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The nuclear phenotypes of Malpighian tubule epithelial cells of 5th instar male nymphs of the blood-
sucking insecPanstrongylus megistugere studied immediately after a short (1 h) cold shock@t 0
and 10 and 30 days later. The objective was to compare the responses to a cold shock with those know
to occur after hyperthermia in order to provide insight into the cellular effect of cold in this species.
Nuclei which usually exhibited a conspicuous Y chromosome chromocenter were the most frequent
phenotype in control and treated specimens. Phenotypes in which the heterochromatin was unravelled,
or in which there was nuclear fusion or cell death were more abundant in the shocked specimens. Most
of the changes detected have also been found in heat-shocked nymphs, except for nuclear fusion whic
generates giant nuclei and which appeared to be less effective or necessary than that elicited after hea
shock. Since other studies showed that a short cold shock does not affect the survival of more than 149
of 5th instar nymphs oP. megistusvith domestic habit and can induce tolerance to a prolonged cold
shock, heat shock proteins proteins are probably the best candidates for effective protection of the cells
and the insects from drastic damage caused by low temperature shocks.
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Thermal shocks affect survival, molting inci-ing artificial ecotopes (Forattini et al. 1978,
dence and nuclear phenotypes in blood-suckirgorattini 1980). Knowledge of how this species
hemipterans, including the vectors of South Ameriresponds to stress is necessary not only to estab-
can trypanosomiasis. Variations in the responséish the optimal conditions for rearing specimens
are a function of the shock duration and of the the laboratory but also to evaluate the altered
insect developmental phase, sex and specibmlogical characteristics of specimens captured in
(Rodrigues et al. 1991, Dantas & Mello 1992natural ecotopes.

Garcia et al. 1999bpanstrongylus megistugor Exposure for | h at 0°C affects the survival of
instance, is less resistant thamatoma infestans P. megistusmymphs at various developmental
to heat and cold shock assays (Rodrigues et atages and adults, more than does a heat shock at
1991, Garcia et al. 19991). megistuss a very 40°C for the same time, although this difference is
important disease vector because of its wide diselatively less pronounced in 5th instar nymphs
tribution in Brazil, its high rate of infection with (Garcia et al. 1999b). Cold shock also drastically
Trypanosoma cruzand its adaptability in invad- affects the frequency and time of molting, to a
greater extent than does heat shock (Garcia et al.
1999b). Even so, more than 50% of thenegistus
nymphs at different developmental phases survive
for at least one month after a short cold shock
arcia et al. 1999b). While cryoprotectants are
Séo Paulo Research Foundation (Fapesp, grants no.‘é;known in these insects, it is hypothesized that

1054-8, 95/6629-8, 99/2547-8) and the Brazilian Naheat Shock proteins (hsp) confer a certain amount
tional R&D Council (CNPq). of protection tdP. megistusgainst cold in a simi-
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megistugGarcia et al. 2000), we have examinedhomogeneously distributed fine chromatin gran-
the cellular effects of cold shock in specimens afiles encircling one small heterochromatic body
the same developmental phase of this species fahich contained several copies of the Y chromo-
comparison purposes. some (Mello et al. 1986) (Fig. 1). This phenotype
MATERIALS AND METHODS was the most frequent in both, the control and ex-
) perimental specimens (Table 1), although it de-
Male 5th instar nymphs, descendants of a d@reased in relative frequency 30 days after the cold
mestic population oP. megistugBurmeister) shock (Table II).
(Hemiptera, Reduviidae) and reared in thg Iabora- Other nuclear types were more prominent in
tory were used. Control groups were maintaineghe cold-shocked specimens (Table 1) and were
at 28°C and 80% relative humidity whereas theharacterized by heterochromatin unravelling (Fig.
experimental specimens were subjected to colg) nuclear fusion (giants) (Fig. 3), typical and sus-
Shka at 0°C for 1 h. The shock temper.ature Corih-ected apoptosis (F|gs 4, 5) and necrosis (F|g 6)
ditions were selected based on a previous repgtpoptosis and necrosis were defined morphologi-
on the survival and molting incidence for this SPecally and were also seen in some giants.
cies (Garcia et al. 1999b). The absolute, but not relative, frequency of
The specimens underwent a 15-day moderatfeterochromatin unravelling increased immedi-
fasting period before the shock after which theytely after the shock. With increasing time after
were fed with hen blood once a week. This nutrithe shock, both the absolute and relative frequen-
tional regime was chosen because there was no siges of this nuclear phenotype increased signifi-
nificant difference between the survival of slightlycantly (Tables I, II).
fasted and fully-nourished 5th instar nymphs of The absolute frequency of giant nuclei in-
domesticP. megistugGarcia et al. 1999b) while creased slightly just after the shock, but decreased
the moderate fasting facilitates the dissection prehereafter, whereas the relative frequency of these
cedure. o nuclei was not significantly affected immediately
Whole Malpighian tubules were removed fromafter the shock but decreased moderately through-
the insects immediately after the shock and alsgut the remainder of the experiment. Rare necrotic
10 and 30 days later. Organs from at least thregant nuclei, and giant nuclei suspected of apoptosis
specimens under experimental and control grougst with heterochromatin unravelling were observed
were used. The control groups were the same @#th increasing time after the shock (Tables I, 11).
those used for StUdy of the heat shock effects There was a Significant increase in the fre-
(Garcia et al. 2000), since heat and cold Shogwency of apoptotic nuclei but not in that of nuclei
experiments were processed simultaneously, aduspected of apoptosis following the cold shock.
though cold shock results were analyzed later. Thgowever, the frequency of apoptotic nuclei sub-
organs were mounted on histological slides, fixedequently decreased whereas that of nuclei sus-
in absolute ethanol: glacial acetic acid (3:1, v/Vpected of apoptosis was not significantly correlated
for 1 min, rinsed in 70% ethanol for 5 min and aikyith increasing time after the shock (Tables I, II).
dried at room temperature. The tybules_were therhe frequency of necrotic nuclei did not change
processed for the Feulgen reaction, acid hydrolymmediately after the shock but increased signifi-

sis being performed in 4 M HCI at 25°C for 65cantly throughout the rest of the experiment (Tables
min. The stained preparations were rinsed in thrqgu)_

washes of sulfurous water and one wash of dis-
tilled water, air dried, cleared in xylene, and DISCUSSION
mounted in Canada balsam. The control specimens &f. megistustudied
The total number of Malpighian tubule epithe-here had lower nuclear frequency than that reported
lial cell nuclei and the number of different nucleafor fully-nourished, laboratory-reared specimens
phenotypes present in the organ were determinélliello et al. 1986, Garcia et al. 2000). This may
in each specimen by counting with a Zeiss lighteflect nuclear fusion and cell death induced by
microscope. Photomicrographs were obtained usther stressing agents (such as fasting) prior to the
ing a Zeiss Axiophot Il microscope. The linear reshock. The presence of a certain frequency of
lationship between the shock conditions and theuclear phenotypes different from that of the nor-
various nuclear phenotypes was assessed statistial phenotype agrees with this hypothesis.
cally with the Minitad™ software. The increased frequencies of altered nuclear phe-
RESULTS notypes following cold shock indicate mechanisms
. ) ) involving cell survival (heterochromatin unrav-
The Feulgen-stained polyploid nuclei of theg|ling, nuclear fusion) and cell death (apoptosis,
Malpighian tubules oP. megistusnales showed necrosis). Most of the nuclear changes observed
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Figs 1-6: nuclear phenotypes in Feulgen-stained Malpighian tubuRensfrongylus megistus/mphs subjected to cold shock.
Bar = 10 um. A: apoptosis; Asuspected apoptosis; G: giant nucleus; H: heterochromagiryriavelled heterochromatin; N:
normal; NE: necrosis
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TABLE |

Absolute frequencies of nuclear phenotypes in Malpighian tubule epithelial cBimsfrongylus megistigh
instar nymphs after cold shock &3

Experimental Nuclear phenotypes
conditions A A NE G Gye Gup Gg HD N Total
aControl, 10 1324 1255 25 4 3 0 147 5302 8070
0 1345 192 1 1 0 0 54 8786 10378
6 2347 1037 0 0 0 0 35 10499 13951
1 h shock: § 49 1982 791 15 1 1 4 80 9083 12006
1 994 472 54 2 12 1 135 6956 8627
51 3036 946 42 2 4 17 396 12349 16823
aControl, 4, days 7 1729 325 6 0 0 0 98 9039 11204
9 2482 116 0 0 0 0 76 6479 9162
16 3252 728 0 0 0 0 268 11428 15692
1hshockifyges 52 2313 1298 7 1 0 0 110 13792 17570
33 2004 668 11 0 0 2 75 10699 13492
19 3587 1032 1 0 0 0 446 10495 15580
aControl, days 25 2587 3 0 0 0 0 173 10242 14506
11 1351 1882 10 0 0 8 295 8169 11726
23 2704 1962 5 0 0 0 424 10673 15791
8 1408 1522 5 0 1 0 164 7271 10379
1 h shock: 45 gays 5 2529 1057 0 0 0 0 68 6653 10312
7 2850 482 0 0 0 0 309 9830 13478
8 2910 4905 4 0 4 3 101 8733 16668

A: apoptosis; As: suspected apoptosis; G: giant nuclgjg: @iant necrotic nuclei; (. giant nuclei with
heterochromatin decondensatiory; Giant nuclei suspected of apoptosis; HD: heterochromatin decondensation; N:
normal; NE: necrosisg: Garcia et al. 2000

TABLE Il
Linear correlation between cold shock and the relative frequency of nuclear phenotypes
D °C A Ag NE G Gy Gup Gq HD
°c .01
A -.32 -.22
Ag 14 -.09 -.04
NE .52 -.03 -.14 -.19
G -.47 -.01 35 -.26 -.08
Gp -35 .20 A7 -.04 -.07 .82
Gup -.37 .04 30 -.16 -.05 .96 -89
Gg -.16 -.14 A7 -.19 .10 39 .29 .29
HD 22 .04 .01 .07 .06 17 .07 .09 33
N -.55 .08 12 -.40 -.80 .16 .03 .08 -.05 -.22

D: days after shockiC: temperature; A: apoptosis;;Asuspected apoptosis; N: normal nuclei with usual
heterochromatin body; NE: necrosis; G: giant nuclgi;ii&crotic giant nuclei; G,: giant nuclei with heterochromatin
unravelling; G: giant nuclei with suspected apoptosis; HD: heterochromatin unravelling

value moderate correlation (between 20% and 50%)

value high correlation (> 50%)
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here have also been reported after hyperthermialonged cold shock, hsp would be the best candi-
P. megistuandT. infestangDantas & Mello 1992, dates for effectively protecting the cells and insect
Tavares et al. 1997, Garcia et al. 2000). Heterdrom drastic damage by low temperature.
chr_omatin unravelling, with its possible rolg irl the ACKNOWLEDGMENTS
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