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Fig 1) Toxicity of influenza cationic virosomes in MDCK cells over 48 h, compared with control group. Cytotoxicity
was assessed by MTT assay. Eech column represents the mean and standard deviation in the samples (P<0.05).

http://bpums.ac.ir


http://bpums.ac.ir/
http://dx.doi.org/10.52547/ismj.23.5.442
http://ismj.bpums.ac.ir/article-1-1350-fa.html

[ Downloaded from ismj.bpums.ac.ir on 2025-08-23 ]

[ DOI: 10.52547/ism;j.23.5.442 ]

VY44 55 5,31 /0 o )lad /p gos 5 Loy Il

s b /T4

CPE

S0l eg s LMDCK gl s, (a1 51 56 Sl sl ol 31 (Y S
MDCK b glad shor (¥ s e 4 03301 (lad sk S5 sl 0l 31 O

A2l el Ve e Lol atl SO sSIS 0555005 3858050 Sl IS8l (TEM) (e 5 5800 s Ko (F 02

SRS WP P PN N RPN PO IN 0w
K] r}j‘}ﬂb )LI?L«J BEl ‘j{{uj osbe Q‘.u.é “;.Ecb-
S ol LA Dlgear L psisnly cmsns

Cou
ool 3 2V e Ule S 51T e (sla ST
Loablie & 5006 sl o Wl 1 48 olas]
a5 opl by Al e 58T ey s gla el

el G 3 e el ol D3 e eSS

0359215 pU (S g Bl s

aslle 53 5 550 Sl 1) 51 Ay (6550 s S
s 3l A e o 53 BSA sl glacs, b
Sl 11T ol Ladis s s oS 5ls 0L (oIl
Dy e 5o S e ) s s iy Ll
sl antla 150 Aa] e5isnls 2l chle oan
A 35 oS Rl o 58 03 0 S e /Y

(TEM) (s G5 @ 55 S

ﬁéé\ﬁ@‘e“o)‘}owv J&:)JASJ"LJLQ.A

b )L’Z?Lw U’i‘ c\f\}l.cui IR L: LJ'QL} L fj)jfib

http://bpums.ac.ir


http://bpums.ac.ir/
http://dx.doi.org/10.52547/ismj.23.5.442
http://ismj.bpums.ac.ir/article-1-1350-fa.html

[ Downloaded from ismj.bpums.ac.ir on 2025-08-23 ]

[ DOI: 10.52547/ismj.23.5.442 |

Y0 Jeassnls b s W5

O, e 5 alide

OF Clablows &0 oo 0551 Glbl 5 e G sl
ol Pl 53 Seeslie slaul da 5 lams S|
Jls s &S Los sl Sl ol s s e
Los o s Osde S oo 13 bapsssnls
JUl oy glad o J5b (Sl o015e 0 208

O Al s
S Dl 5o baddpind Hpas Clew (F
S13 Cas Dl W 55555 Sl s pl e 50 00
Grlaps 5 L85 S (g pdhoilanl (ol
Ot 4 ol S5 BB (YA 5 YY) Wil e oo
S ods pmsps ad S5 baesisnls daes)s
Solew Uil 5 30 ol Szfesle Olis
b Sl SIS s S I
solal s Slas 5 0305 )l 3 s Cow 55 s 05
Olysar 1y Waesisnls ol ol kil Coanl 5l
Lo (e Wge) 3 oS sl sl sla, LS
DAL Jle 5 0N el atle Juee o5 00
S b 5 (Paternostre)  ng 5L
05,5 = sl com 5 Olgeay Triton X -100
oslizl (VSV) wisbo gl [N iS55 s s sl
ke GVsb (5 5513 6 Wogad IS 5 e S
o s ol e 53 ans ) G S
SR R U P L
53 .(Y) 2 5 Gl oty i ps opl B b
Olgea (OG) w8508 st 5 SKos slandla
34 ol 5l S G ol @l:.} Al eslinal o 5
SIS wln ST 51 el wtle passuls oS
ol s S M 3 (Y8) Wb ad Jlsy s 5Ll
LS s eslanl cox 35 Olgsas DCPC 31 asdlas
e s s e b Bl e 4 e s

Ry o b SIS S e LIk

s sty dly ol s (TF 5 YY) 53 5
Slpeas o (Bl G5 al s S5 o5 B
L s SlagSls anny sl LD ol
Sl b iyl e lIS 5 e sl 15 sisT
Al spse IS linl 4 psse alapsssals S5l
ool oS ol S5 LB LAY 5 A) cl s Sl 3
O oxem b bpsisnls 33 4 e
Lo 05350l o 53 1SIT o s o IS Len
@ e WS W ey oS ) S L il e
3 Wpsisnls @disen 5 oltle plSoul
Ueed 5 (230 13 53 e B Ol 4 S
ol ols G285 esssals SeSssse) ol
2l o bapgisnly sdes plad a4 el
AOY 5V0) Clodd o935 éuw

Lassls 058 s smams davlsas bapsisd JS 55k
S35 0l gl sls la, e Olgien
b ez 51 LY0) Al e bassles
5ol e SL 0w Olg e ap s
(F ebsS e dsb (Vs VL a0 (V 05
3y o)Ll ol b s Slas (F 5 oS bl
e g edins SIS gladdsiud )b )
S STs b s O grldenST glasy] 3 o il 5
S ogde Ol gy el 1S DS s
wlond B 5l cd (S Jolize lae g5
(Y9) L 5d Il

Stz Lapsssals 0581 hisod phaem aue) U3
R L e
S Wl o ms00 0l Slapienw () 1 A5 Le
Mo o JT ladsSse ol5l plos Loy Jo o
Sb el glagls 3 SAS s laaal daasy,
ol s s 535 115 (S L2 (Y 5(1)) Ly, JlS

http://bpums.ac.ir


http://bpums.ac.ir/
http://dx.doi.org/10.52547/ismj.23.5.442
http://ismj.bpums.ac.ir/article-1-1350-fa.html

[ Downloaded from ismj.bpums.ac.ir on 2025-08-23 ]

[ DOI: 10.52547/ismj.23.5.442 |

VAR (3 5 53T /0 o5led /p g 5 oy L

NA 5 HA sl gla s 0 sSUS sy |5l it
303 SBGE s 5 9doee S dbanlsa 5 00y
Sl A sk 4 i L Ll xS
Dls 1 eaol Ss 15al WS gla sy axwss

A2l o
55 alide w3l 68 wlobl Juob= dlis
;\ﬂaL{,ﬁ_}b‘QLiUl;n&ii\z‘wt\.igjﬁ.fujﬁ
Ol Jlo Colam i 5 A3l o o5 Aol oDl

Sloyad 5 el

LT RGO g U W) B UGS U WP ¥
Q@J.;MU; oS ..»jf@ LS)\;'K“L;M‘ oA
Shslgig bl 5 Saw s skl b las
Ao la 1y (S adeee 0,50 Ml axS

References:

wle gl 5,0 50 51 ols e g0 Jlexl o5l 5T
25 i e Wl ) oS 2 el Olgsa ol
Lsls pll OLan 5 oslidese v & (Glasllae
VSSs rsms O) ek e Ss e a5l
L 5 DCPC o 55 5l eslinal b eslo gz
s 05 S Sl Olye 4 DOTAP 5 usls
)l ;b CiLb sl SFg J}Lﬂ 03y S
s gl SaS 05 e JaEl qUly
sp e gldle o VOV Sousls ps5s0ls
¢jj}f"'b e )}b “ ﬁ; ﬂl} axJlas B (YY)
Olgea 5Jbs b LDCPC o 55 31 oSG 53l8
osle ui‘ 45‘)2: EJ{JJK oslaral ):\>LJ) objs CM>J5J
b b ey bt o i 5 ple 4 o

(Y%) ”J§L5‘ i s

S St
G oar g b e gla s SIS e 2]
2 saSE Y S s a1t 0l SDS-PAGE sl
Shoedd 1K glajlestle o8 ool Cdbe
o555 58 sl S Gl el 4 e
Ol s ool 5l Jol il (B)b 5l o

ooans ekl GRie Sous paisnls S sl

1.Rabieian P, Zareei N, Abbaszadeh M, et al.
Survey of Hematologic Markers of Influenza in
Bushehr. Iran South Med J 2016; 19(5): 888-94.
(Persian)

2.Paget J, Spreeuwenberg P, Charu V, et al.
Global Mortality Associated With Seasonal
Influenza Epidemics: New Burden Estimates
And Predictors From The Glamor Project. J
Glob Health 2019; 9(2): 020421.

3.Kreijtz JH, Fouchier RA, Rimmelzwaan GF.
Immune Responses To Influenza Virus
Infection. Virus Res 2011; 162(1-2): 19-30.

4 Millbacher A, Ada G, Tha Hla R. Gamma-
Irradiated Influenza A Virus Can Prime For A
Cross-Reactive And Cross-Protective Immune
Response Against Influenza A  Viruses.
Immunol Cell Biol 1988; 66(2): 153-7.

5.Babb R, Chan J, Khairat JE, et al. Gamma-
Irradiated Influenza A Virus Provides Adjuvant

http://bpums.ac.ir


http://bpums.ac.ir/
http://dx.doi.org/10.52547/ismj.23.5.442
http://ismj.bpums.ac.ir/article-1-1350-fa.html

[ Downloaded from ismj.bpums.ac.ir on 2025-08-23 ]

[ DOI: 10.52547/ismj.23.5.442 |

YOY Jeassnls Il s W5

O, e 5 alide

Activity To A Co-Administered Poorly
Immunogenic SFV Vaccine In Mice. Front
Immunol 2014; 5: 267.

6.Furuya Y, Regner M, Lobigs M, et al. Effect Of
Inactivation Method On The Cross-Protective
Immunity Induced By Whole ‘Killed’influenza
A Viruses And Commercial Vaccine
Preparations. J Gen Virol 2010; 91(6): 1450-60.

7.Wilschut J, Mcelhaney J, Palache A. Rapid
Reference Influenza. 2" ed. London: Elsevier
Health Sciences, 2006.

8.Babar MM, Sadaf Zaidi N, Kazi AG, et al.
Virosomes-Hybrid Drug Delivery Systems. J
Antivir Antiretrovir 2013; 5(7): 166-72.

9.Sercombe L, Veerati T, Moheimani F, et al.
Advances And Challenges Of Liposome
Assisted Drug Delivery. Front Pharmacol 2015;
6: 286.

10.Jennings GT, Bachmann MF. The Coming Of
Age Of Virus-Like Particle Vaccines. Biol
Chem 2008; 389(5): 521-36.

11.Kalra N, Dhanya V, Saini V, et al. Virosomes:
As A Drug Delivery Carrier. Am J Adv Drug
Deliv 2013; 1(1): 29-35.

12.Mischler R, Metcalfe IC. Inflexal® V a
Trivalent Virosome Subunit Influenza Vaccine:
Production. Vaccine 2002; 20(Suppl 5):
B17-23.

13.Moser C, Amacker M, Kammer AR, et al.
Influenza Virosomes As A Combined Vaccine
Carrier And Adjuvant System For Prophylactic
And Therapeutic Immunizations. Expert Rev
Vaccines 2007; 6(5): 711-21.

14.Cusi MG. Applications Of Influenza
Virosomes As A Delivery System. Hum Vaccin
2006; 2(1): 1-7.

15.Huckriede A, Bungener L, Stegmann T, et al.
The Virosome Concept For Influenza Vaccines.
Vaccine 2005; 23(Suppl 1): S26-38.

16.Cryz SJ, Glick R. Immunopotentiating
Reconstituted Influenza Virosomes As A Novel
Antigen Delivery System. Dev Biol Stand
1998; 92: 219-23.

17.Gonzélez-Jara P, Fraile A, Canto T, et al. The
Multiplicity Of Infection Of A Plant Virus

Varies During Colonization Of Its Eukaryotic
Host. J Virol 2009; 83(15): 7487-94.

18.Wickramasinghe S, Kalbfuss B, Zimmermann
A, et al. Tangential Flow Microfiltration And
Ultrafiltration For Human Influenza A Virus
Concentration And Purification. Biotechnol
Bioeng 2005; 92(2): 199-208.

19.Kalbfuss B, Genzel Y, Wolff M, et al.
Harvesting And Concentration Of Human
Influenza A Virus Produced In Serum-Free
Mammalian Cell Culture For The Production
Of Vaccines. Biotechnol Bioeng 2007; 97(1):
73-85.

20.Killian ML. Hemagglutination Assay For
Influenza Virus. In: Spackman E, editors. New
York: Humana Press-Animal Influenza Virus,
2014, 3-9.

21.De Jonge J, Leenhouts JM, Holtrop M, et al.
Cellular Gene Transfer Mediated By Influenza
Virosomes With Encapsulated Plasmid DNA.
Biochem J 2007; 405(1): 41-9.

22.Lowry OH, Rosebrough NJ, Farr AL, et al.
Protein Measurement With The Folin Phenol
Reagent. J Biol Chem 1951; 193(1): 265-75.

23.Peterson GL. A Simplification Of The Protein
Assay Method Of Lowry Et Al. Which Is More
Generally Applicable. Anal Biochem 1977
83(2): 346-56.

24.Mosmann T. Rapid Colorimetric Assay For
Cellular Growth And Survival: Application To
Proliferation And Cytotoxicity Assays. J
Immunol Methods 1983; 65(1-2): 55-63.

25.Laemmli  U. Most Commonly Used
Discontinuous Buffer System For SDS
Electrophoresis. Nature 1970; 227: 680-6.

26.Beg S, Samad A, Nazish I, et al. Colloidal
Drug Delivery Systems In Vaccine Delivery.
Curr Drug Targets 2013; 14(1): 123-37.

27.Schwendener RA. Liposomes As Vaccine
Delivery Systems: A Review Of The Recent
Advances. Ther Adv Vaccines 2014; 2(6): 159-82.

28.Paternostre M, Viard M, Meyer O, et al.
Solubilization And Reconstitution Of Vesicular
Stomatitis Virus Envelope Using
Octylglucoside. Biophys J 1997; 72(4): 1683-94.

http://bpums.ac.ir


http://bpums.ac.ir/
http://dx.doi.org/10.52547/ismj.23.5.442
http://ismj.bpums.ac.ir/article-1-1350-fa.html

[ Downloaded from ismj.bpums.ac.ir on 2025-08-23 ]

[ DOI: 10.52547/ismj.23.5.442 |

VAR (3 5 53T /0 o5led /p g 5 oy L

29.Paternostre MT, Lowy RJ, Blumenthal R. pH-
Dependent Fusion Of Reconstituted Vesicular
Stomatitis Virus Envelopes With Vero Cells
Measurement By Dequenching Of
Fluorescence. FEBS Lett 1989; 243(2): 251-8.

30.Mohammadzadeh Y, Gholami S, Rasouli N, et
al. Introduction Of Cationic Virosome Derived
From Vesicular Stomatitis Virus As A Novel
Gene Delivery System For sf9 Cells. J
Liposome Res 2017; 27(2): 83-9.

http://bpums.ac.ir


http://bpums.ac.ir/
http://dx.doi.org/10.52547/ismj.23.5.442
http://ismj.bpums.ac.ir/article-1-1350-fa.html

[ Downloaded from ismj.bpums.ac.ir on 2025-08-23 ]

[ DOI: 10.52547/ismj.23.5.442 |

Iran South Med J 2020; 23(5): 442-454

Original Article

Design, Production, and Evaluation of Virosomes
from HIN1 Influenza Virus

A. Alishahi (PhD candidate)!”, M. Zargar (php)!™, A. Ghaemi (php)?™,
F. Fotouhi (php)?, MR. Zolfaghari (php)!

! Department of Microbiology, School of Basic Science, Qum Branch, Islamic Azad University, Qom, Iran
2 Department of Influenza and other Respiratory Viruses, Pasteur Institute of Iran, Tehran, Iran

(Received 10 Mar, 2020 Accepted 7 Jul, 2020)

Abstract
Background: The last two decades witnessed the spread of the first generation of influenza viruses. Influ-

enza virosomes are promising tools in vaccine and immunotherapy programs because of their applications
in various medical fields. The aim of the present study was to construct cationic virosomes derived from
influenza virus using dialyzable detergent (DCPC) and cationic lipid (DOTAP) in vitro.

Materials and Methods: Influenza A / Puerto Rico / 34.8 (H1N1) strain was propagated in MDCK cell
line. The influenza virus envelope was dissolved using DCPC as a dialyzable detergent, and finally it was
removed by dialysis and the cationic virosome was synthesized through adding cationic lipid (DOTAP).
Cytotoxicity and presence of HA and NA proteins were evaluated by cell viability assay (MTT assay) and
sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE), respectively. Also, macroscopic
and morphology studies of virosomes were performed by transmission electron microscopy (TEM).
Results: The final concentration of virosomes was 1.5 mg/ml. The presence of HA and NA proteins was
confirmed by SDS-PAGE. Cell survival was significantly decreased after 48 hours of treatment with
different concentrations of cationic virosomes (P<0.05).

Conclusion: The use of a detergent (DCPC) and also a cationic lipid (DOTAP) is an effective procedure for
reconstruction of influenza virus envelope without any alteration in surface glycoproteins (HA, NA). The
methoed used in the present study for producing influenza virosome will be a promising candidate for
developing influenza vaccines.
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