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Effect of Sequential Heat and Cold Shocks on Nuclear Phenotypes
of the Blood-sucking Insect, Panstrongylus megistus (Burmeister)
(Hemiptera, Reduviidae)
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Thermal shocks induce changes in the nuclear phenotypes that correspond to survival (heterochromatin
decondensation, nuclear fusion) or death (apoptosis, necrosis) responses in the Malpighian tubalestrohgylus
megistus Since thermal tolerance increased survival and molting rate in this species following sequential shocks,
we investigated whether changes in nuclear phenotypes accompanied the insect survival response to sequential
thermal shocks. Fifth instar nymphs were subjected to a single heat (38@r#4) or cold (5 or 8C, 1 h) shock
and then subjected to a second shock for 12 h at 40@rr@spectively, after 8, 18, 24 and 72 h at@Q&control
temperature). As with specimen survival, sequential heat and cold shocks induced changes in frequency of the
mentioned nuclear phenotypes although their patterns differed. The heat shock tolerance involved decrease in
apoptosis simultaneous to increase in cell survival responses. Sequential cold shocks did not involve cell/nuclear
fusion and even elicited increase in necrosis with advancing time after shocks. The temperatures di@Warel 0
more effective than the temperatures of 35 &it@lif eliciting the heat and cold shock tolerances, respectively, as
shown by cytological analysis of the nuclear phenotypes. It is concluded that different sequential thermal shocks
can trigger different mechanisms of cellular protection against streBsriregistusfavoring the insect to adapt to
various ecotopes.
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Panstrongylus megistusne of the most important Nuclei with heterochromatin loosening may represent an
vectors of Chagas disease, is a blood-sucking insect wiattempt to activate silent genes during stress (Mello 1983,
a wide geographical distribution in Brazil, high rates 01989). Giant nuclei are characterized by a bigger size when
infection withTrypanosoma cruzand an adaptability for compared with normal nuclei, and originate from nuclear
invading artificial ecotopes (Forattini 1980). Prolonge@nd/or cellular fusion (Wigglesworth 1967, Mello &
cold and heat shocks are deleteriol® toegistuslymphs Raymundo 1980). This phenotype has been described as
(Garcia et al. 1999), but resistance to these stressing canpossible mechanism of cellular and organ protection
ditions can be elicited following sequential shocks imnder unfavourable conditions in blood-sucking insects
which a mild shock precedes a severe one (Garcia et @\igglesworth 1967, Mello & Raymundo 1980, Dantas &
20014, b). Heat-shock tolerance follows a pattern typicklello 1992, Garcia et al. 2000a, b). Apoptosis and necro-
of heat shock protein activation (Garcia et al. 2001a). Coldis are defined in terms of their morphological character-
shock tolerance also presumably involves heat shock pistics (Kerr 1971, Kerr et al. 1972, Garcia et al. 2000a, b).
teins, although consideration of other protective mech#ith the exception of the normal phenotype, the other
nisms has not been eliminated (Garcia et al. 2001b).  phenotypes are more frequent in specimens subjected to

The normal nuclear phenotype fh megistusnales heat and cold shocks (Garcia et al. 2000a, b). The frequency
has a small heterochromatic body which contains severdl fused nuclei and of nuclei with heterochromatin
copies of the Y chromosome (Mello et al. 1986), but phelecondensation compared with that of other phenotypes
notypes indicative of survival (decondensed heterochreras considered insufficient to cope with the deleterious
matin, nuclear fusion) and death (apoptosis, necrosis) refects of a severe heat shock (Garcia et al. 2000a). For the
sponses have also been found in male nymphs and aduksponse to cold shock, the activation of nuclear and cell
fusion which generates giant nuclei was found to be less
effective or necessary than that elicited by heat shock
(Garcia et al. 2000b).

Considering the cell survival and cell death responses
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sequential heat and cold shocks on nuclear phenotypestlei and nuclei with morphological aspects of typical
was investigated in Malpighian tubule epithelial cells ohnd suspected apoptosis and necrosis.
P. megistus The frequencies of the nuclear phenotypes in the vari-
MATERIALS AND METHODS ous experimental conditions are shown in 'Tables.l and Il.
o Apoptosis The frequency of apoptosis in the insects
Insects and shock assayMlale fifth instar nymphs  that received sequential heat shocks did not differ from
of P. megistugBurmeister) (Hemiptera, Reduviidae) werethat of the unshocked group (p: 0.317), but did increase in
reared at 28°C and 80% relative humidity and fasted for Eamparison to that of the insects that received the single
days prior to the temperature shock experiments, singfid shock (p: 0.036) and did decrease in comparison to
only with moderate fasting do some nymphs survive prehat of the specimens that received the single severe shock
longed heat and cold shocks (Garcia et al. 1999). (p: 0.015). In general, with advancing time after the heat

The insects were subjected to a shock at 35 or 405Rock, the frequency of this phenotype increased (p:
for 1 h, returned to 28°C and then subjected to a furthgipoa).

shock at 40°C for 12 h. Other groups of insects were sub- When considering cold sequential shocks, the fre-

jected to a shock at 5 or 0°C for 1 h, returned to 28°C ag@ency of apoptosis decreased as compared with the
then subjected to a further shock at 0°C for 12 h. Theéshocked group (p: 0.003), but did not differ from that of
choice of the shock temperatures was based on previqHg specimens that received the single mild shock (p:
reports (Garcia et al. 2001a, b). For both the heat and cold10).

shock assays, the second shock started 8, 18, 24 and 72 fthange in shock temperature from 35 t8@0r 5 to

after the first one. After the second shock, the insectsC did not affect significantly the frequency of apoptosis
were returned to 28°C and fed on hen blood once a wegksingle heat and cold shock assays, respectively (Tables
Control specimens were maintained at 28°C, the temperg; |v). However, it caused a decrease in frequency of this
ture used to red. megistusn Sucen’s laboratory since phenotype when a second heat shock was applied (Table
1980, or subjected to a single shock at 0, 5, 35 and 40‘{)[4';

for 1 h, and 0 or 40°C for 12 h. Nuclei suspected of apoptosiShe frequency of this

Organ preparations Malpighian tubule preparations phenotype in the specimens subjected to sequential heat
were obtained immediately after the shocks or 10 and gﬂocks decreased as compared with the unshocked con-
days later. Organs from at least three specimens were uge#l (p: 0.000) and the group that received the single se-
for each experimental condition and the correspondingre shock (p: 0.000), but did not differ from that of the
control. The whole organs were mounted on glass slidegecimens that received the single mild shock (p: 0.791).
immediately fixed in ethanol: acetic acid solution (3:1, V/V)'h|rty days after the Sequentia] shocks, the frequency of
for 1 min, rinsed in 70% ethanol for 5 min, and air dried ahe nuclei suspected of apoptosis was lower than the
room temperature. The tubules were then subjected 49erage of the frequencies detected for 1 and 10 days
the Feulgen reaction, with acid hydrolysis in 4 M HCI ahfter the shocks (p: 0.001). When the time between shocks
25°C for 65 min. The Feulgen-stained material was rinsgghs 24 h and the insects were analyzed 1 day after the
in sulfurous and distilled water, air dried, cleared in xylenghocks, the frequency of this phenotype was smaller than
and mounted in Canada balsam. the average of the frequencies detected for the other pe-

Nuclear counting and statisticsA Nikon light mi-  riods between shocks (p: 0.001). When the time between
croscope was used to count the total number of Madhocks was 72 h and the insects were analyzed 10 days
pighian tubule epithelial cell nuclei per specimen and tgfter shocks, the frequency of this phenotype increased
determine the frequency of the different nuclear phengp: 0.004).
types present. _ _ ~ Under cold shock conditions, the frequency of the

To assess the relatlonshlp between stress Condltlmmi Suspected of apoptosis was genera”y similar to
and the various nuclear phenotypes, analysis of varianggt verified after heat shocks.

(ANOVA) with two factors (interval between shocks and  When a shock at 40 oPO was applied, irrespective of
number of days following shocks) was used, considerirgsecond shock being given, there was a decrease in the
an unbalanced number of nuclei with specific phenotypégquency of nuclei suspected of apoptosis in compari-
for different specimens (Kalbfleish & Prentice 1980).  son with shocks at 35 of6, respectively (Tables IlI, V).

The same tests used for the heat shock results were Necrosis- In generaL sequentia| heat shocks did not
applied to cold shock data, except that severe cold shogiffect the frequency of necrosis when compared with the
(12 h) were not tested because in this case almost all ifrshocked group (p: 0.091) and the groups subjected to
sects died. the single mild (p: 0.073) or severe (p: 0.904) shocks. When

RESULTS the period between shocks was equal to 18 h and the

h h in thi Kh insects were dissected 30 days after the shocks, the fre-
The same phenotypes observed in this work have beghiency of necrosis was lower than the average of the

described and reported elsewhere (Mello 1978, Mello g, encies obtained for longer periods between shocks
al. 1986, Garcia_et al. 20004, b). The most fr_equent phe'sﬁ:'((]).OOZ). gerp
type observed in the control groups and in the groups \q change in the frequency of necrosis was verified 1

subjected to single or sequential shocks was the nor after sequential cold shocks. However, with advanc-
one. Among the changed phenotypes, there were nuGlel ime after shock, the frequency of this phenotype in-
with heterochromatin decondensation, as well as gi ased significantly.
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TABLE |

Frequency of nuclear phenotypes after sequential heat shdeksstrongylus megistus
(2nd shock: 4€C, 12 h)

1st Interval Nuclear phenotypes
shock between (absolute arithmetic means)
(°C) shocks (h) D n A As NE G HD N atal
Unshocked Control 1 3 a5 1672 828 12 7¢ 8196 10800
10 3 11 2488 390 2 147 8982 12019
30 4 17 2214 1710 8 264 9089 13100
Single Shock 1 3 8 2619 1244 33 437 13474 17843
(40°C, 12h) 30 3 79 3387 209% 126% 159 10702 16550
35 - 1 3 2 1960 901 0 366 14041 17269
10 3 3 144% 1672 0 169 12872 16162
30 4 2 666 73 NS 199 10641 12282
8 1 3 5 2045 1993 0 659 11723 16424
10 3 24 1385 2509 0 166 11890 15974
30 3 1¢ 654 1601 85 668 8735 11752
18 1 2 ks 2020 2478 0 1598 12295 18387
10 4 83 92¢ 239¢ 0 766 10776 14953
30 3 L3 104% 456 54 49 9580 11189
24 1 3 r:3 682 565 0 459 11697 13396
10 3 3 59@¢ 1094 13 779 10863 13343
30 4 18 646 1177 7R 14& 10772 12842
72 1 3 3 1565 2037 0 437 9854 13888
10 2 7 3362 1529 22 236 10402 15563
30 3 7 380 1358 434 26 6732 8926
40 - 1 3 0 1A 464 0 168 8584 9227
10 3 P 4 178 0 232 7804 8217
30 2 7 41 321 0 38 8089 8495
8 1 3 4 K3 733 0 6% 9428 10233
10 2 P 115 429 0 12 11010 11566
30 4 & 3¢ 705 0 31 7019 7791
18 1 4 13 6P 682 0 108 8488 9349
10 4 3 128 590 0 125 8338 9180
30 3 K3 15 1207 0 87 8669 9989
24 1 3 3 33 1198 0 133 9612 10979
10 3 £ 82 933 0 46 9666 10732
30 4 & 61 2832 g 151 9191 12243
72 1 3 0 23 282 0 129 8080 8524
10 3 0 27 353 0 3 9402 9785
30 3 4 22 488 16 150 8079 8759

a: nonsignificant mean since it was neither equal nor over twice its standard deviation; A: apoptosis, As: nuclei suspected of
apoptosis, D: days after shocks, G: giant nuclei, HD: heterochromatin decondensation, n: number of insects, N: normi&l nuclei, N
necrosis

Change in shock temperature from 35 t8@0r 5to  the unshocked group (p: 0.000).
0°C did not affect the frequency of necrosis in single heat Increasing the temperature of the preliminary heat
and cold shock assays, respectively (Tables IlI, IV). Hovshock from 35 to 4 decreased the frequency of giant
ever, it promoted a decrease in frequency of necrosis whauclei in sequential shock assays (Table III). No change
a second heat shock was given (Table IlI). was promoted in the frequency of this phenotype when

Giant nuclei- Sequential shocks increased the frethe temperature of the preliminary shock in sequential cold
guency of giant nuclei in comparison with the group sulshock assays increased from 0%€ §Table V).
jected to the single severe shock (p: 0.001), but did not Heterochromatin decondensatieff he frequency of
differ from that of the insects that received the single milthis phenotype increased after sequential heat shocks in
shock (p: 0.612). The frequency of giant nuclei 30 daymparison with the unshocked group (p: 0.027) or with
after heat shocks was greater than for the other tim#® groups subjected to the single mild or severe shock
after shocks. In addition, sequential shocks decreasgu 0.030 and 0.011, respectively).
the frequency of giant nuclei relative to the unshocked Under cold shock conditions, heterochromatin
group 1 day after shocks (p: 0.005), but increased the faecondensation was more effective at short periods after
guency of this phenotype 30 days after shocks (p: 0.008gquential shocks.

When considering the application of cold shocks, the Change in shock temperature from 35 téGl0r from
occurrence of giant nuclei decreased in comparison wiito °C had no effect on the frequency of heterochroma-



1114 Nuclear Phenotypes in P. megistus * Simone L Garcia et al.

TABLE Il
Frequency of nuclear phenotypes after sequential cold shoBlenstrongylus megist&nd shock: 8C, 12 h)
1st Interval Nuclear phenotypes
shock between (absolute arithmetic means)
(°c) shocks (h) D n A As NE G HD N dtal
0 - 1 3 7 124 1659 i 85 8485 10361
10 3 3 185 1778 0 3% 10177 12175
30 3 P 35 565 0 55 10124 10780
8 1 3 3 336 1584 3 194 10935 13053
10 3 2% 225 3438 0 50 11906 15641
30 3 30 88 1396 0 89 8248 9851
18 1 3 12 22 1620 0 85 11852 13790
10 3 3 16% 1926 0 176 10917 13185
30 3 P 78 1482 3 55 8431 10053
24 1 3 5 74 1050 0 45 8950 10124
10 4 B 5¢ 386 0 1% 8558 9014
30 2 9 81 2605 a 235 8915 11845
72 1 3 34 124 3171 0 23 8647 12209
10 3 0 98 827 0 28 11246 12189
30 3 14 151 303 0 #1 11446 11924
5 - 1 3 2 1427 944 0 462 11858 14692
10 3 £ 957 2534 0 313 12091 15900
30 2 2 128 1123 0 141 10170 11564
8 1 3 8 108 1313 0 196 15966 18567
10 3 0 505 1424 0 246 11318 13494
30 2 17 239 4194 a 251 9940 14611
18 1 3 24 1015 1424 0 381 11986 14831
10 3 1 770 1821 0 219 13230 16042
30 3 2 860 1926 12 90 14066 16945
24 1 3 0 337 1180 0 558 11864 13940
10 3 0 364 1006 0 80 9816 11266
30 3 16 428 1343 3 170 8916 10868
72 1 3 6 48F 411 0 545 8310 9759
10 3 0 632 1118 0 255 11751 13757
30 3 8 361 2956 0 179 11153 14657

Controls were the same as in Tabla:Ipnonsignificant mean since it was neither equal nor over twice its standard deviation; A:
apoptosis, As: nuclei suspected of apoptosis, D: days after shocks, G: giant nuclei, HD: heterochromatin decondensdt@n, n: num
of insects, N: normal nuclei, NE: necrosis

TABLE 11l TABLE IV
Statistical significance of contrasts for each nuclear phenoty#tatistical significance of contrasts for each nuclear phenotype
under heat shock conditions under cold shock conditions
Contrast Contrast
Nuclear phenotype Cla xClb T x T’ Nuclear phenotype Cla xClb TxT
A 1.000 0.012 A 0.999 0.244
As 0.000 0.000 As 0.000 0.000
NE 0.906 0.022 NE 1.000 0.545
G 1.000 0.000 G 0.999 0.908
HD 1.000 0.000 HD 0.087 0.000
N 0.006 0.000 N 0.836 0.069

C1: single heat shock at 35 (a) or 40°C (b) for 1 h. T and TC1: single cold shock at 5 (a) or 0°C (b) for 1 h. T and T":
sequential shocks irrespective of time between them; preliminasgquential shocks irrespective of time between them; preliminary
shock done at 35 (T) or 40°C (T'). The factors with a significarghock done at 5 (T) or 0°C (T'). The factors with a significant
effect fora = 0.05 are underlined. A: apoptosis, As: nucleeffect fora = 0.05 are underlined. A: apoptosis, As: nuclei
suspected of apoptosis, G: giant nuclei, HD: heterochromatiuspected of apoptosis, G: giant nuclei, HD: heterochromatin
decondensation, N: normal nuclei, NE: necrosis decondensation, N: normal nuclei, NE: necrosis
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tin decondensation in single heat and cold shock assayhile cell/nuclear fusion increased with sequential heat
respectively (Tables Ill, 1V). However, it promoted a deshocks, this form of cell survival (Wigglesworth 1967,
crease in frequency of this phenotype when sequentikllo 1989, Mello et al. 2001) decreased with sequential
shocks were given (Tables lII, IV). cold shocks.

Normal nuclear phenotype The frequency of this As regards the cellular response to sequential cold
phenotype did not differ when heat (p: 0.179) or cold (hocks when the temperature of the 1st shock #&a0
0.187) sequential shocks were compared to the unshocksnparison to &, it differed from the situation consid-
group, but decreased relative to that of insects subjecteed in the sequential heat shock assays. A more drastic
to the single mild shock (p: 0.018 - heat shock, p: 0.01thange in temperature from 28 f00revealed a reduced
cold shock). On the other hand, the frequency of normability or need of the cells to cope with this condition
nuclei in the groups subjected to sequential shocks wasien examining the decrease in frequency of heterochro-
larger than in the group subjected to a severe shock omfyatin decondensation in relation to that promoted when
(p: 0.036). the 1st shock was given #& However, this difference

Change in frequency of normal nuclei with the temin frequency of nuclear phenotypes did not affect the
perature of the preliminary or the single shock was onlyisect survival rate (Garcia et al. 2001a).
verified in the heat shock assay (Table Ill). The frequency The frequency of necrosis was differently affected
of normal nuclei was larger when the temperature of thghen heat and cold shock assays were compared to each
preliminary heat shock was %0. other. It increased significantly under sequential cold

DISCUSSION shock conditions. As regards the response to this experi-
- . mental condition, the same agents which induce decrease
Nuclei with normal phenotype as well as with pheno-

types indicative of cell survival (nuclear fusion and het." frequency of apoptosis may be responsible for increase

erochromatin decondensation) and cell death (apopto'n frequency of necrosis with advancing time after shocks.

| X
and necrosis) were found concomitantly in the Malpighia%ﬁ.]Ong these factors, change In the ceIIqur ATP/AMP
ratio promoted by the stress might be causing a sudden

tubules ofP. megistusinder most of the experimental con- ; : ;

ditions used. These phenotypes had been previously crease in cellular ATP concentrations (Hardl_e_ 1999,

ported not only after single heat and cold shockB. in asch et al. 2000) thu; favoring metabolic conditions to
gpath through necrosis.

megistugGarcia et al. 2000a, b), but also after single he . . . . .

and cold shocks and sequential cold shocKgiatoma In conclusion, as with specimen survival (Garcia et al.
infestangDantas & Mello 1992, Mello et al. 2001, Cam-2001a,b), d|ffgrent patterns of Chaf.‘ges in the nuclear phe-
pos et al. 2002). notypes were induced by sequential heat and cold shocks

Heat shock tolerance has been demonstrate®.forin P- megistusThese results demonstrate that different
megistusin terms of increased specimen survival angequential thermal shocks can elicit different mechanisms

molting rates elicited by sequential heat shocks in corfif Céllular protection against stress in this insect. This is
parison with single heat shocks (Garcia et al. 20014} @greement with observations in other cell models show-
Present results indicate that heat shock tolerange ining that although alarge set of genes (~ 900 in yeast cells)
megistusalso involves morphological changes at the cefhows a similar response to almost all environmental
lular level. The expression of these changes is charactéfanges, additional features of the genomic responses
ized by decrease in a cell death form (apoptosis) simul@te specialized for specific conditions (Gasch et al. 2000).
neously to an increase in cell survival responses (Gardifiis variable capacity may allo® megistuso adapt to

et al. 2000b, Mello et al. 2001), especially when comparfarious ecotopes over a wide geographic range
Sﬁnskare made with results obtained after a single severe ACKNOWLEDGMENTS

shock.

The heat shock tolerance in terms of protecting c
mechanisms elicited by sequential heat shocks being m %
efficient and longer lasting was verified when the tem- REFERENCES
perature of the 1st shock wa$@ln comparison with the  campos SGP, Rodrigues VLCC, Mello MLS 2002. Changes in
shock at 38C. A more drastic change in temperature from nuclear phenotype frequencies following sequential cold
28 (control) to 48C is possibly required to activate mas-  shocks infriatoma infestangHemiptera, Reduviidae)lem
sive alterations in genomic expression, with numerous Inst Oswaldo Cru87. 857-864.
specialized metabolic responses thus being trigger&antas MM, Mello MLS 1992. Changes in the nuclear pheno-
(Gasch et al. 2000). types of Triatoma infestanKlug, induced by thermal

Cold shock tolerance, also demonstrate@ imegistus shocksRev Bras Genels: 509-519. o
in terms of increased specimen survival and molting rat&8attini OP 1980. Biogeografia, origem e distribuicao da

after sequential cold shock assays (Garcia et al. 2001a), ggg'_'zcgggao de triatomineos no Bragllev Saude Putik:

was _e-_qually accompanied by changes in frequency 8farcia SL, Garcia NL, Rodrigues VLCC, Mello MLS 2001a.
specific cell nuclear phenotypes. However, the frequency Effect of sequential cold shocks on survival and molting
of these changes were not always the same as those obincidence inPanstrongylus megisty8urmeister) (Hemi-

served after sequential heat shocks. Apoptosis, for in- ptera, ReduviidaeCryobiology41: 74-77.
stance, decreased significantly after sequential cofgarcia SL, Mello MLS, Garcia NL, Rodrigues VLCC 2000a.
shocks only in comparison with unshocked controls. Changes in nuclear phenotypes following cold shock in

I To Dr Stephen Hyslop for revision of the manuscript and
eMr Pedro Ribeiro da Silva for technical help.



1116  Nuclear Phenotypes in P. megistus * Simone L Garcia et al.

Panstrongylus megisty8urmeister). Mem Inst Oswaldo biological phenomenon with wide-ranging implications in
Cruz95: 893-898. tissue kineticsBr J Cancer 26239-257.

Garcia SL, Mello MLS, Garcia NL, Rodrigues VLCC 2001b.Mello MLS 1978. Mechanism of polyploidization in the Mal-
Experimentally induced heat-shock tolerancePans- pighian tubes of blood-sucking reduviid hemiptera®ev
trongylus megistuBurmeister) (Hemiptera, Reduviidae). Bras Genei: 97-102.

J Med EntomoB8: 510-513. Mello MLS 1983. Cytochemical properties of euchromatin and

Garcia SL, Mello MLS, Rodrigues VLCC, Garcia NL 2000b.  heterochromatinHistochemJ 15 739-751.
Nuclear phenotype changes after heat shocRans- Mello MLS 1989. Nuclear fusion and change in chromatin pack-
trongylus megistu@Burmeister).Mem Inst Oswaldo Cruz ing state in response to starvationTimatoma infestans
95: 271-277. Rev Bras Geneit2: 485-498.
Garcia SL, Rodrigues VLCC, Garcia NL, Ferraz-Filho ANMello MLS, Raymundo HH 1980. Nuclear fusion in the Mal-
Mello MLS 1999. Survival and molting incidence after heat  pighian tubes of a blood-sucking hemipte@ytologia45s:
and cold shocks iRanstrongylus megist@&irmeister.Mem 203-209.
Inst Oswaldo Cruz 94131-137. Mello MLS, Randi MAF, Giorgio S, Ferraz-Filho AN,
Gasch AP, Spellman PT, Kao CM, Carmel-Harel O, Eisen MB, Rodrigues VLCC, Rocha-e-Silva EO, Cordeiro JA 1986.
Storz G, Botstein D, Brown PO 2000. Genomic expression Number of chromosomes, Feulgen-DNA content and
programs in the response of yeast cells to environmental nuclear phenotypes in domestic and wild specimens of
changesMol Biol Cell 11 4241-4257. Panstrongylus megistuAnn Trop Med Parasitd0: 641-
Hardie DG 1999. Roles of the AMP-activated SNF1 protein 648.
kinase family in the response to cellular stré&&schem Mello MLS, Tavares MCH, Dantas MM, Rodrigues VLCC,
Soc Symp 6413-27. Maria-Engler SS, Campos SGP, Garcia NL 2001. Cell death
Kalbfleish JD, Prentice RL 1980he Statistical Analysis of and survival alterations in Malpighian tubulesTofitoma
Failure Time DataJohn Wiley & Sons, New York, 321 pp. infestangollowing heat shockBiochem Cell BioV9: 709-
Kerr KFR 1971. Shrinkage necrosis: a distinct mode of cellular  717.
death.J Pathol 105: 13-20. Wigglesworth VV 1967. Polyploidy and nuclear fusion in the
Kerr JFR, Wyllie AH, Currie AR 1972. Apoptosis: a basic  fat body ofRhodniugHemiptera)J Cell Sci2: 603-616.



