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Significant protection of mice infected with 
influenza virus has been demonstrated with 
2 -diethylaminoethyl 4 - methylpiperazine- 1 - 
carboxylate ( 1 ) . This report describes the 
effect of this compound on various types of 
influenza virus in tissue culture. In several 
experiments the compound was compared with 
1 -adamantanamine ( 2 ) . 

Materials and methods. The influenza 
viruses were grown in Rhesus monkey kidney 
monolayers in tubes containing Earle’s lactal- 
bumin hydrolysate. The SOY tissue culture 
infecting dose (TCID,,,) was determined by 
the hemadsorption test ( 3 ) .  The strains of 
influenza virus used and their TCIDr,o were 
as  follows: Type A, PR-8 ( 107.i/ml) ; type 
A l ,  Ann Arbor 1/57 (lO‘;.s/ml): type A2, 
Japan 305/57 (10*7.7/ml); type B, Lee 
( 1O4.:’/ml) ; type B, Great Lakes ( 105.2/ml). 

2 - Diethylaminoethyl 4 - methylpiperazine- 1 
carboxylate and 1 -adamantanamine hydro- 
chloride* were dissolved in Earle’s lactalbu- 
niin hydrolysate and added to the tissue cul- 
tures in 0.1 ml volumes. The tissue culture 
systems except where indicated contained a 
final volume of 2 ml (pH 7.2). 

The presence of virus or viral growth was 
determined by the hemagglutination titer and 
the infectivity titer. At the end of the incu- 
bation period, the tissue cultures were sub- 
jected to 2 cycles of freezing in the acetone- 

* T h e  compounds were synthesized by Dr. R. B. 
Angier, Dr. K. C. Murdock and Mr. W. V. Curran, 
Organic Chemical Research Section, Lederle Labora- 
tories. 

dry ice bath and thawing a t  room tempera- 
ture to release intracellular virus. The hem- 
agglutination titer of the supernatant fluid 
was then determined by the Salk procedure 
modified to use the Microtiter system(4) 
(Cooke Engineering Co., Alexandria, Va.) . 
The concentration of infective virus was de- 
termined by titration in mice. Male white 
mice (Taconic Farms) weighing 18 to 22  g 
each were infected, while under slight ether 
anesthesia, by the intranasal instillation of 
0.05 ml volumes of appropriate dilutions of 
the supernatant fluid of the frozen and 
thawed tissue cultures. 

Antiserum against influenza A PR-8 strain 
virus was obtained from mice 21 days after 
inlection with PR-8 virus. A 1:s dilution of 
the serum in lactalbumin hydrolysate was 
used as stock. 

The  effect of the compounds on the ad- 
sorption of the virus to the cells was ex- 
amined as follows: The virus inoculum was 
added to monkey kidney monolayers with and 
without the compounds and the hemagglu- 
tination titer of the supernatant fluid deter- 
mined a t  intervals thereafter. The test was 
carried out a t  5°C because a t  this tempera- 
ture adsorption of the virus to the cells 
occurs, but not the subsequent steps of the 
infection process ( 5 ) .  

The effect of the piperazinecarboxylate on 
adsorption of the virus to the cells was also 
studied by exposing the virus inoculum in 
tissue cultures at 37°C to the compound for 
various periods. At the end of each exposure 
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+ In relation to time of irroculzttion with virus. 
t Meaii value of results of duplicate tests. 

Multiplicity of infection. 

periold the tissue sheets were washed to re- 
move the compound and unadsorbed virus; 
fresh medium was added and the cultures 
were reincubated. The amount of viral growth 
in the cultures treated with the compound, 
compared to that in the control cultures indi- 
cated whether or not the compound had in- 
activated the virus or had interfered with the 
adsorption of the virus to the cells. 

The action of the compound on penetration 
of thle cells by the virus was studied with the 
aid of specific antiserum. The virus inoculum 
in tissue cultures was exposed to the com- 
pounld for various periods of time. Fifteen 
minutes prior to the end of each exposure 
period specific antiserum was added to the 
cultures and to control cultures without com- 
pounid to neutralize the virus that had not 
become intracellular. At the end of each ex- 
posure period the tissue sheets were washed 
to remove the compound, antiserum and un- 
adsorbed virus; fresh medium was added and 
the cultures were incubated. The amount of 
viral growth in the cultures treated with the 

antiserum atid the compound, compared to 
that in the cultures treated with the antise- 
rum alone, indicated whether or not the com- 
pound had interfered with the penetration of 
the cells by the virus. 

The effect of compound on viral neuramini- 
dase was determined by the use of sialolactose 
(General Biochemicals, Inc., Chagrin Falls, 
Ohio) as substrate. The supernatant fluid of 
PR-8 virus infected monkey kidney cells 
which had been ruptured by freezing and 
thawing served as source of enzyme. Sialic 
acid released by enzyme action was deter- 
mined by the Aminoff procedure( 6) .  

Results. Graded concentrations of 2-di- 
ethylaminoethyl 4-methylpiperazine- 1 -carbox- 
ylate produced a dose related inhibition of 
PR-8 virus growth as shown by the hemag- 
glutination titers (Fig. 1) and the infec- 
tivity titers (Fig. 2 )  of the cultures. 

Best antiviral effect was obtained when the 
piperazinecarboxylate was added a t  the time 
of the virus inoculum. When the multiplicity 
of infection was high (40) ,  the compound 
added to the cultures 3 hours after the in- 
oculum had no appreciable inhibitory effect. 
When the multiplicity of infection was lower 
(4),  the compound inhibited growth even 
when added as late as 6 hours after inoculum 
(Table I).  

The piperazinecarboxylate was compared 
with 1 -adamantanamine against various in- 
fluenza viruses (Table 11). It can be seen 
that the compounds had similar activities ex- 
cept that the piperazinecarboxylate inhibited 
the Great Lakes strain of influenza B, while 
1 -adamantanamine was ineffective against 
this strain. Both compounds were inactive 

'FABLE 11. Miriimuni Conccntration of 2-Diethyl:iirrjnorthyl 4-Metliylpiperazine-l-ca~~oxylate 
or l-Adamantanaminr Required to Tnhibit Growth of Various Influenza Viruses i n  Rhesus 

hl o nke y Ki they Tissue Cult ur c . 
7- Minimum irihibi tory lconCentr:ition," (pg/ml) -, 

Influenza A Japan Michigan Influenza B Influenza B 
Influenza A2 Influenza A1  

Compound PR-8 305/57 Ann Arbor Great 1,akrs Lee 

Piperazine- 25 3.1 12.5 12.5 i 

l-Adttrnaritariaminr 25 3 . 1  3.1 i i 
carhoxyla t e 

" Smallest concentration of drug w l i i d i  yroclnced significant iiihi1)itioii of viral growth c-le- 

1 = intictive : i t  5Opg/nil. 
itermined by the licrnagglutjnntion titer :i t  96 hr. . .  
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DAY AFTER I N F E C T I O N  ON WHICH TISSUE NLTURE WAS @ HARVESTED FOR THE DETERMINATION OF INFECTIVE TITER 

8-tliethvl;liiiiiioetli~l 4-methylpipcrazine-l-car- 
boxylate and esposure ctiiiic on iiifluenza A (PR-8)  virus i i i  Rhesus niorikey kidney tissue eul- 
tu r r .  Tlic pipernziiicc:irl~os~lirtc w;is ntlttctl 13 iiiin pi’ior to  the iiifectioii with 0.1 in1 of a 
10” clilution of stock PR-8  virus. C‘ultures \vclre iiicul.~tcvl a t  37°C: for  24, 36, 48, 72 a n d  90 
hours a t  which tiiric tlici r hr~ii1:igglutixin tioii titer was tlt~teriuiiied. 

1’1 G. 2. Effec t  of ~ - c ~ i c ~ t l i ? - l : i i i i i i i o c ~ t I i ~ l  4 - i i i ~ ~ t l i ~ l ~ ~ i ~ ~ ~ ~ r i r z i i i r - l - c a r ~ o x ~ l : ~ t c  on  influcnza A 
(PR-8) virus in Rliesus iiio1ikc.y kitliiry tissue culture. Series of tissue culture tubes contaiii- 
jng 25 pg/iiil, o r  12.5 pg/iiil of the piperazinecarboxylate, or no drug  were inoculated with 0.1 
rnl of a dilution of stock PR-8  virus aiicl jricubated a t  37°C. Each clap thereaf ter  2 tubes 
f r o m  each group were cornbind.  The combiiied tissue culture samples were frozen anld thawed 
twice t o  relensc intr:wcllnlnr virns and tJic in fwt iv i ty  of each prepaxation was t i t ra ted  in 
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against the Lee strain of influenza B. In 
these experiments no toxic effects were ob- 
served on the Rhesus monkey kidney cells 
with concentrations of the piperazinecarbox- 
lyate up to 80 pgj’ml and with l-adamantana- 
mine to 1601 pgjml. 

In  studies of the mode of action, the effect 
of the piperazinecarboxylate on the adsorp- 
tion of the virus to the cells was examined. 
Results (Fig. 3) show that the piperazine- 
carboxylate like 1-adamantanamine, did not 
affect the rate of adsorption. 

Since influenza virus neuraminidase may be 
involved in the infection process( 7 ) ,  the effect 
of thle piperazinecarboxylate on this enzyme 
was examined. The compound at  500 E,tg/ml 
did not affect neuraminidase activity. 

In  an experiment designed to determine 
the effect of the piperazinecarboxylate on the 
penetration of the cells by the virus, specific 
antiserum was used to neutralize extracellular 
virus. When the piperazinecarboxylate was 
added to the cultures a t  the time of inoculum 
and removed at  intervals up to 6 hours later, 
it had no effect on subsequent viral growth 
(Fig. 4, curve B).  This curve shows that 
the piperazinecarboxylate did not inactivate 
the virus on contact, and did not interfere 
with the adsorption of the virus to the cells. 
When specific antiserum was added at  the 
time of inoculum, or 1 5  minutes thereafter, 
it inhibited growth. When it was added 45 
minutes after the inoculum, or later, it did 
not inhibit growth (Fig. 4, curve C).  In con- 

trast, in the presence of the piperazinecarb- 
oxylate antiserum added as late as 5% hours 
after the inoculum still inhibited growth (Fig. 
4, curve D) .  Thus, in the presence of the 
compound thc virus remained susceptible to 
the neutralizing effect of antiserum. The pip- 
erazinecarboxylate did not inhibit adsorption. 
I t  must, therefore, be concluded that it 
blocked the penetration process. 

Discussion. The piperazinecarboxylate in- 
hibited influenza A viruses both in tissue 
cultures and in mice ( 1) .  The compound was 
also effective against the Great Lakes strain 
of influenza B in tissue cultures, (Table II), 
but it did not protect mice infected with this 
virus( 1) .  The reason for this apparent dis- 
crepancy is not known. 

The compound was most effective when 
added a t  the time of infection. However, a t  
a low multiplicity of infection the compound 
was effective even when added after the virus 
inoculum (Table I) .  In this case the cells 
are not all infected at the same time and 
the piperazinecarboxylate probably prevented 
further spread of the virus to the uninfected 
cells. 

The piperazinecarboxylate has a mode of 
action similar to that reported for l-adaman- 
tanamine( 2 ) .  Both compounds appear to 
block the penetration of the cells by the virus. 
The compounds differ greatly in chemical 
structure, but both are basic amines. Am- 
monium ions and amines have been reported 
to inhibit viruses in tissue culture( 8,9,10). 

mice (10 mice per dilution). In this test each mouse surviving the elitire 14-day test period 
was assigned a survival t ime of 1 4  days. The infective titer is  the reciprocal of the dilution 
producing an average survival time of 8 d a p .  

FIG.  3 .  Effect of 2-diethylaminoethyl 4-rnethvlpiyerazine-l-caPloox-ylate and 1-adamantaaia- 
mine on the rate of adsorptiori of influenza, A (PR-8) virus t o  nionkey kidney tissue culture. 
‘Po drained Rhesus monkey kidney tissue cultures were added 0.9 nil of PR-8 stock virus sux- 
pension and 0.1 ml of a solution of either the piperaziiie carboxplate (1 mg/ml), or l-adaman- 
tanamine (1 nig/nil), or Earle’s lactalbumin hgdrolysate. The tubes were rotated in a roller 
drum ( 3  rev/min) at 5°C. Hemagglutination titers of the supernatant fluid were determined 
a t  iiitewals indicated. Curve A : No drug ; curve €3 : l-ndamantaria~iine ; curve C: : pipcrazinc- 
c arboxylate. 

FIG.  4. Eff cct of exposure of the viral inoculiirn to 2-cliethylarriinoet~iyl 4-methyli~ipcr,2zine- 
ll-carboxylate and specific a i i  tiscrurn 0 1 1  the subsequent growth of influenza A (PR-8) virus on 
lZlirsus monkey kidney tissue cultures. The cwltures were inoculated wit11 0.1 ml of a lo3  
dilution of stock PR-8 virus. The Fiperuziiiccnrhoxylnte (final concentration of 50 pg/ml) 
was added 15 minutes before the virus. Antiserum was added 15 minutes before the end of 
1,he indicated exposure period. T h e  final volume of thc tissue-eultme containing tubes was 2 
ml (pH 7.2). At, the end of each exposure period the tissue sheets were washed twice to re- 
move the piperazi nec arlm um, f r t d i  nitvlimn was added and incubation 
contii~ued. The Cultiiws wt‘r for  48 hours at whieli time 2iernagglutiii:i t,ioii 
liters were determined. Curve 9 : control; curve B : piperazinecarboxyl:te; curve C:  anti- 
:rerum ; and curve, D : piperazinecarboxylate and aiitiscruni. 
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Recently data were reported suggesting that 
these substances inhibit virus growth by 
blocking penetration of the cells by the virus 
( 11).  In contrast to the ammonium ions and 
other amines, which are active only against 
viruses in tissue culture, the piperazinecarb- 
oxylate and l-adamantanamine are active 
against influenza A viruses in mice. This ac- 
tivity may be related to their ability to reach 
the site of infection in the body. 

The  antiviral action of both the piperazine- 
carboxylate or 1 -adaman tanamine can be re- 
versed, a t  least during the early stages of 
infection, by simply washing the cells free of 
the compounds. This result suggests that the 
interaction between the compound and the 
virus and the cells is probably ionic in nature. 

Summary. Graded concentrations of 2-di- 
ethylaminoe thy1 4-methylpiperazine- 1 -carbox- 
ylate produced graded inhibition of influenza 
virus growth in Rhesus monkey kidney cul- 
tures as measured by hemagglutination and 
infectivity titration. The  piperazinecarboxyl- 
ate was effective against strains of influenza 
A, A l ,  A2, and the Great Lakes strain of 
influenza B, but it was not effective against 
the Lee strain in influenza B. The compound 
was most effective when added to the culture 
at the time of virus inoculuni. LYhen the mul- 
tiplicity of infection was relatively low, the 

piperazinecarboxylate inhibited viral growth 
even when added after infection. The com- 
pound did not inactivate the virus on contact 
and it did not interfere with the adsorption 
of the virus to the cells. It appears to act 
by  interfering with the penetration of the 
host cells by  the virus. The  compound has a 
mode of action and an antiviral spectrum sim- 
ilar to that reported for l-adamantanamine. 
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Studies of Murine Leukemia Viruses I. Detection of Moloney and 
Rauscher Leukemia Viruses by Indirect Immunofluorescence.# (50701) 

KIYOZO YOSHIDA, KIRBY L. SMITH AND DONALD PINKEL 
Laboratory oi Virology, St. JzidP Childtert's Research Hospital  and University of Tennessee, 

M P n? p his 

The  investigation of murine leukemia 
viruses has been hampered by dependence on 
time-consuming, cumbersome mouse inocula- 
tion methods for their detection and assay. 
Although the imniunofluorescence method has 
been applied to detection of Friend leukemia 
virus (FLY) and Rauscher leukemia virus 

* This inve5tigation wa5 .-.upported b y  USPHS 
w5CarCh grant.s ('.A 07054 and 1 T1 C.4 5176 from 
Nat .  Cancer Inst. and by American Lebanese Syrian 
Associated Charities (ALSAC) . 
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( RLV), results have been inconsistent. Some 
investigators have reported nuclear and cyto- 
plasmic fluorescence in Friend leukemic cells 
( 1) while others have described fluorescence 
confined to the cytoplasm in these cells and 
in FLV-infected mouse embryo cells(2,3). 
Both nuclear and cytoplasmic fluo'rescence 
have been observed in a wide variety of cells 
from KLV-infected animals but nuclear fluo- 
rescence only in megakaryocytes (4), where 
high concentrations of virus particles are 


