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Piericidin A and D have been isolated as

insecticides from Streptomyces mobaraensis and

their chemical structures were elucidated by

Tamura, Takahashi et al. I - 4)

These compounds are powerful inhibitors of

mitochondrial electron transport in beef heart

mitochondria (Hall 1966,') Miji 1968'» and in

american cockroach muscle mitochondria (Mitsui

1969)7>, and especially they strongly inhibit

NADH oxidation system as sensitively as

rotenone. It is considered that their insecticidal

activities might be based upon their power

ful inhibitory effects on respiration.

The insecticidal activities of Piericidin A and

B to aphids and mites are, as reported previous

ly!), as excellent as rotenone and the other

miticides.

The aim of this investigation is not only to

discover Piericidin A-related compounds that

would surpass the parent compound with regard

to biological activity and other qualities required

of a good insecticide, but also to know the rela

tionship between the insecticidal activity and the

inhibitory activity of respiration.

Materlals and Methods

The test insects and mites were house fly

female adults, Musca domesiica vicina Macq., 3

to 5 days old, german cockroach male adults,

Blattella germanica L., green peach aphids, Myzus

persicae Sulzer, and carmine mites, Teiranychus

telarius.

The larvae of house flies were reared in a

50: 50 mixture of wheat bran and yeast (diet for

experimental animals prepared by Oriental Yeast

Manufacturing Co.) and the cockroaches with the

yeast in a room maintained at 27"C. The green

peach aphids were fed on the leaves of egg plants

and the carmine mites on the leaves of kidney

bean plants in a green house.

The chemicals to be tested, Piericidin A and

its related compounds, were summerized in

Table 1. Several concentrations of the chemicals

were prepared as acetone solution for topical

applications and emulsified solution for spray

method.

An acetone solution was applied to the dorsal

thoracic surface of the house fly and the ventral

abdominal surface of the cockroach at the rate

of 0.5 and 1.a ttl, respectively. The aphids and

mites were directly sprayed with the emulsified

solution of the chemicals on the leaves of an egg

plant and kidney bean plant, respectively.

After treatment, the house flies and the cock

roaches were placed in clean containers and kept

at 27"C, and the aphids and mites were kept in

a green house. The toxicities of the chemicals

were determined by the number of dead-plus-
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Table 1. 'The 'structure of Piericidin A and its
related compounds...,

OR,
CH3 CH 3 CH3 CH3 '~3OCH3
, " I 0

CH3-CH = C-CH-CH-CH=C-CH,- CH=CH- C=CH-CH, aCH3
I

'OR,

Abbr~.viQtjon 'R, R,

PAIPiericidin AI H H
PB (Pierici'din BI CH3 H
PA-DA COCH3 COCH 3

PA-MA~I H COCH 3
PA-MA-II COCH3 H

CH OR,
~H3 ~H3 yH3 ~H3 , X9XoOCH~

CH -CH -CH-CH-CH-CH -CH - CH -CH -CH -CH -CH -CH OCH3 2 I 2· 2 2 2 ,2 2 N 3

OR,

Abbreviation 'R, R,

HPA H H
HPA-DA COCH3 COCH3
HPA-MA-I H CaCHa
HPA-MA-Il COCH3 H

moribund insects observed at 48 hours after

treatment for house flies and cockroaches, and

24' hours after treatment for mites 'under binoc

ular dissecting microscope. For the aphids, 'the

reduction percentage was calculated by counting

the number of aphids/leaf before and 24 hours

after treatment. Analysis of the dosage-mortality

data was calculated using the probit method of

analysis.v

The mitochondria from muscle of american

cockroach, Periplaneta americana L., and rat

liver were prepared by, following the method of

Fukami (1961)10) 'and a modified method of

Ernster and Low :(1955),'0) respectively. Res

piration and oxidative phosphorylation were

measured by "Warburg method" with air as gas

phase and 0.2 cc of 2096 KOH, solution in the

center well. The composition of the medium for

respiration and phosphorylation was as follows;

2.5mM ATP, 15mM phosphate buffer (pH 7.4),

7.5 mM MgCI2, 5 mM a-ketoglutarate or 15 mM

succinate, 30 mM KCl, 25 mM glucose, hexokinase

in excess, and 0.5 cc of mitochondrial suspension

containing 6.8 to 7.2 mg of protein, final volume

of 2 cc.

The inhibitors were added as 196 ethanol solu

tion at the rate of 0.2 cc per vessel (final con

centration of ethanol in medium was O.196).

Protein determination was made by the biuret

method.w

Results and Discussion

Insecticidal and miticidal activity
The insecticidal and miticidal activities of the

compounds were shown in Table 2 as LOGO and

LCGo. Piericidin A was most active to every

insects and mites tested. The other compounds

except for PA-MA-I have little efficacy on

cockroaches. PA, PA-MA-I and PA-MA-II were

effective for carmine mites and PA and Plsfor

green peach aphids, and the other compounds

were less effective for both insect and mite.

In general, substitutions of-OH in side chain

and in pyridine ring by acetyl radical (RJo R2 :

COCHa) resulted in considerable lessening of

the biological activity. Furthermore, acetylation

in side chain was inferior in activity to acetyla

tion in pyridine ring. The compound which

both -OH were substituted by acetyl radical,

PA-OA, had least activity in this series. Hydro

genation of parent structure. (HPA series) made

the insecticidal activity lessen. Acetylation effect

Table 2. Insecticidal and miticidal effects of Piericidin A and its related compounds.

Compound

PA
PB
PA-OA
PA-MA-I
PA-MA-II
HPA
HPA-OA
HPA-MA-I
HPA-MA-II
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Carmine mite
(LCGo: ppm)

9.3

58.5
13.1
21. 2
60.9

285.4
249.8
311. 8

Insecticidal and miticidal effect on
Green peach aphid House fly

(LCGo: ppm) (LOGo: pg/fly)

5.4 0.98
7.6 1.38

945.2 4.27
47.8 0.99

144.5 1.05
488.4 10.21
536.0 :>50

:>1000 15.81
311. 6 32.36

German cockroach
(LOGo: pg/roach)

2.45

19.72
3.76

17.18
:>16
:>16
:>16
:>16
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was also observed in this series, and HPA-DA is

almost without effect against insects and mites.

Effects on NADII oxidation

The effects of the compounds on mitochondrial

respiration of cockroach muscle with n-ketoglu'

tarate as substrate were shown in Fig. 1. laa

value (concentration of compound at 50:'6 inhibi·

tion) of each compound was also summerized in

Table 3. PB and PA-MA-II. which -OH in side

chain of parent compound was substituted by

-CH3 and -COCH3, respectively, were as sensitive

to NADH oxidation system as Piericidin A in

american cockroach muscle mitochondria.

PAMA-I. which occured acetylation of -OH in

pyridine ring of parent compound, was less

active to this system.

Hydrogenation of parent structure (HPA series)

made the inhibitory effect lessen, and "acetyla

tion effect" was also observed in this series.

The inhibitory effects on NADH oxidation

system, as described above; have approximately

same tendency as insecticidal and miticidal ef·

fects. In contrast with insecticidal and miticidal

activity, however, acetylation of -OR in pyridine

ring was much more affective to inhibitory effect

than acetylation in side chain. Substitution of

both -OH in parent structure resulted outstand

ing decrease in the inhibitory effect; with about

1/20 in activity on PA-DA and with only 24.896

inhibition at the concentration of 1O-3Mol. of

HPA-DA.

100 values on rat liver mitochondria were also
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Table 3. Effects of Piericidin A and its related compounds on mitochondrial
respiration and phosphorylation.

Compound
NADH oxidation system

160 (Mol)
Roach muscle Rat liver

Succinoxidation system
Inhibition (516) at 10-3M

of compound

Phosphorylation with succinate
Inhibition (:'6) at 10-oM
of compound

PA 3. z x 10-7 1.2xl0-7 43.4
PI3 2.8x1O- 7 1. I X 10-7 25.9
PA-DA 7.5 X 10-0 1.6x 10-0 26.6
PA-MA-I 6.2x1O- 7 1. Ox 10-7 31. 8
PA-MA-II 2.5;< 10-7 5.8x1O- 7 28.2
HPA 9.6xl0-7 4. 3x 10-0 48.9
HPA-DA >10-3 >1O-~ 9.8
HPA-MA-I 5.5:< 10-0 1.8x1O-0 6.6
HPA-MA-II 2. sx 10-0 2.8 X 10-0 45.2
-------

37.8
62.5
o

12.8
80.0
40.2
o
o
o
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insecticidal (miticidal) activity to the aphids and

the mites (LCso). Namely, insecticidal and miti

cidal effects generally increased as respiratory

inhibition increased.

From the data reported above, it is probable

that the inhibition of NADH oxidation was a

prime factor in the mode of insecticidal action
of Piericidin A and its related compounds.

Summary

A homologous series of Piericidin A-related

compounds was tested against house flies, Musca

domestica vicina Macq., german cockroaches,

Blattella germanica L., green peach aphids,

Myzus percicae Sulzer, and carmine mites,

Teiranychus telarius.
Acetylation and hydrogenation of parent struc

ture tended to decrease toxicity, and all of them

were inferior in toxicity to Piericidin A.

Inhibitory effects on respiration and phos

phorylation were also tested against mitochon-

:2
u8 6.0
~g
~

log LCso
©: for aphids
0: for mites

Fig. 3. Relationship of -log Iso for inhibition of
mitochondrial respiration to LCso for
aphids and mites.

7.0

activity at the concentration of 10-8M.

Correlation between insecticidal activity and

respiratory inhibition with a-ketoglutarate

Correlation exists between respiratory inhibi-

tion (NADH oxidation) of cockroach muscle

mitochondria and insecticidal (miticidal) activity

as shown in Fig. 3, where -log 180 values for

respiratory inhibition are plotted against the

15.0

summerized in Table 3. In this case, they were,

in general, parallel to those of cockroach muscle

mitochondria in PA series, but HPA series com

pounds have generally less active to rat liver

mitochondria than to cockroach muscle mito

chondria.

Effects on succinoxidation system

Effects of the compounds on succinate oxidation

were also discussed under the same conditions

and summerized as percent in hibit ion in Table

3. As previously reported", Piericidin A inhibited

succinate oxidation with only about 4096inhibition

at the concentration of 1O-3M. None of the com

pounds tested were more active to this system

than Piericidin A. It is considered that inhibition

of the succinoxidation system is not important

in its insecticidal action.

P:O ratio with succinate

It has generally been observed that P:O ratio

with succinate was decreased with Amytal and

not with rotenone.P"!" Piericidin A induced a

progressive decrease in the P: 0 ratio, when

added in an amount sufficient to inhibit NADH

oxidation system as shown in Fig. 2.
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7 6 5

Concentration (-log)

Fig. 2. Effects of PA and PA-MA-II on oxidative
phosphorylation with succinate.

PA-MA-II was the most potent inhibitor of

phosphorylation (Table 3). HPA was only one

in HPA series that has inhibitory effect, and the

other compounds in HPA series have little
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dria of american cockroach, Periplaneta ameri
cana L., and of rat liver. Correlation existed

between the inhibition of mitochondrial respira

tion and toxicity to green peach apids and

carmine mites.
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