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Abstract
The humoral and cellular defenses are crtitical in insects’ immunity. In the present study we focused on individual haemocyt
types of mulberry pyralid,Glyphodes pyloalisWalker (Lep.; Pyralidae) and examined them for the first time by light, differential
interference contrast, scanning and transmission electron microscopy. Like many lepidopterous insects five types of haemocytes
were identified; prohaemocytes, plasmatocytes, granulocytes, oenocytoids and spherulocytes. The small, rounded to ovoid cells
with homogenous cytoplasm and large nuclei compared to cytoplasm were designated as prohaemocyts. The plasmatocytes were
polymorphic and variable in sizes. The oval to spherical cells, with plenty of rough endoplasmic reticula, mitochondria, and
microtubules in the cytoplasm were designated as the granulocytes. The oenocytoids were round or spherical with elongated
eccentric nucleus and cytoplasm with small mitochondria and few rough endoplasmic reticula. Total haemocyte counts in
different larval instars showed that THC increases as the larval age increase. Differential counts of haemocytes revealed the
plasmatocytes and granulocytes as the most abundant haemocyte types in comparison with other types.
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Introduction

Insect haemocytes—as the major components of innate im-
mune system—are not only responsible for cellular immunity,
but participate in the humoral defenses by a typical factor such
as antimicrobial peptides (AMPs), lectin and lysozyme, etc. as
well ultimately killing pathogens through lysis (Lavine and
Strand 2002; Nappi et al. 2004; Schmid-Hempel 2005;
Eleftherianos and Revenis 2011; Hillyer 2016; Li et al.
2019; Garcia-Robles et al. 2020; Manjula et al. 2020). The
main functions start with recognition of non-self and then
initiating appropriate responses in association with humoral
system (Strand 2008; Silva et al. 2002). Haemocytes in insects

comprise various types with obvious morphological and func-
tional differences (Ling et al. 2005).

Hemocytes are classified into distinct types based on mor-
phological and functional characteristics and have different
names in different insect orders (Lavine and Strand 2002;
Lamprou et al. 2007; Kanost et al. 2004; Becchimanzi et al.
2020) Four haemocyte types have been described in lepidop-
teran larvae based on morphology and functions (Ribeiro and
Brehélin 2006; Strand 2008). The plasmatocytes and
granulocytes are involved in phagocytosis, nodulation, and
capsule formation; oenocytoids produce enzymes (e.g.,
phenoloxidase) involved in the melanization cascade and
spherule cells whose immune function remains unclear
(Lavine and Strand 2002 ; Strand 2008; (Pandey and Tiwari
2012; Becchimanzi et al. 2020).

The development of haemocytes in insects is initiated dur-
ing embryogenesis from head or dorsal mesoderm. Later, the
next population comes from the mesodermal haematopoietic
organs in juvenile stages and also from circulating
prohaemocytes (Yamashita and Iwabuchi 2001; Strand
2008; Grigorian and Hartenstein 2013; Öztürk et al. 2018).
Ling et al. (2005) however, believes that in H. armigera the
haematopoietic organs are important contributors to
plasmatocyte production/ maturation and not the
prohemocytes. On the other hand a positive correlation

* J. J. Sendi
jjalali@guilan.ac.ir

1 Department of Plant Protection, Faculty of Agricultural Sciences,
University of Guilan, Rasht, Iran

2 Department of Silk Research, Faculty of Agricultural Sciences,
University of Guilan, Rasht, Iran

3 Centro de Pesquisa Aggeu Magalhães (CPqAM-FIOCRUZ), Lab de
Imunopatologia Keizo Asami (LIKA-UFPE), Recife, PE, Brazil

https://doi.org/10.1007/s42690-020-00177-w

/ Published online: 9 June 2020

International Journal of Tropical Insect Science (2021) 41:75–84

http://crossmark.crossref.org/dialog/?doi=10.1007/s42690-020-00177-w&domain=pdf
mailto:jjalali@guilan.ac.ir


between prohemocytes with granulocytes and oenocytoids are
indicative of their origin from circulating prohemocytes
(Istkhar and Chaubey 2018). Nakahara et al. (2009 and
2010) in B. mori proposed two major lineages in haemocytes
origin, a granulocyte lineage and a plasmatocyte-oenocytoid
lineage. The origins of the spherulocytes could not be deter-
mined in their studies. Subsequently the number of
haemocytes change during development (Gardiner and
Strand 2000; Okazaki et al. 2006) or when stressed by
wounding, infection or even the number varies with varied
food regimes (Ratcliffe et al. 1985; Vogelweith et al. 2016).
The populations of haemocytes are usually maintained by
mitotic division of circulating cells (Saito and Iwabuchi
2003) or through production and release of haemocytes in
the hematopoietic organs (Gardiner and Strand 2000). The
number of cells has been proved to fluctuate during molting
cycle (Kiuchi et al. 2008).

TheGlyphodes pyloalisWalker (Lepidoptera: Pyralidae) is
a major pest of mulberry plantations in silk growing countries
including India, China, Korea, Japan, Malaysia, Pakistan,
Uzbekistan and Burma (Madyarov et al. 2006; Moallem
et al. 2017; Shao et al. 2020). This pest has also turned into
a major pest of mulberry in northern Iran and has become a
serious threat to silk industry (Khosravi and Jalali Sendi 2010 ;
Mahadeva 2018; Hosamani et al. 2020). The larvae fold the
leaves on the outer part and then feed underside mesenchyme
of leaves, thus retaining only a network of epidermis. If the
infested leaves are provided to silkworms, they are unable to
defecate due to constipation (Oftadeh et al. 2014). The
G. pyloalis larvae are also regarded as the secondary hosts
for Bombyx densoviruses and picornaviruses (Watanabe
et al. 1988; Shao et al. 2020).

The first step to study the immune responses in any insect
pests, could be the characterization of the haemocytic form
and population and changes in haemocytic profile in the
haemolymph during developmental stages (3rd instar larvae
to pupal stage).Again an additional morphological informa-
tion on haemocyte types of mulberry pyralid, Glyphodes
pyloalis Walker in the 5th larval stage was performed using
light, differential interference contrast and also scanning and
transmission electron microscopy from mulberry plantations
in Rasht, Iran.

Materials and methods

Insect rearing

TheG. pyloalis larvae of various stages were handpicked from
mulberry plantations in Rasht city (37°17′ N, 49°35′ E) north
of Iran. The larvae were provided with fresh mulberry leaves
(kenmouchi variety) in an insect culture room (Department of
plant Protection, University of Guilan, Rasht, Iran) set at 24 ±

1 °C, 75 ± 5% RH and 16:8 (L: D) h photoperiod in transpar-
ent plastic boxes (18 × 15 × 7 cm) covered with muslin cloth
to provid sufficient air ventilation. The emerging adults were
also placed in similar transparent plastic boxes in pairs and
were provided with cotton wool soaked in 10% honey solu-
tion and tender mulberry leaves for feeding and oviposition
respectively. The resulting larvae of this culture were used to
perform the experiments (Khosravi and Jalali Sendi 2010).

Light microscopy

The haemolymph (5 µL) from each 5th instar larva (a total of
10 larvae were used) was directly bled onto a clean slide and
thin smears were made with the help of another slide and then
let to settle for 10–20 min at room temperature. After collec-
tion of the blood from larvae they were discarded (Khosravi
et al. 2016).

The haemocytes were stained with Giemsa (diluted 1:9 in
distilled water) for 15 min, then washed quickly in distilled
water (Khosravi et al. 2016). They were observed under an
Olympus (BX51)microscope (Japan) in Insect Physiology
laboratory, University of Guilan, Rasht, Iran. The identifica-
tion clues for cell types were made by keys provided in
pioneering work of Jones (1962), Gupta (1979), and later sci-
entists including Strand (2008) and Huang et al. (2010).

Measurements of each cell width were already reported by
us using a digital objective lens of light microscope (Olympus
BX51) (see also Zibaee and Jalali Sendi 2011). Aminimum of
30 cells of each morphotype were measured.The differential
haemocyte counts were evaluated after counting 100 stained
cells.

Differential interference contrast (DIC) microscopy

The haemolymph of another set of ten 5th instar larvae was
considered for differential interference contrast (DIC). The
haemolymph from each larva was mixed with anticoagulant
solution (0.186 M NaCl, 0.098 M NaOH, 0.041 M citric acid,
and 0.017 M EDTA, pH 4.5). A few drops were placed on
slide and then were covered by a cover glass producing thin
haemolymph films, the larvae after collection haemolymph
were discarded. These wet smears highly facilitated
haemocyte observation and identification. The cells were
identified by DIC microscope, and images were taken with a
camera (Dino Capture 2.0) in the Insect Physiology laborato-
ry, University of Guilan.Rasht, Iran.

Scanning electron microscopy

The haemolymph from ten fifth instars of G. pyloalis was
directly dropped on a slide and was then mixed with antico-
agulant solution (30% v/v). The haemocyte monolayers were
fixed in phosphate buffer (0.1 M, pH 7.3) with glutaraldehyde
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solution (2.5%), post-fixed in osmium tetroxide (1%),
dehydrated in graded ethanol (Merck) series, 15 min each in
30%, 50%, 70%, 80%, 90%, and 100% (v/v) (Merck,
Germany), and then dried with hexamethyldisilazane
(HMDS) (Sigma grade) in Insect Physiology lab.University
of Guilan. The preparations were mounted on stubs, gold
coated in a sputter coater, and later observed under the elec-
tron microscope (VEGA) (Manachini et al. 2011) in Razi
Metallorgy Research Center, Tehran, Iran.

Transmission electron microscopy (TEM)

Haemolymph from ten fifth instar larva of G. pyloalis was
collected and was immediately mixed with an equal volume
of 5% glutaraldehyde (5% glutaraldehyde in 0.1 M cacodylate
buffer; pH 7.3,) and centrifuged at 800 × g for 10 min at 4 °C.
The supernatant was removed and the cell pellets were again
prefixed with 2.5% glutaraldehyde solution for 1.5 h at 4 °C.
The pellets were then rinsed few times with 0.2 M cold
cacodylate buffer at pH 7.2, post fixation was done in osmium
tetroxide (1%) in 0.1 M cacodylate buffer for 2 h. The sample
was rinsed with the same buffer thrice. They were then
dehydrated in ethanol series (15 min each in 30%, 50%,
70%, 80%, 90%, and 100% (v/v)) (Hypša and Grubhoffer
1997) and was then embedded in Epon 812. The samples were
preserved at 30 °C for 24 h and then at 60 °C for 48 h.The
preparations of the samples were performed in Insect
Physiology Lab. University of Guilan, Rasht, Iran. Then, the
samples were posted to Aggeu Magalhaes Research Center,
Brazil. Ultrathin sections were made by Leica EM UC6 Ultra
microtome. The double contrast method of ultrathin sections
with uranyl acetate (UA) and lead citrate was used as the
standard contrasting technique. Finally, these sections were
observed with a Tecnai™ G2 Spirit electron microscope.

Total haemocyte counts (THC)

Total haemocyts (cells/mL) at various life stages (based on
head capsule size), second, third, fourth, and fifth instar larvae
at 48 h after molt (h.a.m.), prepupae (24 and 48 h.a.m.), and
pupae (48 h.a.m.) ofG. pyloaliswas determined from 5 µL of
fresh haemolymph was diluted in 15 µL anticoagulant with
the help of Neubauer haemocytometer (Khosravi et al.
2016).The count was estimated from ten larvae in each stage.

Differential haemocyte counts (DHC)

Giemsa-stained smears from ten different larvae in each de-
velopmental stage were used. Differential haemocyte counts
were determined upon counting the haemocyte cell types and
calculating their relative percentages. The haemolymph was
bled directly on glass slide, mixed 1:1 with phosphate buff-
ered saline (PBS), and allowed to dry at room temperature.

Then haemocyte slides were stained with Giemsa (diluted 1:9
in distilled water) for 15 min, washed with distilled water.
After air drying, the slides were covered with cover slips with
a drop of Canada balsam and observed with light microscopy.
From each larva 100 cells were randomly counted in bright-
field microscopy at × 40 magnification.

Statistical analysis

Statistical analysis was done in haemocyte count changes in
different larval and pupal stages (from 1st to 5th larva and
prepupal, pupal stages of silkworm with means were consid-
ered significant at P ≤ 0.05.

Results and discussion

Haemocyte morphological characterization

Using light microscopy, five main types of haemocytes in-
cluding. prohaemocytes, plasmatocytes, granulocytes,
oenocytoids and spherulocytes were identified:

Prohaemocytes

The prohaemocyts were round or oval cells, they are
among the smallest blood in the insect. Our previous report
show the cells measuring 4.0 ± 0.61 µm inG. pyloalis (Zibaee
and Jalali Sendi 2011). Their nucleus occupies a major portion
of cells (Figs. 1 and 2A) thus the cytoplasm is in the periphery
forming just a thin layer around the nucleus. Observation of
TEM of these cells are indicative of rough endoplasmic retic-
ulum (RER), lysozyme and mitochondria. The cell membrane
is smooth (Figs. 3-A and 4-A). Prohaemocyts are the cells
considered to differentiate to other haemocyte types Silva
et al.(2002).

Our naming of these cells were based on their small size,
agranular structure, and the absence of granules which is their
unique feature. However, some authors believe that
prohaemocytes as well as plasmatocytes originate from
haematopiotic organs. Hence, prohaemocytes are the cells
forming the rest of haemocytes including granulocytes,
oenocytoids and spherolucytes (Ling et al. 2005; Istkhar
Chaubey 2018).

Plasmatocytes

Plasmatocytes are considered the pleomorphic cells and make
the largest number in circulating cells in the larvae of the lesser
mulberry pyralid measuring 8.5 ± 0.61 µm in width. The nu-
cleus is more or less circular with a distinct central or
pericentral position (Figs. 1, 2 and 3b)The chromatin is gen-
erally sprinkled. The cytoplasm includes low electron density
vesicles; the mitochondria are either round or stretched with
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amounts of rough endoplasmic reticulum and developed cis-
ternae. The presence of many vesicles that are attached to a
very nonhomogeneous cytoplasm are considered as the main
feature in these cells. The plasma membrane is folded and
possess transparent electrolytic vesicles with irregular or
rounded shape (Fig. 4A, B and C) Akai and Sato (1971) be-
lieve that the enhanced ecdysteroids level in hemolymph of
Bombyx mori lead to excessive release of hemocytes from the
haematopoietic organs, and Nakahara et al. (2003) showed
these haemocytes are mainly prohemocytes and
plasmatocytes. In Pseudoplusia includens and Spodoptera
frugiperda (Gardiner and Strand 2000), and Manduca sexta
(Nardi et al. 2003) this theory was also verified. Strand (2008)

stated that haematopoietic organs in Lepidoptera are an im-
portant source of plasmatocytes.

The spreading potential of cytoplasm in plasmatocytes is
indicative of its phagocytosis behaviour. Thus, vermicytes
are likely formed by cytoplasm elongation on both sides of
the spherical plasmatocytes (Gupta 1985). These types of
cells are seen in G. pyloalis haemolymph as in other lepi-
dopterous insects. The plasmatocytes are considered
immunocytes since they take part in phagocytosis, encapsu-
lation and nodulation. However, the controversies does ex-
ist, while a good number of researchers are sure on the
phagocytosis role of plasmatocytes (Tojo et al. 2000) but
others have questioned this role (Akai and Sato 1973;

Fig. 2 Haemocytes of Glyphodes
pyloalis larvae by DIC
microscopy. A Prohemocyte, B
different forms of Plasmatocytes,
C Granulocyte, D Spherulocyte,
E Oenocytoides (scale 5 µm)

Fig. 1 Giemsa-stained circulating
hemocytes from Glyphodes
pyloalis larvae under light
microscopy
(A) Prohemocyte, (B) Different
forms of Plasmatocytes, (C)
Granulocyte, (D) Spherulocyte,
E ) Oenocytoid (scale 5 µm)
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Neuwirth 1974; Beaulaton 1979; Gongqing et al. 2016; Wu
et al. 2016). This difference is probably due to variations in
experiments thus altering the amounts being ingested by
these cells.

Granulocytes

A circular or oval cell that is variable in size, larger than
prohaemocytes but smaller than plasmatocytes measuring
6.5 ± 0.5 µm in G. polyalis. The nucleus of granulocyte is
different in size, more polymorphic and the nucleus being
central with dispersed chromatin (Figs. 1 and 2 C). The gran-
ules are plenty in the granulocyte cytoplasm, which provides
an irregular surface to the cell and remains as the main char-
acter of these cells. There exists a very profound rough endo-
plasmic reticulum, Golgi apparatus, small circular mitochon-
dria, ribosomes and polysomes. The granulocytes enjoy the
presence of transparent electrons, and membrane- bound gran-
ules (Fig. 4E). Granulocytes of G. pyloalis are easily recog-
nizable byGiemsa staining due to their basophilic cytoplasmic
granules. Granulocytes can be differentiated into types be-
cause of their granule numbers. This variation is of prime
importance at the time of their phagocytosis as in case of
Rhodnius prolixus reported by Borges et al. (2008). These
cells are considered more phagocytic than other cell types,
involved in encapsulation and nodule process, which they
do so by contacting the foreign body and releasing their gran-
ular content Clark and Strand 2013; Ghosh and Venkatesan

2019). Chain et al. (1992) believed that granulocytes are
formed by plasmatocytes in cockroachPeriplaneta americana
(L.), but Yamashita and Iwabuch (2001) verified that both
plasmatocytes or granulocytes are differenciated from
prohemocytes in B. mori. The granulocytes are strongly ad-
hering and phagocytic cells and showing deep phenoloxidase
activity following immune challenges (Beckage 2008). The
ultrastructure picture of granulocyte shows the formation of
filopodia. The present result is in agreement with observations
already reported for granulocytes in Blatella germinica
(Chiang et al. 1988) and in Melipona scutellaris (Amaral
et al. 2010).

Oenocytoids

The oenocytoids are round or spherical in shape. They possess
a large and homogenous cytoplasm. Giemsa staining depicted
a basophilic cytoplasm in oenocytoids. The nucleus is pushed
to the periphery of cytoplasm (Figs. 1, 2E and 3D). Diffused
chromatin and sometimes a clear nucleus are seen in TEM
sections. The oenocytoids of the mulberry pyralid are smaller
measuring 8.5 ± 0.61 than those reported for other insects ex-
amples are ; Anastrepha oblique (Silva et al. 2002) in
Hyphantria cunea (Zibaee and Jalali Sendi 2011) and also in
Arge ochropus (Khosravi et al. 2016 ) (Fig. 4F). A homoge-
neous with no apparent organelles is the main features of
oenocytoids in this insect. The mitochondria are few with
electron free -vacuoles which is contrary to the reports for

Fig. 3 Scanning electron
microscopy of the larval
haemocytes of the lesser mulberry
pyralid, Glyphodes pyloalis:
Prohaemocyte (A), Plasmatocytes
(B), Granulocytes (C), and
Oenocytoids (D)

79Int J Trop Insect Sci (2021) 41:75–84



Fig. 4 Ultrastructure of larval Prohaemocyte (A) and Plasmatocyte (B, C,
and D), Granulocytes (E), Oenocytoids (F) and Spherulocyte (G) of
Glyphodes pyloalis (G = granules, M =mitochondria, Mt =microtubules,

N = nucleus, Nu = nucleolus, RER = rough endoplasmic reticulum, Sg =
structured granules)
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Diatraea saccharalis where dense mitochondria, generally
ring-shaped was observed (Falleiros et al. 2003). However,
similar to the reports of Huang et al. (2010) in Plutella
xylostella who reported fewer mitochondria. The reports of
Huang et al. (2010) in Plutella xylostella is also indicative of
the presence of numerous polysomes but not seen in our
preparations.

Spherule cells

Spherulocytes are small or large cells measuring 5.00 ± 0.0
µm with several spherules in the cytoplasm. Huang et al.
(2010) reported these cells to measure 10.15 ± 0.20 µm.The
differences in sizes are certainly related to the state of spher-
ules at the time of preperations. In Spherulocytes, the cyto-
plasm is filled with large granules round to oval (Figs. 1 and
2D). The rough endoplasmic reticulum is clearly visible in this
cell. In Diatraea saccharalis it is reported that the cytoplasm
contained few organelles around the nucleus, such as ribo-
some, Golgi complex, RER and few mitochondria (Falleiros
et al. 2003). Spherulocytes contain little number of large
spherules that infer irregular shape to the cells .
Spherulocytes show no certain nucleus Falleiros et al. (2003)
in D. saccharalis reported that the nucleus was small, central-
ly located or eccentric, mostly deformed by the spherules.
These cells are completely different from granulocytes con-
taining phagocytes. The spherulocytes in the G. pyloalis, pos-
sess golgi apparatus that is filled with mature granules. The
micro tubular bundle forming a micro tubular ring beneath the
plasma membrane is evident in this haemocyte type (Fig. 4G).

Spherule cells or spherulocytes are possible sources of cu-
ticle constituents (Strand 2008).

Haemocyte counts

Because haemocytes are expected to vary in numbers and
proportion upon exogenous pressures (Vogelweith et al.
2016), we thus quantified their concentration in G. pyloalis
in different larval stages until pupation.

The total haemocyte count (THC) is the number of
blood cells in the haemolymph. The THC count showed
that the number of haemocytes per mL of haemolymph
increased with development (Fig. 5). As it can be depicted
from Fig. 5 the lowest number of haemocytes per mL is
seen in the 3rd instar larvae (18 cells/mL) and then higher
in 4th instar (37/mL). A slight decline in 5th instar (34/mL)
but the highest number is observed in the beginning of
prepupal stage (63 /mL), after which it declines sharply
in late prepupa (31cells/mL) and then in pupal stage (27
cells/mL) (Fig. 5). During growth and development, the
THCs of P. americana increased progressively from the
1st instars to adults. The population of haemocytes were
as low as 3515/mm3 initially in the 1st instar, and as high

as 12,620/mm3 in the 120 h old adults, a 3.59 - fold in-
crease (Mudoi et al. 2020). The changes in haemocyte
number in a hemimetabolous insect like P. americana is
observed in an increasing trend from 1st instar nymph but
reaching its maximal number in adults is acceptable.
Because, as the insect grows, the need for intermediary
metabolism will also increase. Hence, the services of many
cells are required and these services are even required in
active adult stage because the haemocytes continue their
involvement in metabolism but this time in favour of future
generation. However, in a holometabolous insect like
Papilio demoleus the increasing trend is limited up to pre-
pupal stage and then decreasing trend is initiated (Jalali
and Salehi, 2008) since the adults in holometabolous in-
sects seldom need the feeding for investment on future
generation, this process has been completed in most cases
by larval stages ( Chapman 2013). Hence the differences in
two named insects can be referred to their differences in
the type of development.

The study of differential haemocyte count (DHC) showed a
significant difference in the abundance of haemocyte types in
different stages of larvae. The number of prohomocytes in the
early larval instars was higher than the other larval instars, but
in the later stages of growth, their density decreased (Fig. 6).
The amount of prohaemocytes in our study in the early instar
larvae is acceptable as these cells are originating from
haematopiotic organ and are released into haemolymph.
They are the stem cells giving rise to other cell types (Ling
et al. 2005; Strand 2008; Istkhar Chaubey 2018). Conversely,
the plasmatocytes and granulocytes’ number would increase
in later instars since they are formed by previously abundant
cells. They are the so called functional cells and take the bur-
den of many physiological processes, including immunity.
Plasmatocytes at all stages of development have the highest
frequency and then are the granulocytes. The frequency of
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plasmatocytes increased gradually with increasing age of lar-
vae because the activity, movement, feeding and facing chal-
lenges against aliens are also increased (Khosravi et al. 2016;
Ghosh and Venkatesan 2019).

Gardiner and Strand (2000) showed that in Pseudoplusia
includens and Spodoptera frugiperda, the occurrence of
plasmatocytes was higher during the early larval stages, while
granulocytes were most prevalent in the late larval stages.
However, in the present study the plasmatocytes in last larval
stage was more than the granulocyte population. Beetz et al.
(2008) reported that the population of plasmatocytes was larg-
er than the population of granulocytes in the 5th larval stage of
Manduca sexta (Lep.: Sphingidae). By counting only the free
haemocytes in the haemolymph, haemocytes bound to the
tissue are not evaluated in the DHC. In fact, the separation
of tissues from pupae showed that a large number of
granulocytes are attached to muscle fibers and lobes of fat
bodies. During metamorphosis, haemocytes bind to tissues
that are decomposed and rebuilt (Kiger et al. 2001).

We conclude that the present work has contributed to fur-
ther our knowledge in characterization of Glyphodes pyloalis
haemocytes using various methods. However the behavior of
cells in responding to parasitoids or pathogenic attack in vivo
is of immense importance which requires further research.
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