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Abstract

Stresses can be caused by multiple biotic and abiotic factors and their effects can affect both the biology and the immune
system of insects. American cockroach — Periplaneta americana (Linnaeus, 1758) (Blattaria: Blattidae) —besides
being an excellent model species, has great medical importance because it can act as a mechanical vector of several
pathogens. This study aimed to evaluate the influence of starvation, dehydration and both stresses on weight, and total
and differential haemocyte count in P. americana adults. Each specimen was isolated in glass flasks containing or
not food and/or water. They were weighed periodically. Another group received water for 24 h after the end of stress
period. In the immunologic bioassay, we counted their haemocytes after the final weighing. All stresses reduced the
insect weight, especially when the stresses were combined. Females of the control group gained weight and males had
it unaltered. Different stress conditions and time did not influence on total haemocyte count. Insects without food and
water had the proportion of prohaemocytes increased and plasmatocytes decreased. This study can serve as a basis of
further studies of bioecology, behaviour and the ability of resisting insecticides, besides serving as a model to studies
in other insect species.
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Estresses alimentares afetam o sistema immune de Periplaneta americana
(Blattaria: Blattidae)?

Resumo

Os estresses podem ser causados por multiplos fatores bidticos e abidticos e seus efeitos podem afetar tanto a biologia
como o sistema imune dos insetos. A barata-americana — Periplaneta americana (Linnaeus, 1758) (Blattaria: Blattidae)
— além de ser uma excelente espécie modelo, tem grande importancia médica, pois pode atuar como vetor mecanico
de diversos patogenos. O objetivo desse estudo foi avaliar a influéncia da inani¢ao, desidratacdo e ambos os estresses
sobre o peso ¢ o nimero total e diferencial de hemocitos em adultos de P. americana. Cada espécime foi isolado em
frascos de vidro contendo ou ndo alimento e/ou agua. Eles foram pesados periodicamente. Outro grupo recebeu agua
por 24 h apds o término do periodo de estresse. Nos ensaios imunologicos, foram contados os seus hemocitos apds a
ultima pesagem. Todos os estresses reduziram o peso dos insetos, especialmente quando os estresses foram combinados.
As fémeas do grupo controle ganharam peso e os machos tiveram seu peso inalterado. As diferentes condigdes de
estresse e tempo nao influenciaram no numero total de hemocitos. Os insetos sem alimento e agua tiveram a propor¢ao
de pro-hemocitos aumentada e a de plasmatdcitos reduzida. Esse estudo pode servir como base para estudos posteriores
de bioecologia, comportamento e da habilidade de resistir aos inseticidas quimicos, além de servir como modelo para
estudos em outras espécies de insetos.

Palavras-chave: barata, desidratagdo, hemocitos, inani¢do, massa corporal.

1. Introduction

Multiples biotic and abiotic factors can cause stressin ~ chemical poisoning, starvation and others (Brey, 1994).
insects like overcrowding, pathogenic/parasitic infection, ~ Starvation and dehydration can impact the insect biology,
extreme temperatures, metamorphosis, mechanic injuries,  affecting their growth, survival, longevity, reproduction,
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movements, gregarious habits and they can also decrease the
production of energy to maintain these functions (Panizzi
and Parra, 2009; Chapman, 2013).

Furthermore, the absence of these resources can
weaken their immune system (Feder et al., 1997), either
in haemocyte number (Sujatha and Dutta-Gupta, 1991;
Richards and Edwards, 1999; Block and Stoks, 2008) or
in prophenoloxidase activity (Siva-Jothy and Thompson,
2002; Block and Stoks, 2008). This impact on immune
system makes the insect more susceptible to infections by
microorganisms and disease development (Feder et al.,
1997; Furlong and Groden, 2003; Lord, 2010).

Stresses can cause different effects in relation
to insect species, thus, to evaluate stress impacts on
invertebrate immunology is usually used model species.
Among these species, we can find Periplaneta americana
(Linnaeus, 1758) (Blattaria: Blattidae), insect that is easily
reared in laboratory (Bressan-Nascimento et al., 2008;
Vianna et al., 2011; Carcamo et al., 2013), can resist
up to 110 days without food and water (Duarte et al.,
2015) and its biology is well-known (Vianna et al.,
2000; Vianna et al., 2001; Bressan-Nascimento et al.,
2008; Vianna et al., 2011).

Besides serving as an insect model, P. americana
has a great medical importance since it can attend trash,
bathrooms, sewers and drainage channels where it can get
disease-causing agents to humans and to other animals
(Kaya and Baran, 2015). These insects can reach great
populations in urban environments and can act as a
mechanical vector of several pathogens (Baumholtz et al.,
1997), causing major problems to human and domestic
animals’ health.

Since P. americana is a very important pest in these
environments, there is a need to understand its biology and
ecology in several situations in order to help developing
control strategies. Although there is a work evaluating
the immune system of P. americana under starvation and
dehydration (More and Sonawane, 1987), other study
with more rigorous methodology and more extended
evaluations is necessary. Thus, this work aimed to evaluate
the influence of starvation, dehydration and both stresses
on weight, and total and differential haemocyte count in
P. americana adults.

2. Materials and Methods

2.1. Maintenance of P. americana colonies

Periplaneta americana adults were collected in
Southern Brazil (31° 48’ S; 52° 25’ W) and raised for at
least five generations in laboratory before the beginning
of the experiment.

Colonies were maintained according to Vianna et al.
(2001), differing only in the diet offered to nymphs and
adults, which in this work was composed by meat meal
and sugar (1: 1).

Throughout the experimental period, both stock and
experimental individuals were kept in a climatic chamber
(25+2°C; 70 + 10% RH; 12 L: 12 D).
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2.2. Weight change

Periplaneta americana adults between three to seven
days post-emergence were used. The initial weight was
standardized in 0.9 to 1.2 g for females and 0.8 to 1.1 g
for males.

We established four groups composed by 24 couples
each: a) with food and water (control group); b) with
water and no food (starvation); ¢) with food and no water
(dehydration); and d) no food or water (both stresses). When
food or water was available, they were offered ad libitum.

Each individual was isolated in glass flasks (16 cm in
height and 8 cm in diameter) covered by organza fabric.
Diet and/or water, when present, were offered in plastic
containers (1 cm in height and 2.5 cm in diameter) and
refilled every three days.

For each group, eight couples were kept in these conditions
for one of the three different periods: 10, 20 and 30 days.
The specimens were weighed when they were isolated
and again after the end of the period.

2.3. Weight gain after rehydration

Eight males and eight females were subjected to
both stresses combined (starvation and dehydration) for
one of the three different periods (10, 20 and 30 days).
The individuals also obeyed the same post-emergence
period and weight aforementioned.

Each specimen was isolated in glass flasks and subjected
to the same conditions than the previous bioassay. They were
weighed to register their initial (before being isolated) and
final weight (after the end of the experimental period).
Then, the insects received water for 24 h and were weighed
again to register the weight after the rehydration period.

2.4. Total Haemocyte Count (THC) and Differential
Haemocyte Count (DHC)

We established five groups: a) with food and water
(control group); b) with water and no food (starvation);
c) with food and no water (dehydration); d) no food
or water (both stresses) and e¢) no food or water for
a determined period followed by 24 h of rehydration
(both stresses — rehydrated). For each group, eight males
and eight females were subjected to this condition for
one of the three different periods (10, 20 and 30 days).
The individuals also obeyed the same post-emergence
period and weight previously described.

Each specimen was isolated in glass flasks and subjected
to the same conditions than the previous bioassays. They were
weighed to register their initial (before being isolated) and
final weight (after the end of the experimental period).
Insects of the rehydrated groups were also weighed after
24 h of rehydration.

After the final weighing, the insects were mechanically
immobilized to analyse the haemolymph. Right metacoxa
was amputated and, using an automatic micropipette, we
collected 5 pul of haemolymph. The collected material was
diluted in 15 pl of anticoagulant (Chalk and Suliaman, 1998)
and placed in a Neubauer chamber to estimate the THC.
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To calculate the DHC, we collected 10 pl of haemolymph
from the same cut and placed in a slide in order to make a
blood smear. After drying, the slides were fixed and stained
using a Differential Quik Stain Kit (Panético Rapido LB®
Laborclin®). Two hundred cells were counted under a light
microscope to estimate the relative frequency of the cell
types. The haemocyte characterization was based on a
classification proposed by Wheeler (1963) and Ratcliffe
and Price (1974).

After the haemolymph collection, the insects were
sacrificed and discarded.

2.5. Data analyses

Insect weights and rates of weight change in different
10-day periods were evaluated by two-way Analysis of
Variance (ANOVA) (time and stress group), which the
means were compared by Tukey’s test. Weight gains after
rehydration were also evaluated by two-way ANOVA
(time and sex), which the means were compared by
Tukey’s test.

To evaluate the THC, data were transformed by the
square root of x to make them a normal distribution (Vieira,
2006). Similarly, before evaluating the DHC, data were
transformed by the square root of x+0.5 (Vieira, 2006).
Then, data were evaluated by one-way ANOVA.

For all tests, we considered a significant level of 95%.

3. Results
3.1. Weight change

The weight of females was significantly influenced
by stress conditions (F= 140.04; DF= 3; p< 0.001), but
it was not influenced neither by stress time (F= 2.40;
DF=2; p=0.097) nor the interaction between these two
factors (F=1.10; DF=6; p=0.369) (see Figure 1). Among
the males, the weight was significantly influenced by
stress conditions (F=77.88; DF=3; p< 0.001), by stress
time (F= 9.16; DF= 2; p< 0.001) and by interaction
between these two factors (F= 3.96; DF= 6; p< 0.005)
(see Figure 1).
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Figure 1. Absolute (mg) and relative (%) weight change of Periplaneta americana (Linnaeus, 1758) (Blattaria, Blattidae)
adults subjected to different stress conditions for different periods. Columns are related to primary vertical axis. Bars
represent standard deviation of the mean. Different capital letters represent significant difference between periods, while
different small letters represent significant different between stress conditions (Tukey’s test p< 0.05). Lines are related to

secondary vertical axis.
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3.2. Weight gain after rehydration

The weight gain in 24 hours of rehydration after different
stress periods was influenced by sex (F= 13.33; DF=1;
p=0.001) and stress time (F= 30.06; DF= 2; p< 0.001),
but it was not influenced by the interaction between these
two factors (F= 0.61; DF= 2; p=0.55) (see Figure 2).
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Stress period before rehydration
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Figure 2. Absolute weight gain (mg) of Periplaneta
americana (Linnaeus, 1758) (Blattaria, Blattidae) adults in
24 hours of rehydration after different stress periods with
no food and water. Bars represent standard deviation of the
mean. Different capital letters represent significant difference
between stress periods, while different small letters represent
significant different between sexes (Tukey’s test p< 0.05).

3.3. Total Haemocyte Count (THC) and Differential
Haemocyte Count (DHC)

We were not able to collect haemolymph from insects
deprived of water (dehydration and both stresses combined)
for 30 days, thus, they were not included in the analyses
of the THC and the DHC.

The THC of females was not influenced by stress
conditions in 10 (F=2.01; DF=4; p=0.12), 20 (F=2.56;
DF=4; p=0.06) and 30 days (F= 0.82; DF=2; p= 0.45)
(see Figure 3). Only in the control group the females
had a significant decrease in THC related to stress time
(F=11.18; DF=2; p< 0.001) (see Figure 3). In the other
tested groups, stress time did not influence THC of females
(starvation: F=0.59; DF=2; p=0.56; dehydration: F=0.99;
DF= 1; p= 0.34; both stresses: F=0.33; DF=1; p=0.58;
both stresses — rehydrated: F= 2.30; DF= 2; p= 0.13)
(see Figure 3).

The THC of males was not influenced by stress
conditions in 10 (F= 0.66; DF= 4; p=0.62), 20 (F=2.56;
DF= 4; p= 0.06) and 30 days (F= 0.32; DF= 2; p=0.73)
(see Figure 3). Stress time did not influence THC of males
(control group: F=2.16; DF=2; p=0.14; starvation: F=1.03;
DF= 2; p= 0.37; dehydration: F=4.12; DF= 1; p= 0.06;
both stresses: F= 1.19; DF= 1; p= 0.29; both stresses —
rehydrated: F= 1.37; DF= 2; p= 0.28) (see Figure 3).

The significant differences found in the proportion of
cell types between different stress conditions and periods
were shown in Table 1.
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Figure 3. Total haemocyte count (cells x 103/mm?) of Periplaneta americana (Linnaeus, 1758) (Blattaria, Blattidae) adults
subjected to different stress conditions in three different stress periods. Bars represent the standard error of the mean.
* We were not able to collect haemolymph from insects with no water (dehydration and stresses combined) for 30 days.
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4. Discussion

The weight loss in females deprived of food and
water for 30 days causes a substantial impact on biology
of these insects. As discussed by Duarte et al. (2015),
once they lose part of their weight, they can stop
oviposition, have their locomotory activity changed and
be more susceptible to pathogens and synthetic chemical
insecticides. This weight loss was more pronounced in the
first ten days of the stress, suggesting that they probably
remain active in the beginning of stress, however, after
the certain moment, they enter hypobiosis to reduce their
energy consumption. This behaviour was described by
Grodzicki and Walentynowicz (2011) who affirmed that
insects can react by increasing activity rate to find a more
comfortable niche or they can reduce their metabolism
until enter hypobiosis, in response to extreme impacts.

The fact that females gain more weight than males of
the control group is probably due to the need of females
to accumulate nutrients in fat bodies to produce ootheca,
once Arrese and Soulages (2010) affirmed that the most
of'the lipids in oocytes are taken from females’ fat bodies.
The weight gain was also more pronounced in the first
ten days, being probably related to the accumulation of
nutrients in fat bodies during the pre-oviposition period,
because according to Vianna et al. (2011), this period
for P. americana is about 14 days when raised at 25 °C.

The weight gain in rehydration is supported by Wall
(1970), once she reported that cockroaches, when are
dehydrated, are capable of drinking the enough to survive
for two to three weeks depending on environmental
humidity. The positive relation between weight gain from
rehydration and stress period is probably due to the fat bodies
consumption, providing more space in insect’s hemocoel.

The THC found in females of this study are certified
by Wheeler (1963), who reported that P. americana
females with random age have their THC ranging from
23,000 to 127,000 cells/mm?. However, when comparing
with males THC, the author found greater numbers in relation
to our work, ranging from 70,000 to 208,000 cells/mm?.

Only the THC of females deprived of only food was
similar to the found by More and Sonawane (1987) when
estimate the THC of P. americana subjected to these stress
types. These authors did not standardize weight, sex and
age of the used insects, making hard the comparison of
these results.

Although there are reports in different insect species of
increasing (Rosenberger and Jones, 1960) and decreasing
(Shapiro, 1967) the THC, when they are subjected to absence
of food, in this work we did not observe significant changes.
The stress period may have not been enough to decrease or
increase the THC, since according to Duarte et al. (2015),
P. americana adults usually survive more than 48 days
with no food or water and they can survive even more if
one of these resources is available.

The fact that the THC did not change under these
conditions, may be an important mechanism of this
species, preserving its immunity in order to survive in
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its habitats. This species lives in the thrash, bathrooms,
sewers and drainage channels (Kaya and Baran, 2015),
places with high diversity and abundance of pathogens
and parasites, which can cause diseases in insects with
weakened immune system.

Even that there is no difference in haemocytes
concentration when subjected to stress conditions, the
fact that it was not possible to collect haemolymph in
insects with no water for 30 days shows a high impact on
biology of these insects. According to Klowden (2008), the
haemolymph is the main means of transport to exchange
materials between cells, like hormones, wastes and nutrients.

In all groups, we observed a tendency of reduction of
THC over time, which probably is a characteristic related
to the insects’ age, since Schmid et al. (2008) reported that
Apis mellifera Linnaeus, 1758 (Hymenoptera, Apidae)
workers have a decreasing in their THC as they age.

The reduction of plasmatocytes in individuals of both
sexes deprived of food for 10 days was also observed by
More and Sonawane (1987) for the same species, who
reported that plasmatocytes reduced to 30% of the total
count. The same authors also reported that insects deprived
of only water did not have changes in the DHC until the
8th day, which was corroborated by the results obtained
in this study. This reduction may cause an impact in their
survival, once plasmatocytes are one of the main cells
involved in phagocytosis, nodulation and encapsulation
of pathogens and parasites, as well as they have a role in
wound clotting (Lavine and Strand, 2002; Ribeiro and
Brehélin, 2006; Klowden, 2008).

The increase of prohaemocytes can be a response of
this insect in order to recompose the haemocyte profile
after the rehydration. The prohaemocytes are the main cells
involved in differentiation into other haemocytes (Lavine
and Strand, 2002; Klowden, 2008) and they are the most
frequent cells found undergoing mitosis in hematopoietic
organs (Gupta, 2009).

In this study, we show that under controlled environmental
and alimentary conditions, P. americana adults (age,
weight and sex standardized) did not present significant
changes in the THC or relevant changes in the DHC when
subjected to absence of water and/or food for up to 30 days.
These findings seem to represent a peculiar characteristic
of P. americana immune system. Still, we need further
studies of defence response of this species.

These data can help the comprehension of the resistance
ability of this species when subjected to adversities. It can
also serve as a basis of further studies of bioecology,
behaviour and the ability of resisting chemical and biological
insecticides. Furthermore, it can be important as a model in
studies of impact of starvation and dehydration on biology
and immunology of other insect species.
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