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Abstract 
 

The present study was carried out to assess the effect of methanol leaf extract of Uvaria chamae using Gas Chromatography-

Mass Spectrum (GC-MS) to determine the phytochemicals present and its effect on the histology of midgut of maize weevil, 

Sitophilus zeamais. Insects were administered with 10 mg/kg of the plant extract using diffusion method where insects were put 

in a petri dish containing various concentrations and observed to see the stage they begin to die due to toxicity and observed for 

5 min. They were collected into foil processing paper and fixed in Bouins fluid for 24 h, repacked after 24 h and folded in fresh 

foil immersed in buffered formalin for histopathological studies. Result revealed that a severe degeneration de-arrangement of 

the respiratory tract epithelial lining, secretory lining cells and gastrointestinal layers with the destruction of the muscular layer 

when compared with the control. The methanol leaf extracts of U. chamae were preliminary screened for the phytochemicals. 

The extract shows the presence of cardiac glycosides, saponin, steroids/terpenes, flavonoids, alkaloids and phenols. GC-MS 

analysis of the extract showed the presence of 2-nitrobenzaldehyde (4.00), malic acid (2.04), L-aspartic acid (2.00), 1, 1, 

dimethylhydrazine (1.86), Cedrandiol (1.75), 2-amino-4-(2-methylpropenyl)-pyrimidin-5-carboxylic acid (1.56), thiirane (1.54), 

mercaptoethanol (1.11) and some minor compounds. The findings indicated that methanol extract of U. chamae is rich in phyto-

compounds having biological activities on the midguts’ histology of S. zeamais. Therefore, it is recommended as an alternative 

for the synthetic insecticide used by farmers for the preservation of stored grains. © 2021 Friends Science Publishers 
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Introduction 
 

Man grieves significantly both in agriculture and health due 

to the attack of the insect population. In agriculture, insects 

disturb growing crop parts and cause severe damage to stored 

products, leading to a loss in revenue. Insects are the 

invertebrate group's most essential living organisms, 

beneficial to humans and other species as well as harmful, 

causing diseases. The adjustable tropical biotopes provide a 

perfect environment for many arthropods, mainly insects. 

Botanical insecticides as undoubtedly used in crop protection 

are possibly likened to have started when agriculture began 

(Thacker 2002). 

Extracts from local plants, used alone or in mixtures, 

have conventionally been used in Africa as crop protection 

agents. The combination of efficiency, speediness of action, 

easiness of use, and low cost of manmade insecticides has led 

many botanicals in most developed countries to near 

oblivion. However, Twenty years after manmade insecticides 

were decisively enshrined in 'modern' agricultural invention, 

the reported and so-called problems of general environmental 

degradation, harmfulness to non-target organisms, most 

significantly, adverse effects on human health led to a 

reappearance of interest in 'natural' pest control measures, 

including extended searches for new sources of plant 

insecticides. Consequently, several reports on the use of 

phytochemicals to control the hazard from insects exist 

(Regnault-Roger 2005; Isman 2006). 

Uvaria chamae Beauv is a part of the Annonaceae 

family. It is commonly known as 'bush banana' or 'finger 
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root.' Additionally, the leaves are arranged with simple leaf 

structures, lanceolate in the shape of a whole lamina and net 

veined. Leaves are stipulated, leaf apex cuminate and the 

vestiture of the leaf is glabrous (Bongers et al. 2005). It is 

a climbing plant found primarily in West Africa's 

tropical rainforest (Okwu 2004). It's common in 

Nigeria's savannas and rain forests, as well as other 

African countries. Among the Igbos, Hausas and 

Yorubas respectively, it is called "Mmimiohia," 

"Kaskaifi," and "Akisan" (Adetunji 1999; Ogueke et al. 

2007). U. chamae is known for its medicinal and nutritional 

value. However, Okwu and Iroabuchi (2009), reported that 

extracts of U. chamae are exhibits mutagenic effect. 

However, there are less research outcomes on its use as a 

natural insecticide. The aim of this work was to carry out the 

phytochemical constituents of the plant using Gas 

Chromatography-Mass spectroscopy and to evaluate the 

effect of the extracts on histology of the insect’s midgut. 

 

Materials and Methods 
 

Collections and identification of plant materials 

 

The fresh leaves of Uvaria chamae were obtained from 

Faculty of Pharmacy Medicinal Farm of University of Uyo, 

Akwa Ibom State and validated by a taxonomist in the 

Department of Botany and Ecological Studies, University of 

Uyo. Voucher specimens with number: UUH/3687 was 

deposited in their herbarium for further referencing. 

 

Rearing of test organisms 

 

To provide comparable age weevils for the experiment, S. 

zeamais cultures were established. A total of ten (10 kg) 

maize seeds were purchased and cleaned to remove any seeds 

with visible damage. To prevent potential field infestation, 

the clean seeds were kept in a sealed container in the fridge 

at 4°C for a month. Seeds were placed in soft bags and stored 

at room temperature for two weeks. Sexes of unruffled S. 

zeamais were determined by probing the snout of pest-

infested corn grains. Females have a longer and thinner snout, 

while males have a shorter and fatter snout. Furthermore, 

females have smooth bumpy bodies, whilst males have rough 

bodies (Kranz et al. 1977). The insects were cultured on clean 

seeds, with 100 weevils per 400 g of seeds in each jar. To 

allow airing and prevent weevil escape, the jar was covered 

with muslin cloth and secured with a rubber band and kept at 

room temperature. All parent weevils were removed from 

each jar seven days after oviposition (Walgenbach et al. 

1983). The dimorphic rostral characteristics were used to 

separate the sexes (Halstead 1963; Odeyemi and Daramola 

2000; Adedire 2001). The jars were placed in an insect 

rearing cage kept in the Entomology Laboratory, Department 

of Animal and Environmental Biology, University of Uyo, 

Uyo. Newly emerged, two day-old insects was used for the 

experiment. 

 

Preparation of plant powder and extract 

 

After collection, the plant leaves were washed and chopped 

into pieces and room dried to a constant weight. Using a 

power-driven blender (Braum Multiquick Immersion Hand 

Blender, B White Mixer MR 5550CA, Germany), the dry 

plants were melded into fine powder and then kept in an 

airtight container pending use. The crude leaf extracts were 

then prepared using standard procedures as outlined by 

(Fatope et al. 1999; Mukhtar and Huda 2005; Santana et al. 

2013). This involved soaking 50 g of the powder for 48 – 72 

h at room temperature in 95 percent methanol. This was 

followed by filtrate evaporation using a rotatory evaporator 

to obtain the crude extract. 

 

Phytochemical analysis of the plants 

 

The initial phytochemical screening of the different plants 

was carried out in Pharmacognosy Laboratory of University 

of Uyo, Akwa Ibom State using the standard procedures as 

described by (Harborne 1984; Evans 2002; Kokate et al. 

2008; Prashant et al. 2011). 

 

Gas chromatography-mass spectrometry analysis 

 

A GC Clarus 500 Perkin Elmer system and gas 

chromatograph were interfaced with a mass detector (Turbo 

mass gold Perkin Elmer) according to Mishra et al. (2015) 

and Hema et al. (2010) (GC-MS). Column: Elite-5MS (5 

percent diphenyl/95 percent dimethyl poly siloxane), 30 x 

0.25 mm × 0.25 mm df, Carrier gas: Helium (99.999 percent) 

with constant flow rate of 1 mL per min, (Split ratio: 10:1), 

Sample Injection volume 2 L, Software: Turbo mass 5.2, 

Oven operating in electron impact mode at 70 eV, oven 

temperature was fixed from 110°C (isothermal The injector 

was set to 250°C, the ion source to 280°C, and the total GC 

run time was 36 min. The GC-MS was conducted in Multi- 

User Science Research Laboratory, Department of 

Chemistry, Ahmadu Bello University (ABU) Zaria, Kaduna, 

Nigeria. 

 

Determination of LC50 

 

The acute toxicity (LC50) of the extract of the extract types 

used in this study were established using the method of 

Ousman et al. (2007) and Abbott (1925) where LC50 of the 

extract types were obtained during preliminary studies until a 

concentration that will have effects 50% of the tests after 24 

h was obtained. 

 

Histopathological assay of insects 

 

Using the method of Humason (1979), insects were 

administered with 10 kg the plant extract and observed for 5 

min using diffusion method where insects were put in a petri 
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dish containing various concentrations and observed to see 

the stage they begin to die due to toxicity. They were 

collected into foil processing paper and fixed in Bouins fluid 

for 24 h, repacked after 24 h and folded in fresh foil immersed 

in buffered formalin for histopathological studies. After 48 h 

of fixations, samples were labeled according to the groups 

and process to paraffin wax by passing the basket of insects 

through 10% formal saline for 2 h. 1 h in 3 changes of alcohol 

for dehydration ranging from 70 to 100%, 2 changes of 

xylene for clearing, 2 changes of melted paraffin wax at 56°C 

for impregnation for 2 h, samples were embedded in melted 

paraffin wax to create support for the tissues in the 

embedding cassettes. Then microtomy was carried out using 

Rotary Microtome by sectioning the embedded tissues at 5 

µm and mounted the cut sections in ribbons from water bath 

on the labeled glass slide, drained of excess water, allowed to 

dry using hot plate and stained with hematoxylin and Eosin 

technique by dewaxing with xylene, taking the section to 

water, by passing through descending grade of alcohol, 

stained for nuclear content in hematoxylin for 10 min, 

washed in water, differentiate in 1% acid alcohol and blue in 

saturated solution of lithium carbonate solution, washed in 

water and counter stained briefly in eosin, for 3 min, then 

section were washed briefly and dehydrated, cleared in 

xylene, mounted with DPX, cover-slipped and observed 

under digital microscope for pathological changes. 

 

Results 
 

To examine the significance of some therapeutic plant, the 

first step is to screen for its phytochemicals, as it gives a wide 

knowledge with respect to the type of the compounds present 

in it. In the current study, the methanol leaf extracts of U. 

chamae were preliminary screened for the phytochemicals. 

The extract shows the presence of cardiac glycosides, 

saponin, steroids/terpenes, flavonoids, alkaloids and phenols 

as shown in Table 1. 

GC-MS: Compound’s name, molecular formulae, 

molecular weight, peak area and retention time of the 

bioactive compounds were established. The relative 

proportion amount of each constituent was calculated by 

relating its average peak area to the total mass. The results of 

Gas Chromatography-Mass Spectroscopy of the extracts of 

U. chamae are as shown on Table 2. The extracts of U. 

chamae showed eight (8) major compounds: Thiirane [RT-

40.712, Peak Percentage 1.539%], 1,1, dimethylhydrazine 

[RT-41.115, Peak Percentage-1.861%], malic acid [RT-

91.304, Peak Percentage- 2.040%], 2-amino-4-(2-

methylpropenyl)-pyrimidin-5-carboxylic acid [RT-84.846, 

Peak Percentage-1.554%], L-aspartic acid [RT-85.846, Peak 

Percentage- 2.001%], 2- nitro benzaldehyde [RT-86.505, 

Peak Percentage- 3.903%], Cedrandiol [RT-87.055, Peak 

Percentage- 1.751%] and Mercaptoethanol [RT- 88.300, 

Peak Percentage- 1.115%]. The phytochemicals from the 

extract are known to control insects by eroding the cuticle 

layer and causing dehydration. These phytochemicals are 

known to block the spiracles of insect and causing death by 

asphyxiation hence, the insecticidal efficacy of the plant. 

Histological section of the S. zeamais administered with 

10 mg/kg extract concentration of Uvaria chamae treatment 

at magnification X400 revealed severe de-arrangement of the 

respiratory, secretory and gastrol intestinal layer with 

destruction of the muscular layer when compared to the 

control group (Fig. 1a, b). The effect observed were the 

parting of the epithelial cells from the basement membrane 

with mutilation of the peritrophic membrane. 

 

Discussion 
 

The preliminary phytochemical screening of the plant extract 

of Uvaria chamae, revealed the presence of alkaloids, 

saponins, tannins, flavonoids, phenols and cardiac 

glycosides. This result was in agreement with the report of 

Udoh et al. (2019) who reported similar result from the crude 

extracts of U. chamae against wound isolated strains of 

Pseudomonas aeruginosa and Proteus mirabilis. Okokon et 

al. (2006), Okon et al. (2013), Kone et al. (2015), also 

reported similar result from the ethanolic root extract of U. 

chamae for its antibacterial, haematological and in vivo 

antimalarial activities respectively. Folawewo et al. (2017) 

and Bassey et al. (2014) who carried out a phytochemical 

screening of some methanolic plants extracts also found 

tannins, flavonoids, alkaloids and saponins to be the most 

abundant phytochemical present. Anthraquinone was not 

present in this study, while Phlobotannins was moderately 

present. The report of this study was in agreement with the 

results of Ekanem et al. (2016), Ebana et al. (2016) who 

carried out the phytochemical screening of extract of L. 

africana and H. africana and reported no trace of 

anthraquinone and moderately presence of Phlobatannins. 

The study of organic chemicals found in plants, as well 

as their actions, has grown in popularity. GC-MS is an ideal 

technique for qualitative study of volatile and semi-volatile 

bioactive chemicals because it combines the best separation 

technique (GC) with the best identification technique (MS) 

(Grover and Patni 2013). The identified compounds possess 

some important biological potentials for future insecticide 

development especially those of botanical origin with low 

residual effects in the environment and low mammalian 

toxicity. Insecticides disrupt the natural functions of certain 

cells, making it harder for insects to survive. Many 

researchers have investigated the impact of different 

insecticides on the gut of insects from various orders, such as 

Orthoptera (Singh 1990). 

Histopathologically, evidence of disintegration of 

columnar epithelial cells and severe detachment of cells from 

their basement membrane, in addition to nuclear 

degeneration, cytoplasmic material granulation, and 

vacuolization was observed in this study. This is similar to 

the work by Rawi et al. (2011) who stated that the larval mid-

gut of S. littoralis had undergone histological changes when 

treated with Azadirachta indica and Citrulus colocynthesis 
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characterized with ep ithelial lining de-arrangement, necrosis 

and vacuolisation resulted from cell elongation and 

molecular decomposition of the nuclear and cytoplasmic 

constituents. Also, after 48 and 72 h, the brush border and 

some epithelial cells were apically degenerated, and the 

majority of the cells completely disintegrated and vacuolated, 

according to Assar and El-Sokby (2003) who observed that 

the water extract of Eichlornia crassipes had a severe effect 

on larval midgut as the brush border and some epithelial cells 

were apically degenerated. The digestive system of insects is 

well known as one of the primary physiochemical barriers to 

numerous poisons and pathogenic agents. The gut is the key 

organ responsible for food digestion, assimilation, and 

absorption; any abnormalities in the gut region could impair 

the insect pests' growth and development, as well as their 

survival. The result of this study showed absorptive epithelial 

linings, shrunken nuclei and slanted epithelium when treated 

with extracts likened to control. Similar results were obtained 

by Prasad and Roy (2011), when completely shrunken mid-

gut tissues with shrunken columnar epithelial cells and 

withered nuclei was reported in H. armigera fed with diet 

containing ethanol leaf extracts of Lantana camara. It also 

confirmed the work by Adel et al. (2010) who observed 

histological effects of Artemisia monosperma extract on 

Table 1: Qualitative phytochemical analysis of the different extracts 
 

 U. chamae Test 

Anthraqunones  - Borntrager 
Steroids/terpenes  + Liebermann- Burchard  

Cardiac glycoside  + Keller-kiliani, Salkowsiki  

Saponin  + Frothing, Fehling solution, Na2CO3  
Tannins and Phenols  + Ferric Chloride, Pb acetate  

Flavonoids  + NaOH, Mayer, Wagner  

Alkaloids  + NaOH, Shinda  
Phlobatannins  + Dragendoff, Mayer, Wagner  
 + = Present 

Absent 

 

Table 2: Chemical composition of methanol extract of U. chamae 
 

S/N Compound RT Area (%) Chemical Formula Molecular Weight Structure 

1  Thiirane  40.712 1.539 C2H4S 60.12 

 
2 1,1 dimethyl hydrazine 41.115 1.861 C2H8N2 60.10 

 
3 L - aspartic acid 85.846 2.001 C4H7NO4 133.10 

 
4 2-amino-4-(2-methylpropenyl)-pyrimidin-5-carboxylic acid 84.747 1.554 C9H11N3O2 193.20 

 
5 2- nitro benzaldehyde 86.505 3.903   

 
6 Cedrandiol 87.055 1.751 C15H26O2 238.37 

 
 

7 Malic acid 91.304 2.040 C5H8O4 132.11 

 
8 Mercaptoethanol  88.300 1.115 C2H6OS 78.13 
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S. littoralis thereby resulting in the damage of the mid-gut 

epithelium. Also, the histological disturbances in the mid-gut 

cells of S. littoralis with vacuolization and destruction of 

nuclear contents were recorded. Degenerated columnar 

epithelial cells and detachment from the basement membrane 

was observed by Adel et al. (2010) when he treated it with 

crude extracts of Azadirachta indica and Citrullus 

colocynthis. The result was also similar to that of Mishra et 

al. (2015), who observed slight but distinctive 

disappearance and alteration of absorptive epithelial 

cells joined with reformed shape and structure when extract 

of Thevetia neriifolia was tested on Helicoverpa armigera 

early fourth instars larvae. 

 

Conclusion 
 

Following the chemical composition as illustrated by the GS-

MS Chorography and the histopathological destruction 

caused by the investigated plant insecticide, it suggests that 

this extract are capable of causing death of an insect when 

it enters into tissues in sufficient amounts. In conclusion, 

the extract exhibited good insecticidal efficacy for the 

control of Sitophilus zeamais. Since this plant preparation 

is non-toxic to the non-target organisms, ecologically safe 

and freely obtainable, it can be incorporated into integrated 

pest management programmes. 
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Fig. 1a: (Control) Sitophilus zeamais 
Photomicrographs of Weevils without treatment at magnification x400 stained with H&E method  

Keys: Epithelium Lining (EL), Basement membrane (BM), Regenerative Cells (Rc), Gut Lumen (GL), Muscular Layer (ML), Secretory Vesicles (SV), Goblet cells (Gc), 

Connective Tissue (Ct) Respiratory tract (Rt) and Nucleus (N) 

A= Respiratory Tract, B= Muscle, C=Gastro-intestinal Tract and D= Excretory system 
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