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uiKi;N, s JouitN, \L 2,215-219 (1959)
Letter to the Editors

A Study on the inhibitory Activity of 5,6-Dichlor0-I-13-D-ribo+uranosyl
Benzimidozole (DRB) and Proflavine on the One Step Growth Cycle of
the Mousepox Virus (ECtromelia Virus) in L Cells.

There has been no blochcmical analysis or nucleic acids in mousepox virus
(ectroinelia). However, a DNA positive inclusion designated a " B " type inclusion
\\. as found besides the so-called Marchal body ("A" type inclusion)Ii. The Feul-
gen POSitivc " B " type inclusion was found common to all pox virus infections
examined2> . The " B " type inclusioit is not only FCulgen positive but also a site
of virus antigenicity as proved by the fluorescein ISOthiocyanate coupled antibody
technique. ;1.4' This may suggcst that ectromelia virus is a DNA containing vii. us
like othei. pox group viruses.

Benzimidazolc derivative is known to inhibit RNA synthesisl;I' and to in-
hibit the multiplication of innucnza :I' vaccinia I;) and poliomyelitis \, irus7) . It is
repoi'led that proHavine may Drcvcnt virus components from assembling dullnL!
vii'us synthesis. *;. !I. 10)

Fig. I Effect of dose of DRB on the growth of Earle's L cells
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Fig. 2 Effect of dose of Proflovine on Ihe growth of Earle's Lcells
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This letter describes an analysis and comparison of the inhibitory activity of
these two compounds on the " one step growth cycle " of L cells and ectromelia
virus. This system has been extensively studied in our laboratory. J 11 12) To
analyze the action, the infectivity (piaque counting method)19 , complement fix-
ing antigen, and inclusion cell percentage as well as the in orphological, histo-
chemical and histo-jinmunological characteristics of the inclusions were examined.
The hen"jinida"o1e de"ivative, 5, 6 - Dichlo"0 - I - B - D - "Ibofu"an OSyl (DRB) *^as
kindly provided by Dr. Karl Folkers of Merck and Company, Inc. through the
courtesy of Dr. Yasuyuki Takagi of Osaka University. Profiavine was kindly given
by Dr. windsor Cutting (Stanford University). The relation between the dose or
these compounds and the effect upon cell growth and morphology was shown in
Fig. I and 2. About 2.5 x 105 cells were cultured in a series of test tubes. The
culture medium consisted of 5 per cent ox serum and 95 per cent YLH (Hanks'
balanced salt solution containing 0.1 per cent yeast extract and a 0.5 per cent
Iactalbumin hydrolysate). To obtain a one step orowth curve, a virus infected
mouse live" emulsion having 10s FFU/inI (piaque forming unit) which might
infect cells at high inultplicity was used. A half millilitre of viral material \\, as
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inoculated into the test tubes after two days culture.
The cells were then incubated at 37'C for. two hours to allow adso^ lion.

They \\, ere then \\, ashed three times with Hanks' solution to remove I. esidual

viruses. Samples were taken 16 hours after virus inoculation for. assay. 16 houi's
was chosen because it \\, as about the time \\hen the "B" type inclusion cell er-
centage usually reached a maximum of more than 90 per cent.

To analyze the mechanism of the inhibition, the compound was added at
various periods. In case I, the compound \\, as added 24 hours before virus inocula-
lion and the cells \\, ere exposed to the compound throughout the experiment. In
case 11, the cells \\, ei. e exposed to the compound only before \, irus inoculation to
see if an influence of the compound on the condition of the host cells affected
virus multiplication. In case 111, cells were exposed to the compound only during
virus adsorption. Case 111 probably shows the direct action or the coin ound on
the virus particles and on their adsorptioil and invasion. 111 case IV, the cells
were exposed to the compound from 4 to 16 hours after virus inoculation to see
the effect or the compound only during the time \\, hen the viral components were
being synthesized in the cell. In case V, cells were exposed to the compound from
6 hours artu. virus inoculation. Results wei. e show. IT in Table I and 11.

Table I

Comparison of inclusion cell percento ge, infectivity Grid complement fixing

Dose

1191ml

antigen in the experiments wiih DRB

Inclusion

Percenl
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There is an Interesting contrast bet\\, eell the t\\'o compounds.
Evidently both inhibit virus multiplication. Pretreatment of the host cell \\. ith

DRB suppressed all components of the multiplication of the virus ; that is coin-
PIement fixing antigen, inclusion body formation and PIaque forming unit, as
shown in the case 11 in Table I. However, there was little effect when the coin-
pound was added after vii. us inoculation. The increased turnover of RNA at the

beginning of virus synthesis has beeiT reported in bacteriophage and E. coli, and
in vaccinia virus and cultured HeLa cells. 13 IJ) Our results suggest that DRB
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Table 2

Comparison of inclusion cell percentage, infectivify Grid complement fixing
antigen in the experiments with ProRCvine

Dose

1191ml

o

Case

^ ---,

- -^-- - ---
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Inclusion

Percent n/ri, I
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^------ --

IN 65

11

Piaque forming unit*pFU

**CFA Complement fixing antigen liter

probably caused some disturbance of RNA metabolism in the host cells prior to
the synthesis of virus DNA. The behaviour of proHavine was rathei. diffei. ent from
that of DRB. Although it strongly suppressed infectivity of the virus, the inclusion
percentage was still high and the complement fixing titer was as high as that of the
control, as shown in Table 2. In proftavine treated cells, the "A" type inclusion did
not appear. by 16 hours and "B" type inclusions were smaller than in the con-
trol especially when more than 2.5 71ml of compound was added. However, the
histochemical and histo-jinmunological characteristics of the " B " type inclusions
\\, ere the same as those of the control. Thus all proHavine treated "B" type
inclusions gave a Feulgen positive reaction and positive fluorescein antibody reac-
tion at the site of the inclusion. The results seem to support the idea of De MarsS>

that proftavine may interfere either with a hypothetical " assembly mechanism "
or. with the synthesis of some as yet unrecognized virus constituent. Inclusion
provided very useful tools for virus assay in this sol't of experiment.

Details and descussion \\. ill be published in Biken's Journal.

FFU*/in I

- I

Infectiviiy

I. 5 x I o5

Note

80

0868

90

n/n.

1000

0016

0395

n,

n

0879

1.5xlO,

70

Control value

individual value

0989

CFA**

I . O X I 03

O . 280

0714

I 2.0xioL

, 1.5XIO:;

O . 000

64

0769

O . I 00

0006

64

?. O X I 03

I 4.0XIO"

64

O. 133

64

1000

64

O . 013

32

64

O . 026

64

64

64



I) Kato, S. (1955). Studies o1T the inclusion bodies of cctroinclia virus propagatud in
the ascites tumor cells. Pi, '"$. 5, I 11-118. (in Japanese, with English Sum-
mary )

2) Kato, S. , and Cutting, \V. (1959). A study of the inclusion bodies of rabbit myxoma
aitd Nitonta viriis a consider atjolt of the relationship between all pox virus in-
clusion bodies. Sinn/or(! Alertic, 11 Bulletin. 7,34-+5

3) Takahashi, A, I. , Kameyama, S. , Kato, S. and Kamahora, I. (1959) The irumunolo-
gical relationship o1 the poxvirtis group. Biken's 1011rntt!. 2,27-29

I) Kato, S. , Ik"ga, ni, N. , Nii, S. , Takaha, hi, M. , and Kam. ya, na, S. (1960). A study
of 111e riiechanism of the milltiplication of ectromelia virus I, ropagatcd in I. cell
CLIltiire. Biken's .Tourital. will be PIiblished

5) Tamm, I. , Folkers, K. , and SIIunk, C. H. (1956). Certain I, cnzimidazoles, henzcns,
ancl ribofuranosylpurines as inhibitors of innucnza B virus multiplication. I.
Bttc!elf0!. 72.59-64

6) Tamm, I. . Overman, .I. R. (1957). Relationship between structure of lienzidazole
derivatives and inhibitory activity on vaccinia \irus multiplication. Plyolog}. 3,

185-196

7) Tarom, I. , ancl Ncmes, M. A1. (1957). Glycosides o1 chlorol, enzimidazoles as in-
hil, it ors o1 I, o1iovirus multiplication. PI, 'DIORy. I, 483-+98

8) DC Mars, R. I. (1955). The PIOduction of phage-related materials when bacterio-
phage de\'clopment is interIuj, ted by pronavinc. Virology. I, 83-99

9 ) Ledinko. A'. ( 1958 ) . Productioii of I\oniniectious complement-fixing poliovirus par-
ticlcs in HeIa cells treated with proHavine. Vim!o4),. 6,512-524

10) Franklin, R. M. (1958). The synthesis of fowlplaguc virus prodiicts in a I, rollavine-
inhil)it"d tissue CLIlture system. Plyo!og)^. 6, 525-539

11) Furusawa, E. , Kameyama, S. , Kiln, S. , Iwa, K. , Okctani, I. , and Miyaga\va, T.
(1958). Multiplication of ectromclia virus in culttir" of sirain L cells. Plyi, $. 8,
499-503. (in Japanese, with English summary)

12) Nil, S. (1959). Piaquelormation and sonie cytopathogcnic characteristics of ectro-
me11n virus (Hampstead strain) and vaccinia (IHD strain) monolayers.
Biken'$ journal. 2(3), 195-206

13) Volkin, E. (1959). Ribonucleic acid turnover in phage infection. BlochemiJtrj. of
(Proceeding of the Fourth Intel national Congress of Biochemistry,

Vienna) pp. 212-224
14) .10klik, W. K. (1959). Some aspects of the effect of infection of HeIa cells with

vaccinia virus on the metabolism of RNA. Biochemi, t, y of "iruse, . (Proceed-
ing of the Fourth International Congress of Biochemistry, Vienna) pp. 233-236.

15) ,\111rey, V. G. , Mirsky, A. E. , and OSawa, S. (1957). Protein synthesis in isolated
cell nuclei. I. Gen. Phi, 5i0!. 40,451-490.

NOBUKO IXEGAMl

SHIR0 1< ATo

IUNTARO KAMAHORA

REFERENCES

219

all'"Jet

Dep"rt, Ilent o1 Pathology
ReJearch JR$tit"te for Microbia! Dire"$83,
O$aka UniuerJin, , Osaka, Japan.
Receiuet! on September 30, 1959.

on




