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Summary.  - A polyphenolic complex (PC) with antiviral properties has been isolated from the Bulgarian 
medicinal plant Geranium sanguineum L. A study was undertaken to investigate the effect of PC on virus-
specific protein synthesis in influenza virus-infected cells. The expression of viral glycoproteins on the sur­
face of chick embryo fibroblasts infected with virus A/FPV, strain Rostock (H7N1) was suppressed. Virus 
protein synthesis was selectively inhibited as shown by SDS polyacrylamide gel electrophoresis of  35S-
methionine-labelled proteins and proteins immunoprecipitated with monoclonal antibodies. The inhibitory 
effect was dose-dependent and better pronounced when PC was applied after virus infection. Two variants of 
influenza virus FPV/Rostock with reduced drug susceptibility were selected. P C  affected to a lesser extent the 
synthesis of viral proteins in cells infected with the variants as compared to the sensitive parental virus. 
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Introduction 

T h e  search f o r  viral  inhibitors o f  p lant  origin is  a p r o m ­

i s ing  a p p r o a c h  i n  an t iv i ra l  c h e m o t h e r a p y  a s  na tu ra l ly  

occuring mixtures  m i g h t  b e  a n  alternative source  o f  inter­

est ing biologically active substances. A large n u m b e r  o f  

extracts a n d  p u r e  substances  have  been  tested a n d  a selec­

tive antiviral e f fec t  h a s  been  proved f o r  s o m e  o f  t h e m  ( fo r  

review see  Van d e n  Berghe  et al., 1986). 

F r o m  t h e  B u l g a r i a n  med ic ina l  p l an t  Geranium san­

guineum L. P C  h a s  been  isolated. It  inhibited the  reproduc­

tion o f  inf luenza  A a n d  B v i ruses  in vitro, in ovo a n d  in vivo 

(Manolova  et al., 1986). Phytochemical  investigation re­

v e a l e d  i n  P C  t h e  p r e s e n c e  o f  f l a v o n o i d s ,  c a t e c h i n s ,  

gallotannins a n d  polyphenol ic  acids;  s o m e  o f  t h e m  were  

identif ied b y  p a p e r  a n d  th in  layer chromatography (Ivan-

cheva  et al., 1987; Serkedjieva  et al, 1989). To investigate 

the  active components  o f  P C  the  mix ture  w a s  fract ionated 

and a bu tano l  f rac t ion w a s  shown t o  contain the  major i ty  o f  

t he  in vitro antiviral activity (Serkedjieva  et al., 1989). T h e  

virus strain-dependence o f  the  degree  o f  inhibition provided 

evidence f o r  t h e  selectivity o f  t h e  antiviral act ion o f  P C  

(Manolova  etal., 1987). P C  administered intranasally o r b y  

aerosol  reduced mortal i ty in  whi te  m i c e  resul t ing f r o m  ex­

pe r imen ta l  i n f luenza  in fec t ion  (Mano lova  et al., 1987;  

Serkedjieva a n d  Manolova,  1992). Trea tment  w i th  P C  in  

concentrations greater  than 5 0 0  jag/ml completely abolished 

the  infectious, haemagglutinat ion a n d  neuraminidase  activi­

ties o f  a range  o f  inf luenza viruses (Serkedjieva  et al, 1992). 

T h e  current  s tudy was  under taken t o  investigate t he  anti-

influenza activity o f  P C  in  respect  t o  t h e  selectivity o f  the  

effect  a n d  specifically t he  synthesis o f  viral  prote ins  in  cells 

infected wi th  PC-sensit ive v i rus  a n d  variants wi th  reduced  

susceptibility. 

Materials  a n d  M e t h o d s  

PC preparation. G. sanguineum L. (Geraniaceae), a perennial 
grassy plant has been introduced in the experimental field of the 
Institute of Botany, Bulgarian Academy of Sciences, Sofia, and a 
specimen has been deposited in the herbarium of the same Insti­
tute. Ground air-dried aerial roots, collected during flowering pe­
riod, were defatted with petroleum ether and then treated with 
methanol at room temperature till the full extraction of polyphenolic 
substances was achieved. The extract was lyophilyzed (yield 16%) 
and the obtained preparation (PC) was a dark red odourless pow-
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der, soluble in water. The extract was prepared and provided by 
Dr. S. Ivancheva from the Institute of Botany. A 10% stock solu­
tion was prepared in sterile distilled water. For the antiviral ex­
periments further dilutions were made in cell culture medium ex 
tempore. 

Rimantadine hydrochloride was from Hoffman-La Roche Inc., 
Nutley, NJ. 

Virus. Avian influenza virus A/chickcn/Germany/34/, strain 
Rostock (H7N1) (FPV/R), was grown in chick embryo fibroblasts 
(CEF). The virus was passaged in 11 day-old hen's fertile eggs 
and was used as allantoic fluid. In antiviral experiments the virus 
replication was followed in one cycle (5.5 hrs) or multiple cycles 
(16 hrs) of virus growth. 

Cells and mediu. Primary CEF cultures were prepared by stand­
ard procedures. Tris-buffercd Gcy's medium supplemented with 
5% calf serum and antibiotics served as growth medium. In anti­
viral experiments the medium was used without scrum. 

Cytotoxicity. The effect of PC on CEF growth was determined 
in 96-well microtiter plates by tetrazolium dye MTT-based 
spcctrophotometric method - MTT assay (Pauwcls el al.. 1988). 
The maximal tolerated concentration (MTC) of drug was defined 
as that causing no detectable drop of ccll growth, i.e. no drop of 
(Ami-Am) v i r u s  control. 

ELISA. The  expression o f  viral hacmagglutinin (HA),  
neuraminidase (NA) and nuclcoprotein (NP) on the surfacc of in­
fected cells was assayed by ELISA as described previously (Bclshe 
et al., 1988). Before assay of NP, cells were pcrmcabilized with 
I % Triton X-100. Monoclonal antibodies (MoAbs) to H7, NI and 
NP (Rostock) were kindly provided by Dr. A. Douglas from the 
World Centre of Influenza, Mill Hill, London, UK. The minimal 
inhibitory concentration (MIC) of drug was the lowest one caus­
ing at least 50% reduction in A4!0of cells inoculated with 1 0 - 1 0 0  
TCID5 0ofthe virus. Rimantadine hydrochloride ( 0 . 1 - 1  mg/ml) 
was used as a positive control in all antiviral experiments. 

Total viral protein synthesis. Single-cycle growth experiments 
were performed in 24-well plates to determine the effect of PC on 
total viral protein synthesis in cells infected with influenza virus 
FPV/R or FPV/R-r. The procedure was described by Haydcn et al. 
(1990). The cell monolayers were labelled with 10 pCi of " S -
methionine per well for 1 hr (4.5 - 5.5 hrs p.i.), lyzed and analyzed 
by SDS-PAGE. 

Viral HA, NA and NP synthesis in infected cells was determined 
by immunoprecipitation of ccll lysatcs with MoAbs followed by 
SDS-PAGE of the immune complexes. The procedure was de­
scribed by Sugruc and Hay (1991). 

Selection ofPC-resistant variants of FPV/R virus was done by 
standard procedures (Hay et al., 1985). 

Results  and Discussion 

Studies  o n  the  cytotoxicity o f  P C  revealed that  P C  in 

concentrat ions below 5 0  ug /ml  did not  reduce the  A 
540,690 

values o f  C E F  in M T T  assay a s  compared  to  controls,  i.e. 

did no t  reduce  their  growth,  a n d  the  M T C  was thus esti­

mated  a t  5 0  ug /ml .  

T h e  inhibitory ef fec t  o f  P C  o n  the  expression o f  viral 

H A ,  N A  a n d  N P  o n  the  sur face  o f  F P V / R  virus-infected 

C E F  was  observed by  E L I S A  (Fig. 1). In  s o m e  experiments  

low virus doses  were  used a n d  E L I S A  w a s  pe r fo rmed  a f te r  

mult iple cycles o f  viral reproduction.  In  one-cycle  growth  

experiments h igh  virus  doses  (10 7 TCID s o )  we re  used. 

% 
100 
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2 5  

0 2 10 20 ug/ml 50  

Fig. I 

Effect of P C  on expression of viral proteins on surface of CEF 
infected with influenza virus FPV/R 

Abscissa: PC concentration; ordinate: percentage of A450 o f  control 

• HA, X NA,  • NP. 

T h e  inhibitory ef fec t  o f  P C  depended  o n  t h e  concentra­

tion o f  the substance (Fig. 1) a n d  on  the  v i rus  inoculum 

(results no t  shown).  M o s t  sensitive t o  t he  act ion o f  P C  w a s  

the  expression o f  H A  ( M I C  2 ug/ml) .  

c o n t r o l  F P V / R  , ( 
a e d e b e d e  

FIR. 2 
Inhibition by P C  of synthesis of  "S-methionine-labelied proteins in 

C E F  infected with influenza virus FPV /R 
P - proteins of the polymerase complex; M - matrix protein; N S  - non­

structural protein; HA, N P  - standard abbreviations. Lanes: a,b - P C  

absent, c - 100 ug/ml PC, d - 5 0  ug/ml PC, e - 2 0  fig/ml PC. 
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The e f f e c t  o f  PC on virus-specif ic  protein synthesis w a s  
studied also b y  labelling o f  CEF with  3 5S-methionine and 
SDS-PAGE o f  cell lysates in one-cycle v irus  growth experi­
ments  (Fig. 2). T h e  inhibitory effect  o f  P C  w a s  dose-de-

pendent  (Fig. 3 )  a n d  w a s  m o r e  pronounced w h e n  P C  w a s  

applied a f te r  viral  infect ion (Fig. 4) .  T h e  presence o f  P C  in 

the  culture m e d i u m  during t h e  whole  infectious process  w a s  

necessary f o r  t h e  f u l l  expression o f  t he  antiviral effect .  I n  

h ighe r  concent ra t ions  P C  inhibi ted  t h e  infec t ious  v i rus  

a b c d e  f g h  

- P 

- M 

- NS 

growth also w h e n  applied be fo re  o r  s imultaneously w i th  

virus.  These  results showed that  t h e  inhibi t ion o f  virus-spe­

c i f i c  protein synthesis w a s  o f  l imited specificity.  

T h e  e f fec t  o f  P C  o n  the  synthesis  o f  H A ,  N A  a n d  N P  w a s  

determined b y  immunoprecipi ta t ion wi th  M o A b s  a n d  b y  

SDS-PAGE o f  t he  i m m u n e  complexes .  T h e  synthesis  o f  all 

three  proteins as  well  as  total  prote in  synthesis  (Fig. 5 )  w a s  

inhibited b y  doses  o f  P C  above 10 (ig/ml. T h e  H A  synthesis  

w a s  m o s t  sensitive t o  t he  inhibitory e f fec t  o f  P C .  

Af t e r  11 passages  in  C E F  in  t h e  presence  o f  inhibi tory 

concentrations o f  P C  and  b y  isolation o f  resistant  p laques  

i n  t h r e e  p l a q u e  inh ib i t ion  e x p e r i m e n t s  t w o  va r i an t s  o f  

F P V / R  less sensitive t o  P C  were  selected.  I t  w a s  observed  

that  t he  inhibition b y  P C  o f  t he  expression o f  H A  in  C E F  

wi th  FPV/R- r  variants w a s  lower i n  compar i son  w i t h  t h e  

parental  virus (Table 1). T h e  s a m e  w a s  observed  f o r  t he  ex­

press ion o f  N A  a n d  N P  (data no t  shown) .  To  a lesser  extent  

w a s  affected a lso  the  total  viral  prote in  synthesis  in  C E F  

infected wi th  resistant  variant  F P V / R - r  c o m p a r e d  t o  t h e  

parental  F P V / R  (Fig. 6) ,  a s  well  a s  t he  H A ,  N A  a n d  N P  

synthesis (results no t  shown).  

Fig. 3 

Dose-dependence of the inhibition of virus protein synthesis by PC 

Lanes: a - P C  absent, b,c,d,e,f,g,h - P C  100, 80, 40, 20, 10, 5, 2.5 ng/ml. 

For the rest of  legend see Fig. 2. 

Table 1. Inhibition by P C  of HA expression in C E F  

infected with FPV/R and FPV/R-r viruses 

P C  (ng/ml) 

H A  expression (A4S0) 

% o f  control 

FPV/R virus FPV/R-r virus 

1 I 
c b 

B C 
1 i 

c b 

10 

25 

38.4 100 

58.6 

One-cycle virus growth experiments. 

- M 

- N S  

Fig. 4 
Dependence of the inhibitory effect of PC on virus protein synthesis 

on time of addition 
A - PC added 1 h r  prior to infection; B - P C  added simultaneously with 

virus; C - P C  added 1 h r  after virus. Lanes: a - P C  absent, b - 5 0  ng/ml 

PC, c - 2 0  ng/ml PC.  For the rest of  legend see Fig. 2. 

T h e  principal  object ive o f  t he  s tudy w a s  t o  characterize 

the  anti- influenza activity o f  t h e  p lant  P C  isolated f r o m  the  

Bulgarian medicinal  p lan t  Geranium sanguineum L .  in  r e ­

spect  t o  virus infect ion a n d  specif ical ly  t h e  e f fec t  o f  P C  o n  

the synthesis o f  viral proteins. In  previous studies (Manolova 

et ai, 1988) it was  shown that the  inhibitory effect  was  strain-

dependent  a n d  indicated its selectivity. 

B y  the  u se  o f  various strains o f  h u m a n ,  avian a n d  equine  

inf luenza viruses  it  w a s  fu r ther  c o n f i r m e d  that  t he  inhibi­

tory  e f f ec t  was  s train-dependent  tha t  w a s  consis tent  w i th  its 

apparent  selectivity (selectivity index 10-250). T h e  decrease 

in t he  product ion o f  infect ious v i rus  w a s  shown  in  d rug-

susceptibility, virus yield and  plaque assays (data no t  shown). 

T h e  present studies concerning the  effect  o f  P C  on  the syn­

thesis o f  specif ic  viral proteins showed its limited specificity. 

These studies were interesting wi th  regard t o  the  pronounced 

therapeutic effect  o f  P C  found  in experimental influenza in-
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a b c d e 
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- H A  
_ N P  
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— N S  
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- H A O  

- H A 1  
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m 

Klu- 5 
Inhibition o f  viral IIA, NA and NP synthesis in virus-infcctcd CEF b y  PC 

immune complexes precipitated with specific MoAbs were analyzed by SDS-PAGE. 
A - total viral proteins; B HA; C - NA; D - NP. Lanes: a - PC absent, b, c, d, c - 50, 

25, 12.5, 6.25 ng/ml PC. HAO - unclcaved HA. For the rest of legend see Fig. 2. 

fection in mice (Manolova et al., 1986; 1987). PC adminis­

tered intranasally (1  - 3 mg/kg)  6 hrs before  infection reuccd 

the mortality rate (protection index 3 3  - 6 7 % )  and prolonged 

the survival t ime ( 1 - 3  days). When  P C  was administered by 

aerosol in a dose  o f  2 0  mg/ml  2 , 2 4 , 4 8  and 78  hrs af ter  virus 

infection the  protection index w a s  6 4 %  (Serkedjieva and  

Manolova, 1992). Administration o f  P C  in combination with 

r iman tad ine  hydroch lo r ide  ( 1 - 1 0  m g / k g )  p r o d u c e d  a 

synergistic therapeutic effect and the  protection index reached 

77.8% (Gcgova  et al., 1993). 

I t  has  been  shown also that  P C  exhibited a s t imulat ing 

ef fec t  o n  cell-type i m m u n e  response  a n d  induced low pro­

duction o f  interferon a f te r  intraperitoneal applicat ion ( M a ­

nolova  et al., 1989). 
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F P V / R  F P V / R - r  
I 1 i —  

a b c d c i b c d  

— P 
— HA 
~ NP 

_ M 

NS 

Fig. 6 
Inhibition of total v i r u s  protein synthesis in CEF infccted with 

FPV/R and FPV/R-r viruses  
Lanes: a - PC absent, b, c, d - 100, 50, 2 0  jag/ml PC. For the rest of 

legend see Fig. 2. 

The therapeutic e f f e c t  o f  P C  on the course o f  experi­
m e n t a l  in f luenza  infec t ion  in vivo m i g h t  b e  at tr ibuted t o  

t he  combina t ion  o f  express ion  o f  m o r e  t h a n  o n e  biologi­

cal  activities o f  t h e  p l a n t  p roduc t  — selective antiviral ac ­

t ion,  immunos t imula t ing  ef fec t ,  s o m e  impor tan t  non-spe­

c i f i c  b io log ica l  a n d  p h a r m a c o l o g i c a l  in teract ions ,  wel l  

k n o w n  f o r  p l a n t  p o l y p h e n o l s ,  s u c h  a s  p r o t e i n  b i n d i n g  

(Okuda  et al., 1992),  ant ioxidant  activity (Costantino  et 

al., 1992) etc .  
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