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So far, very little work has been done on this aspect of the mode of action of
insecticides, which needs further investigation. INeram (1955), has reported
that the insects treated with pyrethrum loose greater weight than the controls,
and that, this loss in weight is due to the loss of body water. WIceLESWORTH
{(1941) reported that during first day, the loss of weight in the Pyrethrum treated
insects is sometimes rather greater than in the normal. He further reported that,
this is due to the spasmodic muscular contractions during the early stages of
poisoning. The ,.spasmodic muscular contractions’ has been interpreted by
Ineram (1955), as the hyperactivity. Buck & Kzurster (1949), concluded with
DDT treated Blowflies (Phormia regine Ma.), that DDT and dry air enhances
water loss, and, DDT enhances loss of both metabolic and reserve water. They
also concluded that the loss of water is not the primary cause of death.

In the series of present experiments, we have made an attempt to determine
the amount of water loss per gram of the body weight in the insecticide treated
insects under both hyperactive and seized hyperactive conditions. The insecti-
cides were applied in decisive lethal doses, so as to give a cent percent knock-
down within an hour, and the insects passed in to the moribund condition di-
rectly from this stage. This was done to observe the maximum amount of water
loss in insects in the first two hours. Actually, in such an acute poisoning, the
first two hours are the most vital period, as the insects reach the moribund
condition within this time.

Material and Methods

Male and female cockroaches (Periplaneta americana [L.]) were used in equal numbers in
these experiments and were anesthesized with CO,. The insecticides were applied topically
on the pronotum with the help of a micro-applicator in known gquantities. Air, dried by
passing through the calcium chloride tubes with the help of a filter pump, and then passed
over the cockroaches in order to absorb any water droplets or wetness from the surface of
the body and the same air was again passed through another calcium chloride tube in
order to collect the water. Water droplets could be seen adhering to the inside surface of
the calcium chloride tube. This procedure left the cockroaches almost dry and thus enabled
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us to obtain the correct weight after experimentation. The treated and control cockroaehes
were weighed before and after running the experiment for two hours,

To study the hyperactivity as a cause of weight loss, following experiment was devised,
to find out, whether weight loss in the insecticide treated insect was mainly due to the
(hyperactivity) spasmodic muscular contractions or it was independent of the increased
activity. Cockroaches anesthesized by CO, were treated and were run for two hours in an
ice-bath container, the temperature of which was regulated at 1 °C to 2 °C; and air pre-
cooled to 1 °C was passed through the calicum chloride. This cooling process inhibited
the hyperactivity and the normal body activity was reduced.

Observations

Average body water loss of the various groups of exeprimental and control
insects have been arranged in a tabular form. From the table it is clear that in
all the cases, insects treated with any of the insecticides loose a greater amount
of water, than those run under normal and controls conditions. In case of normal
and control experiments, the amount of water loss was almost the same, except
the slight variation. In certain cases the treated cockroaches did not show the
droplets on the body surface, but definitely gave the wet appearance. The degree
of wetness differs from insecticide to insecticide, and, is in direct relation with the
amount of weight loss per gram of the body weight. This is contrary to the normal
and control experiments, wherein, we do not find any visible presence of droplets
or the wetness on the surface of the roaches. To study the hyperactivity causing

Table 1
Detail of treatments and water losses in Periplaneta americana (L.)
Average percentage | Average percentage
Treatment vg::(;rr;)zs of watger loss as cal- | of water loss as cal- ie?éei:ta[:et(i;e ]?(?se o? ingec-
body wt. culated from the culated fro.m the water loss ticides in r/fgm
total body water body weight

Normal 0.0126 2.0 1.26 t 0.246 -

Control 0.0130 2.17 1.30 0.208 -

*Control nil — nil —_ -
Aldrin 0.0200 3.33 2.00 0.290 151.4
*Aldrin 0.0185 3.08 1.85 — 151.5
Dieldrin 0.0210 3.50 2.10 0.206 143.8
Sevin 0.0240 4.00 2.40 0.197 115.1
Lindane ¢ 0.0250 4.16 2.50 0.285 143.9
Endrin 0.0260 4.33 2.60 0.301 144.4
p-p. DDT 0.0304 5.06 3.04 0.297 185.4
Methoxychlor 0.0320 5.33 3.20 0.320 138.2
Phosdrin . 0.0334 5.56 3.34 0.370 160.9
**Dimecron ¢ 0.0390 6.50 3.39 0.356 1389
Nuvan 0.0401 6.68 4.01 0.280 134.0.
Paration i 0.0446 7.43 4.46 0.299 109.0
Allethrin . 0.0504 8.40 5.04 0.307 116.2
*Allethrin - 0.0332 5.53 3.32 [ 116.2

Temperature 20 °C. Bach experiment run five times with 8 male and 3 female adult cockroaches.

* After arresting the hyperactivity and general body activity at 1 to 2 °C.
** Systemic insecticide, used tropically.
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weight loss in insects, as has been reported by WiceresworTa (1941), the hyper-
activity and the normal body activity were inhibited by cooling the cockroaches:
and then the water loss percentage was calculated. It was found that though
the percentage of water loss was reduced under inhibited conditions, yet it is
very high when compared to the control experiment, where, it is almost nil.
The results have been shown through Table 1 and a histogram (Fig. 1).
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Fig. 1. Histogram showing the comparative water loss percentage after treatment with
different insecticides in Periplancta americana (L.)

Discussion

Merransy (1935) has reported three possible ways, in which water might be
evaporated from an insect’s body, exluding excretion. 1.Through the general
surface of the body wall; 2. from tracheal system ; and 3. partly from body sur-
face, and partly from the tracheal system. He further states that, the rate of
evaporation of water from any system in still air is governed by two principal
factors. 1. The area of the surface from which the evaporation takes place, and -
2. difference between the vapour pressure at the surface and the vapour pressure
of the air.

35 Beitr. Ent. 14
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Jorpaw (1927) and Guxnwx (1933) states that the insect keep their spiracles
closed most of the time, only opening them sufficiently to obtain enough O,,
in order to conserve water and that most of the water evaporated is lost through
the spiracles. MELLANBY (1934b) concluded that in insects with mechanism for
closing the spiracles, the rate of water loss under the mixtures of gases (such as
containing 5%, CO,) was 2 to 7 times than that in dry air. In insects which could
not close their spiracles, the rate of loss of water was practically the same under
all conditions.

Dewrrz (1890) states that the CO, passes readily through the chitin, and that
the insects get rid of some of that gas through their integument. BUDDENBROCK
& Romr (1923) quoted from MELLANBY (1935) suggests that water vapour may
pass from the insect’s body in a similar manner. Further experiments by MEr-
LANBY (1934b) supported the view that the integument is nearly water tight,
even in the case of insects possessing thin cuticles such as the flea larvae and
cloth moth larvae. The water evaporated from their body is lost mainly through
the tracheal system. Ramsay (1935) has shown that at temperatures above 30 °C,
the body surface of the cockroach becomes more permeable to water, due to a phase
change, probably melting of a layer of some fatty or waxy substance which
occurs naturally on the surface of the insect. Jorpan (1927), Buxron (1932),
MzrranBy (1934D), and Ramsay (1935) believe that water loss in insects takes
place through the spiracles, but WicereswortH (1941) found contrary results,
where spiracles remained closed in Rhodnius with Pyrethrum poisoning. BeaMENT
(1945), WiceLESWORTH (1945), and RicuarDs (1953) held the view that the water
is lost through the integument, but is controlled by the waxy protective layer
on the surface of the integument. In these experiments it was observed that the
visible droplets or the wetness as the case may be, depending on the insecticide,
are found all over the body excluding; wings, antenna, and legs, and are not
localized to the areas of the treatment, which suggests that the water is lost
through the general body surface, as well as through the other openings,e.g.,
mouth, anus, respiratory openings ete., etc.

Rosinson (1928) has shown that there is some relation between the percentage
of water in insect’s food, and the percentage of water in its body. He also finds
that those insects containing a low percentage of water in their bodies have a high
percentage of ,,bound water“. But MELLANBY (1935) gave contradictory views,
that the surface area, together with the dryness of the atmosphere governs the
rate of loss of water, the total amount of water present has no effect. As long
as there is any water available for evaporation the rate at which that water is
lost will remain unaffected, whether, there is much or little solid matter or much
or little bound water.

MrrLansy (1932c¢) reported that the bedbug loses water more rapidly in dry
air than in moist, but, in proportion to the saturation deficiency, the rate of loss
is greatest in air which is 909, saturated. BuxTox (1931, 1932) has hypothesized
that the rate of evaporation of water from insects is usually governed by the
saturation deficiency of the air. Nevertheless, the hypothesis has been questioned
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by a number of workers, Janiscu & GuasN (1933) and MAERCKs (1933) who
states that the water loss is frequently governed by relative humidity.

Buxron (1930), Guny (1933), and MELLANBY (1932b, 1932¢, 1934a) reported
that at one temperature and several humidities, the rate of loss of water in most
cases is proportional to the saturation deficiency. Mrrransy (1935) stated that,
whenever the internal temperature of an insect’s body is different from that of
the surrounding air, the evaporation of water will be affected. Insect’s body
temperature may be raised by the absorption of radiation (Buxrton, 1924) or by
the effects of muscular energy (BacHMETIEW, 1901) and cooled by evaporation
of water (NECHELEs, 1924). But, when after arresting the hyperactivity the
treated and non-treated insects were run at 1 °C, it was observed that, the water
loss is almost absent in the non-treated insects and is significantly high in the
treated insects (see Table 1). The body is already cool in the treated and non-
treated roaches and, hence, there is no loss of water in the non-treated insects.
But, the loss of water in the treated insects suggests, that this loss of water through
evaporation has not been carried out in order to cool the body, but is the direct
action of insectidices. Further, the reduced percentage of water loss has been
attributed to the reduced efficacy of insecticides under chilled conditions or,
perhaps due to the want of hyperactivity or both.

Guwy (1933), MELLANBY (1932Db, 1932¢), and IncrRAM (1955) found that meta-
bolism alone caused practically no change in the weight in insects. Gunx (1933),
and Mrrraxsy (1932b, 1932¢) concluded that, provided the insects did not
excrete, the loss in weight during starvation was all due to loss of water. INgrAM
(1955) reported that any change in weight could be interpretated as due almost
entirely to loss of water by other routes, especially with treated flies. Present
authors are in agreement with the views of Guxx (1933), MrLLANBY (1932b,
1932¢), and Ingram (1955) and hence, weight loss has been interpreted as the
water loss.

WiccLESWORTH (1941) reported the loss in weight in the treated Rhodnius,
and he attributed this to the hyperactivity. But in the present experiments, it
was found that after reducing the hyperactivity and the general body activity
to almost nil, the Allethrin and Aldrin treated cockroaches loose a significantly
high percentage of water from the body (see Table 1), when compared to the
controlled cockroaches run under the identical conditions, where it is almost nil.
Hence, it has been concluded that hyperactivity can not be, presumably, a cause
of water loss in treated insects.

These experiments were conducted to throw some light on the cause of death
of insects, but no positive evidence were obtained. It has been concluded that
the action of insecticides causes the loss of body water from the surface, which
proves that the whole body from within has been affected by the poison. Further,
the loss of water alone can not be the only cause of death, and does not rule out
the possibility of histochemical changes that are taking place within the insect’s
body which are also to a very large extent responsible for the tissue degeneration

35%

DOI: 10.21248/contrib.entomol.14.3-4.525-532



530 A. N. CHATTORAT & V. P. SHARMA, Water loss in Periplaneta americana (L.)

and death. However, loss of water helps the insects to die earlier and for the
insecticide to act more acutely since it gets concentrated inside the body.

Conclusions

With the above observations we have arrived at the following conclusions.

1. In the above experiments, where the conditions of temperature and saturat-
ion deficiency being constant throughout, the authors find that the insecticide
treated insects do not follow the ,,saturation deficiency law* of MeLLANBY (1935).
However, it appears that with the treatment of insecticides, a disruption in
morphological or physiological or both states sets in, and thus, the rate of water
loss is not proportional to the saturation deficiency of air.

2. Different insecticides are supposed to act in different ways and cause diffe-
rent type of physiological reactions, and hence, we find variation in the amount
of water loss in treated insects.

3. Weight loss has been interpreted as water loss, and water loss takes place
through the general body surface; and is not localized to the areas of treatment.

4. Treated insects behave hyperactive, but this hyperactivity is not the only
of water loss.

5. Reduction in the percentage of water loss under the seized hyperactive con-
dition has been attributed perhaps to the reduced efficacy of insecticides under
chilled conditions or perhaps may be due to the want of hyperactivity or both.

6. Loss of water, alone can not be the only cause of death, but it certainly
enhances the process of death.

7. With the loss of water probably insecticides act more acutely, due to the
concentration of body fluids.
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Summary

Water loss in cockroaches was calculated with twelve insecticides, running normal and
control experiments. Various details of the treatments and results obtained have been
shown through & table and a histogram. It has been concluded that weight loss has been
caused by the water loss, and further water loss alone can not be the only cause of death,
but it certainly enhances the process of death. Control and treated experiments were run
with Allethrin and Aldrin poisoning after arresting the hyperactivity and the general body
activity under chilled conditions. The results obtained are contrary to WIGGLESWORTH'S
views, and it was established that hyperactivity is not the only cause of water loss in treated
insects.

Zusammenfassung

Im Verlaufe von normalen Untersuchungen und bei Bekdimpfungsexperimenten mit
zwolf Insektiziden wurde der Fliissigkeitsverlust bei Schaben festgestellt. Verschiedene
Einzelheiten der Behandlung und die erzielten Resultate werden in einer Tabelle und
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einem Histogramm erliutert. Es wird gefolgert, daB der Gewichtsverlust durch den der
Fliissigkeit verursacht wird und weiterhin, daB der Fliissigkeitsverlust allein nicht die
einzige Ursache fiir das Absterben sein kann, aber daf} er sicherlich den SterbeprozeB be-
schleunigt. Die Experimente wurden mit den Giften Allethrin und Aldrin durchgefiihrt,
nachdem die Hyperaktivitit und die allgemeine Korpertitigkeit durch Abkithlung gehemmt
worden war. Die erzielten Ergebnisse stehen im Gegensatz zu denen von WIGGLESWORTH,
indem festgestellt wurde, daf} die Hyperaktivitit nicht die einzige Ursache des Fliissigkeits-
verlustes bei behandelten Insekten darstellt.

Pesome

B xone 00bIYHBIX MCCAeTOBAHNI # OIEITOB 10 G0phie ¢ HACEKOMBIMH IIPK HOMOINHK
IBEHANIATH MHCEKTHUHNOB OBjIa ycTaHOBJEHA II0Tepd BJarm TapakaHamu. Ifo-
gpobuocTE 006paboTHU M pPe3yiabTaThl OTPaMKeHBHI B Tabjauile ¥ THUCTOrpaMMe.
Henaercsa BHIBOA, YTO HOTepsA Beca 00yCIOBJeHa IoTepeil BJaryu, M 4T0 IOTEps
BJArH He MO:KeT OBITh eOMHCTBeHHOI IPUUMHON OTMHPAHHA, HO BEpOATHO, OHa
YCKOPAET Ipolece OTMUPAHNA. JKCIIEPUMEHTH! IIPOBOAMIIMCE ¢ ANaMH alJIeTPuH U
anjfpuH, 1I0cKe Yero rulepaKTUBHOCTL U 0GIIas AeATeJdbHOCTD Teja COKpaIlaluch
uyTeM oxdammenns. IlonydyeHHBle pe3yAbTATH IIPOTHMBOPeYaT pe3yibTaTaM
WIGGLESWORTH, B KOTOPHIX VTBEpMKIAeTCA, UTO TUNEPAKTUBHOCTE He HABJAETCH
eNVHCTBEHHON NIPAYMHOH OTEPH BIAYKHOCTH ¥ 00paboTaHHHX HACEKOMBIX.
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