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EFFECTS OF GAMMA IRRADIATION ON THE REPRODUCTIVE CAPACITY AND
THE LONGEVITY OF PANSTRONGYLUS MEGISTUS (HEMIPTERA: REDUVIIDAE)

PAULO VERCOSA; PEDRO HENRIQUE DE B. FALCAO & ANDRE FREIRE FURTADO

Centro de Pesquisas Aggeu Magalhaes — FIOCRUZ, Caixa Postal 7472, 52020-020 Recife, PE, Brasil

The effects of radiafion on the reproductive capacity and the longevity of Panstrongylus

megistus were sfudied.

An indirect correlation between longevity and radiation doses was observed. Males were
more affected than females. Longevity of females submitted to 10 Gy was not different when
compared fo controls. Some of the irradiated males copulated and in these cases semen was
transferred to females, but only few eggs were laid Fertility was seriously affected in all
irradiated groups, decreasing with increasing infensity of dose. The dose of 80 Gy induced
sterility in males and females. Gelatinous spermatophores that were expelled by females irra-
diated with 20 and 40 Gy, may be a consequence of irradiation that induced modification in the

bursa copulatrix pH.
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Most studies on the effect of 10nizing ra-
diation (x or y) on insects have examined
damage to the nucleus and chromosomes.
Radiation effects on tissues and organs have
been carried out only recently, mainly utiliz-
ing histopathologic techniques. The hazardous
consequences of radiation of the gonads in
several species (King, 1957; Dumandji, 1969;
Biecmont, 1973) has been shown,

Irraciation has also been performed as a
means of sterilizing insects., Rahalkar et al,
(1975) obtained complete sterilization of
Rimymchophorus ferrugineus, when doses higher
than 0,0015 Gy were used. Loaharanu et al.
(1975), observed that doses of 0,012 Gy were
able to sterihize Aedes aegypty, but such doses
were not sufficent to interfere with the ability
of the male to copulate.

Males of Rhodnius prolixus were irradiated
by Gomez-Nufiez et al. (1962), and paired with
non irradiated virgin females. These authors
observed decrease in the fertility, proportional
to doses and age of the insects. Complete ster-
thization was obtained when doses higher than
400 Gy were used, nevertheless, longevity and
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the reproductive behaviour of males were af-
fected since they were unable to copulate.

In this study we examined the effects of
gamma irradiation on the fecundity, fertility
and longevity of males and females of
Panstrongylus megistus, the main vector of
Chagas disease 1n Northeast Brazil,

MATERIALS AND METHODS

Insects — 1200 eggs of P. megistus were
collected from the insectary of the Centro de
Pesquisas Aggeu Magalhies/CPqAM-FIO-
CRUZ. After hatching, insects were kept in
jars and maintained at 28 °C £ 2 and R. H. of
70-80%.

Feeding - Insects were fed on Gallus sp.
from the first larval instar up to adults, Fifth
instar larvae were separated into males and
females according to Furtado (1977) and groups
of ten larvae each were formed. In order to
synchronize the moult of insects to be irradi-
ated, only those that have engorged in a single
feeding at each stage were selected. Adults
were fed once a week.

Experiments — At the imaginal moult,
groups of ten insects were put together in Petri
dishes, to be irradiated in a *°Co gamma cham-
ber pump, located in the Dept. of Nuclear
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Energy of the Federal University of Pernam-
buco. Doses of 10, 20, 40 and 80 Gy were
used.

After irradiation insects were mated with
non irradiated virgin insects. Eight groups of
ten pairs were formed. Each pair was put in a
glass jar. Controls consisted of ten pairs not
submitted to irradiation.

The following observations were recorded
daily until the time of death of the irradiated
Insects: mortality, copulation {confirmed by the
expulsion of the spermatophore by the females),
laying, and hatching of eggs, After the death
of the irradiated male, the female was dis-
sected for a search for spermatozoa in its sper-
mathecae,
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Statistical analysis (t test) were made using
1% standard deviation between the irradiated
groups submitted to the same dose and 3%
among the groups submitted to different doses.

RESULTS

Doses of 10 Gy — The non irradiated fe-
males that copulated with 10 Gy irradiated
males laid eggs that hatched. Those females
that did not lay eggs when dissected after the
death of the male, showed the spermathecae
devoid of spermatozoa. Qocytes were present
in their common oviduct (Table I).

All the nradiated females (10 Gy) laid eggs.
Hatching was observed except in pair noc. 1
that no copulated.

TABLE I

Biological aspects of males and females of Panstrongylus megistus irradiated with 10 Gy

Pair Longevity (days) Days of laying Laying X eggs/day Hatching (%) Copulation
m f m f m f m f m f m f

1 1014 136 77 117 127 208 1,6 1,8 0 0 0 0
2 103 136 717 103 92 193 1,2 1,9 16,3 73 2 3
3 1014 146 33 129 57 192 1,7 1,5 §) 80,7 0 2
4 101 138 67 107 207 230 3,1 2,1 41,5 85,6 1 I
5 1324 146 31 107 10 172 0,3 1,6 0 65,1 0 1
6 1364 138 88 112 27 278 0,3 2,5 0 78,4 0 4
7 120 158 99 126 159 249 1,6 2 66,6 78,7 2 2
8 1294 136 31 118 12 313 0,4 2.6 0 82,4 2 2
9 94 150 70 133 150 306 2,1 2.3 48 80 1 2
[0 674 87 35 67 23 84 0,6 1,3 (O 40,5 0 2

m:irradiated males mated with non-irradiated females.
f:irradiated temales mated with non-irradiated males.

@. pairs in which females were dissected soon after the death of the irradiated male.

TABLE 11

Biological aspects of males and females of Panstrongylus megistus irradiated with 20 Gy

Pair Longevity (days) Days of laying Laying X eggs/day Hatching (%) Copulation
m f m f m f m f m f m f

1 644 265 42 131 47 319 1,1 2.4 0 65,2 0 2
2 129 136 11 92 10 241 0,9 2.6 0 61,8 0 1
3 1014 77 12 52 4 108 0,3 2,1 0 49 2 1
4 634 165 0 151 0 270 0 1,8 0 32,5 0 2
3 1494 104 58 48 24 141 0,4 2.9 0 54 0 1
4 174 146 0 126 0 290 0 2,3 0 55,5 0 4
7 99 138 78 119 59 225 0,7 1,9 6,7 35,5 1 1
8 132 77 26 32 19 16 0,7 0,5 21 18,7 1 3
9 139 113 113 74 86 128 0,8 1,7 23,2 492 6 3
10 924 147 42 132 14 251 0,3 1,9 (0 61,7 1 2

m: irradiated males mated with non-irradiated females.
f:irradiated females mated with non-irradiated males.

a. pairs in which females were dissected soon after the death of the irradiated male.
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Longevity and laying were not affected 1n
the irradiated females. Statistical differences
were observed only in hatching of eggs laid by
these females, when compared to controls
(Table VI). In pairs formed by irradiated males
and non irradiated females, some differences
were also observed with respect to longewvity,
laying, and hatching at 5% standard error when
compared to controls (Table VI).

When both male and female were irradi-
ated with 10 Gy there 1s between them one

difference on the longevity, laying, and eclo-
sion at a level of 1% standard deviation (Table

VD).

Doses of 20 Gy — (a) irradiated males +
non irradiated females — Although five females
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from this group had copulated, two of them
had spermathecae devoid of spermatozoa and
the few eggs laid were infertile. Two other
females did not lay eggs (Table II). The reduc-
tion 1n males longevity as well as in the num-
ber of the eggs laid by the females, showed a
striking difference when compared to controls.
(b) irradiated females + non irradiated males
— All the females in this group copulated and
laid fertile eggs, although a delay in hatching
and a decrease in longevity were observed
(Table VI). On the other hand, the behaviour
of these two groups suggest that the effects of
radiation must be attributed more to males than
to females.

Longevity of males, the number of eggs
laid by the females and hatching were highly

TABLE I

Biological aspects of males and females of Panstrongylus megistus irradiated with 40 Gy

Pair Longevity (days) Days of laying Laying X eggs/day Hatching (%) Copulation
I t m f 1 t 11 f m f m t

1 624 109 33 78 4 159 0,1 2 0 7,5 1 3
2 162 135 G 1 0 | () | 0 0 0 ]
3 504 133 29 82 4 156 0,1 1.9 0 0,6 0 1
4 204 143 0 90 0 161 0 1,8 0 9.3 0 2
5 1224 155 101 126 23 127 0.1 1 0 39,9 ] l
6 264 114 61 0 48 0 0.8 {} 0 0 0 1
7 404 84 20 48 2 94 0,1 1,9 0 5.3 0 2
8 1244 126 74 111 38 137 0,5 1,2 () 7.3 0 l
9 70 105 52 83 109 102 2,1 1,2 23,8 11,8 2 3
10 354 74 2 46 5 40 1,7 0.9 0 15 { I

m: 1irradiated males mated with nonarradiated females.
t:irradiated females mated with non-irradiated males.

a: pairs in which temales were dissected soon afier the death of the irradiated male.

TABLL IV

Biological aspects of males and females of Panstrongylus megivtus irradiated with 80 Gy

Pair Longevity (days) Days ol laying Laying X epgs/day Hatching (%) Copulation
m f 13 t 1 f m t m f 1 t
1 324 565 0 0 0 0 0 0 0 0 0 0
2 514 35 l 0 ] { 1 0 () () 0 0
3 444 65 0 | 0 1 0 1 {0 0 0 0
4 454 569 0 0 0 0 0 0 0 0 0 2
3 514 35 0 6 0 7 0 1.1 0 0 0 |
6 184 66 0 0 0 ( 0 t 0 () 0 3
7 354 38 6 12 13 18 2,1 1.5 0 () () i
8 334 23 0 0 0 0 0 0 0 0 0 0
9 454 51 { 25 0 24 0 0,9 0 { 0 1
10 12 17 0 0 0 0 0 0 0 0 0 0

m:irradiated males mated with non<irradiated females.
t:irradiated females mated with non-irradiated males.

a. pairs in which temales were dissected soon after the death of the irradiated male.
fr: pairs in which irradiated females were dissected soon atter the death.
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affected when males were treated with the dose
of 20 Gy.

Doses of 40 Gy — (@) irradiated males +
non irradiated females — Among the females
belonging to this group, three did copulate and
two did not lay eggs; nevertheless the eggs of
one sole female hatched and only at a percent-
age of 23.8. At dissection the presence of well
developed oocytes in the common oviduct and
a complete absence of spermatozoa in their
spermathecae was observed. (b) irradiated fe-
males + non irradiated males — Expulsion of
the spermatophore by all the females belong-
ing to this group, confirmed that copulation
occurred. One female did not lay eggs and
another one laid only one, Eggs from two fe-
males did not hatch (Table III). 50% of the
spermatophores expelled present a gelatinous
consistency.

Statistical differences — at a level of 1% —
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were observed in laying when a comparison
was made between irradiated males and fe-
males (Table VI).

Doses of 80 Gy — (a) irradiated males +
non irradiated females — Copulation in this
group was not observed. Only two females
laid eggs, but they were infertile. Females
dissected after the death of the male showed
an empty spermathecae, and developed oocytes
were retained 1n their oviducts. Longevity of
males was seriously reduced (Table IV). (b)
irradiated females + non irradiated males -
Five females had copulated and four laid eggs,
but they did not hatch. One female copulated
three times but did not expulsed the third sper-
matophore; when dissected, spermatozoa were
not seen 1n its spermatechae.

Controls — Data conceming the controls
were recorded up to the death of the last irra-
diated insect, except for longevity, that did not

TABLE YV
Controls
Pair Longevity (days) Days of No, of X eggs/ Hatching Copulation
males females laying epges day (%) (No.)
| 79 89 76 162 2,1 93.2 2
2 183 154 101 158 1,6 81.6 3
3 174 188 128 154 1,2 83.4 3
4 185 190 1635 269 1,6 94.1 2
5 143 172 120 154 1,3 90.9 4
6 166 178 165 261 1,6 92.7 2
7 189 192 151 163 1,1 91.1 2
8 152 181 145 138 (3,9 82.6 3
9 192 192 165 264 1,6 95.5 2
10 122 112 100 141 2.4 92.0 2
TABLE VI
Statistical analysis {(mean and standart deviation) of irradiated males, females and control
Doses LungEvity (days) aning X eggs/day Hatching (%)
(Gy) (X *5D) (X £8D) (X £ SD) (X £SD)
m f m f m f m f
10 108,4%21,0 137,1%19,1 86,4%70,9 2225%689 13 0,9 19104 17,2%25,2 66,4 26,7
20 100,2%X27.6 1268%32,6 26,3+28,7 1989+96,1 05 04 20*x0,6 51% 92 4831149
40 63,5393 1178141,3 233%346 97,7+63.1 0,5+0,7 1,306 24 7,5 6,1 5,1
80 35,5 15,8 44,2%17.1 14% 41 50 8,8 0,3x0,5 0,5*0.6 - =
C 161,6 £ 35,2 196,4 £ 545 1,504 89,750

m: irradiated males mated with non-irradiated females: f: irradiated females mated with non-irradiated males; X:

mean; SD: standard deviation; C: control.
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varied significantly between males and females.
Its was observed a mean of 161,65 days for
the longevity of the insccts of this group. All
pairs copulated and laid eggs. The hatching
varied from 81,64 to 95.45% amongst the pairs
(Table V).

DISCUSSION

Data obtained with i1rradiation of P.
megistus, using different doses showed that the
longevity of males was affected independent
on doses utilized. Males irradiated with 80 Gy
survived only 35,5 days, while longevity of
controls was 161,6 days. In contrast females
of P. megistus seem to be less sensitive to
irradhation than males (Fig. 1). Another
triatomine, K. prolixus, has been shown to have
a very high resistance to radiation, requiring a
dose of 200 Gy to affect its longevity (Gomez-
Nufiez et al., 1962, 1964).
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Fig. |: longevity of males [ and females
diferent doses of irrachation. 2772 controls.

Studies of radiation cffects on cgg laying
have demonstrated that in difterent insect spe-
cies there 15 always an indirect corrclation
between dose and effect., This was observed
by Walder & Wiendl (1973) in Callosobruchus
maculatus and by Rodrigues et al. (1978, 1983,
1986) in Mahanarva posticata, Sitotroga
cerealella and Zabrotes subfasciatus respec-
tively. The same correlation was observed
in triatomine by Gomez-Nunez et al. (1962,
1964).
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Fig. 2: oviposiion of females paired with irradiated
males [iiZ] and irradiated females paired with non
imadiated males [ ). Z4 controls.

We observed that oviposition was se-
riously disturbed when females of P.
megisius were paired with irradiated males

(Fig. 2).

Copulation 1s also affected. The dose of 10
Gy reduced copulation to 40%. This percent-
age rcached 100% when males were 1rradiated
with 80 Gy. According to Gomez-Nunez et al..
(1962, 1964} and Loaharanu et al. (1975), the
effects of radiation on oviposition ar¢c a conse-
quence of the nability of males to copulate.
Oviposition 1n triatomines is stimulated by
copulation, {Davey, 1965; Brasileiro, 1982;
Brasileiro & Cunha, 1988). Females are less
sensitive to irradiation than males. Laying of
cggs by females treated with 10 or 20 Gy was
not statistically different than the controls.

A drastic reduction in oviposition was ob-
served when females were irradiated wath doses
higher than 20 Gy. The number of eggs was
reduced to 62.5% 1n those insects treated wiath
40 Gy (Fig. 3). Oviposition was too drasticaly
reduced, ndependent of the occurrence of
copulation, when doses of 80 Gy were applied
to msects. It must be taken in consideration
that longevity of females was reduced to 44,2
days while 1n the controls longevity reached
161,6 days. All the eggs laid by the females
irradiated with 80 Gy were infertile.

The behaviour of male insects was strongly
disturbed by radiation. When males of 4.
aegyptt were rradiated with high doses, they
became less competitive. Low doses, although
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Fig. 3: mean of eggs laid per day by females paired
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with rrradiated males £33 and 1rradiated females paired
with non irradiated males [___]. FZZ] controls

having no effect on copulation, were able to
sterilize them (Loaharanu et al., 1975). Gomez-
Nurnez et al. (1962, 1964) observed that males
of R. prolixus irradiated with 400 Gy were
unable to copulate.

The presence of gelatinous spermatophores,
expulsed by the females irradiated with 20 and
40 Gy, might be interpreted as a consequence
of radiation on the pH of the bursa copulatrix
(Davey, 1965). The hardening of the spermato-
phore starts in the genital ductus and finishes
when 1t 1s expelled by the female. Loaharanu
et al. (1975), submitted Spodoptera exigua and
A. aegypti males to irradiation and observed
that hatching of eggs decreased inversely to
the dose utilised. Goémez-Nufiez et al. (1962)
observed that only 3.9% of the eggs of R.
prolixus hatched when males were irradiated
with 100 Gy doses, while a value of 85.1%
was obtained for controls. We observed in our
experiments that hatching was significantly
affected by irradiation of both P. megistus
males and females, In both groups, the hatch-
ing percentage was lower, when compared to
controls (Fig. 4). Males of P. megistus are
more sensitive to radiation than females. We
found a significant inverse correlation between
radiation dose and longevity, oviposition, mean
of eggs laid per day, and hatching. When doses
higher than 20 Gy were used, the longevity
and oviposition were affected, and when doses
of 80 Gy were employed, the mean of
eggs laid per day differred from that of con-
trols.
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Fig. 4: hatching of eggs from females paired with irra-

diated males [y and irradiated females paired with

non irradiated males | 22 controls.
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