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On the basis of the above-mentioned virus growth, the 
extensive production of progeny virus took place after a 
10 h infection. Addition of the polymer 10 h postinocu- 
lation followed by incubation continuously for 18 h showed 
that a decrease in infectivity occurred substantially a t  
relatively high concentrations (Table 111). Therefore, 
TMV multiplication was directly inhibited during treat- 
ment in proportion to the different concentrations tested. 

The light microscopic observation showed that the 
morphology in treated protoplasts was similar to that in 
nontreated ones a t  the end of the experiment, regardless 
of the concentrations applied and timing of treatment. 

Poly(viny1pyridine N-oxide) has been demonstrated to 
counteract the pathogenic effects of mineral dust for an- 
imal cells, and it was suggested that the protective action 
may be attributed to stabilization of cell membrane (Gabor 
et al., 1975; Schulz and Beck, 1976; Hahon, 1976). From 
observation of the mode of action in animal cell systems, 
the polymer used in this experiment may have some effect 
on TMV incorporation by protoplasts, which is associated 
with endocytosis of plasma membrane (Takebe, 1977). 
The early process of infection including endocytotic uptake 
of virus particles would be affected by addition of the 
polymer to the medium 30 min postinoculation, resulting 
in the unsuccessful infection established in most of the 
protoplasts (Table 11). In addition to inhibition of virus 
infection in this early stage, the polymer blocked virus 
multiplication during the rapid growth stage (Table 111). 
Preliminary experiments showed that, in protoplasts 
treated with PVNO at  1000 pg/mL for 24 h, the uptake 
of [14C]uridine and [14C]leucine into RNA and protein was 
48% and 43% less than that in nontreated protoplasts. 
TMV multiplication, therefore, is possibly inhibited due 
to the disturbance of RNA and protein synthesis in host 
protoplasts by the polymer. 

In conclusion, it was demonstrated that PVNO reduced 
TMV multiplication in tobacco protoplasts without in- 
ducing visible phytotoxicity under a light microscope. 
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Insect Antifeeding Phenylacetylenes from Growing Buds of Artemisia capillaris 

Two phenylacetylenes, l-phenyl-2,4-pentadiyne and capillen, were isolated from the growing buds of 
Artemisia capillaris. These acetylenes revealed an antifeeding activity to the larva of the cabbage 
butterfly. 

Many phenylacetylenes (Figure l), capillon [3 (Harada, 
1956)], capillin [4 (Imai, 1956)], capillen [2 (Harada, 1957)], 
capillarin [5 (Harada et al., 196011, o-methoxycapillen [6 
(Miyazawa and Kameoka, 1975)], capillanol[7 (Miyazawa 
and Kameoka, 1975)], norcapillen [8 (Miyazawa and Ka- 
meoka, 1976)], and neocapillen [9 (Miyazawa and Ka- 
meoka, 1976)], have been isolated from the essential oil 
of Artemisia capillaris. However, the viscous substance 
of the growing buds of the plant in June has not been 
investigated. It is supposed that the substance is effective 
in protecting the plant from dryness, because it has many 
long lateral roots to suck up water and the fine thread 
leaves to prevent an evaporation of water. But in Japan, 
June is a rainy season and it is the time of most growing 
for the plant. From this point, it is deduced that the 
antifeeding compounds to the insect may be contained in 
this viscous substance. In this report, l-phenyl-2,4-pen- 
tadiyne (1) and capillen (2) given in Figure 1 were isolated 
as the main component from the growing buds. On phe- 
nylacetylenes, the strong antifungal activity of 4 was re- 

ported by Imai (1956), but very little has been known 
about the biological activity of the natural acetylenes. The 
activities of 1 and 2 to the insect were examined, and 
consequently two compounds revealed an antifeeding ac- 
tivity to the larva of cabbage butterfly. 

Isolation of Phenylacetylenes. The growing buds 634 
g of A. capillaris were collected in June on the bank of the 
Onga River in Fukuoka Prefecture. By the steam distil- 
lation and the extraction of the distillate with ether, the 
essential oil was obtained (1.48 g, 0.23% yield). The es- 
sential oil was chromatographed on a silica gel column 
(100-200 mesh, 55 g 1 = 55 cm, d = 1.8 cm). Hexane eluted 
terpene hydrocarbons (3% of the essential oil), hexane- 
ethyl acetate (4:l) eluted phenylacetylenes (83% ), and 
hexane-ethyl acetate (1:l) eluted polar components (14%). 
l-Phenyl-2,4-pentadiyne (1, 9% of the essential oil) was 
isolated from the first eluate of the phenylacetylene 
fraction: 'H NMR (CDCl,, Me4Si internal standard) 6 2.00 

Ph-CH,-C=C), 7.34 (5 H, s, Arm; MS (re1 intensity) m/z 
(1  H, t, J = 1 Hz, CGC-H), 3.69, (2 H, d, J = 1 Hz, 
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Figure 1. Phenylacetylenes: 1, l-phenyl-2,4-pentadiyne; 2, ca- 
pillen; 3, capillon; 4, capillin; 5, capillarin; 6, o-methoxycapillen; 
7, capillanol; 8, norcapillen; 9, neocapillen. 

Table I. Antifeeding Leaf Disk Testa 
l-phenyl-2,4-pentadiyne (1) capillen ( 2 )  

% of eaten weight larva of larva of 
butter- sample butter-  sample 

% of eaten weight 

fly diskb control fly diskC control 

Ad 
B 
C 
D 
E 
F 
G 
H 
I 
J 

3 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1 7  
19 
2 1  
34 
45 
29 
20 

9 
1 2  

6 

Kd 0 
L 0 
ILI 11 
N 0 
0 0 
P 0 

0 
0 

Q 
R 
S 0 
T 0 

49 
4 1  
58 
85 
35 
39 
55 
39 
55 
44 

a Temperature was kept at 23-24 "C. * Cabbage leaf disk 
Coated coated with l-phenyl-2,4-pentadiyne (1, 0.3 mg). 

with capillen ( 2 ,  0.3 mg). 
0.2062 (A-J) and 0.2021 g (K-T). 

139 [(M-l)+, 781, 140 [M', 1001, 141 [(M + l)', 141; UW-H 

Average weight of 10 larvae is 

(liquid film) 3300 cm-'; uM-H 3090,3070,3035 cm-'; v~ 
2295,2230 cm-'; v m  1600,1495 cm-'. The IR spectrum 
was identical with that of 1 reported by Bohlmann et al. 
(1962). Capillen (2,74% of the essential oil) was isolated 
from the second eluate of the same fraction: 'H NMR 6 
1.88 (3 H, t, J = 1 Hz, C=C-CH3) 3.66 (2 H, m, Ph- 
CH,-C+C), 7.35 (5 H, s, Arm; MS (re1 intensity) m/z 152 
[(M - 2)+, 431, 153 [(M - l)+, 1001, 154 [M+, 971, 155 [(M + l)', 141; vArC-H 3090, 3070, 3035 cm-'; vc* 2265, 2200, 

2150 cm-'; vhC4 1605, 1495 cm-'; 6hC-H 730, 697 cm-'. 
The IR spectrum was identical with that of 2 reported by 
Harada (1957). 

Biological Activity. The leaf disk method, which was 
reported by Hosozawa et al. (1974), was used as a feeding 
test to the insect. A leaf disk (d = 2 cm) of cabbage, 
Brassica oleracea var. capitata, was punched out with a 
cork borer. A leaf disk coated with a sample (0.3 mg), a 
control disk, and a larva in the 5th instar of butterfly, 
Pieris rapae crucivora, were placed in a same dish (7.5 cm 
X 1.5 cm), and the temperature was kept a t  23-24 "C. 
After 2 h, two leaf disks were removed and weighed. The 
test of the sample leaf disk coated with the crude essential 
oil revealed an antifeeding activity to the larva; it did not 
eat the sample disk but ate about 17% of the control. 
Then, 1 and 2 isolated from this essential oil were tested 
in the same manner. These results are listed in Table I. 
Only 1 larva (Table I, A) among the 10 larvae (A-J) ate 
a trace (3% weight) of a sample disk coated with 1, but 
the 9 larvae (B-J) never ate the sample disks. On the other 
hand, an average that the 10 larvae ate the 10 control disks 
was 21%. In the case of 2, the 9 larvae (K-L, N-T) among 
the 10 larvae (K-T) never ate the sample disks and only 
1 larva (M) ate a little (11%) of a sample disk. An average 
of the 10 control disks eaten by the 10 larvae was 50%. 
It is therefore concluded that l-phenyl-2,4-pentadiyne (1) 
and capillen (2) from the growing buds have an antifeeding 
activity to the larva of butterfly. 

Registry No. 1, 41268-41-1; 2, 520-74-1. 
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Lack of Effect of pH and Titratable Hydrogen Ion Concentration on the Corrosion 
Rate of Low-Carbon Steel in Apples 

A nail-apple model food system was used to study the effect of pH and titratable acidity on the rate 
of corrosion of iron into apples under largely aerobic conditions. Low-carbon steel nails were inserted 
into apples with varying pH (3.30-4.59) and titratable acidity (1.32-7.61 mequiv of H+/100 g) for 4 h 
at room temperature, and iron uptake was measured. No correlation was found between rate of corrosion 
and pH or titratable acidity. These results agree with a number of studies on heated, largely anaerobic 
canned food systems. 

Iron is an important nutrient that has been found to be 
deficient in the peoples of both developed and developing 
countries. Its deficiency in the diet causes a microcytic 
anemia that is common both in the United States (USH- 

EW, 1972) and worldwide (W.H.O., 1968). 
One important source of dietary iron is that leached 

from iron cookware during food preparation (Moore, 1965; 
Burroughs and Chan, 1972; Walker and Arvidsson, 1953). 
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