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The present studies were undertaken to study changes in the blood cells of cer
tain insects after the application of organic insecticides in order to establish the 
haematological changes. The insecticides are: DDT (p, p'), Dieldrin, Dimecron, 
Lindane, Methoxychlor, and Parathion, and the insects are the adult cockroaches 
Periplaneta americana, nymphs of grasshoppers Poecelocerus pictus, and the larvae 
of Saturnid moth Attacus recini.

Tareeva & Nenjukov (1931) have described the blood picture of Calliptamus 
italicus after sodium arsenate and sodium fluoride poisoning. P ilat (1935) has 
described the blood picture of Locusta migratoria with intestinal poisoning of 
sodium arsenite and sodium silicofluoride at various intervals.

Yeager & Munson (1942) studied extensively the effects of Nicotine, Bento
nite, Nicotine Peat, Rotenone, Pyrethrum, Phenothiazine, Barium calcium arese- 
nate, Sodium fluoaluminate, Sodium fluoride, Mercuric chloride, Calcium arsenate, 
Calcium arsenite, Arsenic trioxid.e, Paris green, and Lead arsenate on the blood 
cells of Prodenia eridania larvae. They observed haematological changes as: the 
generative cytoplasmic changes consisting of apparent cellular swelling, disrup
tion of and decrease in visibility of normal structures, decrease or loss of blood 
cell glycogen, formation of broad pseudopodia or cytoplasmic buldges, plastid 
formation, excessive vacuolization, and raggedness, and the nuclear degeneration 
involved distortion, raggedness, loss or disruption of normal structure, achromo- 
philia, assumption of more or less peripheral position, fragmentation, pyenosis, 
and extrusion. Yeager & Munson classified haematological changes in three 
categories following the poison administration (1) Passive-active transformation 
and cell agglutination. (2) Regenerative alterations and (3) Degenerative changes. 
Toumanoee & Lapied (1950) described the blood cell changes in Galleria after 
direct contact of haemocytes to DDT in v itro . They claimed that DDT brought 
about lysis of haemocytes in  v itro , that haemocytes contained phagoeytized 
crystals of DDT, and haemocytes neutralized the action of DDT, and contact of 
DDT brought about marked changes in differential counts. J ones & Tauber 
(1954) have described the blood cell counts, and abnormal blood picture of Tene- 
brio molitor larvae with the administration of DDT, sodium fluoride, nicotine and 
other substances.
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Material and Method
Insects required for the experiment were reared in laboratory for the facility of 

continuous supply. The insecticides employed in this study were made into differ
ent concentrations by dilution in their respective solvents and were applied with 
the aid of a micro-applicator. A known quantity of the insecticide was applied 
topically on the pronotum of the cockroaches and the grasshoppers, and by injec
tion to the 3rd stage larvae of Attacus recini ; and in all the cases doses were suffi
ciently high, as to cause death within 12 hours time (see Table 1). The treated 
insects were left in the cages and petri dishes provided with sufficient food and 
water. Moribund insects were collected and their blood was taken out amputing 
at the antennae of the cockroaches and grasshoppers, and prolegs of the larvae 
with scissors. The blood was heat fixed at 58 — 60° C for 3 to 5 minutes. Thin 
smears of blood were prepared on the slides, dried in  air, stained with any one of 
the following stains Wright’s or Irishm an's or Haematoxylin and eosin and 
mounted in Canada bassam. Untreated and control experiments were run simul
taneously.

Observations
The type of blood cells and their number varies greatly with the insect. The 

different type of cells found in the insect’s blood have a uniform boundary, are 
evenly stained, their nuclei lie in the centre, and have regular outlines (Fig. 1). 
The changes induced by different insecticides are more or less of the same type 
excepting that the intensity varies with the insecticide and the insect. Following 
descriptions are of poisoned haemoeytes only.

DDT (p, p )
With the application of this insecticide the cytoplasm of the blood cells is 

faintly stained and the pathological condition of cells is not as intense as we find 
with other poisons more especially with organophosphates. Only few cells are 
affected by the poison and most of the cells remain unaffected. However, the 
affected blood cells of grasshoppers and cockroaches show the following changes : 
cell agglutination, contracted cytoplasm, plastid formation, slight surface irre
gularities, cytoplasmic raggedness; and the nuclei appear swollen, dislocated, ex
truded, and hypertrophied. The haematological changes in the Attacus larvae are : 
cell agglutination, contraction, cell wall foldings, plastid formation, cytoplasmic 
raggedness, surface irregularities, fusiform cells become round, nuclei swollen, 
hypertrophied and visible (Fig. 2).

DieMrin
In the haemolymph of grasshoppers and cockroaches the blood cells changes are 

noted as : decrease in the visibility of cytoplasm, cell agglutination, plastid form
ation, irregularities in shape of haemoeytes, formation of microhaemocytes and 
megalohaemocytes, and the nuclear degenerations are observed as : irregularities 
in shape, distortion, extrusion, and hypertrophy. In Attacus larvae the haemato
logical changes are observed as : contraction of cytoplasm, cell wall foldings, un-
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evenly stained cytoplasm, formation of plastids, and the nuclei are visible and 
hypertrophied. As compared with the grasshoppers and cockroaches the visibility 
of cytoplasm is not reduced in the blood of Attacus (Fig. 3).

Dimecron
Treatment of grasshoppers and cockroaches with Dimecron cause the following 

haematological changes: cell agglutination, formation of plastids, microhaemo- 
cytes, megalohaemocytes, and abnormal haemocytes (poikilohaemocytes) ; and the 
damage to the nuclei has been recorded as: distortion pycnosis, atrophy, hyper
trophy, and extrusion. Changes observed in the blood cells of Attacus larvae are : 
contraction and decrease in the visibility of cytoplasm, unevenly staining, cell 
agglutination, cell wall foldings, plastid formation; and the nuclei are ragged, 
swollen, and hypertrophied. Compared with the grasshoppers and cockroaches, 
we find that the haemocytes of Attacus larvae are more affected (Fig. 4).

Lindane
The application of lindane causes very little haemotological changes as com

pared to other insecticides. The cytoplasm of the blood cells takes a faint stain. 
In haemocytes of grasshoppers and cockroaches, the pathology is noted as: cell 
agglutination, blood cells retain their shape and structure and at places only cell 
wall foldings are observed, there are no plastids, no vacuoles, and certain nuclei 
become pycnotic. In blood cells of Attacus larvae the haematological changes 
observed are : cell agglutination, foldings of ectoplasm, nuclear swelling, fusiform 
cells become round, unevenly stained, and plastids are formed. The blood cell 
changes are intense in Attacus larvae (Fig. 5).

Methoxyehlor
Action of Methoxyehlor on the blood of grasshoppers and cockroaches is mani

fested as: cell agglutination, formation of plastids, microhaemocytes, and mega
lohaemocytes ; and the cytoplasm is disintegrated. Damage to the nuclei is recorded 
as: atrophy, hypertrophy, swelling, acquire peripheral positions and lie deeply 
stained. In Attacus larvae, the ectoplasm shows foldings and overlap the nuclei 
making them invisible, cell agglutination, cytoplasm become granular, formation 
of plastids, and cytoplasmic buldges give pseudopodial appearance (Fig. 6).

Parathion
Most conspicuous and intense haematological changes are observed with the 

application of Parathion. Parathion causes decrease in the visibility of cytoplasm 
of haemocytes. In the haemocytes of grasshoppers and cockroaches the pathology 
is noted as: cell agglutination, formation of plastids, microhaemocytes, megalo
haemocytes, and abnormal haemocytes (poikilohaemocytes), gross irregularities 
in shape, cytoplasm shrunk, vacuolated, dissoluted, disintegrated, certain fusiform 
cells acquire roundish appearance, and the presence of abnormal granules. The 
nuclear degenerations are recorded as: pycnosis, hypertrophy, extrusion, ragged
ness, dislocation acquire peripheral positions, swollen, gross irregularities in shapes, 
rupture (karyorrhexis), and distortion. In Attacus larvae, fusiform cells round up,
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the cytoplasm is shrunk, sends out lamellar extensions of cytoplasm giving pseudo- 
podial appearance, unevenly stained, plastids are formed, cell wall foldings overlap 
the nuclei and they are hypertrophied (Fig. 7).

Table 1
D etails  of tre a tm en ts

Doses applied to individual insects inSI.no. Insecticides micro-grams
Cockroaches Grasshoppers Attacus larvae

l. DDT (p, p') 92.70 39.62 8.63
2. Dieldrin 71.90 25.59 5.86
3. Dimecron 69.45 26.65 14.30
4. Lindane 71.95 31.67 9.60
5. Methoxychlor 69.10 27.34 6.58
6. Parathion 54.50 24.50 7.45

Table 2
The com parative  liaem atologieal changes in the  blood cells

SI.
no. Insecticides Grasshoppers Cockroaches Attacus larvae

Cytoplasm Nuclei Cytoplasm Nuclei Cytoplasm Nuclei
i. DDT (p, p') + +  + + +  + +  +  ' +2. Dieldrin +  + + +  + +  + +3. Dimecron + +  + + +  + _|-- j-- j~ +4. Lindane + + + + +  + +5. Methoxychlor “j~ + + + +  “f~6. Parathion +  +  + + +  + +  +  + +  +  + +  +  + +  +

Discussion
J ones & Tatjbeb ( 1954) concluded that certain kinds of pathological haemocytes 

may be more numerous following administration of poison, these abnormalities are 
not specific or peculiar for the particular poison used. They have given a classifi
cation of abnormal haemocytes, and have presented three categories of induced 
abnormal blood cells changes. The present findings show that insecticides cause 
various degrees of haematological changes. The intensity of the pathology varies 
as much with the insect, as with the insecticide. However, the present study of 
haematological changes with different insecticides reveals that the changes are of 
similar general nature and only vary in intensity. This work is in agreement with 
J ones & Tatjbeb (1954), that the haematological changes induced in the haemo- 
lymph are not specific for a particular insecticide used. The pathological haemo
cytes described in the text fall in the same classification of abnormal haemocytes 
reported by J ones & Tatjbeb, and are in agreement with those abnormal haemo
cytes reported by other investigators.

The observations show (see Table 2) little haematological changes after the ad
ministration of Lindane and Methoxychlor marked changes are observed with the
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application of DDT, Dieldrin and Dimecron, and most conspicuous haematologieal 
changes are observed after the administration of Parathion.

Further, the authors observed in all affected haemocytes the decrease of visi
bility of cytoplasm and cell agglutination. In haemocytes of grasshoppers and 
cockroaches only certain cells undergo pathological changes and the number of such 
pathologically abnormal cells varies greatly with the insecticide whereas in Attacus 
all haemocytes show pathological abnormalities of same type. These general 
effects on the blood cell of larvae are probably due to the direct action of insecti
cides, since the insecticides were applied by injection to the larvae.

The action of insecticides on the blood cells also shows certain abnormalities 
that are specific to the insect, such formation of microhaemocytes, megalohaemo- 
cytes, and abnormal haemocytes (poikilohaemocyt-es), presence of abnormal 
granules, vacuolisation, and extrusion of cytoplasm or nuclei or both etc., etc. are 
observed in grasshoppers and cockroaches. Whereas in the blood cells of Attacus 
larvae, the specific changes are the shrinkage of cytoplasm and formation of cyto
plasmic buldges or pseudopodia like structures coming out of the blood cells, and 
most fusiform cells become round; and changes like vacuolisation, presence of 
abnormal granules, and extrusion of cytoplasm or nuclei are not observed.

The nuclei of the haemocytes of grasshoppers and cockroaches are put to various 
kinds of degenerations by their raggedness, rupture (karyorrhexis), atrophy, hyper
trophy, pycnosis, vacuolisation, swelling, and extrusion. However, instead of 
these changes the nuclei of haemocytes of Attacus larvae show a there is no 
vacuolisation and the fusiform cells become round, and damage to the nuclei has 
been observed as : dislocation, overlapping of the nuclei by cytoplasmic folds, they 
are deeply stained and hypertrophied.
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Sum m ary
Action of DDT (p, p'), Dieldrin, Dimecron, Lindane, Methoxychlor, and Parathion have been studied on the blood cells of cockroaches, grasshoppers, and Attacus larvae. The 

action of insecticides on the blood cells of Attacus larvae cause a general shrinkage of cyto
plasm, there is no vacuolation and the fusiform cells become round, and the nuclei are 
variously damaged such as : dislocation, hypertrophy- and cytoplasmic folds overlapping the 
nuclei. They are deeply stained. In grasshoppers and cockroaches the insecticides cause : 
the formation of microhaemocytes, megalohaemocytes, abnormal haemocytes, presence of 
abnormally large granules, and vacuolation ; and the damage to the nuclei has been observed 
as: raggedness, rupture (karyorrhexis), atrophy, hypertrophy, pycnosis, vacuolation, dislo
cation, swelling, and extrusion.

Zusam m enfassung
Die Wirkung von DDT (p, p'), Dieldrin, Dimecron, Lindane, Methoxychlor und Parathion 

auf die Blutzellen von Schaben, Heuschrecken und Attacus-Larven wurde untersucht. Bei 
den Blutzellen der AiiascMs-Larven rufen die Bekampfungsmittel einen allgemeinen Zell-
11 Beitr. Ent. 15

DOI: 10.21248/contrib.entom ol.15.1-2.157-166

http://www.c


©www.senckenberg.de/; download www.contr • ons-to-entomology.org/

162 a . s. Chattobaj & V. P. Shakma, Changes induced in the blood eells ol inseets by organic insecticides

plasmaschwund hervor. Eine Vakuolenbildung tritt nicht ein, die spindelförmigen Zellen 
werden rund, und die Kerne erleiden verschiedenartige Schäden wie Dislokation, Hyper
trophie und eine Überlappung der Kerne durch Zellplasmafalten. Sie werden stark gefärbt. 
Bei Heuschrecken und Schaben verursachen die Bekämpfungsmittel die Bildung von Mi- 
krohämozyten, Megalohämozyten und abnormen Hämozyten, das Auftreten von abnorm 
großen Granulen und Vakuolenbildung. An den Kernen wurden folgende Schäden fest
gestellt: Zottigkeit, Risse (Kernzerfall), Atrophie, Hypertrophie, Verdickung, Vakuolen
bildung, Dislokation, Schwellung und Herausdrängung.

HccjiejtoBaJioci. neiicTBHe, oKaatiBaeMoe JJflT (p, p ’), ähjibhphhom, jyiMeKpo- 
ITOM, JIHHßaHOM, MeTOKCHXJIOpOM H IiapaTHOHOM Ha KpOBHHHe KJleTKH TapaKaHOB, 
Ky3HeHHK0B H JIHHHHKH AttaCUS, B KpOBHHHX KJieTKäX JIHHHHOK AttaCUS Hä3BaHHI>ie 
CpeaCTBa BbI3HBaiOT B OCHOBHOM aTpO(|>HIO njia3MH KJieTKH. BaKyojiH ne oßpasy- 
K0ÏCH, BepexeHoo6pa3Hbie k jic t k h  onpyraniOTCH, a Hjtpa npeTepneBaiOT pa3JiHuni>ie 
noBpetKjgeHHH, HanpHMep, CMeipeHHe, ranepTpo^Hio h  nepeHptraaHHe Hjjep CKjiaa- 
KaMH ima3Mi>i k t c t o k . O h h  chjibho  OKpamuBaioTCH. y  Ky3neuHK0B h  TapaKaHOB 
cpencTBa 3amnTw BWBHBaiOT oßpa30BaHHe MHKporeiwomiTOB, MeranoreMopHToB h 
HeHopMantHBix reMOUHTOB, noHBjieHHe HeHopMajibHO ßojibiimx rpaH yji h Ba- 
KyoJieä. H a h r  pax  6 u im  oÔHapyjKeHM cjiepyroipHe noBpeaîfleHHH : BopcpHuaTOCTb, 
TpeniHHtj (pacpap nppa), aTpo«|)HH, rpnepTpo«|)HH, yTOjimeHHe, oßpa30BaHPe 
BaKyojieft, cMemeHHe, HaßyxaHne h BbinppaHHe.
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Explanation of details of photomicrographs
1 -  Untreated haemocytes
2 -  Plastid formation3 -  Microhaemocytes
4 -  Pycnotic nuclei
5 -  Dissoluted cytoplasm
6 -  Swollen nuclei
7 -  Hypertrophied nuclei
8 -  Megalohaemocytes (showing only

9 -  Poikilohaemocytes
10 -  Thickening of chromatin
11 -  Peripheral condensation of chromatin12 -  Vacuolated haemocytes
13 -  Foamy cytoplasm
14 -  Surface irregularities
15 — Fusiform cells tend to become round16 -  Extruded nucleus
17 -  Abnormal cellular extensionsnucleus)
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Explanation of figures
A -  Haemocytes of Attacus larvae 
B -  Haemocytes of Cockroaches 
C -  Haemocytes of Grasshoppers

Pig. 1. Haemocytes of untreated insects

° t ' •* A V r' 6S'
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c
Fig. 2. Haemocytes of DDT treated insects

11»

DOI: 10.21248/contrib.entom ol.15.1-2.157-166



©www.senckenberg.de/; download www.contributions-to-entomology.org/

164 A  N. Chattokaj & V. P, Shakma, Changes induced in the blood cells of insects by organic insecticides

Mg. 3. Haemocytes of Dieldrin treated insects

Mg. 4. Haemocytes of Dimecron treated insects
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Kg. 5. Haemocytes of Lindane treated insects

Kg. 6. Haemocytes of Methoxychlor treated insects
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Eig. 7. Haemocytes of Parathion treated insects
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