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Intranasal Administration Model for Evaluating Protection
Against Influenza Virus in Mice
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Jung-Hoon Kwon', Jin-Yong Noh', Jung-Sun Kang’, Kyung-Jin Cho’, Jeoung-Jin Ryu’,
Joong-Bok Lee', Seung-Yong Park’, In-Soo Choi', Sang-Won Lee' and Chang-Seon Song"*

! 4vian Disease Laboratory, College of Veterinary Medicine, Konkuk University, Seoul; “GENEBIOTECH CO., LTD,
166 Sinwonsa-ro, Gyeryong-myeon, Gongju-si, Chungcheongnam-do, Korea

Antiviral activity against Influenza virus of 14 Lactobacillus species isolated from food was monitored. Lactobacillus
species were isolated from traditional Korean fermented food. Each live Lactobacillus was administered into the nasal
cavity of SPF 6-week-old BALB/c mice. After the Lactobacillus treatment, Influenza virus (A/NWS/33/HIN1) was
inoculated to each mouse. Clinical signs and mortality was monitored for 21 days. Each Lactobacillus strain showed

various level of antiviral activity against Influenza virus. As a result of this study, this mouse experiment model, including

intranasal treatment of live Lactobacillus species, could be effective model in evaluating immunomodulatory response

of probiotics against respiratory viruses.

Key Words: Animal model, Probiotics, Influenza, Antiviral

INTRODUCTION

QI EFNA} Hlol *(AVlan Influenza virus, AIV)© X+

A%+ Family Orthomyxoviridae2] RNA

npo]g 2-olt}, QIEFeIA} nlo]e] 227} Algol| Al 71|20
o

o, 2HE, FF /1% 5o 9

o] Wox|= o]d oo

Oi o]-;;]xi
2009132] 74, #A el HINIES] A% Q&)
Hlole 7t AAA O 2 falste] A & A3
A o]77] €l Q) (3, 4). o]# QAZFUA} upo]z] 2o
oJgk FalE oshr] fAste] AlAl B217]51(World Health

(7
18 r

otk (1, 2).

Organization, WHO)oA = vld 1 3ol f-a3& &5
7 wlolzlze] okge A, A o}ES B
o e AT el BAR P A
ALl 5447 ¢ o o] (antigenic shift) 2 & M@ o]
(antigenic drift) 52 E3}o] w2 WHolr} dojuju (5’

ol d58y] JE7] wiel gkl
& A7} ojele Agolch mkd, wald) ol

6)

=

[e)

A

2

H % (acquired immunity)©] obd A T& T A W
) /\6]

o}

ZA3pA1A npole] 2ol gk A8k
S FRIsHE At thdwo R Fasa glE Aol
(7,8)

A4t Al (probiotics)= w731 A H 7}Fel] Fofxof
oy 7H4] o2 AE dEYNE YEE MAES

S(innate immunity) S

Received: November 25, 2014/ Revised: January 21, 2015/ Accepted: February 4, 2015

Both authors contributed equally to this work.

*Corresponding author: Chang-Seon Song, Ph.D. Avian Disease Laboratory, College of Veterinary Medicine, Konkuk University, 1 Hwayang-dong,

Gwangjin-gu, Seoul, 143-701, Korea.

Phone: +82-2-450-3712, Fax: +82-2-455-3712, e-mail: songcs@konkuk.ac.kr

**This research was supported by bio-industry technology development program No. 312059-03, Ministry of Agriculture, Food and Rural Affairs.

@This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/license/by-nc/3.0/).



Intranasal Administration Model for Evaluating Protection Against Influenza Virus in Mice 45

sk ANE

of

A} (9, 10). E3]

bacillust= T3&

]_

Xy

i
1o
)
o3l
ox
[o
olN
=
~
)
oo

T
=
1>
oK
[
oo
9,
>

o |
(N
2

1o

0

CRERE

L2

Bt
f
o
4
ly
A
B

L2 K
2 o 32
el

s

i

Jo

ol
2
2
iy
N

X
B
oo
oot
o Ty,
ol
An o
o
O
:nzl G
o,
2
I
_>|~l_4
ol
=2
k)

Ml
o

B0t o &£ do SEOO Hy 2 i
2 o 1o rx
Ho
2
4 o
o
=
g
rg o

.
e
2
-0,
o%
ok
0
o offl
o o
o =
2 o
e
-
=
T
[>
o
Ry
ol
2

=2
=
off ot
ol
lm 2
Iy
o
X
i)
5
%0,
rlr
o
s
N
il
2
i
Q‘L
rir
ok
i)

Aol ARE AlE= Aol 7%, HA] 55, A 2F
o| A1, BD Cultuswab™ transportation system (BD BBL, Sparks,
Maryland)E AH&-8te] 7hs3h W] AR R ukekgit)
Aol Aus 748t & 5, g A 45 A
(phosphate buffered saline, PBS)°ll 4] %1 &4]&}3it). 3]
2115 MRS medium (Difco Laboratories, Detroit, Mich.)ol|
T A4S § 37CelA 1224F @7] widEkalch. MRS
agarol] LFERG o] vl eks e, 33] Al v
ko] 4L ATE 15% (viv) glyceroldl] dEslal 2707
Haste] Al ARg-skelch

DNA #2]= wjgst dAE Fo} 100 ul STES buffer
(0.4 M NaCl, 0.2 M Tris-HCI; pH 7.6, 0.01 M EDTA, 1% SDS)
o #EFS}taL, glass beadS 713l 5%t microtube mixer
(MT-360, TOMY)= 33|, Al 24-& §EAZh 8595
200 pl TE buffer (pH 8.0), 200 pl phenol/chloroform/isoamyl
alcohol (25:24:1, pH 6.7, Bioneer)ol] 2|3+ 5 A4 %-g],
2z lol] RNase A 5 pul, 37°C, 1A17F ¥HeA1 71 & thA]
200 pl ER2ZXEES H7Fste] 12,000 pmol| 4] SE7F A
Ate] sl Aol olvhE R 23] AIHF v A%

(vacuum dryer, SpeedVac) A%l & HH FTHTO 599

PCRS 4333} T} PCR primers 27F (5-GAG TTT GAT
CCT GGC TCA G-3)¢} 1492R (5-GGT TAC CTT GTT ACG
ACT T3)& o8& 533t GAg & A7 E-s 48t
Gtk A7IME B4 (5 2 A (Daejeon, Korea)ol] 2
Flsto] &5kt Aojxl 971492 Bioedit software
9] Clustal WE ©]-83}9 Genebank databaseol| 4] €2 3+
Z 159 A7IAEH} vl 24353 AL, phylogenetic tree
& AZSAY Tree2] HHAS 241817 9131 bootstrap
analysis(1,0003))E 3831 a1, Aol gk W&
Mega software s ©]-&-3to] ZA7gaIIth A7IA L] vuE
Aal AHEE 2714 EES GeneBank database (National
Center for Biotechnology Information, NCBI)*l|A4] ]S
HAz22 AFES AT 16s rRNA F-3AF 71449

accession number Fig. 20 3EA]3}SI T

4 AF AZFAA} vlo] B 2A/NWS/A3HINDS 5
ZH3F G-VR-415000-004719] SEHIE Ho] we &
THEMMHG RO A B Wty 34 HES ST

Q=N H o
nfo]# o] F212 1095 SPF 5o el

7F ER1E 1097 SPF A5 E Foto] Wikl (Egg
=
<]

Infective Dose 50, EIDs))< Reed-muench methodE &3}
ol %013

AT A% 18 gol A 20 g Akl

BALB/e wH9-2> 5 16075 Al@ell AREsloltt. Al
£ ATl A welE fakt v Fol Al 141, 54

A& FE vz U, 24 4F o4 dE2 9] &
16709] Al o2 AlFa 1072 FAAEACE 2 A
AN EEE fikts AT 1 FY 257 63] 1 X
10° c.fumice® W7 Foiate] ofbet & w927} 85
ol H&= Aol Q1EF<A} vlo] 2] 2(A/NWS/33/HINI)
= 5 10¥EIDsy90 pl/dose®™ Mo 2 &7 33Tk

=

SAbte] Q1Z =} nlolE Ad] tiEt F-S ol
ated T4 AT AR AP TR A9 AFS S5
on, FA AT F 27 I T, e L B A



46

S-W Choi, et al.

Monitoring for clinical sign

Lactobacillus species treatment (

<€ >

>

#

6 7 8

1

Inoculation with AINWS/33

9 10 11 weeks old

Figure 1. Schedule for animal experiment. BALB/c mice were treated with intranasally with Lactobacillus for 2 weeks before inoculation
with A/NWS/33 virus. Mice were monitored daily for clinical signs for 14 days.

Table 1. Origin of isolated Lactobacillus strains

Lactobacillus strain No. Origin Genetic Cluster®
Lactobacillus strain No. 1-3 Pickled Radish Group 1
Lactobacillus strain No. 2-6 Pickled Pepper Group 1
Lactobacillus strain No. 3-5 Pickled Pepper Group 1
Lactobacillus strain No. 3-6 Dongchimi Group 1
Lactobacillus strain No. 3-8 Pickled Pepper Group 1
Lactobacillus strain No. 3-8-1 Dongchimi Group 1
Lactobacillus strain No. 4-20 Pickled Radish Group 1
Lactobacillus strain No. 5-9 Dongchimi Group 4
Lactobacillus strain No. 5-11 Salted shrimp Group 1
Lactobacillus strain No. 6-5 Pickled Pepper Group 1
Lactobacillus strain No. 6-13 White Kimchi Group 1
Lactobacillus strain No. 7-1 Dongchimi Group 3
Lactobacillus strain No. 7-13 Pickled Pepper
Lactobacillus strain No. 7-25 Salted shrimp Group 2

A Genetic Cluster was determined by phylogenetic tree based on 16s rRNA
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Figure 2. Rooted neighbor-joining tree based on 16s rRNA sequences showing relationships between Lactobacillus strains. The scale
bar indicates 0.1 nucleotide substitution per nucleotide position.

DISCUSSION

9l Lactobacillus 25 <
2ol A ¢l

3% Lactobacillus?ro] w}-5-
2 volelzol olak ANES FolHe

2 HeA7lE Alom aRlse] QIEFAel ek ik

B AFelA s Akt v ol RS Fote] 0 o] v Folrh QIEFAA FA el digk vhe-2
Aol G IEFMAFSS RIS 2 AlFelA b XS] FElE AT Ao E FRIE I
S AAEHA] ekar <l %—%ﬂw npole g HEe 4 B AFEe] AT Ay w2, Fde T
] w20 A9 100%S] HAAMES ekl 3ol & AT 2 8 FoE Sste] oyet £ 9 2}
Hlgte] faht B AEFQA} vlole] g HEsHA] & vle]g el uigk Woleg wlagh A} 7
w78 e vhezol A= HAPE dehbA] ke Ao Fogh Alflte] fAts AT Fog Al s}
2 mFo] Bol QIEFeIA} ulo]e v} npe-2o A G¥  of 8 AEFA} vlojeizel uigh v t}
Aoz ¥4 HFol ¥ AL U &= Ak F 145 WeH (16), ol FAT v W Fo7F 3E7A19



48

S-W Choi, et al.

Table 2. The effect of intranasal administration of various Lactobacillus species on challenge with influenza virus. BALB/c mice were
treated intranasally with Lactobacillus species for 2 weeks before inoculation with A/NWS/33 virus. Mice were monitored daily for
clinical signs for 21 days. Statistical significance was determined by Fisher's exact test. Asterisks indicates significant differences (p <

0.05, **p < 0.01) compared with results in positive control

Preventive effect after challenge

Group Lac;zggg;;lizze;ggcies NUIIEE;T of with influnza vires” PIMC
Survival MDT (day)®

1 Lactobacillus 1-3 10 6/10 10.0 1.4
2 Lactobacillus 2-6 10 8/10™ 9.0 1.2
3 Lactobacillus 3-5 10 8/10™ 10.5 1.2
4 Lactobacillus 3-6 10 4/10 10.5 1.6
5 Lactobacillus 3-8 10 8/10™ 12.0 1.2
6 Lactobacillus 3-8-1 10 4/10 8.5 1.6
7 Lactobacillus 4-20 10 3/10 10.1 1.7
8 Lactobacillus 5-9 10 4/10 10.8 1.6
9 Lactobacillus 5-11 10 5/10 84 1.5
10 Lactobacillus 6-5 10 8/10™ 11.0 1.2
11 Lactobacillus 6-13 10 5/10 10.6 1.5
12 Lactobacillus 7-1 10 2/10 10.5 1.8
13 Lactobacillus 7-13 10 5/10 9.0 1.5
14 Lactobacillus 7-25 10 6/10 9.8 1.4
15 Positive control 10 1/10 9.0 1.9
16 Negative control 10 10/10 - 0

AMice were inoculated intranasally with 10*°EIDs, of influenza virus A/NWS/33 (HIN1) strain

BMean death time

CPathogenicity index: average score of clinical sign were recorded following challenge and were scored as follow: 0 = normal, 1 =

sick, 2 = dead
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