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ABSTRACT

Cancer is one of the communal reasons -for death worldwide. Periplaneta americana (P. americana)
hemolymph revealed a wide range of biological activities, including antibacterial, anticancer, antiviral,
and antiinflammation. Using histopathological approaches, this study was conducted to evaluate the
safety of P. americana hemolymph by investigating its toxicological effects on liver, kidney, and spleen
tissues of Solid Ehrlich carcinoma cells bearing mice. The results showed remarkable inflammatory and
necrotizing toxic effects of P. americana hemolymph on mice's liver with no remnant of liver tissues. It
also induced tubular necrosis of renal tubular kidney tissue, and lymphoid hyperplasia with significant
congested red pulp in spleen tissue after treatment for 14 days. These findings concluded that P.
americana hemolymph has prominent hepato-renal and splenic cytotoxic effects of Solid Ehrlich
carcinoma cells bearing mice. The histopathological data of P. americana hemolymph should be
considered while using these materials in the discovery and development of anticancer agents.
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1. INTRODUCTION

Cancer is the second leading reason for human death following cardiovascular diseases in developing
as well as in advanced countries [1]. According to statistics from the World Health Organization (WHO)
for the year 2020 in Egypt, the number of new cancer cases was 134632 and the number of deaths was
89042 persons. Cancer is an uncontrollable growth of cells leading to phenotypic in many forms, from
mild to life-threatening. Tumor can be developed in many ways, either from DNA destroy, or a mutation
in the DNA by loss of function of the controlling and repressor systems in the cell cycle [2]. Various
therapies have been used for treating cancer such as chemo, radio, immune, and gene therapy which are
very unaffordable in addition to their toxicity to healthy cells leads to many side effects. Therefore, there
is still an urgent need to find a replacement natural safe way to treat cancer with lesser effects on normal
cells [3].
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Natural products are important as a rich reservoir of bioactive compounds with strong therapeutic
potentials as anticancer and antimicrobial. In the earlier decades, great efforts have been made to separate
new natural products from plants as morphine which had been isolated from the Papaver somniferum
plant [4]. Likewise, insect preparations such as honey and the venom of bees are alternative medicines for
reducing inflammation, cancer therapy, and antioxidant as well as antimicrobial agents [5], [6], [7] [8].
Pederin and cantharidin which are defense secretions of the rove and blister beetles possess anticancer
activity [9].

Insects are considered vectors of an extensive array of human and animal parasites leading to
numerous infections such as yellow fever and malaria. Unexpectedly, insects are a source of diverse
natural constituents that could be used in the evolution of natural bioactive composites and have roles in
medical, veterinary, as well as agricultural usages [10]. Insects have been used in traditional medication
in several parts of the world. In Chinese medicine, the promising effect of many insects on different
illnesses has been known for 3,000 years. Nearby 300 insect species were used in the innovation of about
1,700 traditional Chinese remedies[11]. Additionally, insects possess noteworthy potential sources of
many antimicrobial peptides (AMPs), and the confirmation of their antimicrobial effects continuously
increases. These AMPs are released into the insect hemolymph; somewhere they attack the elements of
the bacterial or fungal cell wall.

Haemolymph is recognized as the blood of insects, it is a complex fluid that has different
compartments such as hemocytes, and plasma, in addition to dissolved inorganic and organic molecules.
It constitutes around 16-40% of the body weight of insects [12]. This hemolymph serves a function
analogous to blood in mammals; it transports nourishment substances, waste products, and signal
molecules. Although hemolymph doesn’t play a role in respiration it plays a main role in insect immunity
because it contains cells and antimicrobial peptides capable of immobilizing and killing invading
microorganisms [13].

Cockroaches are among the known primitive-winged insects, with a high diversity of ~4,000 species
worldwide. Third of these species are considered as household insects [14]. Cockroaches are widely
found in unhygienic environments, so they share environmental niches with human and animal health,
and these creatures play a potential role in the transmission of pathogenic organisms in households and
hospitals. Cockroaches are physically transmitting allergens from the environment to human habitations
suggests their routine exposure to infectious agents is important to humans. The ability of cockroaches to
live under such threats and ward off diseases indicates their resistance to pathogenic microbes including
superbugs as well as toxicants and hazardous materials, such organisms could be a good source of
antimicrobial against human pathogens [15],[16], [17].

P. americana is the biggest body size species of cockroaches. They Originated from South America,
measure 30-40 mm in length, and are reddish brown. The American cockroach lives in hot areas of
buildings like kitchens, heating rooms, warehouses, and sewage systems [18]. A large number of studies
have shown that P. americana has anti-tumor, anti-bacterial, and anti-viral activity [19].

Selective and more efficient new drugs are urgently needed to address cancer, and these natural
products pose challenges to organs such as the liver, kidney, and spleen. Owing to the liver being the
major target organ of toxicity, it can show histopathological abnormalities, such as hepatocyte
degenerative changes and fat accumulation [20]. Therefore, the objective of this study is to evaluate the
toxicity of hemolymph of P. americana on the liver, as well as kidney and spleen tissue.
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2. MATERIALS AND METHODS
2.1 Collection of Cockroaches: Adult American cockroaches (P. Americana, n = 400) were collected
from sewage pipes at Ismailia, Egypt, using sterile surgical gloves. The collected insects were caged into
plastic containers with small holes on the top of the lid to provide air for insect respiration.

2.2 Extraction of Hemolymph: Collected cockroaches were anesthetized with pure chloroform solution.
The limb surface of cockroaches was sterilized with 70% alcohol, then the hemolymph was collected by
cutting the leg of the insect with a fine sterile scissor, and the hemolymph was aspirated with an insulin
syringe and collected in sterilized tubes. To remove the hemocytes from the hemolymph, it was
centrifuged at 10000 rpm at 4°C for 15 minutes. After centrifugation, the supernatant was collected and
kept at -20°C until lyophilized using freeze-drying lyophilizer [21]. The obtained lyophilized crude of the
extracted hemolymph from the total number of cockroaches was 165mg.

2.3 Animals: Forty-two male Swiss albino mice weighing around 20-25 gm were were housed in

plastic cages (ten animals/cage) under standard laboratory conditions (27 + 2 °C; 70-80 % humidity; 12-h
light/darkness cycle) with standard pellet diet and water were used during the current experiment. These
mice were acclimatized to laboratory conditions in the animal house of the Zoology Department at the
Faculty of Science, Port Said University, for seven days before experimentation for adaptation after
transportation, they were procured from the Egyptian National Cancer Institute, Giza, Egypt. For the
induction of solid tumor and obtaining the Ehrlich solid tumor (EST) model, thirty-six mice were
intramuscularly injected with 0.2 ml of saline containing 2.5 x 106 viable Ehrlich Ascites Carcinoma
(EAC) in the right thigh of the lower limb of each mouse. EAC cells were purchased from the Egyptian
National Cancer Institute, Giza, Egypt.

The solid tumor was developed within 7 days afterward the injection with EAC cells, and then the mice
with distinguished tumors were used in the study. The animals were handled in accordance with current
guidelines for the care of laboratory animals and ethical guidelines for the investigation of experimental
pain in conscious animals. All efforts were made to minimize the number of animals used and their
suffering.

2.4 Experimental design: The mice with induced tumors were randomly allocated into six groups, each
of six mice per group. The 7™ group was six normal mice deliberated as a negative control group. So, the
seven groups were characterized as follows:

MNegative control, 0.2 ml Group 5 Mixed IP, 200 mg/kg

Group 1 saline (0.9 % Na CI) (©3): hemolyn:1ph+ 25 mg/kg
(G1): intraperitoneally (IP) cisplatin
Positive control 0.2 ml Group 6 Hemolymph Intratumoral
Group 2 saline (0.9 % Na CI) (G6): (IT). 200 mg/kg
(G2): (IP) hemolymph
Group 3 Ci_s.p]atin teated_grou?, Group 7 Mixed IT. 200 mg/kg
(G3): with 25 mgkg cisplatin (GT): hemolymph+ 25 mg/kg
(IP) cisplatin
Group 4 Hemolymph IP. 200
(G4): mg/'kg hemolvmph

Figure 1: Experimental design[22] , [23]
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2.5 Histopathological examination:

By the completion of the experiment, the mice were gently sacrificed and abdominally dissected.
The liver, kidney, and spleen were carefully removed immediately from the dissected mice and washed
with a physiological saline solution (0.9% NaCl) to remove the residual blood on their surfaces which
might hamper the fixation process. Organ samples were rinsed in the fixative (10% Neutral buffered
formalin) for 24 hours. Dehydration and clearing of the tissues were processed routinely and then
embedded in paraffin wax [24]. Sections about 5 microns thick were equipped using a microtome and
then mounted on clean glass slides. These tissue sections were deparaffinized using xylene twice each for
5 minutes and then rehydrated with descendent-graded concentrations of ethyl alcohol and finally stained
with hematoxylin and eosin (H&E) dye. The obtained stained sections were examined and photographed
by using a microscope (ZEISS Primo Star), the images were captured in characteristic fields by a Canon
A620 Power shot camera.

3. RESULTS AND DISCUSSION

3.1 The hemolymph of P. americana affects the livers of EST-bearing mice:

Histological investigation of liver sections of the negative control group showed normal hepatic
architecture with sinusoidal spaces and distinct hepatocytes. The normal hepatocytes had a polygonal
shape with eosinophilic cytoplasm and a large sphere-shaped nucleus with a remarkable nucleolus where
as some hepatocytes had two nuclei (Figure 2, G1). The positive control group showed chronic
inflammatory cells and the hepatocytes were substituted with a focal area of grade 3 necrosis and
inflammatory cells. The rest of the hepatocytes revealed noticeable hydropic degeneration (Figure 2, G2).
Cisplatin treated group displayed normal liver architecture although few areas of confluent gradel
necrosis with chronic inflammatory cell infiltrate substituting hepatocytes were notable, in addition, some
of the hepatocytes indicated moderate hydropic degeneration (Figure 2, G3). The hemolymph IP-treated
group showed noticeable grade 6 necrosis accompanied by inflammatory cells where liver tissue couldn’t
be distinguished due to hepatocyte degeneration (Figure 2, G4). The mixed IP treated group showed just
residue of liver tissue with foci of lobular inflammation and the rest of the liver exhibited grade 6 necrosis
with inflammatory cells (Figure 2, G5). The hemolymph IT treated group had the expansion of portal
tracts with chronic inflammatory cells making occasional portal-to-portal tract extension. There is a
significant piecemeal grade 4 necrosis and a prominent area of confluent necrosis with chronic
inflammatory cells infiltrating replacing hepatocytes where the recognized hepatocytes showed mild
hydropic degeneration (Figure 2, G6). In the mixed IT-treated group, expansion of portal tract with
chronic inflammation and confluent grade 4 necrosis with chronic inflammatory cell infiltrate replacing
hepatocytes were shown. The hepatocytes in this group showed no hydropic degeneration (Figure 2,G 7).
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Figure. 2. T.S. in mice liver showed histopathological changes after treatment with different
treatment compared with normal mice. G1: negative control group, G2: positive control group, G3:
cisplatin treated group, G4: hemolymph IP treated group, G5: cisplatin+ hemolymph (mixed) IP
treated group, G6: hemolymph IT treated group, and G7: cisplatin+ hemolymph (mixed) IT
treated group. Where, areas of necrosis (Black arrows), the rest of the hepatocytes revealed marked
hydropic degeneration (red arrow). Sections were stained with hematoxylin-eosin and examined
under a light microscope (40X).

3.2 The haemolymph of P. americana effect on the kidney of EST-bearing mice:

Microscopic investigation of kidney sections of negative control mice displayed normal histological
structures of the renal corpuscles and tubules. The corpuscles were composed of the glomerulus which
was encircled by Bowman’s capsule. The proximal convoluted tubules (PCT) were lined by cuboidal cells
with complete brush border, the distal convoluted tubules owning considerably low cuboidal to flatten
shaped epithelial cells and have a relatively regular distinct lumen (Figure 3, G1). The kidney tubules of
the positive control group exhibited evidence of acute tubular injury, flattening of tubular epithelial cells,
grade 3 cell necrosis, loss of brush border and apical vacuolization, and some glomeruli showed mild
mesangial expansion; class A (Figure 3, G2). In the cisplatin-treated group, few tubules had
manifestations of slight grade 1 tubular injury, and some glomeruli presented mild mesangial expansion;
class | (Figure 3, G3). The hemolymph IP-treated group demonstrated noticeable grade 1 necrosis of renal
tubules where glomeruli couldn’t be detected (Figure 3, G4). Furthermore, the mixed IP-treated group
displayed noticeable grade 4 renal tubular necrosis and fibrotic sclerosed glomeruli; class IV (Figure 3,
G5). The hemolymph IT and mixed IT treated groups had few tubules that showed manifestations of
grade 1 mild tubular injury and glomerular injury was not detected (Figure 3, G6 and G7).
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Figure. 3. T.S. in mice kidneys displayed histopathological changes after treatment with different treatment
compared with normal mice. G1: negative control group, G2: positive control group, G3: cisplatin treated
group, G4: hemolymph IP treated group, G5: cisplatin+ haemolymph (mixed) IP treated group, G6:
haemolymph IT treated group, and G7: cisplatin+ hemolymph (mixed) IT treated group. Black arrows
referring to areas of flattening of tubular epithelial cells, necrosis of cells, loss of brush border, and apical
vacuolization. The red arrow referring to glomeruli with mild mesangial expansion. Sections were stained
with hematoxylin-eosin and examined under a light microscope (40X).

3.3 The hemolymph of P. americana affect the spleen of EST-bearing mice:

Spleen sections from the negative control group revealed that the splenic architecture was uniform, in
which white pulp was made of lymphoid follicles, and red pulp was developed between splenic sinusoids
(Figure 4.G1). The positive control group revealed evidence of moderate lymphoid hyperplasia and
mildly congested red pulp (Figure 4.G2). The cisplatin-treated group exhibited signs of moderate
lymphoid hyperplasia and congested red pulp (Figure 4.G3). The IP hemolymph-treated group revealed
marked necrosis with no remnant of normal splenic tissue (Figure 4.G4). In the IP mixed-treated group,
marked necrosis with the remnant of white pulp was observed (Figure 4.G5). The IT haemolymph-treated
group showed evidence of mild lymphoid hyperplasia and significant congested red pulp (Figure 4.G6).
Finally, the IT mixed-treated group displayed moderate congested red pulp that was easily distinguished
(Figure 4.G7).

Figure. 4. T.S. in mice spleens indicated the histopathological changes after treatment with different
treatment compared with normal mice. G1: negative control group, G2: positive control group, G3: cisplatin-
treated group, G4: haemolymph IP treated group, G5: cisplatin+ hemolymph (mixed) IP treated group, G6:
hemolymph IM treated group, and G7: cisplatin+ haemolymph (mixed) IT treated group. Black arrows refer
to areas of white pulp formed of lymphoid follicles in between splenic sinusoids forming red pulp (Red
arrows). Sections were hematoxylin-eosin stained and examined under a light microscope (4X and 10X).
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The experimental model of cancer plays a remarkable role in cancer therapy and alternative drug
discovery. A considerable number of in vivo experimental studies based on laboratory animals include
induction of carcinoma by Ehrlich cells, it is an aggressive and rapidly growing carcinoma which able to
improve in both the ascitic and solid forms depending on whether they, Ehrlich cells, inoculated
intraperitoneal or subcutaneously respectively [22,23]. Ehrlich carcinoma is an undifferentiated
carcinoma characterized by fast proliferation, high translatable capability, and 100% malignancy. Instead,
tumor growth can make changes in liver, kidney, and spleen functions and structure [24,25].

Several widely-used anticancer therapeutics originate from natural sources, the insects have been
relatively ignored as a source of modern treatments although they have provided valuable natural
products [29]. Furthermore, insects were supposed to possess antimalarial and anticancer compounds,
however, the data about their toxicity are required to assess the safety margin before they could be used in
drug discovery studies and medical purposes [11].

In the present study, the histopathological evaluation of liver tissues after treatment with P. americana
hemolymph in mice revealed that the hemolymph-treated group had marked necrosis with an
inflammatory cell infiltration with no remnant of liver tissues. Similar necrotic effects have been detected
after treatment of normal liver tissues with the extract of aqueous beetle cocoon Larinus maculates. This
latter study investigation showed a moderate aggregation in the hepatic central vein and moderate to
severe cell infiltration of the white blood cells within the liver tissue at a low dose of the beetle extract.
On the other hand, the treatment with a high dose of the same extract revealed severe aggregation and cell
infiltration in the liver tissue of the treated mice [30].

The presence of severe aggregation, cell filtration, and necrotic hepatocytes could have resulted in an
inflammatory response against the pathogenic effect of the treatment. These necrotic effects of such insect
products may be attributed to the effect of proteases which are very common in insects [31]. Some
proteases have been shown to have toxic effects on tissues, particularly when they are present in high
concentrations and they can cause damage and abnormal prolongation of the inflammatory stages of
healing that prevents the wound from progressing to the proliferative phase, hence, the protease activity
may contribute to necrosis to tissue [29, 30].

Histological examination of the kidney tissues after treatment with P. americana hemolymph in mice
in the existing study exhibited tubular necrosis of renal tubules of the kidneys. The results of the
investigation revealed some degree of renal damage following cockroach hemolymph treatment. Previous
studies have reported the presence of lectins in the cavities of cockroaches which identify the foreign or
harmful bacteria and stimulate the innate immunity response against pathogens [34]. Lectins are a
common group of proteins present in arthropods and possess a variety of biological effects such as
antimicrobial, antioxidant, and anticancer activities and can be considered as a potential natural bioactive
agent [32,33]. However, lectin also is known to have some toxic effects at high concentrations creating
some complications in terms of its usage as a therapy against proliferating cells [37]. However, if it was
used at low doses as appeared in cockroach lysates, lectin showed antimicrobial activity and was safe for
human cells [38]. The presence of lectins in different biological extracts reflected necrotic effect/s in
kidney cells with asymmetric glomerulus and thickening of proximal and distal tubules [39].

Similarly, the histopathology of the spleen tissues of treated groups with P. americana hemolymph in
mice showed marked necrosis and the tissue was found between mild to moderate lymphoid hyperplasia
and significant congested red pulp. These findings may shed light on the lectin effect of cockroaches on
spleen tissue [40].
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The results observed that the hemolymph of P. americana showed anticancer activity against the solid
Ehrlich carcinoma in mice when they were treated at different doses with the hemolymph. However, the
hemolymph of P. americana treatment showed a necrotic effect on liver, kidney, and spleen tissues. In
this regard, the selection of new natural anticancer products is important to be evaluated based on their
safety versus efficacy.

4. CONCLUSION
The present study revealed the hemolymph extract of American cockroach P. americana toxicity when
used as an anticancer in Solid Ehrlich carcinoma-induced mice. The extract exhibited anticancer activity
nevertheless it revealed a necrotic effect on liver, kidney, and spleen organs.
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