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ABSTRACT 

This study focused on the phytochemical evaluation of Solanum nigrum extracts prepared using various solvents. The main 

objective was to identify the bioactive substances in the extracts, including sterols, fatty acids, waxes, chlorophyll, essential 

oils, fatty acids, lipophilic carotenoids, flavonoids, phenolic acids, glycoalkaloids, tannins, terpenoids, glycosides, and 

steroids. The study found that Solanum nigrum contains glycoalkaloids, such as solanine and solamargine; flavonoids, such 

as quercetin and rutin; and triterpenoids, such as β-sitosterol.  Extraction yields depend on the plant material, solvent, and 

chemical composition of the extract.  .. 
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1. INTRODUCTION 

Pharmacology, the study of drug action, is a vital field that connects biology and medicine. Medicinal plants have been a 

cornerstone of pharmacological research, providing a plethora of bioactive compounds that serve as leads for drug 

development. Among these, the Solanum genus stands out because of its rich diversity and extensive use in traditional 

medicines. The genus Solanum, which belongs to the Solanaceae family, comprises over 1,500 species that are distributed 

globally. Known for their medicinal properties, several Solanum species have been employed in traditional medicine for 

centuries, treating ailments ranging from inflammation to infectious diseases. Understanding the pharmacological potential 

of these species requires a comprehensive analysis of their phytochemical constituents and bioactivities. Solanum species 

exhibit a wide range of morphological diversity, which has been categorised into several sections and sub-sections within 

the genus. This section delves into the detailed botanical classification and geographical distribution of key species such as 

Solanum nigrum, Solanum tuberosum, and Solanum melongena. Mapping their distribution provides insights into the 

environmental conditions that influence the phytochemical profiles. The pharmacological activities of Solanum species are 

primarily attributed to their diverse phytochemical composition. Alkaloids, glycoalkaloids, flavonoids, and saponins are the 

key bioactive Advanced phytochemical analysis techniques, such as chromatography and mass spectrometry, have facilitated 

the identification and quantification of these compounds, shedding light on their potential therapeutic roles. Research has 

revealed a myriad of pharmacological activities in Solanum species, including anti-inflammatory, antimicrobial, antioxidant, 

and anticancer activities. This section summarises the existing literature on these activities and highlights the underlying 

mechanisms of action. For instance, the glycoalkaloid solanine has demonstrated significant anticancer potential by inducing 

apoptosis in cancer cells. Solanum species have a rich history of use in ethnomedicine. Traditional healers use these plants 

to prepare remedies for various diseases. Ethnobotanical studies provide valuable information on traditional knowledge and 

practices associated with Solanum species, which can guide contemporary pharmacological research. Documenting these 

uses underscores the cultural significance of these plants in various regions. Despite extensive research, several gaps remain 

in our understanding of the pharmacological potential of Solanum species. Thus, more in-depth studies on less-explored 

species and their bioactive compounds are required. However, the mechanisms underlying these pharmacological effects 

have not been fully elucidated. Addressing these gaps forms the rationale for the current study, which aims to explore the 

pharmacological properties of selected Solanum species in greater detail.  The primary aim of this study was to investigate 

the pharmacological activities of selected Solanum species and to identify the bioactive compounds responsible for these 

effects. The specific objectives include conducting phytochemical analyses, evaluating pharmacological properties in vitro 

and in vivo, and elucidating the mechanisms of action of these compounds. Hypotheses will be formulated based on the 

preliminary data and tested using rigorous experimental protocols. The findings of this study have the potential to contribute  
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significantly to the fields of pharmacology and medicinal chemistry. By uncovering new bioactive compounds and 

elucidating their mechanisms of action, this study paves the way for the development of novel therapeutic agents. 

Furthermore, this will enhance our understanding of the medicinal value of Solanum species and promote their sustainable 

use and conservation. [1-15] 

2. RESULT 

Collection of plant material 

Collection, Identification and powdering   

Solanum nigrum plants were collected from the native Meerut region in October.  Its identity was confirmed by matching it 

with a specimen herbarium at the IP College, Bulandshahr. The roots, stems, leaves, aerial parts, and fruits of  Solanum 

nigrum were washed,   shade-dried, coarsely powdered, and stored in   an airtight container for further studies.   

Pharmacognostical evaluation 

The roots, stems, leaves, aerial parts, and fruits of Solanum nigrum were subjected to microscopic evaluation. Quantitative 

standards, such as moisture content, total ash value, alcohol-soluble extractive value, and water-soluble extractive value, 

were also determined. 

Microscopy 

The stomatal index, vein islet number, and power microscopy were used for plant identification. This was performed 

according to the procedure described. The values are presented in Table 1. 

Table 1: Values of leaf constant 

S.N. 

  

 

Name of Constant 

  

 

Solanum nigrum 

Upper Epidermis 

  

 

Solanum nigrum 

Lower Epidermis 

  

 

1. 

  

 

Stomatal Number 

  

 

6 

  

 

167 

  

 

2. 

  

 

Stomatal Index 

  

 

7% 

  

 

18% 

  

 

3. 

  

 

Palisade ratio 

  

 

4 

  

 

4 

  

 

4. 

  

 

Vein-islet number 

  

 

22 

  

 

22 

  

 

5. 

  

 

Veinlet termination number 

  

 

13 

  

 

13 

  

 

 

Upper Epidermis and Lower Epidermis Constants 

Extraction of plant material 

Extraction was performed at both pilot and laboratory scales. 
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Pilot scale extraction 

The dried powdered root, stem, leaf, aerial part, and fruit of Solanum nigrum (30 g)  were successively extracted with 300 

ml of petroleum ether, ethyl acetate, chloroform, and ethanol. Finally, the obtained marc was used for aqueous extraction by 

boiling the air-dried marc in water. All extracts were concentrated, and their yields were determined. The results are presented 

in Table 2. 

Table 2:   Pilot-scale extraction of various parts of Solanum nigrum. 

S.N. Plant part 

Extracts Wt. of drug used 

(10gm) 

Qty. of solvent 

used(ml) 

Wt of extracts 

(Gms) 

1 

 

 

 

 

Root 

 

Pet.ether Successive 

extraction by 

soxhlet extractor 

 

 

300 0.13 

Ethyl acetate 300 2.6 

Chloroform 300 4.8 

Ethanol 300 7.2 

Aqueous QS 8.7 

2 

 

 

 

 Leaf 

Pet.ether Successive 

extraction by 

soxhlet extractor 

300 0.6 

Ethyl acetate 300ml 5.7 

Chloroform 300ml 0.5 

Ethanol 300ml 6.2 

Aqueous QS 9.6 

3 

 

 

 

 

Stem 

 

Pet.ether Successive 

extraction by 

soxhlet extractor 

300 ml 0.8 

Ethyl acetate 300ml 3.6 

Chloroform 300ml 1.6 

Ethanol 300ml 7.2 

Aqueous QS 10.1 

4 

 

 

 

 

Aerial parts 

 

Pet.ether Successive 

extraction by 

soxhlet extractor 

300 ml 0.8 

Ethyl acetate 300ml 0.9 

Chloroform 300ml 2.5 

Ethanol 300ml 4.2 

Aqueous QS 7.3 

5 

 

 

 

 

Fruit 

 

Pet.ether Successive 

extraction by 

soxhlet extractor 

 

300 ml 0.7 

chloroform 300ml 1.8 

Ethyl acetate 300ml 1.5 

Ethanol 300ml 12.6 

Aqueous Quality 

Sufficient 11.2 

 

Preliminary Phytochemical studies 

 Preliminary Phytochemical studies of  Solanum nigrum. 
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Qualitative chemical tests for different extracts of Solanum nigrum were carried out, and the tests showed the presence of 

alkaloids, sterols, sugars, flavonoids, and phenols in different fractions of the root, leaf, stem, aerial part, and fruits. (Table 

3) 

Phytochemical Constituents and Results by Solvent Here summarised in table: 

Table 3: Phytochemical screening of different Solanum nigrum L. extracts. 

Solvent 

  

 

Roots 

  

 

Stem 

  

 

Leaves 

  

 

Fruits 

  

 

Petroleum Ether 

(Non-polar) 

  

 

Sterols, fatty acids 

  

 

Waxes, 

chlorophyll, 

essential oils 

  

 

Waxes, chlorophyll, 

essential oils 

  

 

Fatty acids, lipophilic 

carotenoids 

  

 

Ethyl Acetate 

(Moderately Polar) 

  

 

Alkaloids, phenolics 

  

 

Flavonoids, 

terpenoids 

  

 

Phenolic acids, 

flavonoids, alkaloids 

  

 

Flavonoids, phenolic 

acids, glycoalkaloids 

  

 

Chloroform 

(Intermediate 

Polar) 

  

 

Alkaloids, intermediate-

polarity phenolics 

  

 

Alkaloids, 

terpenoids 

  

 

Alkaloids, chlorophyll, 

moderate-polarity 

phenolics 

  

 

Alkaloids, carotenoids 

  

 

Ethanol (Polar) 

  

 

Tannins, glycosides, 

flavonoids 

  

 

Flavonoids, 

tannins, alkaloids 

  

 

Glycosides, tannins, 

chlorophyll 

  

 

Phenolics, flavonoids, 

glycosides 

  

 

Aqueous (Highly 

Polar) 

  

 

Polysaccharides, 

soluble phenolics 

  

 

Tannins, water-

soluble alkaloids 

  

 

Phenolics, soluble 

proteins 

  

 

Sugars, organic acids, 

water-soluble alkaloids 

  

 

 

Table 4: Onset of Chemical Constituents in various solvents of Solanum nigrum.  

The presence of these constituents was analyzed for further investigation of their isolation and pharmacological activity. 

S.N. 

  

 

Plant part 

  

 

Onset of presence of Chemical Constituents in various solvents 

  

 

1 

  

 

Root 

  

 

11 

  

 

2 Leaf 14 
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3 

  

 

Stem 

  

 

12 

  

 

4 

  

 

Aerial parts 

  

 

11 

  

 

5. 

  

 

Fruits 

  

 

13 

  

 

 

 Figure 1: Onset of the presence of Chemical Constituents in various solvents of Solanum nigrum. 

 

 

Table 5: Physicochemical parameters of Different part of Solanum nigrum.   

S.N. 

  

 

Parameter 

  

 

Root 

  

 

Leaf 

  

 

Stem 

  

 

Aerial parts 

  

 

Fruits 

  

 

1 

  

 

Moisture content % 

  

 

9 

  

 

7 

  

 

8 

  

 

6 

  

 

12 

  

 

2 

  

 

Total ash % 

  

 

5 

  

 

5 

  

 

6 

  

 

8 

  

 

6 

  

 

0
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8

10

12

14

16

Root Leaf Stem Aerial parts Fruits

1 2 3 4 5

Onset of presence of Chemical Constituents 

in various solvents

Onset of presence of Chemical Constituents in various solvents
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3 

  

 

Water soluble ash % 

  

 

2 

  

 

3 

  

 

2 

  

 

4 

  

 

3 

  

 

4 

  

 

Water soluble extractive value % 

  

 

15 

  

 

20 

  

 

12 

  

 

15 

  

 

18 

  

 

                                   

  

 

Alcohol Soluble Extractive value % 

  

 

12 

  

 

17 

  

 

14 

  

 

18 

  

 

20 

  

 

6. 

  

 

Loss on drying 

  

 

6 

  

 

8 

  

 

9 

  

 

 10 

 

  

 

12 

  

 

 

Figure2: Physicochemical parameters of Different part of Solanum nigrum.    

 

 

Moisture content were9, 7, 8, 6, 12; total ash were 5, 5, 6, 8, 6; water soluble ash were 2, 3, 2, 4, 3; water soluble extractive 

value 15, 20, 12, 15, 18; Alcohol soluble extractive value 12, 17, 14, 18, 20; loss on drying 6, 8, 9, 10, 12 for root, leaf, stem, 

aerial parts, fruits respectively. 

Table 6 Extractive Values of different parts of Solanum nigrum. 

 Extractive values  

The extractive values for the pet ether extracts were 3.74, 4.6, 5.6, 6.1, and 2.1; for chloroform, 4.64, 3.5, 4.2, 2.7, and 6.2; 

ethylthyl acetate, 6.53, 9.0,7.9, 3.8, and 8.4; for ethanol, 8.86, 7.3, 9.1, 1.8, and 4.0; and 3.3 for fruit, leaf,  aerial part and 

stem respectively. (Table 6) 

S.N. 

  

 

Solvent 

  

 

Fruit 

  

 

Root 

  

 

Leaf 

  

 

Aerial parts 

  

 

Stem 

  

 

1 Pet. ether 3.74 4.6 5.3 6.1 2.1 

0
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15
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1 2 3 4 5 6 7 8

Physicochemical parameters of Different 
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2 

  

 

Ethyl acetate 

  

 

6.53 

  

 

9.0 

  

 

7.9 

  

 

3.8 

  

 

8.4 

  

 

3 

  

 

Chloroform 

  

 

4.64 

  

 

3.5 

  

 

4.2 

  

 

2.7 

  

 

6.2 

  

 

4 

  

 

Ethanol 

  

 

8.86 

  

 

7.3 

  

 

9.1 

  

 

1.8 

  

 

4.0 

  

 

5 

  

 

Aqueous 

  

 

5.53 

  

 

7.2 

  

 

6.3 

  

 

7.9 

  

 

3.3 

  

 

 

Preliminary phytochemical studies of Solanum nigrum. 

3. DISCUSSION AND CONCLUSION 

Black nightshade (Solanum nigrum) was pharmacologically evaluated by systematically examining its constituent elements 

to determine its identity, quality, and potential for therapeutic use. 

The main objective of this study was to examine the extracts of S. nigrum using petroleum ether, ethyl acetate, chloroform, 

ethanol, and aqueous extracts. To identify the main bioactive substances in the extracts, solubility tests and other qualitative 

analyses were conducted. Sterols, fatty acids, waxes, chlorophyll, essential oils, fatty acids, lipophilic carotenoids, 

flavonoids, phenolic acids, glycoalkaloids, tannins, terpenoids, glycosides, and steroids were identified in the extracts after 

extraction. 

Thin-Layer Chromatography (TLC) was used for the advanced analysis of Solanum nigrum extracts and isolated compounds 

to separate and identify the phytochemicals present in the extracts. The findings showed the presence of certain 

phytochemicals, including phenolics/tannins (0.2-0.5 in ethanol or aqueous extracts), flavonoids (0.3-0.7 in ethyl acetate or 

ethanol extracts), and steroids/terpenoids (0.2-0.6 in petroleum ether or chloroform extracts). 

The bioactive components in the Solanum nigrum extracts were quantified using HPLC. Alkaloids, flavonoids, and phenols 

are the main chemical markers of Solanum nigrum. Standardised extract profiles included petroleum ether, ethyl acetate, 

chloroform, ethanol, and aqueous extracts. The effectiveness, consistency, and purity of the extracted components and 

extracts are guaranteed by standardisation. Depending on the gradient, the HPLC run duration ranged from 25–30 min. 

The standardisation and testing of extracts from Solanum nigrum, a plant with phenolic, flavonoid, and antioxidant 

properties, are the main topics of this research. Plant roots, stems, leaves, fruits, and aerial portions were used to prepare the 

extracts.  The findings demonstrated that Each solvent extract produced unique bands corresponding to various 

phytochemicals, with petroleum ether being the most prevalent. Polarity was used to further differentiate the extracts, with 

polar chemicals eluting after the nonpolar chemicals. Bioactive substances, including solanine, solamargine, flavonoids, and 

phenolic acids, were detected using HPLC chromatography. Steroids, chloroform extracts, flavonoids, phenolic acids, and 

tannins were identified as important phytochemicals. The study found that due to their alkaloid concentration, chloroform 

extracts had the most antibacterial and cytotoxic effects, whereas ethanol extracts had the highest antioxidant, phenolic, and 

flavonoid activities. Additionally, the extracts exhibited strong antioxidant activity, most likely because of the presence of 

tannins and phenolics. 

The results showed that ethanol extracts, which contain higher levels of flavonoids and phenolic compounds, often exhibit 

the best antioxidant activity. The root and aerial portions exhibit varying outcomes depending on their composition. Because 

they include lipid-soluble chemicals, petroleum ether and chloroform extracts may exhibit considerable antioxidant activity, 

while generally having lower levels of antioxidant activity. Given their increased flavonoid and glycoside contents, the 

ethanol extracts of leaves and fruits are likely to have stronger analgesic and anti-inflammatory properties.  
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Alkaloids, flavonoids, and phenolic acids are among the possible bioactive substances that have been investigated in Solanum 

nigrum. These substances exhibit anticancer, antibacterial, anti-inflammatory, and antioxidant activities. The extracts 

included flavonoids, tannins, carbohydrates, and phytosterols, according to preliminary phytochemical analysis.  

Petroleum ether is suitable for substances with intermediate lipophilicity and hydrophilicity because it can extract moderately 

polar substances, such as flavonoids, phenolic acids, alkaloids, and terpenoids. It is used to separate intermediate-polar 

secondary metabolites. Ethanol, a commonly used solvent, is effective and has low toxicity, making it suitable for extracting 

various bioactive substances, including tannins, flavonoids, glycosides, and alkaloids. Water-soluble substances, including 

proteins, polysaccharides, tannins, and phenolic acids, can be extracted using aqueous methods and are used in conventional 

herbal medicine.  

REFERENCES 

[1] Friedman M. Potato glycoalkaloids and metabolites: roles in the plant and in the diet. J Agric Food Chem. 

2006;54(23):8655-8681. 

[2]  Milner SE, Brunton NP, Jones PW, O’Brien NM, Collins SG, Maguire AR. Bioactivities of glycoalkaloids and 

their aglycones from Solanum species. J Agric Food Chem. 2011;59(8):3454-3484. 

[3] Patel S, Ahmed S. Emerging roles of cannabinoids in gastrointestinal and liver diseases: A comprehensive 

review. Eur J Gastroenterol Hepatol. 2020;32(3):290-298. 

[4] Divya Sharma , Mit Joshi , Subbu Apparsundaram  , Ramesh K Goyal  , Bhoomika Patel   , Mahaveer Dhobi  . 

Solanum nigrum L. in COVID-19 and post-COVID complications: a propitious candidate.  Mol Cell 

Biochem  2023;1-20 

[5] Ramya Jain  , Anjali Sharma, Sanjay Gupta, Indira P Sarethy, Reema Gabrani. Solanum nigrum: Current 

perspectives on therapeutic properties. Altern Med Rev . 2011 Mar;16(1):78-85.  

[6] Liang-Yu Liu , Yu-Ke Yang  , Jian-Nong Wang  1 , Jun-Guo Ren  2 . Steroidal alkaloids from Solanum nigrum 

and their cytotoxic activities.Phytochemistry. 2022 Oct;202:113317. 

[7] Ming Bai, Qian Zhang , Zi-Lin Hou, Chuan Li, Wei-Yu Zhou , Guo-Dong Yao , Xiao-Xiao Huang , Shao-

Jiang Song . Chemical constituents of Solanum nigrum and their neuroprotective activities.  J Asian Nat Prod 

Res 2022;24(8):703-712.  

[8]  Frank Sangija , Haikael Martin  , Athanasia Matemu  . African nightshades (Solanum nigrum complex): 

Potential contribution to human nutrition and livelihoods in sub-Saharan Africa. Compreh Rev Food Sci Food 

Saf. 2021;20(4):3284-3318. 

[9] Dominik D Schmidt, André Kessler, Danny Kessler, Silvia Schmidt, Michelle Lim, Klaus Gase, Ian T Baldwin. 

Solanum nigrum: A model ecological expression system and its tools. Mol Ecol  2004;13(5):981-95.   

[10] Muhammad Rizwan , Shafaqat Ali  , Yong Sik Ok  , Wajid Ishaque  , Saifullah. Remediation of heavy metal-

contaminated soils using Solanum nigrum: A review. Ecotoxicol Environ Saf . 2017 ;143:236-248. 

[11] .Hung-Jen Lin , Ramasamy Mahendran , Hsiang-Yen Huang , Ping-Ling Chiu, Yung-Ming Chang, Cecilia 

Hsuan Day. Aqueous extract of Solanum nigrum attenuates Angiotensin-II-induced cardiac hypertrophy and 

improves cardiac function by repressing protein kinase C-ζ to restore HSF2 deSUMOlyation and Mel-18-IGF-

IIR signalling suppression. J Ethnopharmacol . 2022 ;284:114728. 

[12] Huiping Dai , Shuhe Wei , Irena Twardowska , Nan Hou , Qing Zhang. Cosmopolitan cadmium 

hyperaccumulator Solanum nigrum: Exploring cadmium uptake, transport, and physiological mechanisms of 

accumulation in different ecotypes to enhance its hyperaccumulative capacity. J Environ Manage . 

2022;320:115878. 

[13] Ghazala Butt, Mirna Azalea Romero, Fatima Tahir, Ammad Ahmad Farooqi. Emerging themes of regulation 

of oncogenic proteins by Solanum nigrum and its bioactive molecules in different cancers. J Cell Biochem 

2018;119(12):9640-9644.  

[14] Sooyeon Hong, Bina Lee, Jae-Hyun Kim, Eun-Young Kim, Minsun Kim, Boguen Kwon. Solanum nigrum 

Linne improves DNCB-induced atopic dermatitis-like skin disease in BALB/c mice. Mol Med 

Rep  2020;22(4):2878-2886.  

[15]  Chrisostomos Oplos, Kodjo Eloh, Urania-Menkissoglu Spiroudi, Caboni Pierluigi, Nikoletta 

Ntalli.Nematicidal Weeds, Solanum nigrum and Datura stramonium.J Nematol . 2018;50(3):317-328.    

[16] Marta Spochacz, Szymon Chowański, Monika Szymczak-Cendlak, Paweł Marciniak, Filomena 

Lelario, Rosanna Salvia. Solanum nigrum Extract and Solasonine Affected Hemolymph Metabolites and 

https://pubmed.ncbi.nlm.nih.gov/?size=50&term=Sharma+D&cauthor_id=36689040
https://pubmed.ncbi.nlm.nih.gov/?size=50&term=Joshi+M&cauthor_id=36689040
https://pubmed.ncbi.nlm.nih.gov/?size=50&term=Apparsundaram+S&cauthor_id=36689040
file:///C:/Users/Vikash/Downloads/sov%20arti%20final%2025%20-4.docx%23search-result-1-2-full-view-affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?size=50&term=Goyal+RK&cauthor_id=36689040
file:///C:/Users/Vikash/Downloads/sov%20arti%20final%2025%20-4.docx%23search-result-1-2-full-view-affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?size=50&term=Patel+B&cauthor_id=36689040
file:///C:/Users/Vikash/Downloads/sov%20arti%20final%2025%20-4.docx%23search-result-1-2-full-view-affiliation-3
https://pubmed.ncbi.nlm.nih.gov/?size=50&term=Dhobi+M&cauthor_id=36689040
file:///C:/Users/Vikash/Downloads/sov%20arti%20final%2025%20-4.docx%23search-result-1-2-full-view-affiliation-4
https://pubmed.ncbi.nlm.nih.gov/36689040/
https://pubmed.ncbi.nlm.nih.gov/?size=50&term=Butt+G&cauthor_id=30076759
https://pubmed.ncbi.nlm.nih.gov/?size=50&term=Romero+MA&cauthor_id=30076759
https://pubmed.ncbi.nlm.nih.gov/?size=50&term=Tahir+F&cauthor_id=30076759
https://pubmed.ncbi.nlm.nih.gov/?size=50&term=Farooqi+AA&cauthor_id=30076759
https://pubmed.ncbi.nlm.nih.gov/30076759/
https://pubmed.ncbi.nlm.nih.gov/30076759/
https://pubmed.ncbi.nlm.nih.gov/30076759/
https://pubmed.ncbi.nlm.nih.gov/?size=50&term=Hong+S&cauthor_id=32945415
https://pubmed.ncbi.nlm.nih.gov/?size=50&term=Lee+B&cauthor_id=32945415
https://pubmed.ncbi.nlm.nih.gov/?size=50&term=Kim+JH&cauthor_id=32945415
https://pubmed.ncbi.nlm.nih.gov/?size=50&term=Kim+EY&cauthor_id=32945415
https://pubmed.ncbi.nlm.nih.gov/?size=50&term=Kim+M&cauthor_id=32945415
https://pubmed.ncbi.nlm.nih.gov/?size=50&term=Kwon+B&cauthor_id=32945415
https://pubmed.ncbi.nlm.nih.gov/32945415/
https://pubmed.ncbi.nlm.nih.gov/32945415/
https://pubmed.ncbi.nlm.nih.gov/?size=50&term=Oplos+C&cauthor_id=30451417
https://pubmed.ncbi.nlm.nih.gov/?size=50&term=Eloh+K&cauthor_id=30451417
https://pubmed.ncbi.nlm.nih.gov/?size=50&term=Spiroudi+UM&cauthor_id=30451417
https://pubmed.ncbi.nlm.nih.gov/?size=50&term=Pierluigi+C&cauthor_id=30451417
https://pubmed.ncbi.nlm.nih.gov/?size=50&term=Ntalli+N&cauthor_id=30451417
https://pubmed.ncbi.nlm.nih.gov/?size=50&term=Ntalli+N&cauthor_id=30451417
https://pubmed.ncbi.nlm.nih.gov/30451417/
https://pubmed.ncbi.nlm.nih.gov/?size=50&term=Spochacz+M&cauthor_id=34564621
https://pubmed.ncbi.nlm.nih.gov/?size=50&term=Chowa%C5%84ski+S&cauthor_id=34564621
https://pubmed.ncbi.nlm.nih.gov/?size=50&term=Szymczak-Cendlak+M&cauthor_id=34564621
https://pubmed.ncbi.nlm.nih.gov/?size=50&term=Marciniak+P&cauthor_id=34564621
https://pubmed.ncbi.nlm.nih.gov/?size=50&term=Lelario+F&cauthor_id=34564621
https://pubmed.ncbi.nlm.nih.gov/?size=50&term=Lelario+F&cauthor_id=34564621
https://pubmed.ncbi.nlm.nih.gov/?size=50&term=Salvia+R&cauthor_id=34564621
https://pubmed.ncbi.nlm.nih.gov/34564621/


Sovindra Kumar Pal, Rahul Shukla 
 

pg. 605 
 

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue: 19s 

 

Ultrastructure of the Fat Body and the Midgut in Galleria mellonella.  Toxins (Basel). 2021;13(9):617. 

[17] Marta Spochacz, Monika Szymczak, Szymon Chowański, Sabino Aurelio Bufo, Zbigniew Adamski. Solanum 

Nigrum Fruit Extract Increases Toxicity of Fenitrothion-A Synthetic Insecticide, in the Mealworm Beetle 

Tenebrio Molitor Larvae.Toxins (Basel)  2020;12(10):612. 

.. 
 

https://pubmed.ncbi.nlm.nih.gov/34564621/
https://pubmed.ncbi.nlm.nih.gov/?size=50&term=Spochacz+M&cauthor_id=32987787
https://pubmed.ncbi.nlm.nih.gov/?size=50&term=Szymczak+M&cauthor_id=32987787
https://pubmed.ncbi.nlm.nih.gov/?size=50&term=Chowa%C5%84ski+S&cauthor_id=32987787
https://pubmed.ncbi.nlm.nih.gov/?size=50&term=Bufo+SA&cauthor_id=32987787
https://pubmed.ncbi.nlm.nih.gov/?size=50&term=Adamski+Z&cauthor_id=32987787
https://pubmed.ncbi.nlm.nih.gov/32987787/
https://pubmed.ncbi.nlm.nih.gov/32987787/
https://pubmed.ncbi.nlm.nih.gov/32987787/

