
Journal of the Egyptian Society of Parasitology, Vol.48, No.1, April 2018 

J. Egypt. Soc. Parasitol. (JESP), 48(1), 2018: 77 - 84 
 

 

ULTRA-STRUCTURAL STUDIES ON THE MIDGUT OF CULEX PIPIENS 
LARVAE TREATED WITH POMEGRANATE PEEL EXTRACT,  

PUNICA GRANATUM 
 By 

SHAIMAA MAHMOUD FARAG1*, MOHAMED ADEL HUSSEIN1, SORIYA 
ELTANTAWY HAFEZ1, AMANY SOLIMAN KHALED1, OMNIA MOHAMED  

HELMY MOHAMED KAMEL2 AND OLA HELMY ZYAAN1 

Departments of Entomology1, Faculty of Science, Ain Shams University, Cairo 
11566 and Applied Chemistry2, National Research Center, Giza, Egypt  

(Correspondence:spodopteralittoralis88@gmail.com) 
Abstract 

   The peel powder of Punica granatum, extracted with petroleum ether, was proved to have potential 

toxicological effects against third instar larvae of Culex pipiens. The median lethal dose (LC50) value 

was found to be 95.6632 ppm. Qualitative phytochemical screening of pomegranate peel extract was 

assessed by standard methods. The phytochemical constituents present in petroleum ether extract of 

Punica granatum peel were phenols and Saponins. The mid gut of the treated larvae was investigated 

histopathologically and ultra-structurally. The tested extract induced a severe damage to the larval 

midgut epithelial cells; showing swollen, lysed and displayed clear destruction in the peritrophic 

membrane and brush border. Also, several changes in cell organelles including destruction of the cell 

membrane, microvilli, mitochondria, nuclei and cytolysis of gut epithelial cells was observed.  

Key words: Culex pipiens, Punica granatum, larvicidal, Pomegranate peel, Midgut epithelium, Histo-
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Introduction 
 

   Mosquitoes are vector of many blood-bo-

rne pathogens as malaria, filariasis, Dengue 

fever, Yellow fever, Zika fever, West Nile 

fever, Rift Valley fever and others (El-Ba-

hnasawy et al, 2013). Vector control is a 

very integral part of the current global strat-

egy for the control of mosquito borne dis-

eases (WHO, 2010). Although it was highly 

efficient against the target species, insecti-

cide applications are facing numerous 

threats due to the development of resistance 

strains. Other undesirable effects include 

hazardous effects against non-target animals, 

environmental problems and human health 

concerns (Liu et al, 2006). 

   Many authors focused their attention on 

the development of the biodegradable phyto-

pesticides (Massoud and Labib, 2000; Pa-

vela, 2008; Pirali-Kheirabadi and Da Silva, 

2010; Bouta et al, 2011; Reegan et al, 2014; 

Shaalan and Canyon, 2015). Numerous sec-

ondary metabolites from plant sources were 

used as effective bio-pesticides (Mohamed 

and Hafez, 2000; Mohamed et al,2003; 

Samuel et al, 2014; Raveen et al, 2015; 

Kuppusamy et al, 2016). Ecofriendly active 

ingredients of plant origin lessen the long 

term environmental impacts of pesticide use. 

Furthermore, pests rarely develop resistance 

against active ingredients of plant origin 

(Maurya et al, 2012). 

   In mosquito control programs, so many 

types of herbs and plant extracts were found 

to demonstrate larvicidal activity against a 

wide range of mosquito species (Ansari et 

al, 2000; Abba et al, 2006; Warikoo and Ku-

mar, 2014; Brione and Garbo, 2016; Suba-

shini et al, 2017). Such larval intoxication 

and growth regulation of immature and adult 

mosquitoes were found correlated with his-

topathological changes in the tested species 

particularly in the gut that led to certain fun-

ctional and physiological interactions (Al-

Mekhlafi, 2017). 

   The present study aimed to evaluate insec-

ticidal activities of (Punica granatum) pom-

egranate peel crude powder, extracted with 

petroleum ether, against Culex pipiens 3
rd

 

larvae, as well as larval susceptibility to the 

extract and its cytotoxicity and histopatholo-

gy on the midgut. 

 

http://journals.plos.org/plospathogens/article?id=10.1371/journal.ppat.1002588#ppat.1002588-Cleaveland1
http://journals.plos.org/plospathogens/article?id=10.1371/journal.ppat.1002588#ppat.1002588-Cleaveland1
http://www.sciencedirect.com/science/article/pii/S1319562X17300839#b0130
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Materials and Methods 

    Preparation of Punica granatum petrole-

um ether extract: Pomegranate peels were 

washed in order to be cleaned and then lift to 

dry under shade in the laboratory. Dried 

peels were cut into small pieces and ground 

in an electric grinder. Hundred grams of the 

resulting powdered materials of peels were 

exhaustively extracted with petroleum ether. 

Samples were soaked in respective solvent 

at 1:5 (w/v) for 72 hours at room tempera-

ture (28°C-34°C) with occasional shaking 

and, then, filtered using Whatman filter pa-

per. The rest was re-extracted for at least 2 

times independently. All filtrates were col-

lected and evaporated at 50°C by rotary eva-

porator (Buchi, Lausanne, Switzerland) to 

remove solvent content. Then, they were 

subjected to freeze, drying before storage at 

-4C˚ in screw capped vials, until needed. 

    Phytochemical screening of pomegranate 

peel extracts were assessed (Savithramma et 

al, 2011; Selvaraj et al, 2014).  

   Colony maintenance: A laboratory suscep-

tible strain of Culex pipiens, used throughout 

the present investigation, was obtained from 

the Research and Training Center on vectors 

of Diseases (RTC), Ain Shams University. 

The colony was kept in a walk-in chamber 

insectary at (27±2˚C and 70±10% relative 

humidity and a photoperiod of (12 hours 

light & 12 hours dark). Mosquito larvae 

were reared in white enamel dishes contain-

ing 1500ml of distilled water. Newly 

hatched larvae were fed on fish food (Tetra-

Min, Germany) as a diet. Adult were reared 

in (24 x 24 x 24 cm) wooden cages and daily 

provided with 10% sucrose solution as well 

as a pigeon for female blood feeding. 

   Larvicidal bioassay: The larvicidal activity 

of pomegranate peel extract was evaluated 

against the third instar larvae of Cx. pipiens 

under laboratory conditions (27±2ºC, RH 

70±10%, and 12-12 light-dark regime). Bio-

assay test was performed according to the 

standard World Health Organization larval 

bioassay test method (WHO, 2005).  

   Batches of 25 third instar larvae of Cx. 

pipiens were transferred by a plastic dropper 

to five small disposable test cups, containing 

different concentrations of such extract that 

was diluted with ethanol and ranged from 50 

ppm to 500ppm. Control test was carried out 

with ethanol. Four replicates were per-

formed for each concentration including 

control test. Mortality was recorded after 24 

hours of treatment.  

   Histopathological studies: The effects of 

sub-lethal doses of pomegranate peel extract 

on midgut epithelial cells of Cx. pipiens, un-

treated and treated larvae were prepared for 

ultrastructural studies (Bowen and Ryder, 

1976). Larvae were fixed in 3% glutaralde-

hyde in 0.1M cacodylate buffer (PH 7.2) for 

an hour followed by an overnight wash in 

fresh patch of the same buffer. Specimens 

were shortly washed in acetate buffer and 

incubated for as hour at 37˚C in medium of 

5 tablets of P-nitrophenyl phosphate disodi-

um salt, 25mg lead acetate and 25ml acetate 

buffer. Incubation step was stopped by fur-

ther washing in cacodylate buffer before 

post fixing in osmium tetroxide followed by 

routine dehydration and embedding in aral-

dite. The sections were cut on a Reichert-

Jung Ultra-microtome. Semi and ultrathin 

sections of 0.5-1.0µ & 20-60mm were cut. 

Semi-thin sections were stained for 1-2 

minutes in toluidine blue stain, washed in 

tape running water, dried and mounted in 

DPX. The ultrathin sections were stained 

with uranyl acetate and lead citrate stains 

and then examined microscopically and pho-

tographed with Jeol 1000 TEM, at the Elec-

tron Microscope Unit Center, Al-Azhar 

University, Cairo, Egypt 

   Statistical analysis: Data were analyzed by 

statistics package (LDP-line) for good-ness 

of fit (Chi square test) and to detect LC50 & 

LC90 values with corresponding 95% confi-

dence limits (C.L.), slope, correlation coeffi-

cient and standard error. 

Results 

   The results were shown in tables (1 & 2) 

and figures (1 to 17). 
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Table 1: Phytochemical screening of pomegranate peel petroleum ether extract 

Chemical constituent Presence/Absence  

Tannins  - 

Saponins  + 

Flavonoid - 

Alkaloids - 

Phenols  + 

Resin  - 

Sterols  - 

Quinines  - 
 

Table 2: Toxicity of petroleum ether extract of pomegranate peels against 3rd instar larvae of laboratory Cx. pipiens strain  

Concentrations (ppm) Mortality% (Mean± SE)   

50 21.33±0.65 

100 53.33±0.29 

200 78.66±0.50 

300 94.66±0.50 

500 96±0.00 

Slope 2.724± 0.2217 

Chi-Square (χ2) 2.8281 (tabulated 6 7.8) 

Correlation Coefficient (r) 0.9871 (tabulated 0.878) 

LC50 (Its limits at 95%) 95.6632 (83.5932- 107.7178) 

LC90 (Its limits at 95%) 282.6335  (242.877- 342.445) 

P >0.05 
 

 

Discussion 

    In the present study, the phytochemical 

constituents of petroleum ether extract of 

Punica granatum peel showed the presence 

of saponins and phenols alone, and extrac-

tion process yielded 0.611% crude product. 

   In the present study, as to insecticidal ac-

tivity of pomegranate peel extract against 3
rd

 

instar larvae of Cx. pipiens, petroleum ether 

pomegranate peel extract showed a remark-

able toxicity. There was a pattern of concen-

tration-dependent mortality was observed. 

The used extract induced mortality which 

increased with increasing concentrations to 

reach 96% at 500ppm. The LC50 value was 

95.6632ppm. The latter results showed tox-

icity to larvae by pomegranate peel extract 

that might be due to the presence of phenol 

and saponins. 

   The aforementioned insecticidal activity 

results agreed with many other authors (Mo-

hammed and Hafez, 2000; Massoud and La-

bib, 2000; Pelah et al, 2002; Vahitha et al, 

2002; Jeyabalan et al, 2003; Prabakar and 

Jebanesan, 2004; El-Hela et al, 2013).  Koi-

de et al. (1998) evaluated the toxicity caused 

by P. granatum in Tribolum confusum due 

to the stringent properties of tannins con-

tained in the peel fruit which stop infesta-

tion. Redwane et al. (2002) investigated the 

toxicity of Quercus lusitania var. and Infec-

toria galls olive extracts against 2
nd

 instar 

larvae of Cx. pipiens. Mohammed et al. 

(2003) found that extracts of Cymbopogon 

citratus and Ocimum menthaefolium proved 

promising control agents against mosquito 

larvae. Sharma et al. (2006) and Nathan et 

al. (2006) used methanol extracts of leaves 

from the chinaberry tree, Melia azedarach 

L. (Meliaceae) against immature mosquito 

vector, A. stephensi and recorded that larval 

mortality was 82% in first instar. Maurya et 

al. (2009) evaluated extracts from leaves of 

O. basilicum with several solvents, against 

A. stephensi and C. quinquefasciatus found 

that petroleum ether extract was the most 

effective against the larvae of both mosqui-

toes. Also, The efficacy of extracts from rhi-

zomes of Curcuma aromatic were tested 

against the larvae of filariasis vector mos-

quitos, Cx quinquefasciatus using standard 

WHO, the soxhlet extraction was carried out 

using non- polar organic solvent, petroleum 

ether, proved effective (Madu et al, 2010).  

   The present ultrastructural studies showed 

that the mid gut responsible for digestion 
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and absorption of the nutrients, with cyto-

plasm rich with mitochondria and lysoso- 

mes. They also have large surface area of 

microvilli. The well-developed peritrophic 

membrane was detected along the fore and 

mid-gut (Figs. 1, 3). In untreated mosquito 

larvae, the midgut cells were uniformly ar-

ranged in one layer and lined with the peri-

trophic membrane, a well-developed brush 

border and normal adhesive basement mem-

brane (Figs.1, 3). The anterior mid-gut epi-

thelial cells rest on basal lamina (Figs. 1&3). 

Nucleus of the columnar cell is basely locat-

ed (Figs.1, 3). Nucleoplasm (karyolymph) is 

light in appearance and the chromatin of nu-

cleus is concentrated in one part of the cell 

(Figs. 1, 3, 4, 5, 7, 8). Mitochondria are scat-

tered throughout the cytoplasm (Figs.4, 5, 6, 

7, 8, 9), they are mainly concentrated at the 

apical parts of the cells, very close to brush 

borders (Figs. 1, 4, 6, 7, 9). Conspicuous 

brush border was as a regular array of long, 

thin large numbers of microvilli (Figs.4, 6, 

7, 9). Peritrophic membrane is associated 

with luminal surface of mid-gut (Figs.1, 3).  

   In the present study, larvae treated with 

sub-lethal dose (LC50=95.6632ppm) showed 

a histopathological deformity within the gut 

tissues. After 24 hours, treated larvae suf-

fered severe pathological changes in the 

structure of the gut wall. In a few number of 

cells, apical part of the columnar cells ap-

peared empty. Vacuoles were in the cyto-

plasm of cells and swollen nuclei. Cells 

were dislodged, sloughed and detached from 

each other (Figs. 10, 11, 12, 14). Degenera-

tion of peritrophic membrane occurred 

(Figs. 2). Epithelium of midgut treated with 

sub lethal concentration of petroleum ether 

pomegranate peel extract was detached from 

the basal lamina. Nucleus shape was altered 

with destruction of chromatin material (Figs. 

10, 11, 12, 13, 15).  There were large vacu-

oles in cytoplasm, severe damage of mito-

chondria and disorganization of cristae 

(Figs. 15, 16, 17) and, leakage of the lyso-

somal enzymes (Fig. 11). Lysis of epithelial 

cells was observed (Figs.10, 11). Most of 

microvilli of epithelial cells were destructed 

(Figs. 2, 12, 13, 16) with gaps or fissures at 

cell bases (Figs. 10, 11, 13). Gut apical por-

tion of columnar cells was swollen and 

sometimes distinct elongations protrude into 

its lumen as a bulbous aversion (Figs. 

10&11). The present results agreed with 

those reports on insect response to toxic sub-

stances (Shoukry, 1996; Massoud and La-

bib, 2000), they proved a histopathological 

effect of lethal concentration of oil and oleo 

resin extracts of Myrrh as larvicidal biocide 

on mosquito larvae.  

  In the present study, petroleum ether ex-

tract induced lesions within cells. Such inju-

ry to cells is due to the effect of tannic acid, 

typical lesions as described by (Hussein 

2001). Also, swelling and separation of api-

cal cells from one another at the intracellular 

junction complex were developed and dra-

matically affects the epithelial permeability. 

    Phytochemical screening showed that on-

ly saponins and phenolic compounds are 

present in petroleum ether extract of pome-

granate peels. Saponins are natural glyco-

sides which have a wide range of pharmaco-

logical properties including cytotoxic activi-

ty. Cytotoxic effect of most saponins was 

due to their ability to stimulate apoptotic 

process in living cells, usually by intrinsic 

pathway. The general cytotoxicity of sapo-

nins is dependent on their plasma membrane 

toxicity and that the membrane toxicity 

might be caused by the loss of cholesterol 

molecules from the cell membrane. Podolak 

et al. (2010) suggested alteration patterns 

seen in midgut epithelium of treated larvae.  

     Phenolic compounds are secondary me-

tabolites that are synthesized by plants via 

the pentose phosphate, shikimate and phen-

ylpropanoid pathways (Randhir et al, 2004). 

Phenols, after penetration of the cell, under-

went active transformation, mainly at partic-

ipation of oxidases within cytochrome P450
.
 

Sometimes transformation processes led to 

rapid increase of toxicity by forming elec-

trophilic metabolites that damage DNA 

and/or enzymes in the cell. Cytotoxic effects 
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of phenolic compounds depend on reactivi-

ty. Phenols exert higher reactivity rapidly 

undergo radical reactions and provoke lipid 

peroxidation of a cell’s membrane (Abdel-

Hady et al, 2014). The forms of lower ac-

tivity penetrate cell internal spaces and dam-

age membranes of endoplasmic reticulum, 

mitochondria and nucleus and biochemical 

components as enzymes and nucleic acids 

(Michałowicz and Duda, 2006). There were 

patterns of deformations (Figs. 15, 16). 

Conclusion 
   The outcome data proved that petroleum 

ether extract of pomegranate peels is a pro-

mising ecological friend mosquito larvicide. 

The histopathology showed cytotoxic effects 

of the extracted.  
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Legend of figures 
 

 

Fig. 1: T.S of midgut epithelium of untreated larvae, Cx. pipiens: Basement membrane (Bm) adherent to epithelial cells, Spherical nucleus 

(N), Brush border or microvilli (Mv), Peritrophic membrane (Pm) and gut lumen (Lu) (x=400). 

Fig.2: Transverse section of midgut epithelium, Cx.  pipiens larvae treated with LC50 of petroleum ether extract showed destruction of epithe-
lial cells, Peritrophic membrane (Pm) and disappearance of microvilli (Mv). (x=400) 

Fig. 3: E. M. of midgut cells of untreated mosquito larvae showed epithelial cells with normal nucleus(N), Nuclear envelope (NE), Chroma-

tin (Ch) and  mitochondria (M) (x=6000) 
Fig. 4: E. M. of midgut of untreated larvae showed normal nucleus (N), nuclear envelope (NE), Nucleolus (Nu), mitochondria (M) and mi-

crovilli (MV) (X=6000) 

Fig. 5: E. M. of midgut cells of untreated larvae showed normal nucleus (N), normal nucleolus (Nu), brush border or microvilli (MV) and 
Mitochondria (M) (x=6000) 

Fig.  6: E. M. of midgut of untreated larvae showed large number of regular microvilli (MV) and mitochondria (x=8000) 

Fig. 7: Magnification electron micrograph of midgut cells of untreated larvae showed large number of regular microvilli (MV) and mito-
chondria scattered through cytoplasm (X=15000) 

Fig. 8: E. M. of midgut of untreated larvae showed normal nucleus (N), nucleolus (Nu) and nuclear envelope (NE) (X=20000) 

Fig. 9: E. M. of midgut epithelium of untreated larvae showed normal Basement membrane (Bm) adherent to t epithelial cells, Spherical 
nucleus (N), Peritrophic membrane, circular muscles and longitudinal muscles (Pm) (x=6000). 

Fig. 10: E. M. of midgut of larvae treated with petroleum ether pomegranate peel extract showed abnormal mitochondria with empty contents 

(X=30000) 
Fig. 11: E. M. of midgut of larvae treated with petroleum ether pomegranate peel extract showed disturbance of chromatin material (CH) in 

nucleus (N) and large number of cytoplasmic vacuoles(V) (X=6000) 
Fig. 12: E. M. of midgut of larvae treated with petroleum ether pomegranate peel extract showed disturbance of nuclear envelope (NE), 

chromatin material (CH) in nucleus(N), malformation of mitochondria, degeneration of microvilli and large number of cytoplasmic vacuoles 

(V) (X=8000) 
Fig. 13: E. M. of midgut of larvae treated with petroleum extract showed degeneration of microvilli and large number of cytoplasmic vacu-

oles (V) (X=20000) 

Fig. 14: E. M. of midgut of larvae treated with petroleum ether extract showed disturbance of chromatin material (Ch) in nucleus (N) degen-
eration of nuclear envelope (NE), severe damage of mitochondria and cristae disorganization (M)  (X=25000) 

Fig. 15: E. M. of midgut of larvae treated with petroleum ether extract showed cellular vacuolation(V) , disturbance of chromatin material 

(CH) in nucleus (N) and degeneration of nuclear envelope(Ne) (X=15000) 
Fig. 16: E. M. of midgut of larvae treated with petroleum ether extract showed cellular vacuolation , disturbance of chromatin material (CH) 

in nucleus (N) and degeneration of nuclear envelope(NE), obvious septum between epithelial cells and degeneration of microvilli of epitheli-

al cells (X=8000) 
Fig. 17: E. M. of midgut of larvae treated with petroleum ether extract showed degeneration of muscle layers, mitochondria(M), microvilli of 

epithelial cells,  cellular vacuolation, disturbance of chromatin material (CH) in nucleus (N), obvious septum between epithelial cells and 

degeneration of nuclear envelope(Ne) (X=4000). 
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