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Antiviral effects of rhIFN-alpha 1 against seven influenza viruses 

LI Fang ，WANGQiu—Juan，ZHU Bao-Li~，WANGMin3 

(Department of Physiofo~,， Research Division of Biochemistry，China Pharmaceutical Unh,ersio,，Nanjing 

210009； Jiangsu occ印d砌 f Disease Prevention and Therapy Institute，Nanjb~g210028，China) 

Wo s 叫i“ 曲 ‘ 脚 INTRODUCTION 
a旦ents： 1nIluenza A VⅡus； llllIuenz~ 廿 VⅡus； 

influenzavirus C： viral pneumortia； cultured cells； 

ribavirin 

AIM ： Tb study the antiviral effects of rhlFN．nl 

【C’hinese silkworm gene recombinant interferon∞)oil 

7 influenza vimses in 匝CK cells and in mouse 

puettmonia cellSed by P rims． 皿̂ 11量ODS： 

l0o_I℃I vitus(HINI，H2 ， ，type B，噼  

C，cfinical As，and clinical B)were inoculated into 

MDCK cells． PR8 viruses Ⅶ dropped nasally in 

mice ．the antiviral effects of fhIFN一Ⅱ．wefe observed． 

RESUI S： rninim~ eff~ e 。once 0ns of 

fhI同 口1 against these 7 iilfluenza viruses wol3e 12．5． 

25，50，25，l2．5，25，and 12．5 l【U·L_。，respective一 

1y The infectious therapeutic indices of rhlFN-t~l t0 

these v in MDcK cells w 8× l ．4×l ． 

2×If?，4×1 ，8× 1 ，4×1 ，and 8×1 ． 

respectively． The inhibitory indices of rhⅡ=N，Q．t0 the 

7 influenza viruses in MDCK eelIs 呲 3．6．4．7． 

3．5．3．3，3．9，4 6． and 3．5．respectively． nIe 

rhIFN． inhibited the intracellular replication of 

influenza vin麟 effectively．but did not ki11 vimses 

directly． ThefhⅡ 一 prolongedthelife span ofmi ce 

infectedwith pneumoniabyinfluenza vimsA swain PRa 

to94．2 ％ ～l32．7％ It inhibited the inflammation 

and hyperplasia ofinterstitial fibers，and decreased the 

virus fiter rIlle inhibitory rates of FhIFN-~1 to 

pulmonary—indice were 14 8％ 一 37 4％ ． C0N． 

( US加IN： d1IFN一曲 inhibited the pmfiferation of 

influenza virus and impmv~ the symptom of moose 

pneumonia caused by influenza virus． 
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Clinically，v~cinia and amanmdii~ are used for 

prevention and cure of influenza．but their effects are 

riot definite． Int／ave]IoLisiniection ofhmnanintefferon 

inhibits 呻  ration and development of influenza． 

InactiveⅢ active influenza rims Call indllce intederon 

production， which inhibits the propagation of virus 

conversely_J,zj 

BmN cel1 line obtained from sillc~orm no~ ,x 

nlor／was cultured with mierocarrier csaodex 3．then 

inoculated with BmNP、 ，Ⅱ for 48— 60 h． After 

5 d．1tlIFN—q was efficiently expressed ． 

The antiviral effects of ItlIFN， oil Herpes 

simplex virustype I and lI【 ’ were studied． In this 

study，we observed the anfiviral effects of rhlFN-Ⅱl oD 

MDCK cells infected with influenza vi as wel1 as 

its protective effects 0n pneumonia mice infected by 

mollS~PRn virus via nasal dripping． 

Virus Influenza rims type A—HlNI(A／FM／1／ 

47)， N2(A／Sing印0 ／l／j7) (A／mngkong／ 

1／68)，s~d．in PRR， influenza virus type B L B／ 

Engtand／5／66)，and influenza rims type C (C／GL／ 

1167／54)were provided by Center for Influenza in 

Institute of Viral Diseases． Chinese Academy of 

Preventive Medicine． 

1nlluenza viras type A and B clinical lilts tAl／ 

Beijing 86-1，B／Shanghai 91—3)were provided by 
Jiangsu Sanitary Epidernic Prevention Station 

Eggs 9—11一d—old．purchased from Nanjing 
Nlaiga~ iao Chic~n Farm． 

Cells MDCK cells we provided by Jiangsu 

Sanitary Epidemic Prevention Station． 

Drugs Ribavirininjecfion was produced bythe 

Third Phal／nao~utical Factory of Nanjing． ItlIFN d． 

was pm~ded by Molecular Geuefi~ Laboratory， 
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Nanjin~Military Medical Research Institute． Callure 

solution WItS DEM／FI2(1：1)． Drugs were prepared 

th culture solution 

Mice Kunming mice(0 and旱)weighing 
l8—22 g were provided by the University(Grade 1I． 

Certificate№ 97007)． 

Effecb on ~lfhlellza virIls kn~ ted in 

田CK cells 

Toxicitv test of influenza virus MDcK cells 

wells grown monolayer On 96 well plate． Influenza 

virus type A (HlNl，H2N2， )，B，and C wells 
added into ～皿CK cell culture with ~ncellU'aliolls of 

1o_fbld serial dil on． each coneentliltion was 

incubatexl at 37℃ In 5％ CO2 for 3 d． Cytc~thic 

effects(CPE)were observed and viraltiters(Tcm ) 

weremeasured nle experimentWItS repeatedtwice 

C岫 x tv of n、IFN-~I In M0cI(eells 

巧N—d diluted 10 fold serially were added to 

monolayer眦 K cells and culalred at 37℃ In 5％ 

CO2 for 4 d． Each concentration WItS tested in 3 

parallel tUbes． n e cells wells dyed with tiy0arl blue 

and counted． 

Antiviral effects Of mIFN．∞ OI3 jnfluenza virus 

In MDCK cells Monolayer MIX2K cells together with 

100TCIDs0 vimses Wells CO incubated for2 h． Vimses- 

solution were decanted from monolayer MIX2K cells， 

then dlIFN．d．100 kU-L一 and its 2 fold serial dilution 

or ribavirin 0．1 卫 ·L were added． Cells Wells 

incubated at 37℃ in 5％ o for3 dto observea 

and cympathy progress Each experanent was Iepca州  

twice． 

Monolayer MIX2K cells were inoculated with 7 

infiuenza viruses which were diluted by 10．fold serial 

dilution，then cultured at 37℃ in 5％ o for 2 h． 

The viruses．solution was decanted． 巧N．∞ 100 kU- 

L一 【丌ribavirin 0 1 g·L一 were added and incubated 

for 5 dto examineCPE everyday． 1t culRtre solution 

was changed ery 2 d． T℃Ⅲ was calculated． n圮 

inhibitoryindiceswe defmed asthedifference of—lg 

Tcm of control and the treated． 

100TC Na was inoculated into monolayer 

似 K cells at 37℃ in 5％ o forl h． Afler1 h． 

m F．劬 100 kU-LI1 added，culRtre solution was 

collected at 6，12，‘24，48，72，and96 h andpreserved 

at一6o℃ ． F0Ul-parallel samples at each Do|nt 1tIe 

infectioustiters ofH】NjWellstestedinMIX2K cells． 

Effeets on 111o~ 口nemn0nia caused by 

iIlflu朗 za vinls s打aiIl PI 

To】(Ic时 test of mouse influenza virus strain 

P Fifty mice were divided into 5 groups and 

inoculated with virus(Chick allantoic fiuids)by 

nasal dripping at 1，10一 ，1O一 ，lO 。．10一 dilut~ 

SOlutions． nle toxic signs in mice were recorded daily 

for 14 d． U calculat~ aecordi~ to Bliss 

methods． 

Protectire effects of rhlN~m OI3 mouse 

pneumon caused by PR8 vinJs Fi曲 mice we 

administered lOU)50 P virus(Chick allantoic fluids．) 

by nasal ddpp啦 ，then r}1D dl 3．0X]00，2．0X 

l驴，and 1 0X l驴 IU‘ _。，ribavirin 120 mg‘kg～， 

and NS immediately Drug therapy continued for 6 d 

and responses to ~eatment wem observ~ for 14 d． 

1he death number． 1ife spal1． and the pathological 

change of lung wem recorded Other 50 mice wells 

infected and administered as above． Mice were killed 

6 d later． The lungs we taken． weighed． and 

homogenized to ine．asul~the titer with type O blood． 

Ten normolmicewem kiⅡed as contro1
．  

RESULTS 

Effects of d哪 -n1 O11 ．衄 IleTlza vinls 

in0clllatedinMDCX cdls 

Thetoxic testofinfluenza virus TheHⅢ 

of the 7 influenza vinlses were 3
．
7 X 10-4

． 2．7 X 

10一 ，5 3× 10一 ，5．3 X 10—6，5
．

7 X 10—5，2
． 3 X 

lO-6，and 1．2 X10_。。， sp。 vely
． (Tab 1) 

嘞 1． "IN2皿 0f 7iIIⅡ1-衄 virl艄  

b--'gt~oxieity of rhlFN-~1in MI~-_．N cells 

It1 N一“l at concentrations of<l05 kU·L一 showed no 

significant cytotoxicity We selected 100 kU·L一 as 

test concentration
． (Tab 2) 
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Tab 2． Cytotoxicity of rhlFN-oa in MDCK cells 

n=6welIs． 露±s． 

rMFN-( concentmfion／kU’L 

10 

l 

l 

lita 

l0 

1 

0 1 

Control 

5 【】± I 4 

4 5± l 1 

3 9±1 3 

3 j±l 3 

3 0±0 

3 ±I l 

3+1± l 】 

3．4±0 8 

A n1iViral effects of rh1FN—c(1 on influenz_a virus 

In MDCK cells The de眦 e ofCPEwasdivided into 5 

levels according to pathological changas 【％)in cells： 

>90 ％ ， 75％ ． 50 ％ ． 25％ ， <10％ ． The 

highest diluted solution which appeared 50 ％ CPE as 

minimal effective concentrations of rhIf —d ∞ virtls 

HIN1，H2N2， ，B．C，clinicalA】．and cliNcalB 

were 12 5， 25， 50， 25， 12．5， 25， and 12，5 

kU·L一 ．respectively． 

1he infection therapeutic indices T．(maximal 

nontoxicity concentration／minimal effective concentra— 

tion)of rh FN．d．to the 7 virDses in MDCK cells w,ere 8 

x1 ．4 x 1 o3，2 x]0a，4 x 10a．8 x]0a，4 x]0a， 

and 8 x l o，．respectively． Under this condition． 

ribavirin 0．1 g·L_。inhibited the CPE of virus whoBy 

(<10 oA )(Tab 3) 

Tab 3． Effect of rhIFN-啦 oll CPE caused by H1Nt 

virus． 

Percentageof pathol cal change in cells：一 ) <10 ％ ， +) 

25 ％ ． ++I 50 ％ ． +++，75 ％ ． +++ +) >90 ％ 

Antiviral effects of shlFN-~ I(xl kU -L was 

equivalent to ribavirin 0 1 g‘L一。on influenza viruses 

【Tab 4) 

Tab4． hfldbitory indices of rhIFN-啦 !00 kU -L and 

ribavirin 0．1 g-L一 on 7i11finenga nIsesinM DCK cell 

line． ／-~=4 wells， ． 

Infectious titer(一lg TCID~lj Inhibit~y indices 

Ribavifin rhlFN-∞ Ribavifin rhIFN-a 

[b ̈ ()J 一’
100 kU．L-I O J ’ J(I)kU"L 

rhIFN一 l 1o0 kU·L_。decreased the titer of H1N】 

virus and effects did not appear unti1 6and12 h1ater． 

when the titers between control group and rhIf —d 

group showed uo sigmficant difference． It was 

suggested that rhlFN-al inhibited the replication but 

COUld not ki11the virus directly．(11ab 5) 

Tab 5． Effects of rhIFN-0h100 kU·L’ oll replication of 

infectious H1M ． n =4 wells， x ± ． <0．05， 

cp<0．01 t ~ ntrol 

Effects of rhlFN．Ⅱ1 on iltlOuse pnemnonia 

caused byinfluenza virus strain PJ 

Toxicitv lesl of mouse jnfluenza virus strain 

PFk Mice died successively since 3 d after nasal 

drippingH virus until 9 d Themice showed loss of 

body weight，asthenia，reduced food intake，1OSS of 

halr and 1uster， asthma， and hemorrhage spot or 
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necrosis in lungs which appeared to be live—colored 

U )0f virus to mice was 9．6×10一 of dilution liter 

and 95％ confidence 1imits were 7．5×10 lo 1 2× 

10～ of dilulion tiler 

Protective effects of 『hIFN．a， on mouse 

pneumonia caused by PRB virus rhlFN一ⅡJ 1 0 x 

1( ，2 0×I ，3 0 x106IU· _。decreasedthe death 

Idle and prolonged the life span of P virus—infected 

mice (Tab 6) 

The effects of rh FN—d and ribavirin on the 

pathological changes in munne pneumonia caused by 

P1％vires were shown in Fig l 11le puhnonary—indice 

(1ung weigbl／body wei l j 、 decreased 时 

rhLFN<~1． CPE was also ruonimred aCCOrding to the 

criterion(0：normal，l：some inflammatoD'cells and 

inflammatory exudate， 2： intlatmnat~ry exud,~e 

increased and interstitia1 fibers partly proliferated，3： 

most or whole of lung ussue cotasolidated) e CPE 

Fig 1·The effects of rhlFN-ill and rilmvirln oil the pathological changes in routine pneumonia caused by腿 B virus 

nasally．(眦 stain，x100)．A)Normal；B】NSfMode1)；c】Ribavirin120mg·l【g一 ；D】rhlFN-~ 1．0 x106IU- 

kg一 ：E1 rhIFN-cta 2 0 x106IU-kg’ ：E1 rhIFN-~ 3．0x10 IU·ka_。． 
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Tab 6． The Ii血 g time prolonged mte of rtlIFN·吼 oD 

P ·i~ected mice． n=1Omice．2 ±s． <0．01 玎s 

contxol 

were inhibited by rhlFN—dl， but not by ribavirin． 

FhlVN-~1 also 1owered the virus titer of 1ung 

homogenate． The rhlFN．Ⅱ． and fibavirin b0山 

suppressed the infiltlation of inflammatory celIs． in 

contrast to edema，purulent inflammation．and necrosis 

in untreated mice(Fig l，Tab 7，8)． 

Tab 8． Effect of曲 IFN· oD reproduction of in砌 oI|s 

Pl virus． n=1I】mlee． 置±s． <0．01 control 

DISCUSS10N 

CPE caused bv吐le 7 influenza viruses at the minimal 

effective concentrations 12 5 一 SO kU·L without 

cytotoxic-tv On～lDCK cells． The inhibitory'indices of 

rhⅡ l 100 kU ·L～ were 3 2 — 5．0 血【FN一。I 

inhibited HiNx replication effectively In mice， 

rhl}1N·R1 can improve mouse pneumonia symptom 

caused by infection significantly，prolong the life 

spanmolethan100 ％ ，and reducethemo~ lity I11O 

than 40 ％ ． 

Data showed  that the血Ⅱ=N—d1 could be 11sed t0 

CL!I'e the viral pneumonia CltUSed by influenza virus in 

clinical settings． Interferons ied uce a number of 

ilnmuno-active proteins that mediate the antiprolifera· 

rive，antiviral，and immunomodulatory functions Mx 

inmouse and rat．and p78in humanmaybe thefactor 

of resistance ofinterferontype A toinfluenza：0一 
． or 

not Involved in the antiviral rr~_,chanismLl“J The 

mechanism ofI士】IFN一Ⅱ．on antiviral effects needs furt_her 

studying． 

In our study， it showed 吐lat rhlFN—a could 

improve the mouse pneumonia caused by PR．virus． 

Others’findings suggest that type 1I pne~ ytes may 

be a major source of alveolar intefferon for antiviral 

state and modulating alveolar cell function~ uisite for 

lung integrity “ ． We suggested that rhlFN-a]might 

havethe samefuncfion asinterferonsinducedfrom 

1l pneumocytes and alveolar macrophages． 

rhIFN—al inhibited the proliferation of influenza 

viiMs B to some extentin vitro． Butinterferon％ as a 

spray did not prevent influenza B infection or modify 

the resnking illnessC12J
． 

rhⅡ 一 l 。 p 。 ed i“ microcarrier culture of REFERENCES 

silkworm BmN cell had efficient inhibitory effects on 

influenza viruses type A，B，and C． It inhibited the 1 Komc~T．KeithEJ—JoelW Passiveinterferon pretection 

Tab 7 

b／,< 0 

Effect of rhIFN．~ oil CPE ofmousepnem'aonia衄used byP virus． n=1I】mice
． ± s 

05． <0．O1 control 
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细胞基因工程重组人 吼干扰素对 7种流感病毒的 

抗病毒作用 

v／ 

童— ，王秋娟，盎室 ，王 曼 

景 奎 兰理 研室， 足厂，7 ] 生物化学研究室
，
南京 210009； ‘ ’／ 

江苏省职业病防治研究所．南京210028，中国) 

关键词 重组干扰素 。 

流感病毒 B；流感病毒C 

培养的细胞；利巴韦林 

肮病毒剂；流感病毒JA } —] 

}昱／ 
目的：研究细胞基因工程人 a干扰素(rhtFN )对 

体外7种流感病毒感染的 MDCK细胞以及对甲型 

流感病毒鼠肺适应株 P 引起的小鼠肺炎的对抗 

作用 方法：接种7种病毒液(Hj N1， ， ． 

B型，c型．A1，B分离株)于 MDCK细胞中，小 

鼠用 P 病毒液滴鼻，观察 血IFN 的抗病毒作 

用．结果：rhIFN-(~ 对7种病毒液的最小有效浓度 

分别 为 l2．5，25，砷．25，12 5．25和 12 5 

kU·L～；在 MDCK细胞上对 7种病毒液的感染治 

疗指数为8×103，4×10z，2×10z，4×103，8×l03， 

4×103和8×l0z；抑制指数为3．6，4 7，3．5，3 3， 

3．9，4 6和 3．5；d1I} ． 能有效地抑制流感病毒 

的细胞内复制，却不能直接杀伤病毒；dlⅡ 对 

小鼠病毒肺炎有抑制作用，使肺组织炎症．纤维间 

质增生明显改善，降低病毒滴度，延长生命率为 

94 2％一152．7％．肺指数抑制率为l4．8％ 一 

37 4％．结论：rhIFS．ct1对流感病毒的增殖有抑 

制作用，并且能够改善流感病毒引起的小鼠肺炎 

症状， 
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