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ANTIVIRAL ACTIVITY OF
BREFELDIN A AND
VERRUGARIN A

Sir:
In a primary screening using paper-disc

 agar-diffusion plaque-inhibition method by
 Herrman's1}, we selected two fungi, FL-24

 and No. 38, from soil samples, which pro
duced antiviral antibiotics effective against
 Newcastle disease virus strain Miyadera
 (NDV). The fungi were aerobically cultured
 in a medium containing glucose, peptone

 and yeast extract as the main nutrients.The active principles were extracted from
 both mycelia and culture filtrates and iso
lated in crystalline form by silica gel column

 chromatography. Infrared and ultraviolet

 absorption spectra, melting point and mole

cular weight determined by mass spectro
scopy of the antibiotic produced by FL-24

 were virtually identical with those of
 brefeldin A2). The antibiotic produced by
 No. 38 was found to be verrucarin A3)
 from infrared, ultraviolet and mass spectra
 comparisons.Brefeldin A and verrucarin A are anti
biotics with antifungal and cytotoxic activity
 in vitro as well as antitumor activity in

 vivo against some experimental tumors but
 the antiviral activity of these antibiotics

 was previously unknown.Table 1. Antiviral activity of brefeldin A in
plaque-inhibition agar-diffusion method.

C o n c e n tra t io n
A n tiv ir a l a ct iv ity

( m cg /m l) C T Z P IZ

2 , 0 0 0 1 7 7 0

4 0 0 1 2 6 1

10 0 5 8

2 5 4 6

6 4 0

1 . 5 2 4

0 . 4 1 5

CTZ : Cytotoxic zone in diameter (mm)
PIZ : Plaque inhibited zone (mm)
The cell monolayer used was primary chick
 embryo fibroblast which were infected with
 Newcastle disease virus strain Miyadera after
 confluence. The paper-disc used was the
 product of Toyo Kagaku Co., Ltd., and was
 8mm in diameter. Antiviral activity is
 expressed as diameter of plaque-free protected
 zones with viable cells together with inner
 cytotoxic zone.

Table 2. Antiviral activity of verrucarin A
 in plaque-inhibition agar-diffusion method.

Concentration A ntiviral activity

(m cg/m l) CT Z PIZ

2, 000
500
125
31
8

49
42
38
32
28

7065

57
48
40

CTZ : Cytotoxic zone in mm diameter
PIZ : Plaque inhibited zone in mm diameter
The method was the same as in Table 1.

In this communication, the antiviral

 activity of brefeldin A and verrucarin A in
 both the agar-diffusion plaque-inhibition

 and tube culture methods is described.The antiviral activity of these antibiotics
 is remarkable in vitro, especially with the

 agar-diffusion plaque-inhibition method.
It is characteristic of brefeldin A that it
 forms large plaque-free protected zones

 without cytotoxicity (Table 1). In this assay
 system brefeldin A is effective against herpes

 simplex virus strain HF (HSV) as well as
 NDV so that both DNA and RNA viruses

 are included in its antiviral spectrum. The

 paper-disc used absorbed only 0.05ml of

 solvent per disc so 0.1mg of brefeldin A

 gave a 70mm diameter zone free from

 plaque formation by NDV. The effective
 dose, therefore, is low compared with tenu

azonic acid4) and trichothecin5).

In contrast to brefeldin A, verrucarin A
 is a powerful cytotoxic antibiotic to primary

 chick embryo fibroblast monolayer (Table 2).
At a concentration of 2 mg/ml, it formed a

 plaque-inhibited zone of 75 mm diameter

 and a cytotoxic zone of 50mm diameter

 within the plaque-inhibited zone. We con
firmed in another experiment that the

 minimum inhibitory dose is 0.01 mcg/ml.As far as antiviral activity is concerned,

 verrucarin A is the most active agent yet
 known. It is also effective against HSV in
 this assay system.
Initial experiments to determine the sus

ceptibility of HeLa cells to the toxic effect

 of brefeldin A and verrucarin A were

 carried out in triplicate tubes. After 24

 and 48 hours' exposure to the antibiotics,

 cell monolayer were vitally stained with

 neutral red, graded for degradation and the
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T able 3. Inhibition of cytopathic effect by brefeldin A and verrucarin A
in tube culture.

Cytopathic effect of H eLa cells

V accinia virus N D V

48 hrs. 72 hrs. 96 hrs. 48 hrs. 72 hrs. 96 hrs.

Brefeldin A / 0.0150 m cg/m 1l o.0075 // + + + + + +f -H- -H一 蝣Hf -Hf -ttf

V errucarin A 0.00250.0013 h+ + +

Control + + + -H- 4f -H- -tff # # + + + 4f -H- 4f 4H- -Hf -ftf

CPE was graded as follows : - no CPE, + 1-25% CPE, -ff26-50% CPE, -[ff51-75% CPE,
 å Wf 76-100 % CPE. Inhibition of CPE were read by direct microscopic observation. Triplicate
 tubes were used in each concentration.

LD50 was calculated.
The LD50 of brefeldin A for HeLa cells

 was approximately 0.03 mcg/ml and that of

 verrucarin A was 0.005mcg/ml. Experi

ments were performed to determine effective

 concentrations in serial dilution tests starting

 with one half the LD50. Cytopathic effect
 (CPE) of the cell layer caused by virus
 infection was determined once a day through
 direct microscopic observation.As shown in Table 3, brefeldin A com

pletely inhibited CPE of NDV at a con

centration of 0.015 mcg/ml. However, the

 effect was not so impressive as expected
 from the results in the agar-diffusion

 plaque-inhibition method, because CPE of
 HeLa cells was observed at a concentration

 of 0.0075mcg/ml or below so that the

 chemotherapeutic index of brefeldin A is

 approximately one. Although the antibiotic
 inhibits plaque formation by HSV in the

 agar-diffusion assay system, it was almost
 ineffective against vaccinia virus strain DII
 in tube culture.

Verrucarin A is able to inhibit CPE caused
 by infection of both NDV and vaccinia

 virus strain DII at concentrations between
 0.0025 and 0.0013 mcg/ml ; the chemothera

peutic index is two in this assay system.As the effective concentration is surprisingly
 low, verrucarin A may exhibit a different

 mode of action on mammalian cells.
It is the common characteristics of these

 two antibiotics that they form large plaque
free protected zones on primary chick

 embryo fibroblast monolayer and inhibit
 CPE of HeLa cells infected with either
 NDV orvaccinia virus at low concentrations.

Acknowledgement
The authors wish to express their thanks to>
 Mr. K. Aizawa for measurements of IR and UV
 spectra, and to Mr. I. Shida for mass spectra.
They are also indebted to the members of the:
 Analytical Laboratory of this Department for
 micro analyses. This research has been financed
 in part by a grant made by the United States
 Department of Agriculture, Agriculture Research.Service.

Gakuzo Tamura
Kunio Ando
Seikichi Suzuki*
Akira Takatsuki
Kei Arima
Laboratory of Microbiology,
Department of Agricultural Chemistry,,
 the University of Tokyo
 ^Research Laboratory,
 Chugai Pharmaceutical Co., Ltd.
(Received December ll, 1967)
References
1) Herrmann, E.C, Jr. ; J. Cabliks, C.Engle
& P.L. Perlman : Agar diffusion method
 for detection and bioassay of antiviral anti
biotics. Pro. Soc. Expt. Biol. Med. 103;
 625-628, 1960
 2) Harri, E.; W. Loeffler, H.P. Sigg, H..
Stahelin & Ch. Tamm : Uber die Isolierung'
 neuer Stoffwechselprodukte aus Penicillium
 brefeldianum Dodge. Helv. Chim. Acta 46 :
 1235-1243, 1963
 Sigg, H.P. : Die Konstitution von Brefeldin.A. Helv. Chim. Acta 47 : 1401-1415, 1964
 3) Harri, E.; W. Loeffler, H.P. Sigg,# H.
Stahelin, Ch. Stoll & Ch. Tamm: Uber
 die Verrucarine und Roridine, eine Gruppe:
 von cytostatisch hochwirksamen Antibiotica
 aus Myrolhecium-Arten. Helv. Chim. Acta.45 : 839-853, 1962
Der oxydative Abbau von Verrucarin A,
 ein weiterer Strukturbeweis. Helv. Chim..
Acta 48 : 840-857, 1965
4) Miller, F.A. ; W.A. Rightsel, B.J. Sloan,
 J. Ehrlich, J.C. French <& Q.R. Bartz:
 Antiviral activity of tenuazonic acid. Nature^
 200 : 1338-1339, 1963
 5) Arima, K.; A. Takatsuki, S. Suzuki, K.
Ando & G. Tamura : Antiviral activity of
 trichothecin. J. Antibiotics 21 : 158-159,,
 1968


