHPEXT A . i Sim & F B ANG T BAED S B LIPS . BALB/C #EMH: /N R
LR & [ (ovalbumim, OVA) Buff. Hah i fEBems i/, /35055 Sim B4 (5 mg-mL ™Y, ih, 15 min). %
JEi bt (40 mg-kgh ip) FIMER (40 mg-kg, ig) SRR T . SRR, AHEBHEE T Sim 0] 5 B AR EE
FERL /N BBV HE LR (alveolar lavage fluid, BALF) " A2 % (P <0.01) FIREER YLK 4% (eosinophils
number, EOS) (P<0.05); Sim ANFE#& (1. 5 20 mg-mL™Y, ih) FHi4b By AT AS [ FL R 2 BALF [ 40 i 5.
EOS # (P<0.01 B; P<0.05). BEZ& RGN, 0k MMM /E 8558, Sim (5 A1 20 mg-mL™, h) /EHRES
DXM AH; AS[FEFIE Sim (5 120 mg-mL™, ih) AL EEA] BEAK /N BRI 4H 21 (1 40 i A -4 (interleukin-4, 1L-4) F1
A4/ -5 (interleukin-5, IL-5) mRNA %ix (P<0.01 3¢ P <0.05), /N& BALF 1 IL-4 F IL-5 7K &2 2k 55
(P<0.01); Sim (1 mg-mL™Y) FikbsELE /N BALF ¥ IL-4 /KFU8 A T FR(H 2 7T B &M, IL-5 /K F T BEiE AT
Sim (5120 mg-mL™) 4. ik gh R A NASFFE Sim 5 a0 00 RO R, AT S 2 7 B R
S 0 T 0 T 1 S P AR A SR I A 4R
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|nhalation of smvastatin attenuates airway inflammation in mice of
asthma model
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Abstract: The impact of statins on airway inflammation has not yet been established and it may differ from
their cholesterol-lowering effects. Oral administration of statins at large-doses may have adverse effects. It
is possible to overcome the side effect to increase the clinical efficacy through the inhalation route. Female
BALB/c mice were randomly divided into four groups including the control group (NS-vehicle), model group
[ovalbumim (OVA)-vehicle], simvastatin (Sim) group and dexamethasone (DXM) group at 10 mice in each group.
In this study, we hypothesize Sim as a potential anti-inflammatory drug with biological and pharmacokinetic
properties suitable for delivery through the inhalation route. Mice were immunized with OVA and then
challenged with OVA aerosol to induce the asthma reaction. Sim was inhaled at a dosage (5 mg-mL™%, ih,
15 min) or administrated by intraperitoneal injection (40 mg-kg™, ip) or gavage (40 mg-kg*, ig) during the
OVA-challenge. In the mouse model of asthma, Sim significantly attenuated the total inflammatory cell counts
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and eosinophil counts (P<0.01 or P<0.05) via the different routes. Pretreatment with Sim at 1, 5, 20 mg-mL ™",
ih, significantly decreased the total inflammatory cell counts and eosinophil counts in alveolar lavage fluid
(BALF) (P<0.01) and the inhibitory effect was increased with the dosages of Sim via inhalation. Both of DXM
and Sim at 5, 20 mg-mL %, ih, were more potent than that of Sim at 1 mg-mL ™", ih. Sim significantly decreased
IL-4 and IL-5 mRNA expression of lung at 5, 20 mg-mL ™, ih (P<0.01 or P<0.05). Sim (5, 20 mg-mL"", ih)
significantly decreased levels of IL-4 and IL-5 in BALF (P<0.01 or P<0.05). However, Sim (1 mg-mL™)
declined slightly on IL-4 level in BALF. Sim at 5, 20 mg-mL ™" had a greater rate of decline in IL-5 than at
1 mg'mL ™. These results suggest Sim with different doses as a potential anti-inflammatory drug for airway
inflammatory diseases with properties suitable for delivery by inhalation, which probably overcome the side
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effects and low clinical efficacy of oral Sim.
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FMSF BALB/C/MNE (6, 1A 2042 ),

MM, VFATIES SCXK (F7) 2012-0004, [A] &ACHELH.
To R JRAA . R FRIE R 23+2°C, WRJE: (50+10) %,
12h ABERZE. ANREBBEEFRK. SLIHT 8 h 4%
AR EBEEE 0K, Hrleie fi S A A a Btk i
N 0.2%50 4 (OVA, GradeV, Sigma A ), T/»
SROE TR L FIAE . R . BB A R N 2 Ak
S B R/NRILES S OVA BRI 0.5 mL .
5 14 R MR v S 3l 1k, 56 21 RIF IR,
FR LIk, R 15min, ES: 7 K.

Sim EFIHIE  AEFFRI Sim R T 50%
FH AR 509% A4 21 #h K VR A 1, ik 1. 5 Al
20 mg-mL "t Sim ¥ .

TRIAZHERET Sim MEHmERNRSER
FERIHFIMER  BALB/c/INRBENLSY v 6 4H, B4 10
Ho 56 = EXHE (NS-vehicle) 4. A (OVA-
vehicle) 41. Sim-OVA (40 mg-kg %, ip) Z1. Sim-OVA
(40mg-kg },ig) 41. SIm-OVA (5mg-mL ™, ih) Z41A1H
JEKH (DXM)-OVA (1 mg-kg?, ip) 4H. # T i/
BN TERLAR 1, 43 ) DA s v B RIS AL
BAEE T Sim (Fr4: 15 min), MW 21 K& 28 K
HEETH 7K. Sim T 1hjE, MRELBA OVA
(10 mg-mL™*, VT AR EEK). #5742 30 min, M5B
21 KEH 28 RiES: OVA Wi 7 K. A 55 H
o FECZH /N BRI ON 25 B 50% — HA R ST ARURT 50% A B 2
K, PHMEXTREZ N DXM, &5 7 K.

ZEUMALREFIE Sim SRR /RSB A ERY
MW BALB/c/MNR N 64, 4110 K. 2058 NS

vehicle 4. OVA-vehicle ZH. Sim-OVA (1. 5 1 20
mg-mL ", ih) ZHA1 DXM-OVA (1 mg-kg %, ip) 4. /M
M 21 R A5 28 RIELLM N OVA 7 KJE, 40 ali% 1.
511 20 mg-mL t FALI N Sim (74 15 min). R4
Je A AR IR /N RIS EIE S . Sim T8 1 h, /)
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AL OVA (10 mg-mL ™Y, WA T3 EhK) £
4 30 min, M 21 K& 5 28 K4 OVA Wil 7 K.
W g R EEE R (BALF)  fitJi—Ik OVA
Wili 5 24 h##% /N BALF. Z4iH (2 g-kg?, ip)
JR I, 5 TF /IS BRI R R, U0 0T S U i v E
(PBSIAR, & 1% /MEIfiE. 5000 u-L HFR), K
TEN I8 B O HEVE MR 0.5 mL, HE4E 3YRILI 1.5 mL .
B UEE R BALF T 4 *C. 500xg &-C» 10 min, I
TV T—80 CIRAF. BALF 40 Mt 4o A2 251 3
TRAICAE ) BALF 5 g Bewidz 1: 1 Mk, H
S TEEOBOH S A A e K, YR A, B EOS HERK G
[ENEEE TR G WIS W S g

WHERBAMENRN 1 mL TRIzol $#HUH
H4 RNA. M M-MLV W% Stfgifs . @or
25 uL & &, PCR ¥"##%: 1.25 U LATap DNA R4
0.2 pmol -L ™" IE SCRI 5[ #1400 pmol -L ™ dATP,
dTTP. dGTP } dCTP. PCR j=## il % Fl 1.5%%5 fig
PR HIK, ZBR IR T RGE . %%
i, MOGEE (OD) w5 ODpaciin ELAE HEAT 2 2 &
T ANRIIPINE 1.

BEEL S G IR MISELS (ELISA) BHRAE T A T
BALF B UK ¥ f#)5, T 4°C. 2000xg & 0> 60 min.
FI ELISA iR 7 & & BALF i IL-4 F1 IL-5 4 .

BIESW TEHRERAX+s Fiil, B4
SigmaStat # ff 4t it . SR H ANOVA Fl Student-
Newman-Keuls 2 T Lt A 5 567 40 B 4 B X1~ mRNA
ik K BALF 4B E T /K. P<0.05 &n~E Gt

Es
REHERRB T Sim xtizms/ NG BALF B4R 2%
1 EOS W&

OVA-vehicle 21 BALF H 1 4 i L 50 f EOS F+
B A AN IR AL 4.5 15 A0 85 1. A
b, ARE#EZELF Sim (5mg-mL™, ih. 40mg-kg ™, ig
A 40 mg-kg™, ip) TR PR BERG /N R ATE E 4

Tablel The geneprimers(5'—3), annealing temperature and cycle

SMHL I TFBE T 29.3%.46.6% F11 51.1% (& 1); OVA
HHUNREARFBREL T Sim AL 7 K, EOS &3
B, 23R T 50.7%. 68%F1 75.5%. 5 H
JEHs S AR LG, Sim Z5 A0 N 2H <18 BALF 40
MAS EOS /bR . 4R ILE 1.
2 EIRA Sim xR NE BALF B4HRE S EAD
EOS HI &M

OVA-vehicle 41 BALF H 141 ffil 2 £0f EOS F
B, RS AR AL 6.8 £ A1 363.8 1. SR
AL, ZAL Sim (1. 581 20 mg-mL™Y) kb
AR 3 PR R N BRAE DA, A R T
53.2%. 56.1% 1 62.4%; OVA /) i & A [H 7 &
Sim AL # 7 K, EOS W3 FEAIC, 735l T B T 73.2%.
T4.2%H1 74.9%. 455 WE 2.
3 ZEKIRA Sim XfrERm/NRABZELAH IL-4 0 1L-5
MRNA RIEHIFN

B i — U OVA Zidi 24 h JE A/ i 41 48 1L-4
AT IL-5 MRNA ik . 5725 [0 4 HE 4L, OVA-vehicle
/N BRI ZL 2 IL-4 AT IL-5 mRNA ik i 2 158 . Sim
(5, 20 mg-mL?%, ih) BRI IL-4 FT IL-5
mMRNA ik, 48R A 3.
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Figure 1 The effects of simvastatin (Sim) delivered via the
different routes on the airway inflammatory cells in alveolar

lavage fluid (BALF). BALF was harvested 24 h after the final

ovalbumim (OVA) challenge. The treatments were as follows:

Sim at 5 mg-mL"* via inhalation (ih) for 15 min, 40 mg-kg™* by
intragastric injection (ig) or 40 mg-kg* by intraperitoneal injec-
tion (ip); dexamethasone (DXM) at 1 mg-kg™* by ip, daily, for 7
consecutive days. n=9-10, x+s. ™P<0.01 vs NS-vehicle
group; "P<0.05, ""P<0.01 vs OVA-vehicle group

Subject Gene primer Annealing temperature/ 'C Cycle
IL-4 Forward-ACGGCACAGAGCTATTGATG 55 35
Reverse-ATGGTGGCTCAGTACTACGA
IL-5 Forward-ATGACTGTGCCTCTGTGCCTGGAGC 61 35
Reverse-CTGTTTTTCCTGGAGTAAACTGGGG
p-actin Forward-CTGTCCCTGTATGCCTCTG 55 32

Reverse-ATGTCACGCACGATTTCC
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Figure 2 The dose-response of Sim delivered via inhaation
route on the airway inflammatory cells in the BALF. n=9-10,
x+s. ™P<0.01 vs NS-vehicle group; "P<0.05, “P<0.01 vs
OVA-vehicle group
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Figure 3 The effects of Sim via inhalation on the mRNA
expression of IL-4 and IL-5 in the lungs of asthmatic mice.  A: IL-5;
B: IL-4. 1: NS-vehicle; 2: OVA-vehicle; 3: Sim (5 mg-mL’l);
4: Sim (20 mg-mL™Y); 5: DXM-OVA. Twenty-four hours after
the final OVA challenge, 100 mg of lung tissue from each mouse
was harvested for the isolation of total RNA, and 1 g aliquots
of the total RNA sample were used for reverse transcriptional
synthesis of first-strand that was used as template for the PCR
amplification. The PCR products were analyzed by electropho-
resis on 1.5% agarose gels, and specific bands were digitized
using an imaging system. The PCR reactions were performed
in triplicates. C: Relative expression of the mRNA from the
independent triplicate experiments was normalized by dividing
the IL-4 and IL-5 values by the g-actin values. n=9-10, X=s.
#P<0.01 vs NS-vehicle group; "P<0.05, "P<0.01 vs OVA-
vehicle group

-

o

2

4 FZAL|A Sim xF0ERs/ R AD BLAF A IL-4F01L-5
TKFBIF N

ELISA 5l %€ BALF ' IL-4 F11 IL-5 /K°F-. OVA-
vehicle 41/ i BALF w1 IL-4 A IL-5 /K F T+, 4051
S AN G 9.0 1570 18.6 5. SAEAILIAHLL, Sim
FAWANTALFEZE (1.5 F1 20 mg-mL ™) /MR BALF
FIL-4 535 R 5T 35%. 64.6% Fll 76.7%; IL-5 435
% T 80.2%.84.5% F1 91.2%. 1 5 A1 20 mg-mL !

FIEA /N Z S T BALF H 1L-4 F1 IL-5 /KF;
1 mg-mLFE /N BALF [ IL-4 /KFI8H T &
HEESLEZEME, IL-5 KFRBEEEZEMKT 5 Fl 20
mg-mL 7 FIEA . 45 5E A 4.

180 F s
W L4
= 160
= O IL-5
£ 140
20 i
— 120f
£
2 100F
£
= B0
s
2 60
i=) % .
o 40t .
-
20 Ly

NS- OVA-  Sim-1 Sim-5  Sim-20  DXM-
vehicle  wvehicle mg-mL' mgmL' mgmL' OVA

Figure 4 The effects of Sim via inhalation on the protein level
of IL-4 and IL-5 in the BALF of asthmatic mice. The levels of
IL-4 and IL-5 in the BALF were analyzed by ELISA. n=9-10,
x+s. P <001 vs NSvehicle group; P < 0.01 vs OVA-
vehicle group
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EOSJ& 2 5 BN /< 1H 78 0 fe - T N 4l i, EOS 55
B NI R TBSCH A3 12 A i A A 28 1) A FR T
i HIT AL IL-4. IL-5 J EOS /K -V RCAIRIT B i
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B2 /)N B BALF 141 A Z0f/sk EOS #i; A [F)55
B Sim (1. 5120 mg-mL™Y, ih) FRALEE, ¥yulyg
BALF 41 s ¥/ EOS % &; AR F&E Sim (5
A1 20 mg-mL?, ih) AL B AT R B 4L 4 1L-4
1 1L-5 mRNA [ IA7KF; Sim (5 1 20 mg-mL ™Y,
ih) FiALHE AT &2 K BALF # IL-4 1 IL-5 /K°F,
fH 1 mg-mL™" T4 L/ B BALF ) 1L-4 KPS
TR, ZRTEEN, IL-5 /K F5HMHAMLE &%
Z 5, HTFEEEILT Sim (58120 mg-mL %, ih) 4.
IL-4 A1 1L-5 43 HI4E Thl F1 Th2 45 i S 40 I
LA R S B AR . L4 i i il 2H
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A E e,
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P g AR A B S, AT R AR KRR Sim T R AR
105 1) 5 A i PG T R B AI
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