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Introduction

In addition to the direct toxic actions observed
immediately after administration, some organo-
phosphorus compounds are known to cause delayed
neurotoxic effects in mammals including humans
and in hens, which are characterized clinically
by a permanent ataxia of legs or hind limbs
(paralysis) and histopathologically by demyelina-
tion and degeneration of the peripheral nerves,
especially of the sciatic nervel”® Since the
delayed neurotoxic effect is an irreversible lesion
on the nerve tissues, it is essential to confirm
whether or not an organophosphorus compound
has such toxic actions before it is practically
used. Actually most of the existing organophos-
phorus insecticides such as parathion, diazinon,
malathion, dimethoate, ethion, fenchlorphos, fen-
thion and dioxathion have been already demon-
strated not to cause paralysis in hens.*®

In this paper are presented the results of
delayed neurotoxicity tests as well as acute
toxicity in hens of 4 organophosphorus insecticides,
Salithion®, Cyanox®, SurecideX, Sumithion® and
also of Sumioxon, the active metabolite of

Sumithion.

Materials and Methods

White leghorn hens (1-1.5 year old, weighing
1.3-2.3 kg) were purchased from Nihon Dobutsu
Co., Ltd. They were kept at 25+£1°C with
relative humidity of 60+107% and had free access
to diet (Osaka Shinkoh Shiryo). Test materials
were; Sumithion, O, O-dimethyl O-(3-methyl-4-
nitrophenyl) phosphorothioate (lot No. 417, purity
97.2 9), Salithion, 2-methoxy-4H-1, 3, 2-benzo-
dioxa-phosphorin-2-sulfide (lot No.193-4, purity
95.195), Cyanox, O, O-dimethyl O-(4-cyano-
phenyl) phosphorothioate (lot No. 158, purity 95.0
%) Surecide, O-ethyl, O-(4-cyanophenyl) phenyl-
phosphonothioate (lot No. E 199, purity 92.0%),
which were all technical products of Sumitomo
Chem Co.. Sumioxon, O, O-dimethyl O-(3-methyl
-4-nitrophenyl) phosphorate (purity 98% up) and
TOTP, tri-ortho-tolyl phosphate (purity 99 93)
were prepared in this laboratory,

Salithion,
Sumioxon were suspended in 10% Tween 80

Cyanox, Surccide, Sumithion or
aqueous solution and administered orally by
stomach tube at the rate of 1 ml/kg of the
suspension to 3 or 4 groups of hens, each consis-
ting of 4 to 6 individuals. The animals were

observed for 5 weeks. The LDs, value was
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calculated by Lftchfield & Wilcoxon method.?
The delayed neurotoxicity study was carrid out
according to the proposed guideline of Environ-
mental Protection Agency of the United States,!®
The administered solution was prepared by adding
1/5 as much of Sorpol 355, an emulsifier, to
Sumithion, and by diluting it in distilled water
so that the test hens would be given 2.0 ml
of the solution/kg body weight.
organophosphorus compounds were suspended in

Four other

10% Tween 80. The solution was administered
orally to the specified numbers of hen at the
dosage of around LD, value of the compound
(the actual number of hen and the dosage
are shown in Table 1). To protect the animals
from acute intoxication, both atropine (20 mg/
kg by subcutaneous injection) and pyridine-2-
aldoxime methiodide (2-PAM, 100 mg/kg by
intraperitoneal injection) were administered se-
veral times depending on the symptoms, for
example in the case of Sumithion 5 times,
namely, immediately after and 6, 24, 48, 72 hours
after administration.

Three weeks after the first administration the
same treatment was repeated and the birds were
observed for another three weeks.

. Table 1.
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During the whole six-week experimental period,
paralysis in legs was checked as an indicator for
the delayed neurotoxicity. TOTP was suspended
in 109 Tween 80 aqueous solution and adminis-
tered orally at the level of 300 to 500mg/kg to
hens and the animals were observed for 4 weeks.
After the observation‘period, all the treated birds
excluding those dead of acute intoxication were
sacrificed and their sciatic nerves were dissected
out and examined histopathologically through
formalin fixation, paraffin embedding and hema-
toxylin-eosin staining or Luxol-f;st blue staining.

In subacute toxicity studies, Sumithion or
Surecide was suspended in 109 Tween 80 aqueous
solution and 1/15 and 1/30 of the acute LDjg
values were administered orally to 8 hens per
group everyday for consecutive four weeks.
Thereafter, the birds were observed for three
weeks on basal diet. During the whole period
(seven weeks) the toxic symptoms and body
weight in the hens were observed. At the termi-
nation of the observation period, the birds were
sacrificed and their sciatic nerves were examined

histopathologically.

Acute oral toxicity of Sumithion in hens.

Compound 2
P mg/kg ~1 2

Dosage Daily mortality Mortality

10

b Symptoms mlgl/)ﬁ‘&

Sumithion 250 0/6

. .S
It
(CHsO)zP-OO NO:2

CH3

500 0/6 3/6

11000 1/6 6/6

0/6

3/6

6/6

0 Decrease of spontaneous
motor activity after 2-3 hrs.
Motor ataxia and irregular
respiration after 24 hrs,
Recovered to normal in 4-6
days.

50.0 500

(384-650) *

Decrease of spontaneous
motor activity after 30-

60 min.

Motor ataxia after 3 hrs.
Salivation, irregular respira-
tion and dark red discolora-
tion of the comb after 24 hrs.
Motor ataxia became severe.
Recovered to normal in 8-10
days.

100.0 The same as above.

* 059 confidence limit
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Results and Discussions

Acute oral toxicity : The toxic symptoms and
mortality caused by single administration of
in Table I, which
indicates that LDs, of Sumithion in birds was
500 mg/kg. Table 2 summarizes the test results

Sumithion are reproduced

with other 4 organophosphorus compounds. The
toxic symptoms were more or less similar to
those of Sumithion.

Delayed neurotoxicity: By oral administration of
500 mg/kg of Sumithion, motor ataxia, decrease of
spontaneous motor activity, irregular respiration
were observed and five out of sixteen hens died
during 24-48 hrs. Symptoms of acute intoxication
disappeared in 5-7 days and there appeared no fur-
ther noteworthy changes. Almost the same symp-
toms were noted after the second administration,
except that no death was recorded. During the
second 21-day observation period, paralysis in legs
was not observed at all after disappearance of acute
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Histopathological findings of sciatic
nerves in the birds treated with Sumithion were

intoxication,

normal. The results are summarized in Table 3.

Four other organophosphorus compounds were
tested similarly, None of them caused delayed
paralysis in legs, as shown in Table 3. In every
trial using TOTP (suspended in 109 Tween 80
aqueous solution), delayed neurotoxicity was
observed well reproducibly; motor ataxia appeared
on 10th to 12th day and all the hens showed
paralysis in legs on 14th to 15th day (Table 3).
Upon histopathological examinations, degeneration
and outstanding demyelination of sciatic nerves
were noted, as reproduced in Fig.1.

Sumithion and Surecide were tested by conse-
cutive 4 week oral administration at the dosage
of 1/15 and 1/30 LDjs per day. As shown in
Fig. 2, Sumithion at 16.7 mg/kg/day caused a
slight body weight decrease which lasted during
the administration period. The body weight
recovered slowly on termination of the administ-

Table 2. Acute oral toxicity of Salithion, Cyanox, Surecide
and Sumioxon in hens.
Compound Dosage _Daily mortality . Mortality  LDw
Salithion 20 0/3 0/3 0
o\ﬁ 40 0/3 0/3 0
O\ P-octls 80 0/5 0/5 0
CH20 100 0/5 2/5 2/5 40.0 110
120 1/5 3/5 3/5 60.0 (88.6-136)*
160 2/3 3/3 3/3 100.0
200 3/3 3/3 100.0
Cyanox ﬁ 10 0/5 0/5 0
(CH30)2 p-o@ CN 25 15 2/5 2/5 40.0 37.5
50 3/5 3/5 60.0 (23.4-60.0)*
100 5/5 5/5 100,0
Surecide s 5 0/3 0/3 0
CszO\u' . 10 0/3 0/3 0
/P“OQ N2 o3 0/3 0 60.0
O 40 1/3 1/3 33.3 (23.0-156)*
80 1/3 2/3  2/3 66.7
160 3/3 3/3 100.0
Sumioxon 10 0/4 0/4 0
Q 25 1/4 1/4 25,0 35.0
<C“3°>""°© NO2 50 3/4 3/4 75.0  (21.0-57.0)*
Ciis 100 4/ 4/4 100.0

* 059% confidence limits
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Table 3. Delayed neurotoxic action of 5 organophosphorus compounds on hens.
Duplicate administrations Consecutive administration
Compound Dosage < : Dosage : mralveic
mg/kg Mortality Paralysis mg/kg/day Mortality Paralysis
Salithion 100 %2 3/10 0/7 -
Cyanox 20%2 2/12 0/10 —
Surecide 100 % 2 1/8 0/7 2.0 0/8 0/8
4.0 1/8 0/7
Sumithion 500 %2 5/16 0/11 16.7 0/8 0/8
33.7 1/8 0/7
Sumioxon 35x%2 5/12 0/7 —
TQTP 300 < 1* 0/6 6/6 -
500 % 1* 1/6 5/5

* single administration

Degeneration and demyelination of

Fig. 1
sciatic nerve in hen treated with
TOTP, 500mg/kg.
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Body weight
(kg)
201

control

16.7mg kg day

33.4mg kg day

———

Daily administration

L L i L
0 1 2 3 I ' G

Week

Mean body weight curves of hens
treated with Sumithion for 4 weeks.

ration. At the higher dosage level (33.4 mg/kg/
day), the adverse effect on body weight was
more marked. Such toxic symptoms were observed
as decrease of spontaneous motor activity at the
lower level and decrease of spontaneous motor
activity, tremor, mortor ataxia as well as loss of
appetite at the higher level. However, these
symptoms gradually disappeared (approximately
one week at the lower level and 14 days at the
higher level). One hen in the higher level group
died on the fifth day.

During the seven week investigation period, no
paralysis in legs was observed at all. Histopa-
thologically no abnormalities were found in sciatic
the birds at

Surecide at 2 and 4 mg/kg/day gave more or

nerves in any dosage group.

less similar toxic symptoms, but no delayed
neurotoxic effects were observed.

The above results are included in Table 3. It
can be concluded from the above results that
these 5 organophosphorus compounds did not
cause delayed neurotoxicity in hens, although the
chemical structure is variable, that is, three are
0, O-dialkyl phosphoro-thioates or -phosphorate,
the fourth is a phosphonate and the fifth is a

cyclic phosphorothioate.

Summary

The acute oral toxicity and the delayed neuro-
toxicity were tested in white leghorn hens of 5
organophosphorus compounds, Salithion, Cyanox,

Surecide, Sumithion and Sumioxon.
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The acute oral LDy, value of the above com-
pounds were determined, respectively, ‘to be 110,
37.5, 60, 500 and 35mg/kg. In the delayed
neurotoxicity study, each compound at or near
the acute oral LDg, value was orally administered
and the treated birds were observed for 21 days
(with concurrent uses of atropine and 2-PAM).
Thereafter, the same treatment was carried out,
No compound was demonstrated to cause the
delayed neurotoxic effects of the survived hens.
Four-week subacute oral administration of Sumi-
thion and Surecide were also tested at two dosage
levels, 1/15 and 1/30 of the acute oral LDy/day.
No delayed neurotoxicity was observed, either.
On the other hand, the animals to which TOTP
was singly administered as a positive control at
the dosage of 300 to 500 mg/kg showed severe
paralysis in legs., Degeneration and outstanding
demyelination were observed in the sciatic nerves
upon histopathological examinations.

Acknowledgement: The authors are very much
grateful to Prof. N. Ito, Nagoya City University
Medical School for carrying out the histopatho-
logical examinations. They wish to express their
thanks to Mr. M. Kagoshima for his skilled

M 40 —II

technical assistances. They also thank Sumitomo
Chemical Co., Ltd. for permission to publish this
work.

References

1) Aldridge, W.N. and J. M. Barnes; Proc. Eur.
Soc. Study of Drug Toxicity, 8, 162 (1967).

2) O'Brien, R.D.; Insecticides, p.58 (Academic
Press, New York) (1967).

3) Taylor, J.D.; Toxicol. Appl. Pharmacol., 11,

© 538 (1967). '

4) Aldridge, W.N., J. M. Barnes and M.K. John-
son; Ann. N.Y. Acad. Sci., 160, 314 (1969).

5) O'Brien, R. D.; Toxic phosphorus esters,
p.190 (Academic Press, New York): (1960).

6) Anonymous; 1967 Evaluation of some pesticide
residues in food (WHO/FAO) (1968).

7) Anonymous; 1968 Evaluation of some pesticide
residues in food (WHO/FAQ) (1969).

8) Anonymous; 1971 Evaluation of some pesticide
residues in food (WHO/FAO) (1972).

9) Litchfield, J. T. and F. Wilcoxon ; J. Phar-
macol. Exptl, Therap., 96, 99 (1949),

10) Upholt, W.M.; Federal Register, 37, 19383
(1972).

2

FTLIEAL Y OAHDBESUBBINRRC ST

SERADITHICRITTIRE

Behavioral Role of Individual Components of a

Multichemical Attractant System in the Oriental

Fruit Moth. R.T. Carpg, T.C. Baker, W.L.

Roerors, Nature, 253, 348 (1975).

VLI E UTERS 50E 7 « o ® U ITARKSETITED
sWEEY R INA, FoERRMmMERBRO IR Y
%, ZOfTHEENR X O E TN L 1 A ARI)
DFE, ZNFhBIAE cRBETEREFATEI
+ v e AP 49 Grapholitha molesta (Busck)
DX 7 . v T it cis-8-dodecenyl acetate (c8-12:

Ac) ERBEINTVAY, N8B O IR

(18-12: Ac) DRADKREE SN TS, FizThic
dodecyl alcohol (12: OH) %Nz % & HEROFE IR
pi2fficizn s, TN D SH, c8-12: Ac
(100p:g) MWD b5 o TS HERIE A E 2D
M, ThiT6.8%MD1t8-12: AcRIMA B E F3.v FH

1356% &7 h, X6ICI12:0OH %A 5L93% Lz
120 M3y FHD S VAT 12 : OH 2 )
HERTID 5 L 5 Tdh . [HE60cm OHEDHILD
ST IFIZ ML S @EEL { 12 : OH % 2HiL i
FRREL D 104z D c8-12: AciT t8-12: Ac 6.8
BMA B LI REFA L M5, THICHLZ2 DM
MD12: OH 2 INA THRERL 2. T OGNS It HED
THOEUE 2T, i Xy, BTIANOIZE, 2
U T hair pencil OFIRIUEMITEL 225 T L HNYLER
Ntz FEIOIENHS hair pencil DEUR% LT &M
WLt DA TH 5. Mk 51k c8-12: Ac D
HEULHRINTVLZWVDS, ToOMSF Tkt
I ZRAT L 2 F £ 2FIMLTVS & Sichbh
5. c8-TRUF18-12 1 Ac 3T |DDBTRLTH 55,
iR A Tz 12 : OH 2z izt il
NEROFTEIVES T & d 5, 12 OH IXZRENIT
BHONUR2 MRS 5 bDEEA LN B,

(BRRRIE)

53



