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Does preclinical testing on insects help to predict human myelotoxic potentials?
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Abstract
No alternative model for human peripheral blood cells still has been found. With respect to our previous 
studies on insect immunotoxicological reactions we compared the morphology of human circulating 
blood cells and insect haemocytes using standard haematological methods. We documented that insect 
prohaemocytes, granulocytes and plasmatocytes have morphology which is similar to human mature 
lymphocytes, neutrophil granulocytes and monocytes. It offers to start studies carried on haemocytes to be 
evaluated as a prospective inexpensive model for toxicological praescreening.
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Introduction
The toxic effects of xenobiotics on human 

blood and the haematopoietic system are very 
dangerous. Changes in haematopoiesis following the 
administration of anticancer drugs are one and only 
tolerated event (cf. Berger, 1987). In haematology no 
suitable in vitro test has been developed to evaluate 
marrow precursor cytotoxicity (Scambia, 2001; 
Gribaldo, 2002; Rich, 2003) in contrast to marrow 
stem cell evaluation. 

It has been shown that haemocytes could well 
reflect the different effects of xenobiotics on human 
subjects testing food isoflavanoids such as genistein 
(Berger et al., 2003). Could insect haemocytes 
become a new biomodel for safety xenobiotic 
screening?

The aim of this study is to compare morphology 
of human blood cells with insect haemocytes to find 
similarities and differences as one. This study should 
be running before similar physiological evaluation.

Material and methods
Insect species, which are frequently used in insect 

physiology as "laboratory insects", were selected: 
Dysdercus cingulatus, Spodoptera l i t toralis , 
Pyrrhocoris apterus, Periplaneta americana, Galleria 
melonella, which were under constant temperature 
of 25 oC, light/dark regime 16h/8h. Usual diets 
and water were available ad libitum. Haemolymph 
was taken after cutting of 1 mm of antennae (D. 
cingulatus, P. americana, P. apterus, G. melonella) or 
after inserting the cuticula of the ventral part of larval 
body (S. littoralis) at the last instar. 

We compared morphology of circulating human 
blood cells and insect haemocytes stained by the 
classical panoptical Pappenheim method for light 
microscopy. This method is routinely used in 
preclinical safety xenobiotic studies on mammals. 
Blood smears were stained panoptically with May-
Grünwald solution for 3 (human blood) or 6 min 
(insect haemolymph) and Giemsa-Romanowski 
solution (1:3, solution:water) for 15, resp. 45 min. 
The microscope Nikon Eclipse 50, 100x/1.40 oil 
Nikon objective and Nikon DS-5M camera were 
used.

Results and discussion
Morphology of observed cells is documented 

in Figs. 1 – 4. Human lymphocyte and insect 
prohaemocytes (Fig. 1) have a very similar both 
morphology and size. Their nuclei fill almost whole 
cell volume. Both lymphocytes and prohaemocytes 
are numerous in the differential count. Prohaemocytes 
may be some praecursors for other insect haemocytes 
(Ling et al. 2005) as well as human circulating stem 
cells which have lymphocyte morphology.

Human granulocytes (Fig. 2) have three different 
lysosomes, so-called specific secondary granules, 
while insect granulocytes have no secondary ones. 
Nevertheless, both human and insect granulocytes are 
abundant in lysosomes and have similar cell size as 
well as more cytoplasm than both prohaemocytes and 
lymphocytes. Insect granulocytes are alike to human 
neutrophil granulocytes. Both insect and human 
granulocytes were numerous in smears. We did not 
found any granulocytes in Galleria melonella. 
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Spindle like plasmatocytes have similar size as 
round human monocytes. (Fig. 3) but morphology 
seems to be some more different; we expect that 
these cells could have similar functions in immunity 
processes. Both monocytes and plasmatocytes were 
not numerous in the differentials (<10%). One a main 
functions of plasmatocytes, monocytes, insect and 
human granulocytes is phagocytosis (Lavine and 
Strand, 2002, for review).

Giant insect spherulocytes (Fig. 4) are not similar 
to any human blood cells, but they are usually rare 
(<1% incidence in smear cells) as other haemocyte 
types which were found only in several invertebrate 
species. Spherulocyte function in insects has not been 
discovered.

Human red blood cells are not conformable to any 
haemocytes as their function, i.e., oxygen transport is 
achieved by insect trachea. Human platelets are not 
also conformable to any insect haemocytes, as their 
function, i.e., haemocoagulation is not desirable in 
the insect open circulatory system although several 
haemocyte-produced components result in the 
transformation of protein coagulogen into insoluble 
coagulogen (Muta and Iwanaga, 1966).

Different haemocyte system was described 
in Drosophila (Wil l iams, 2007, for review). 
Plasmatocytes as professional phagocytes make 
approx. 95% of circulating haemocytes and are most 
similar to human monocytes. The other, crystal cells 
and lamellocytes, are rare, there are no equivalents 
of the lymphoid lineage in insects and no human 
counterpar. 

As we showed, many insect haemocytes have 
similar morphology to human circulating leucocytes. 
To produce good predictions for human subjects, we 
need to obtain data on comparative haemokinetics, 
and the specificity of different insect species and then 
to carry out experiments on different species with 
selected xenobiotics, similar to studies performed 
in the 20th century on laboratory mammals (see 
Berger, 1987; Bernardi et al., 1996). The substitution 
of insects for laboratory animals in toxicity testing 
is likely to become a reality in the framework of 
prescreening. Haematotoxicological studies of newly 
developed chemicals, such as food components, drugs 
etc., performed on insects can offer advantages in, for 
example, environmental toxicology. 

Insects in toxicity assays could represent a strategy 
of lowering costs, accelerating screening and offering 
ethical benefits.

Fig. 1. Human lymphocyte (A) and insect prohaemocytes 
(B-F). B, Dysdercus cingulatus, C, Spodoptera littoralis, D, 
Pyrrhocoris apterus, E, Periplaneta americanas, F, Galleria 
melonella. Bar, 10 μm.

Fig. 2. Granucytes . Human segmented neutrophil (A), 
eosinophil (B), basophil (C), granulocyte in the haemolyph 
of Dysdercus cingulatus (D), Spodoptera littoralis, (E), 
Pyrrhocoris apterus (F), Periplaneta americanas (G), Galleria 
melonella (H). Bar, 10 μm.

Fig. 3. Human monocytes (A) and insect plasmatocytes 
(B-E). B, Dysdercus cingulatus, C, Spodoptera littoralis, D, 
Pyrrhocoris apterus, E, Periplaneta americanas. Bar, 10 μm.
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Fig. 4. Dissonant insect haemocytes (A-E) and human circulating blood cells (F,G). Insect spherulocytes: A, 
Dysdercus cingulatus, B, Spodoptera littoralis, C, Pyrrhocoris apterus, D, Periplaneta americanas, E, Galleria 
melonella. Human blood cells: F, red blood cell, G, platelets. Bar, 10 μm.




