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I. INTRODUCTION

Though the insecticidal mechanism of DDT on insects has been reported
: by many workers, relatively less work has been done on that of lindane
(Gamma.-BHC), so the cause of death resulting from the application of
lindane to insects is not clearly understood, naturally the previous knowl-
. edge about the physiological and biochemical effect of lindane is rather
fractional.

On the aspect of the biochemical effect of lindane, inositol theory was
first introduced by Slade (1946). Concerning that, Kirkwood & Phillipe
reported the antagonism of mesoinositol and lindane on the Saccharomyces
cervisize. The similar facts were also proved on the Nematospora gossypii
etc. (Buston et al. 1946, Fuller 1950, Tirunarayan ef al. 1953). But the
'dttempts to recover insects from the lindane intoxication with the applica-
tion of inositol were all unsuccessful. (Metcalf 1947, Thorpe & De Meillon
1947, Dresden & Krygsman 1948). According to the work by Doisy &
Bocklage (1949), inositol did not show the antidotal action on lindane
poisoned mammals. On the other hand, Uedo and Yamamoto (1950) tried
the protection of Brassica sp. from the insecticidal injury of lindane, but
this attempt showed negative results. So, inositol theory has not acquired
the affirmative conclusion, at least in regard to insects. But inositol shows
physiological importance to some insects. For example, Tribolium confusum
. and Ptinus tectus grew slightly better when the diet included inositol
(Fraenkel and Blewett 1943). Also Forgah (1958) stated that American
cockroach, (Periplaneta americana) reared on. diets efficient in inositol
appeared to develop normally for the first 50 days. Thirty days later,
: however, they weighed only one third as much as those receiving inositol,
- and at 270 days their weight was less than, one-half that of the controls;
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also, they showed 75%  mortality and 3% maturation of survivor, as com-
pared with 13% mortality and 78% maturation in colonies receiving inositol.
But on the other hand. The following insects have shown that they do
not require inositol: Silvanus surinamensis, Lasioderma sersicorne, Sitodrepa
panicea (Fraenkel and Blewett 1934 a), Tenebrio molitor, (Fraenkel et al.
1950), Tineola bisselliella (Fraenkel and Blewett 1946 a), Ephestia elutella,
Ephestia cantellar, and Plodia interpunctella (Fraenkel and Blewett 1940 a);
Culex molestus (Lichtenstein 1948), Drosophila melanogaster (Schultz et al.
1946), Musca domestica (House and Barlow).

The correlation between lindane and cholinesterase was studied by
Toblas et al., (1946). And they mentioned, lindane acts as a cholinesterase
inhibitor in the central nervous system of lindane treated cockroach, and
the increase of acetylcholine content was observed, but its increment was
not so significant as shown by DDT. On the contrary, Hartley and Brown
(1955) reported that the 13 chlorinated hydrocarbons insecticides, including
DDT, lindane and chlordane, showed no significant effect on the cholines-
terase content from the head of the American cockroach.

Morrison & Browns’ work (1945) showed the inhibition of the cytochr-
ome oxidase on the coxal muscle of American cockroach by 26 insecticidal
compounds including lindane. .

In the lindane treated Blattella germanica, the accumulation and ag-
gregation of lipoid granules in fatty cell and nerve ganglion was observed
by Yamamoto (1958). Tomizawa and Fukami’s work showed negative
inhibition of lindane on the oxidative phosphorylation of locust both in
vivo and in vitro.

The work on the resistant mechanism of lindane-resistant house fly
was carried out by Oppenooth, Bradbury & Stancen, (Yamamoto 1958).

On the physiological aspect, Savit (1946) ascertained the action of
lindane, as a nervous poison. Namely, insect ganglion produced violent
spontaneous impulse by lindane. If the convulsing leg was separated from
the central nervous system the convulsion ceased immediately. Similarly,
when lindane injection was made on the separated leg no convulsion was
observed. Therefore, lindane seems to act on the central nervous system
selectively.

When the haemolymph of BHC treated insects was injected into the
body cavity of untreated insects, the same intoxicating appearance was
observed. So is suggested that lindane contact with the insect cuticle at
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is induced in the insect body, for example, by separation of thorax arti-
ficially, the latent period of intoxication is consequently prolonged (Yamazaki
& Isii unpublished). But on the other hand, Becht (1958) denied any
influence of BHC on the function of the nerve-muscle preparations.
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II. MATERIAL

this experiment, matured larvae of Papilio demoleus

For the material of
on this island.

ch is one of the most important citrus pest
llected from the school orchard

temperature, on citrus leaves,

L. were used, whi
The eggs and caterpillars were directly co
and were reared at laboratory at the room

till the matured.
111. EXPERIMENTATION

1. Toxicity of Lindane on Caterpillar

for the purpose to determine the
and time of analysis following
tone solution were

Preceeding the work of analysis,

suitable dosage, method of application,

five diffrent concentrations of lindaneace

application,
y topical application or by

applied on various sites of caterpillars either b
injection.

These insecticidal preparations were prescribed to contain 5, 10, 20, 40,
60 gamma of lindane in each 1 cumm of solution, and 1 cumm of each
concentration of lindane solution was used for both topical application and
Also suitable controls were established by pure

injection, per caterpillar.
paration was injected into the

acetone solution. When the insecticidal -pre
insect body the toxicity of acetone most be taken into account, and the
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second control solution was made, then acetone was substituted by distilled
water.

As the average body weight of caterpillar acquired from 50 individuals
is approximately 1.6 g., accordingly each 1 cumm of lindane solution con-
tains 3.12, 6.25, 12.5, 25.0, 37.5 ppm of effective ingredient per caterpillar,

by weight.
Each test was carried out with 10 caterpillars, and the test was dubli-

cated 5 times.
If there is no note, the caterpillars during the mortality-counting period
were fed on citrus leaves. The mortality was obtained from, Abott’s

formula.
The results obtained are shown in the following tables:

Mortality of Caterpillars by Different Mode of Application of Lindane. :
(percent)

1. Intra-digestive canal injection to foregut.

Lindane dosage time after the application (hr.)
~ per caterpillar
ppm. (by weight) 2 \ 4 ‘ 6 ‘ 8 10 ‘ 12 14 } 16 ‘ 18 l 20 l 22 \ 24
dis . i uir
3.12 6 | 22 | 30 | 32| 32| 44 | aa | 44 | 46 i 46 | 48 | 48
6.25 2 | 36 1‘ 44| 44 | 44 | 46 | 48 ~ 52 | 52 | 60 | 60 | 60
12.50 76 | 88 | 88 | 88 ‘ g8 | 83 | 83 | 8 | 88 | 88 | 88 88
25.00 92 | 92 | 92 100“‘ —l=l=]=|=}=1=1-
37.50 100—!——‘—~—————\———
acetone control 4| 16 | 30 | 36 | 40 | 40 | 40 | 40 | 40 | 40 | 40 | 40
o
water control 2| 2| 8| 8| 8| 8 ) 8| 8| 8| 8| 8| 8

II. Intra-digestive canal injection to hindgut.

Lindane dosage time after the application (hr.)

per caterpil.lar ——'f—j»—llﬂ g T TR T T \

ppm. (by weight) | 2 | 4 | 6 | 8 \ 10 | 12 | 14 | 16 \ 18 ] 20 | 22 ’ 24
3.12 32 | 50 | 50 | 50 | 54 | 61 | 82 | 84 | 84 | 92 | 94 | 04
6.25 46 | 80 | 82 | 8 | 9 l 9% | 98 \10‘0 g P e
12.50 T TR S R e (U L i R I e
25.00 92 |100 | — | — | — \ 0 s S T S SRR E Y
37.50 L R R R R Bl s el SRR I

acetone control 230 | 42 | 42 | 60 | 64 | 64 | 68 | 68 | 70 | 72 .| 72 | 72

water control ‘ 20 22 30 ‘ 32 44 \ 46 46 ‘ 46 48 ) 48 48 48




III. Topical application on abdominal leg.

am——

Lindane dosage time after the application (hr.)
per caterpillar | —— 1 [ 2% o i e PR K T
ppm. (by weight) 2 \ 4 )‘ 6 \‘ 8 l 10 ‘ 12 \‘ 14 \ 16 “ 18 \ 20 w‘ 22 \ 24
/4#/\7#”'\ ‘\7"77’{7} B T EREE P T
3.12 \0‘0‘\0\4‘10114“20\\26“32\40\40\40
| | | | | |
| | | |
6.25 ,004810\1616\22\303440‘40
| | | | | | | ‘ ‘ “
12,50 \0021014~4040424652\54¥56
| | | |
|
25.00 \10\12\12\16\34{5872\7690\92l92\92
|
37.50 | 16 | 48 | 48 61\669696\100“————\————
| \ ‘ i ‘ \ \ \
acetone control ‘\ 0.« 0] 0\ ol o| 0| O T L e 0\ 0
| | |

IV. Topical application on thoracic notum.

Lindane dosage time after the application (hr.)
per caterpillar —_— | S A lﬁ/*’*ﬁ’"f”—j**~/‘—’j-
ppm. (by weight) A \ 6 \ 8 w‘ 10 | 12 “ 14 | 16 1‘ 18 % 20 \ 22 ‘ 24

= o —

3.12 \0‘0w0‘4\10114!zo\26 32 | 40 | 40 | 40

6.25 0048101616223034)40 40
| | |

12.50 0~0\2\10w144o40\42

25.00 \10\12 12\16134\5872\76;90 92 | 92 | 92

|
37.50 \16\48 8 | 6l 66\96&96\100——————

acetone control | 0 \ 0 0 0

V. Topical application on thoracic notum in starving condition.

Lindane dosage time after the application (hr.)

per caterpillar |— 1 | _ : ‘ AR :
18 | 20 l 22 | 2

ppm. (by weight) 2 \ 4 1‘ 6 \ 8 \ 10 \ 12:-1 514 ‘ 16

3.12 \0\0\4 6\616\24‘38404246.\54
3.25 | o | 10|16 16\20‘\24|28Q361\‘42\46\50\52
12.50 \6\20 20 22)4246\5660626868\68
25.00 \30 42 44\50\80\80\82‘8690100\_——\—
37,50 ‘%42‘150 54\78\96\50——1———“————7—\——
acetone control | 0 | o_\\ 0‘\ 0\l 2 | 8‘%12“‘26“‘26\!26!\28\128




VI. Hypodermal injection from thoracic notum.

Lindane dosage time after the application (hr.)
per caterpillar
ppm. (by weight) 2 . 4 6 | 8 10 ‘ 12 14 ‘ 16 18 l 20 22 . 24
3.12 26 26 26 34 38 46 52 52 54 | 58 60 60
6.25 42 42 46 46 48 58 72 76 80 82 82 82
12.50 62 62 64 64 70 74 82 84 86 90 92 92
25.00 92 96 | 100 — —_— = — e — — — o=
37.50 50 — — — —_ — = — — - —_ —
acetone control 16 18 18 18 18 18 18 18 18 18 18 18
water control 2 2 4 4 4 4 4 4 4 g 4 4 4

The effects of topical application and injection of lindane in different

sites of caterpillars were tested. As the results most part of rapid death
and great mortality was shown by injection, rather than by topical ap-
plication. In the injection, intradigestive canal injection was more toxic
to caterpillar than hypodermal injection.

Though Brown (1951), denied the toxicity of acetone to insect on
injection, in the author’s experiment, on both in body cavity and digestive
canal, acetone itself displayed considerable toxicity.

Topical application under starving condition exhibited larger mortahty
than fed condition. This may be caused by mal-nutrition condition which
induces the decrement of function to furnction to the penetrated insecticide.
According to Reicer et al., (1953) the increment of insecticide tolerance of
boll weevil Anthonomus grandis Boh) is directly proportional to its lipid
content, namely nutritional advantage. The increment of mortality by
starving is also introduced by Perry et al. (1958), on heptachlor-treated
resistant house flies. Similarly in this experiment, larger mortality was
obtained under starving or mal-nutritional condition.

In topical application on abdominal leg, rapid death and large mortality
resultes as shown in injection. Accordingly, ventral sclerite consists in
thinner cuticule, and insecticidal ingredient is comparatively easy to pen-
etrate from there. In addition, on the abdominal leg there are many
secretory glands, and its secretion sometimes promotes the penetration of
insecticide. Moreover there exist many chemo-acceptors and terminal nerve
ends, which supply active sites of lindane, namely the abundance of sen-
sillar, gland, and nerve end, conducts rapid death and large mortality.
Dresden (1948) also recongnized such a special ability of insecticide to
penetrate insect integument.
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The lindane residue analyzed
analyzed residue

from papilio larva
|
internal lindane lexternal lindan
residue and applied weight
(mg.)

|
lindane weight |total lindane weight‘i
residue per test
(mg.)
ST S

per test group group
(mg.)

e Rt el N e

0.102 0.247

. per larva \
- (mg.) \\ (mg.)
‘ 0.6 0.251
0.352 0.231 ] 0.717
0.402

o
Ll
<

T,

] 0.02 |
\
0.04 12
0.06 18 0.475
The lindane residue analyzed 15 hours after application
\ difference between

from papilio larva
analyzed residue

internal lindane ~exter_nal lindane|
. |
residue “and applied weight
(mg.)

total lindane weight
residue per test \
group i
) (mg.) \‘
o e DY

lindane weight
per larva per test group
(mg.) \ (mg.) (mg.)
0.6 0.242 | 0.085 0.273
: 0.265 0.091 0.844
0.279 | 0.898

0.02
0.04 1.2
0.06 18 0.623
| |
ge part of lindane applied on the papilio

As the above table shows, a lar
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larva seemed to be metabolized in the insect body, and during first 5 hours
almost all the lindane penetrated into the body. During the following 10
hours though penetration still continued its ratio of penetration was com-
paratively low, and only small part of un-penetrated residue. The proportion
of internal/external residue in an appointed period became smaller when
the dosage of insecticide was increased.

3. Method of Collection of Haemolymph

For the collection of the haemolymph some-what special care has been
taken for avoid under-going peculiar changes called melanosis, when it is
taken out of the body and exposed to the air, the body fluid soon begins
to exhibit a reddish brown color, which deepens gradually and eventually
the whole fluid became blackish -brown, and this melanosis is supposed to
be due to the presence of tyrosinase, by some researchers (Barker 1938,
Bishop 1923, Kuwana 1934).

If the larva was killed by immersion in water at 60°C. for 1 minute
before collection, both clotting and darkening could be prevented. Also a
visible coagulation of plasma protein has not been observed by this treat-
ment. : :

The immersed larva was wiped with filter paper thoroughly, and was
cut off at osmeteria, and pressed trunk gradually with fingers, then body
fluid flowed out from the leakage, the haemolymph was accepted with a
vial.

4. Method of Application of Insecticides for Following Work

As the first experiment has shown: the comparative mild action of
lindane on papilio larva was obtained by the topical application on the
prothoracic shield of caterpillar. For the following physiological and bi-
ochemical studies the mild insecticidal condition is preferable than the acute
one. So the application of insecticide was carried out by the following
method, that is, 1 cumm of insecticidal preparation was dropped on the
prothoracic shield of larva with needle of tuberculin syringe.

Both treated and control caterpillars were reared in the breeding cage
with citrus leaves.

5. Effect on Body Weight and Water Content

Method: ]
For the determination of body weight of lindane treated and control
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caterpillars, both treated and unterated individuals were weighted after 5
hours and 15 hours of application.
t, Ludwing (1946) introduced two me-

In the water content experimen
thods. One uses drying oven and the other decicate the sample with

cium chloride and he acquired identical results.

anhydrous cal
The present author used the later method, this method was also applied

by Ingam (1955) etc. That is, the individuals were dessicated over anhy-

drous calcium chloride until constant weights were obtained.

Results:
The results obtained are shown in the following table.

The body weight and water content loss of lindane
treated papilio larvae

R gt §§ \\av.exjage‘ g ' \ % Ec i \1 we(i)%ht ‘ EEE" g dry W.ater water content
caterpillar ppm. K §: “ong'mal f’ % E gﬂg % ~excr_etd l‘.E"?':ﬂ 03)3 Wel%ha contg,nttl: Ly
3 Qé;ai ‘l weight gﬁ g & | >‘§9 tduré,ng 05 5, %\,f,(,) dy weight
(by weight) = ) \(gram) g5~ ch: I;iri?dg 283 & (gram) \ (gram) (gi';/)
12:5 B “‘ 1.62 1.73 +0.11 1\ 0.21 +0.647\ 0.25 1.48 0.855
- 25.0 B \l 1.50 1.47 —0.03 0.55 —0.220! 023 1.24 0.843
37.5 e | 161 | 157 | —oo4| 015 | —0248 015 142 | 0.905
" acetone control 5 \ 155 | 161 | +o0o06| 018 | +0387 021 139 | 0863
12.5 15 \ 1.72 1.60 —0.12 0.32 —0.069 0.21 1:39 0.869
; 25.0 15 \ 1.82 1.50 —0.32 0.33 —0.179, 0.22 1.28 0.854
375 = 1B \ 1.55 0.89 —0.66 0.91 +0.426 0.13 0.76 0.855
\ acetone control 15 \ 1.69 1.69 0.00 | 0.31 0 0.17 152 | 0.899

n the above table the body weight is increased in low
in the first b hours but after 15 hours from
s observed in each dosage of insec-
directly proportional to the

As shown i
dosage-treated caterpillar,
application, the loss of body weight wa
ticides. And the level'of the weight loss was

dosage of applied insecticides.
The total weight of excreta during appointed period was also increased

~as the dosage in creased. This was almost due to the violent diarrhoea,
9 which is one of the sympton of lindane intoxication. Though a little level,
~ loss of water content was also observed in the treated caterpillar.

- Discussion.
~ It was observed that the decrement  of body weight and also the in-
1 to the given dosage of

" crement of the excreta were directly proportiona
indane.
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Water content loss of insects by insecticides were also reported by
many researches, such as, Mori (1955), Ludwing (1952), Hewlett & Gostick
(1955), Ingram (1955), with pyrethrin, and Ludwing (1952), Buck & Keister
(1949), Buck, Keister & Posner (1952), with DDT.

As the cause of water content loss, less and Browing (1952) suggested
to be the prevention of the function of water absorption from the integ-
ument. The effects of DNOC and pyrethrin on the hypodermal cells in
certain insects were studied by Stelling (1931) and Kruger (1931) respectively,
and they found that the hypodermal cells were destroyed by those chemicals.
So the increment of the level of body weight loss by insecticides were
presumedly due to the compulsive water evaporation from the destruction
of hypodermal cells by insecticides.

In the author’sbobservation, the body surface of intoxicated caterpillars
exhibits the wet-apperance, namely, excess water evaporation was pre-
sumably carried out from the integument, though the cause of such wet-
apperance is not clear yet, it is undoubtful that the water content loss was

promoted by the occurrance of the wet-appearance. Moreover though in the -

healthy caterpillar the excreta was almost dry and granular shaped, the
excreta from the lindane treated caterpillar did not show dry granule and
excreted the amount of diarrhoea. So the water content loss of the
lindane-treated caterpillar was partly attributed to such a abnormal water
excretion.

Concerning the body weight loss of the insecticides treated insects,
DDT-treated Japanese beetle lost approximately one-third of their original
weight, . (Ludwig 1946), Also Ingram (1955), and Kitaoka (1958), observed
similar phenomena on cockroach with pyrethrum, and on tick with lindane
respectively.

And Ludwig (1946) also concluded his results that, the decrement of

; body weight was attributed to two causes, one is the hyper-consumption of

storage nutrient, and the other is the reduction of water content. In the
author’s experiment, both water content loss and excess consumption of
glucose were also observed (See p. 24 of this paper.). Moreover the excess
excretion of solid particles by the diarrhoea seemed to be an important
factor.

6. Effect on Number of Haemocytes

For this experiment, haemolymph was directly poured on the Thomas-
Zeiss haemocyte counter and counting was carried out. For one experi-
mental series 15 individuals were used, and its average value was taken.
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The results obtained are as follows:

| m—

Lindane dosage per insect

ppm. by weight (hr.)
//////
acetone control 5 18,000 -

12.50 5 15,500

25.00 5 13,700

37.50 5 11,300

acetone control 15 19,000

12.50 15 12,300

25.00 15 8,100

37.50 15 5,200

No. of Haemocytes per

mm?

time following application

0
 p—

1

Lepesme (1935) with
- with the arsenite, it

' treated caterpillar.

- Oxygen consump

_ As the above table shows, treatment with lindan
" of haemocytes, and at the treatment of 37.5D
application its number is reduce

The reduction of haemocyt
arsenite. According to him,

penetrates into the body cavity,

" may be destroyed by arsenite,

' tissues and deposited.
By the microscopic observation,
~ particles which seem to be destroye

7. Effect on The Oxygen Consumption

. Respiratory readings were made with t
- soned with lindane on their prothoracic
- Krogh's manometer was used, the oxy
" 5 hours and 15 hours after the application 0
The results obtained are as follows.

tion of lindane treated caterpillar 5 hours

e reduced the number
pm. lindane after 15 hours of
d to about 3 of acetone control.

es by insecticides was also reported by
when the insect contacts
and then haemocytes

or carried by the haemolymph to all the

the author also found miscellaneous
d haemocytes in the haemolymph of

he caterpillars which were poi-
shield topically, and modified
gen consumption was determined at
f the insecticide.

after the application

Lindane dosage f §
per caterpillar He. o if MMB30,/caterpillar/ min. MM?0,/gm.
ppm. by weight caterpillars Wt. caterpillar/min.
12,5 \ 10 1.68 2.95 1.76
25.0 10 1.53 2299 1.95
87.5 : 10 1.51 3.31 2.19
acetone control 10 1.70 2.72 1.60
—11 —
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I

Oxygen consumption of lindane treated caterpillar

15 hours after the application

; ; y 1
Iﬁg‘diggesgisliff No, of AY. | MMZ20,/caterpillar/min. AN Oy /g
ppm. by weight caterpillars Wt. caterpillar/min.
125 10 1.65 311, ‘ 1.88
25.0 10 1.52 3.52 l 2.32
37.5 10 146 3.88 \ 2.66
acetone control 10 hKil 205 ‘ 1.61

Lindane poisoning results in an increased oxygen consumption which
was already evident about 5 hours after application, and was at least kept
its increment for 15 hours after application.

The period of increased O; consumption corresponed with the period
during the caterpillar was under going charactristic tremors in which the
metabolism was increased.

The increment of oxygen consumption of insecticide-poisoned insect,
was reported by many researches, especially with DDT. (Yamamoto 1958,
Ludwig 1946, Buck and Keister 1952), with pyrethrum (Ingram 1955), and
with heptachlor (Havey & Brown 1931), and these researches also concluded
that the increased oxygen'uptake was attributed to the hyperactivity caused
by the toxicity of insecticides.

8. Effect on pH Value of Haemolymph

Effect of lindane on the pH value of haemolymph of papilio larva was
tested with the Toys pH test paper Methly Red. '

The results obtained by the test are as follows.

Lindane dosage per time following application pH value of
caterpillar ppm. by weight (hr.) haemolymph
125 5 6.8
25.0 5 6.8
37.0 5 6.8
acetone control 5 6.8
125 : 15 6.8
25.0 15 6.8
37.0 15 6.8
acetone control 15 6.8




As the above table shows, with this method, there existed no variation
in pH value of haemolymph between the treated and untreated individuals.

9. Effect on Calcium Content in Haemolymph

Calcium contents of haemolymph both in lindane treated and untreated

caterpillar were as follows:

Calcium content of haemolymph in lindane treated Papilio larvae

Lindane dosage per \ time after application calcium content wet weight
caterpillar ppm. by weight ! (hr.) m Eq/1
12,5 5 \ 30.5
25.0 5 | 31.3
37.5 5 \ 30.2
acetone control 5] 9kl
125 15 30.8
25.0 15 30.6
37.5 15 31.2
acetone control 15 30.4

The effect of calcium in insect body was reported by a number of
investigators, above all, its effect on nervous system and muscle seemed to
have some correlation to the lindane intoxication. accordingly, Loeb (1909)
found that lowering the calcium level causes nerves to become more eXCi-
table and fire spontaneously. Also, Welsh and Gordon (1947) and Gordon
and Welsh (1948) found that, DDT and other organic compounds brought
about a toxic action on the nerve, which was similar to that caused by
lowering the concentration of calcium and magnesium ions, they also pos-
tulated that these neurotoxins are absorbed on the surface of the nerve
axons, and that the repetitive firing of the nerve following an initial
" exciting impulse which breaks the calcium ion-axon surface linkage is
caused by a’ delay in the stabilizing restoration of calcium ions to the axon
surface comples.

Calcium is also released during musclé contraction. It may be released
in one part of the muscle and immediately bound elsewhere in the same
or another muscle (Weiss 1934), or it may be set free as the calcium ion
in the blood (Wacker 1929). Also the initiation of shorting of muscle fiber
by calcium was also reported by Heilbrun (1934), Overton (1904), Hukuda
and Morija (1936). And calcium can also initiate a chemical reaction of




primary importance in muscle metabolism, namely, the adenosine triphos-
phate breakdown, making available a large amounts of energy when calcium
activates adenosine triphosphatase; although other ions may activate ad-
enosine triphosphtase, the muscle will not contract unless calcium is persent
(Bailey 1942).

Though the effect of calcium on the nerve and muscle were studied
by many researches, no study was made on the haemolymph. In the
author’s experiment the calcium contents of haemolymph was done and
the result is shown in the preceeding table. But there was no significant
variation between the calcium content of haemolymph and lindane intox-

ication on Papilio larvae.

10. Quantitative Analysis of Glucose in Haemolymph

The results introduced are as follows

Lindane dosage per ' time following application ‘ glucose content
caterpillar ppm. (by weight) (hr.) i (mg/ml)
125 5 \ 1.42
25.0 5 1.04
37.5 , 1.04
acetone control 5 1.58
125 ; 15 0.87
25.0 15 \ 0.82
87h 15 0.78
acetone control 15 \ 1.47

Loss of glucose contents of haemolymph in lindane treated caferpillar
was observed, when lindane dosage was increased, or time following the
application was prolonged. In other words, the greater decrement of glucose
content was shown in the case of the higher level of intoxication. Glucose, ‘
fat and glycogen are compounds which furnish energy for muscular activity
and their loss was associated with the violent muscular tremor, and diarhoea
which occureed accompaning lindane poisoning.

The same phenomena with DDT were also observed by Merril and
Ludwig (1946) in american cookroach and Japanese beetle respectively.

The results of Ludwing’s éexperiment which showed the data at the
time of death to DDT poisoning was as follows. Japanese beetle larvae
had used 85.5 percent of the original supply of the glycogen, 40.4 percent
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~ of glucose, and 32.5 percent of the fat. Comparable figures obtained by
Newton (1954), during the starvation of this insect were 80.0, 28.6 and 71.7

percent respectively. Therefore, it is clear that more of the available
E carbohydrate reserve is utilized following exposure to DDT than during

! starvation. But contrary results were also introduced by Joseph (1958).
" By his biochemical determination on the blood of the mealw'orm (Tenebrio

molitor), showed 90 percent increase in reducing compound with DDT
: lv'exposure.

, As both Joseph and Ludwig used Hagedorn and’ Jensen technique for
0 thlS analysis, different results between their experiments might be due to
i the difference of insect species.

k. In the author’s experiment with lindane also showed the decreased

about 40.5-46.6 percent during the 15 hours intoxication. This results
almost coincided with that of Ludwig’s.

11. Paper Chromatographic Analysis of Monosaccharides and Certain
Ninhydrin-Positive Amino Acid in Lindane Treated Papilio Larvae
i (a) Monosaccharide.

In this experiment, glucose and 2 unknown substances were iden-
tified. The paper chromatographical appearances are as follows:

Monosaccharide " . )
identified Rglucose Color of spot olor intensity
glucose 1.00 Brown 4+ +
unknown (A) 0.32 , Brown ++
unknown (B) 1 0.28 Cherry red R
{ |

The distribution of identified morosaccharide in each treated group
is as follows:

After 5 hr. following application After 15 hr. following lindane

Monosaccharide lindane dosage per caterpillar dosage Per ¢ caterpillar ppm.
pearife o | 125 | 250 | 375 | 0 \ 125 \ 250 | 375
Glucose \ + C 4 + a5 4 = i
unknown (A) + + + +° + + & e
unknown (B) — — el Eer \ = — = o




The spots of glucose were quite identified with that of standard

glucose in the spot position and color appearance. Judging from the
R-glucose of other two unknown substances, they could not be any
free monosaccharide, and suggested to the phosphated glucose and
fructose 1-6 diphosphate, but due to the lacking of standard sample,
further identification of those substances were not carried out.

(b) Amino acid.

In this experiment comparing with 20 standard amino acids, 8
amino acids were certainly identified in every sample. They were
leusine, phenylalanine, proline, valine, alanine, glycine, glutamic acid,
and aspartic acid. Serine was also observed but its existence was
doubtful, also 7 unknown nin- hyrin-positive substances were recognized.
All the ninhydrin-posti_ve substances identified chromatographically are
shown in the following tables.

Amino acids chromatographically identified in the haemolymph of
lindane treated papilie Larvae

(5 hours after topical application on prothracic shield)
Rf value Rf value Lindane desage per a caterpillar

Amine acid identified to to g (by’ we1gh‘t?

acetone
phenol | butanol 125 ' 250 | 375 f o
b ot RN i ——— 1 1 """ | control

leusine 0.690 0.691 + + -+ +
phenylalanine 0.553 0.631 -+ + + +
proline 0.652 0.557 + + + +
valine 0.516 0.575 + + | -+ +
alanine 0.492 0.487 + “+ + +
glycine 0.412 0.393 + + ’ + +
glutamic acid 0.314 0.407 + + ‘ + +
aspartic acid 0.275 0.317 - ir + ' -+ [\ +
Serine (?) 0.309 0.291 + AR Bl agcl
arginine 0.586 0.411 e - ROl
tyrosine 0.354 0.641 — - / + ' -
unknown 1. : 0.447 0.427 - - ’ i } t
unknown 2. 0.786 0.874 - — — ( +
unknown 3. 0.416 - 0.546 - / - ’ — t -+
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Amino acids chromatographically identified in the haemolymph of

lindane treated papilio Larvae
(15 hours after topical application on prothoracic shield)

1 Rf value “‘ Rf value Lindane dosage per a caterpillar
Amine acid identified to “ to ] ppm. (by weight)
| phenol | butanol 125 | 259 L B s
' [
Jeusine 0.690 0.681 \ + + + =+
phenylalanine 0.553 0.631 + \ + + +
preline 0.652 0557 \ Rt e SO N +
valine 0.516 0.575 + “ + + +
 alanine 0.492 0.487 + \ K R +
glycine 0.412 0.393 + l + \ + . +
glutamic acid 0314 | 0.407 + \ + \ + S
~ gapartic acid 0.275 \ 0.317 + “ + \ + +
serine (?) 0.309 \ 0391 - \ + \ + ¥
arginine 0.586 0.411 o i ) + +
tyrosine 0.354 “ 0.641 FTE [Re by | o
~ nistidine 0553 | 0342 B ey . +(?)
unknown 4. 0.317 0.635 - | — -
unknown 5. 0.110 0.225 — = + -
~ unknown 6. 0.718 0.134 = = A7 —
unknown 7. 0.040 0.429 — — - o

Discussion.
£ amino acid of haemolymph in lindane

The qualitative analysis O
treated Papilio larva was carried out. In this experiment, though some
ificent variation was observed.

miscellaneous changes existed, no sign

~ As the pathological change in the amino acid in Bombyx larvae have

B been reported by Drilhon, Busnel and Vage (1951). For example, in
flecherie the concentration of all the amino acids were said to decrease.
Grasserie virus, howerver, tryptophane was

~ In the lysis produced by the
ard to this observation Drilholnetal claimed

E particularly abundant. Inreg
- that tryptophane is never found in the normal Bombyx larvae. In the

- blood of DDT-treated Tenebrio molitor as Joseph (1958) menstioned,
70 percent increase of amino nitrogen is observed, and also eighteen
and identified chromatographically with
henol butanolacetic acid. They were alanine, aspartic acid, cysteine,
glycine, glutamic acid, histidine, isoleucine, lysine, methionine, nor-

leucine, ornithine, phenylalanine, proline, serine, taurine threonine,

i A -

‘amino acids were separated,




tyrosine, and valine, Most of the compounds increased as a result of
DDT poisoning, but norleucine and taurine decreased. But in his
experiment no qualitative change of amino acid was observed.

"~ In regard to the quantitative determination of amino acid in lindane-
treated insect further studies were remained to be done.
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