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Antiviral effects of rhIFN-alpha 1 against seven influenza viruses
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ABSTRACT

AIM. To study the antiviral effects of rhiFN-m
(Chinese silkworm gene recombinant interferon o ) on
7 influenza viruses in MDCK cells and in mouse
preumonia caused by PRy wvirus. METHODS:
100TCIDy;, virus ( HyN;. HoNa, HyNs, type B, type
C. clinical A;, and clinical B} were inoculated into
MDCK cells, PRy viruses were dropped nasally in
mice, the antiviral effects of thIFN-g; were observed.
RESULTS:. The minimal effective concentrations of
thIFN-o, against these 7 influenza viruses were 12.5,
23, 50, 25, 12.5, 25, and 12.53 kU-L™~!, respective-
ly. The infectious therapeutic indices of rhIFN-g to
these viruses in MDCK cells were 8 x 1F, 4% 10°,
2x 10, 4 x 1%, 8 x 10°, 4 x 10°, and 8 x 1(P,
respectively.  The inhibitory indices of thIFN-g; to the
7 influenza viruses in MDCK cells were 3.6, 4.7,
3.5, 3.53. 3.9, 4.0, and 3.5, respectively. The
thIFN-a; inhibited the intracellular replication of
influenza viruses effectively. but did not kill viruses
directly. The rhIFN-g; prolonged the life span of mice
infected with pneumonia by influenza virus A strain PRy
t094.2 % ~132.7 % . 1t inhibited the inflammation
and hyperplasia of interstitial fibers, and decreased the
virus ftiter.  The inhibitory rates of thIFN-¢; to
pulmonary-indice were 14.8 % — 37.4 %. CON-
CLUSION: rhIFN-o; inhibiled the proliferation of
influenza virus and improved the symptom of mouse
pneumnonia caused by influenza virus,
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INTRODUCTION

Clinically, vaccinia and amantadine are used for
prevention and cure of influenza, but their effects are
not definite.  Intravenous injection of human interferon
inhibits proliferaion and development of influenza,
Inactive or active influenza virus can induce interferon
production, which inhibits the propagation of virus
conversely' "'

BmN cell line obtained from silkworm Bombrvx
mori was cultored with microcarmier cytodex 3, then
inoculated with BmNPV-IFNa for 48 — 60 h,  After
5 d, thIFN-q; was efficiently expressed!® .

The antiviral effects of rthIFN-¢; on Herpes
simplex virus type 1 and 111" were studied. In this
study, we observed the antiviral effects of thiFN-q, on
MDCK cells infected with influenza viruses as well as
its protective effects on pneumonia mice infected by
mouse PRy virus via pasal dripping.

MATERIALS

Virus Influenza virus type A — HyN, (A/FM/ 1/
4T}, HyNy( A/Singapore/1/37}, HyN;( A/Hongkong/
1/68 ), strain PRy, influenza virus type B ( B/
England/5/66) . and influenza virus type C { C/GL/
1167/54) were provided by Center for Influenza in
Institute of WViral Diseases, Chinese Academy of
Preventive Medicine.

Influenza virus type A and B clinical lines ¢ A,/
Beijing 86-1, B/Shanghai 91-3) were provided by
Jiangsu Sanitary Epidemic Prevention Station .

Eggs 9 — 1l-d-old, purchased from Nanjing
Maigaogiao Chicken Farm,

Cells MDCK cells were provided by Jangsu
Sanitary Epidemic Prevention Station,

Drugs Ribavirin injection was produced by the
Third Phamnaceutical Factory of Nanjing. thIFN-g,
was provided by Molecular Genetics Laboratory,
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Nanjing Military Medical Research Institute. Culure
solution was DEM/F;{1:1}. Drugs were prepared
with culture solution.

Mice Kunming mice ( 3 and ¥ ) weighing
18 - 22 g were provided by the University (Grade II ,
Centificate No 97007) .

METHODS

Effects on influenza virus inoculated in
MDCK cells

Toxicity test of influenza vius MDCK cells
were grown monolayer on 96-well plate. Influenza
vims type A (H;N;, H;Ny, HyN;), B, and C were

added into MDCK cell culture with concentrations of -

10-fold serial dilution, each concentration was
incubated at 37 T in 5 % CO; for 3 d. Cytopathic
effects {CPE) were observed and viral titers { TCIDy,)
were measured.  The experiment was repeated twice .
Cytotoxicity of thilFN-, in MDCK cells
thIFN-¢; diluted 10-fold serially were added 10
monolayer MDCK cells and culmred at 37 C in 5 %

CO, for 4 d. Each concentration was tested in 3
parallel mbes. The cells were dyed with trypan blue
and counted.

Antiviral effects of thIFN-o; on influenza virus
in MDCK cells Monolayer MDCK cells together with
100TCIDy, vimses were co-incubated for 2 h.  Viruses-
solution were decanted from monolayer MDCK cells,
then thIFN-¢;, 100 kUL ! and its 2-fold serial dilution
or ribaviin 0.1 g - L™' were added. Cells were
incubated at 37 C in 5 % CO, for 3 d to observe CPE
and cytopathy progress. Each experiment was repeated
twice.

Monolayer MDCK cells were inoculated with 7
influenza vimses which were diluted by 10-fold serial
dilution, then cultured at 37 T in 5 % CO, for 2 h.
The viruses-solution was decanted. thIFN-¢ 100 kU -
L' or ribavirin 0.1 g*L~! were added and incubated
for 5 d to examine CPE everyday. The culture solution
was changed every 2 d. TCID,, was calculated. The
inhibitory indices were defined as the difference of - 1g
TCIDy; of control and the treated.

100TCID,, H;N, was inoculaied inte monolayer
MDCK cells at 37 T in 5 % CO. for 1 k. After 1 h,
thINF-; 100 kU-L~! was added, culture solution was
collected at 6, 12, 24, 48, 72, and 96 h and preserved
at —60 T . Four parallel samples at each point. The

infectious titers of H;IN; were tested in MDCK cells.
Effects on mouse pnewmonia caused by
influenza virus strain PRy
Toxicity test of mouse influenza virus strain
PRy  Fifty mice were divided into 5 groups and
inoculated with PRg virus { Chick allantoic fluids) by
nasal dripping at 1. 107%, 107*, 1073, 10~* diluted

solutions. The toxic signs in mice were recorded daily
for 14 d. LDy was calculated according to Bliss
methods.

Protective effects of rmINF-oy on mouse
pneumonia caused by PRy virus  Fifty mice were
administered 10LD;, PRy virus ( Chick allantoic fluids)
by nasal dripping, then im rhINF-g 3.0 x 107, 2.0 x
10°, and 1.0x 10° IU-kg™', ribavirin 120 mg-kg™*,
and N§ immediately. Dmg therapy confinued for 6 d
and responses 1o ireatment were observed for 14 d.
The death oumber, life span, and the pathological
change of lung were recorded. Other 50 mice were
infected and administered as above. Mice were killed
6d later. The lungs were taken, weighed, and
bomogenized to measure the titer with type O blood.
Ten normol mice were killed as control.

RESULTS

Effects of rhINF-a; on influenza virus
inoculated in MDCK cells

The toxicity test of influenza virus The TCIDs,
of the 7 influenza viruses were 3.7 x 10°%, 2.7 x
107%,5.3x107%, 5.3 x 107%, 5.7 x 10°%, 2.3 x
107%, and 1.2 x 107°, respectively. (Tab 1)

Tab 1. TCIDg of 7 influenza viruses.

1 2 3 %
HN 1x107* 5x10°Y s5xWw-t 3.7x107*
HyN, 1x107%  2x10°% 5x10°3 2.7x10°%
H,N, Ix107*  1x107° 5x107° 5.3x10°°
B I1x107%  1x10°%* 5%x10°% 5.3x10°°
C Ix10%*  2x107° 5x10°° 5.7x10°°
Clinical A, 1x107®* 1x107°% 5x10°® 23x10°°
Clinical B 1x10°% 2x10°° 5x107° 1.2xI10°¢

Cytotoxicity of rhiFN-g, in MDCK cells
thIFN-¢; at concentrations of < 10° kUL ™! showed no
significant cytotoxicity. We selected 100 k- L~! as
test concentration. {Tab 2)
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Tab 2. Cytotoxicity of rhIFN-o; in MDCK cells.
n=6bbwells. x+s.

rhIEN-u, concentration/kU L) Death rate- %

hr S0+ 4
e 45zl 1
1y 3.U£1.5
¥ $.5£1 3
10 30207
1 3.3x1.1
0.1 3.1x1.1
Controd 34200

Antiviral effects of rhiFN-o on influenza virus
(n MOCK cells The degree of CPE was divided into 5
levels according to pathological changes ( % ) in cells;
>0 %, 3%, W%, 25%, <10%. The
highest diluted solution which appeared 50 % CPE as
minimal effective concentrations of thlFN-o; w0 vius
HiN . HaMay HyNg, B C, clinical A;. and clinical B
were 12.5, 25, 50, 25, 12.5, 25, 12.5
KU-L~!, respectively.

The infection therapeutic indices T ( maximal
nontoxicity concentration/ minimal effective concentra-
tion} of thIFN-q, to the 7 viruses in MDCK cells were 8
X100, 4 x 107, 2x10°, 4x10°, 8x10°, 4 x 10°.
and 8 x 10°, respectively. Under this condition.
ribavirin 0.1 g-1.~' inhibited the CPE of virus wholly
( <10 %) (Tab 3).

and

Tab 3. Effect of rhIFN-¢; on CPE caused by H;N;
virus.
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Antiviral effects of shIFN-u; 100 kKU - L™ was

equivalent to ribavirin 0.1 g-L7" on influenzn viruses

(Tab 4).

Tab 4. Inhibitory indices of rhIFN.o; 100 kKU-L~! and
ribavirin 0.1 g-L~? on 7 influenza viruses in MDCK cell

line. n=4 wells, x.

Infectious titer ( = lg TCID,, Inhibitory indices

Ribavinn ~ rhiFN-o Rbavinn  rhiFN-g,

toel ) g L™ kUL vl g LT oo koL
HN, 45 0y 1.3 3.0 3.2
HaM, 5.7 1.0 1.2 17 15
HN, 5.3 1.3 1.8 3.5 3.5
B 5.2 1.9 1.3 A3 bR
C 5.6 1.7 1.2 3.0 1.4
Clinical A, 5.9 1.3 0.9 4.0 Al
Chnical B 4.3 0.8 0.8 A.5 3.5

thIFN-g, 100 kU+L ! decreased the titer of H,\N;
virus and effects did not appear until & and 12 h later.
when the titers between control group and thIFN-g
group showed no sigpificant difference. [t was
suggested that hlFN-q; inhibited the replication but
could not kill the virus directly. { Tab 5}

Tab 5. Effects of rhIFN-q; 100 kU+L " on replication of

infectious HN,. n = 4 wells, x £ s. "P<0.05,
‘P <{).01 vs control,
i Cantrol thIFN-g, Inhibitory
Time/h [ Titer of virns? {—lgx+x) indice

o) 0. 7Hhx1).33 A8 £ (.35 0.3

12 168029 1.23+£0,33 U.4

24 2.68+0.29 1.08+0, 500 1.t

18 J.agx0.3 1.25+0,33% 2.3

2 5.540+0.23 1.735x1.17 3.8

9 CT.ra.20 1.40+0. 1> 5.9

Eifects of rhIFN-u; on mouse pneurmonia
caused by influenza virus strain PRy

Toxicity test of mouse influenza virus strain
PR Mice died successively since 3 d atter nasal
dripping PR;; virus until ?d.  The mive showed loss of
body weight, asthenia, reduced food intake, loss of
asthma,

hair and luster, and hemorrhage spot or
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necrosis in lungs which appeared o be live-colored.,
LD;, of virus o mice was 9.6 x 107 of dilution titer
and 95 % confidence limits were 7.5 % 107" 0 1.2 x
107 of dilution titer,

Protective effects of thiFN-o, on mouse
pneumnonia caused by PRy virus  rthIFN-q; 1.0 x
P, 2.0 10°, 3.0x 10° [U-kg™" decreased the death
rate and prolonged the life span of PR, virns-infected
mice. (Tab 6)

The effects of rhIFN-«; and ribavirin on the
pathological changes in muring pneumonia caused by
PR, virus were shown in Fig 1.
{ lung weight/body weight )
thiFN-¢;, |
criterion (0: notmal, 1; some inflammatory cells and
inflammatory  exudate., 2:  inflammatory  exudate

The pulmonary-indice
was  decreased by

CPE was also mouitered according w the

increased and interstitial fibers partly proliferated, 3.
most or whole of lung tissue consolidated)

The CPE

Fig 1. The effects of rhIFN-¢y and ribavirin on the pathological changes in murine pneumonia caused by PRy virus

nasally. {HE stain, x 100). A) Normal; B] NS {Model);

C) Ribavirin 120 mg-kg™!; D) thIFN-o, 1.0 = 10° TU-

kg™'; E) rhiFN-g; 2.0 x 10° IU kg™ '; E} rhIFN-a; 3.0 % 10° TU-kg-!.
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Tab 6. The living time prolonged rate of rhIFN-g; on
PR;-infected mice. n =10 mice, ¥+ 5. “P<0.01 vs
control.
. . Prolonga-

Groups Died  Lile span fion/ G
thIFN-o, 1.0 1P [U-kg™" T 10.1+2.9° 9.3
thlFN-y, 2.0 % WP IU-kg™" 5 1 .4+28 1192
rhlFN-i; 3.0 % 11F [U‘kg’l 4 12125 132.7
Rubavirin 120 mg-kg ™' 3 [0.0+3.5° 1046
Control 10 5.2+1 3 -

were inhibited by rthIFN-;, but not by ribavirin.

thIFN-o
homogenate .

lowered
The

also

I'hIFN'El[

the virus titer of Ilung

and ribavirin both

suppressed the infiltration of inflammatory cells. in
contrast ¢ edema, purulent inflammation. and necrosis

in untreated mice { Fig 1,

Tab 7. 8).

Tab 8. Effect of thiFN-¢; on reproduction of infectious

PR virus. n=10mice. x+s. ‘P<0.01 vs control.
- lg Inhibitory

Groups ( titers of virus) indice
thIFN-g | .0 % 1P TU- kg ™! 3.0+0.8 1.3
thiFN- 2,0 % 1F U kg ™! 2.6+0.8 1.7
thIFN-o 3.0 % 10" TU-kg ™" 1.8+0.8 2.5
Ribavirm 120 mg- kg™ 3.4+0.7 0.9
Control 1.3+0.7 -
Nommal - -
DISCUSSION

thIFN-o, expressed

in microcarnier culmre of

sillkworm BmiN cell had efficient inhibitory effects on

influenza viruses type A.

B, and C. It inhibited the

CPE caused by the 7 influenza viruses at the minimal
effective concentrations 12.5 ~ 50 kU-L™' without
cytotoxicity on MDICK cells.  The inhibitory indices of
thiFN-g; 100 kKU - L7! were 3.2 — 5.0, mIFN-q
inhibited H;N, replicaton effectively. In mice,
thiFN-p; can improve mouse pnewmonia symptom
caused by PR infection significantly, prolong the life
span more than 100 % . and reduce the mortality more
than 40 % .

Data showed that the thIFN-g¢; could be used to
cure the viral pneumonia caused by influenza virus in
clinical settings. Interferons induce a number of
immuno-active proteins that mediate the antiprolifera-
tive, antiviral, and immunomodulatory functions.  Mx
in mouse and rat. and p78 in human may be the factor
of resistance of interferon type A to influenza’®™°', or
not involved in the antiviral mechanism "', The
mechanism of thIFN-n, on antiviral effects needs further
studying .

In our smdy. it showed that rhIFN-«; could
improve the mouse pneumcnia caused by PR, virs.
Others” findings suggest that type [I preumocyies may
be a major source of alveolar interferon for antiviral
state and modulating alveolar cell function requisite for
lung integrity'"'.  We suggested that thIFN-g; might
have the same function as interferons induced from type
Il preumocytes and alveolar macrophages.

thIFN-¢, inhibited the proliferation of influenza
virus B to some extent i vitre. But inerferon o, as a
spray did not prevent influenza B infection or modify
the resulting illness' ' .
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