
IN VITRO α-AMYLASE, α-GLUCOSIDASE, CYTOTOXICITY AND FREE RADICAL 

SCAVENGING INHIBITORY EFFECTS OF SYNTHESIZED NANOPARTICLES FROM 

MORINGA OLEIFERA AND HYPOXIS HEMEROCALLIDEA 

 
by 

 

 

 
SELOKELA JOSEPH MAHLO 

Student No :51514702 

 
 

submitted in accordance with the requirements 

for the degree of 

 

 

MASTER OF SCIENCE 

 
 

in the subject 

Life Sciences 

at the 

UNIVERSITY OF SOUTH AFRICA 

 
 

SUPERVISOR: DR G.K MORE 

 
 

CO-SUPERVISOR: PROF S.L LEBELO 

 
 

YEAR OF FINAL REGISTRATION: 2023 



i  

 

 

Acknowledgements 
 
 

I would like to start by thanking God for the gift of life, the opportunity to dream and the 

courage to go for everything. 

Secondly, I would like to thank my supervisors Dr G More and Prof S.L Lebelo, for the 

opportunity and for taking a chance on me, your guidance and patience through this 

period is something I cannot repay, and I will forever be eternally grateful, 

I would also like to thank Dr O Adewale, Prof F.D Mahlo for the encouraging words and 

support and all the staff of the University of South Africa for all their help, from the 

smallest help such as giving directions, is immense in my view, 

I would like to thank my family for their patience through this period, from giving me 

space and the support, you held me up through everything, 

Finally, I would like to thank my wife for her unwavering support, I appreciate everything 

my beautiful sunshine. 



ii  

Declaration 
 

 

I, Selokela Joseph Mahlo, hereby declare that the dissertation, In vitro α-amylase and α- 

glucosidase inhibitory effects of nanoparticles synthesized from Moringa oleifera and 

Hypoxis hemerocallidea is my own work and that all sources that I have used or 

quoted have been indicated and acknowledged by means of complete references. 

 
which I hereby submit for the degree of Master of Consumer Science at the University 

of South Africa, is my own work and has not previously been submitted by me for a 

degree at this or any other institution. 

I declare that the dissertation does not contain any written work presented by other 

persons, whether written, pictures, graphs or data or any other information without 

acknowledging the source. 

I declare that where words from a written source have been used the words have been 

paraphrased and referenced and where exact words from a source have been used the 

words have been placed inside the quotation marks and referenced. 

I declare that I have not copied and pasted any information from the Internet, without 

specifically acknowledging the source and have inserted appropriate references to 

these sources in the reference section of the dissertation or thesis. 

I declare that during my study I adhered to the Research Ethics Policy of the University 

of South Africa, received ethics approval for the duration of my study prior to the 

commencement of data gathering, and have not acted outside the approval conditions. 

I declare that the content of my thesis has been submitted through an electronic 

plagiarism detection program before the final submission for examination. 

 
 
 

 
Student signature:  Date:  28/02/2024   



iii  

Table of Contents 
 

Acknowledgements ...................................................................................................................... i 

Declaration .................................................................................................................................. ii 

List of figures ............................................................................................................................ vii 

List of tables ............................................................................................................................. viii 

List of abbreviations .................................................................................................................... x 

Abstract...................................................................................................................................... xi 

Chapter 1: Introduction ................................................................................................................ 1 

1.1 History and Future of Ethnopharmacology ............................................................................ 1 

1.1 .1 Plants and Medicine .................................................................................................. 1 

1.2 Plant focus of the study ..................................................................................................... 2 

1.2.1 Hypoxis hemerocallidea .............................................................................................. 2 

1.2.2 Moringa oleifera .......................................................................................................... 4 

1.3. Other plants traditionally used to treat diabetes. ............................................................... 5 

Atremisia herba ....................................................................................................................... 5 

Brassica juncea ....................................................................................................................... 7 

Figure1.3: Bioactivities of Glucosinolates (Connolly et al., 2021) ............................................. 8 

Catharanthus roseus ............................................................................................................... 9 

1.4 Plant defence mechanism ..................................................................................................... 9 

1.5 Future of traditional medicine .............................................................................................. 11 

1.6 Nanomaterials and Nanoparticles ....................................................................................... 12 

1.6.1 Types of nanoparticles .................................................................................................. 12 

1.6.2 Metal nanoparticles ....................................................................................................... 13 

Problem statement ................................................................................................................ 14 

Aim of the study: .................................................................................................................... 15 



iv 

 

1.7 Objectives ........................................................................................................................... 15 

1.8 Hypothesis .......................................................................................................................... 15 

1.9 References ...................................................................................................................... 16 

Chapter 2 Literature Review ...................................................................................................... 27 

2.1 Diabetes .............................................................................................................................. 27 

2.1.2.1 α-amylase ..................................................................................................................... 28 

2.1.2.2 Α-amylase mechanism of action ................................................................................ 29 

2.1.3 α-glucosidase ................................................................................................................... 31 

2.1.4 The onset and diagnosis of diabetes ................................................................................ 33 

2.1.4.1 Type 1 diabetes ......................................................................................................... 33 

2.1.4.2 Type 2 diabetes ......................................................................................................... 34 

2.2 The effect of reactive oxygen species (ROS) on diabetes ................................................... 35 

2.3 Treatment of diabetes ......................................................................................................... 36 

2.3.1 Insulin ........................................................................................................................... 37 

2.3.2 Metformin ..................................................................................................................... 37 

2.3.3 Sulfonylurea ................................................................................................................. 39 

2.4 α-amylase and α-glucosidase inhibitors............................................................................... 39 

2.4.1 Acarbose ...................................................................................................................... 39 

2.4.2 Miglitol .......................................................................................................................... 40 

2.4.3 Voglibose ...................................................................................................................... 41 

2.5 Plant inhibition of α-amylase and α-glucosidase .................................................................. 41 

2.6 Cytotoxicity.......................................................................................................................... 43 

2.7 References ......................................................................................................................... 44 

Chapter 3 Nanoparticles synthesized from Hypoxis hemerocallidea and Moringa oleifera ........ 53 

3.1 Introduction ......................................................................................................................... 53 

3.2 Nanoparticles synthesis methods ........................................................................................ 54 



v 

 

3.3 Plant collection .................................................................................................................... 55 

3.3.1 Plant material extraction and preparation ...................................................................... 56 

3.3.2 Nanoparticle synthesis .................................................................................................. 56 

3.3.2.1 Biosynthesis of MnO nanoparticles ........................................................................ 56 

3.3.2.2 Biosynthesis of MgO nanoparticles ........................................................................ 57 

3.3.2.3 Nanoparticle characterization ................................................................................. 57 

3.4 Nanoparticle results and discussion .................................................................................... 57 

3.5 Conclusion .......................................................................................................................... 63 

3.6 References.......................................................................................................................... 64 

Chapter 4 Glucose levels regulation .......................................................................................... 68 

4.1 Introduction ......................................................................................................................... 68 

4.2 Materials and Methods ........................................................................................................ 69 

4.2.1 α-amylase inhibitory ...................................................................................................... 69 

4.2.2. α-glucosidase inhibitory activity ................................................................................... 70 

4.2.3 Cytotoxicity ................................................................................................................... 70 

4.3 Statistical analysis ............................................................................................................... 71 

4.4 Results and discussion ........................................................................................................ 71 

4.4.1 α-amylase and α-glucosidase inhibition ........................................................................ 71 

4.4.2 Cytotoxicity results and discussion................................................................................ 73 

4.5 Conclusion .......................................................................................................................... 73 

4.6 References.......................................................................................................................... 75 

Chapter 5 Reactive Oxygen Species ......................................................................................... 78 

5.1. Reactive oxygen species in the body .............................................................................. 78 

5.2 ROS and diabetes ........................................................................................................... 78 

5.3 Managing ROS ................................................................................................................ 79 

5.3.1 Natural Methods ........................................................................................................ 79 



vi 

 

5.3.2 Management of ROS using diabetes medication and nanoparticles .......................... 80 

5.4 Measuring antioxidant activity ............................................................................................. 80 

5.4.1 2,2-diphenyl-1-picrylhydrazyl (DPPH) ........................................................................... 81 

5.4.2 2,2-azinobis (3-ethyl-benzothiazoline-6-sulfonic acid) (ABTS) ...................................... 82 

5.5 Materials and Methods ........................................................................................................ 82 

5.5.1 DPPH scavenging activity ............................................................................................. 82 

5.5.2 ABTS scavenging activity ............................................................................................. 83 

5.6 Results and Discussion ....................................................................................................... 83 

5.7 Conclusion .......................................................................................................................... 85 

5.8 References ...................................................................................................................... 86 

Chapter 6: General discussion and conclusion.......................................................................... 91 

6.1 Introduction ...................................................................................................................... 91 

6.2 Synthesized nanoparticles ............................................................................................... 91 

6.3 α-amylase and α-glucosidase inhibition ........................................................................... 92 

6.4 Antioxidant activity ........................................................................................................... 92 

6.5 Cytotoxicity ...................................................................................................................... 93 

6.6 Conclusion....................................................................................................................... 93 

6.7 References ...................................................................................................................... 94 



vii  

List of figures 
 

Figure 1.1: Chemical structure of hypoxiside, A represents the inactive form of hypoxide, 

B Active form of Rooperol, C Rooperol Gold nanoparticles (Badeggi et al., 2022)          3 

Figure 1. 2: Chemical structure of the derivatives of sesquiterpene lactone (Salapovic et 

al., 2013) ......................................................................................................................... 7 

Figure 1. 4: Various plant defense mechanisms (Mostafa et al 2022) ........................... 10 

Figure 2.1.: Indicating the different domains of the α-amylase (Chai et al., 2016).        28 

Figure 2.2: Indicating the action of α-amylase on starch molecules, resulting in the release 

of glucose molecules (Gopinath et al., 2017) ................................................................ 29 

Figure 2.3: Binding site on the human pancreatic amylase the following are target sites 

for ligands, SBS 1maltohexaose, maltose and maltotetraose ,3A maltose, 3B 

Maltohexaose,4 maltotetraose,7 maltotetraose and 8 maltotetraose ............................ 30 

Figure 2.4: 3D structure of α-glucosidase (Tahir et al., 2021)........................................ 32 

Figure 2.5: diagram showing the action of metformin (Pernicova & Korbonits, 2014)   38 

Figure 2.6: Acarbose mode of action (Rosak & Mertes, 2012) ...................................... 40 

Fig 2. 7:  Chemical structure of 1-deoxynojirimycin and glucose (W. Zhang et al., 2019) 

...................................................................................................................................... 41 

Figure 3.1.: Nanoparticles synthesis methods (Roy et al., 2021) .................................. 55 

Fig 3.2: (A) TEM image, (B) corresponding SAED and (C) EDX spectrum and, (D) zeta- 

potentials of the synthesized MgO nanosheets ............................................................. 59 

Figure 3.3: FTIR spectra of dried H. hemerocallidea plant extract and biosynthesized MgO 

nanosheets .................................................................................................................... 60 

Fig. 3.4 (a) TEM image, (b) SAED pattern (c) EDX spectrum, and (d) zeta-potential (Inset: 

stability) of the synthesized MnO nanoparticles. ........................................................... 61 

Figure 3.5 FTIR spectra of aqueous M. oleifera extract and MnO nanoparticles ........... 62 

Figure 5.1: depiction of the reaction between DPPH and antioxidants, also indicated by 

the color change due to the oxidation. (Liang & Kitts, 2014) ......................................... 81 

Figure 5.2: showing the action and color change of ABTS (ÜSTÜNDAŞ et al., 2018). .. 82 



viii  

List of tables 
 

 

Table 1: Inhibition of α-amylase and α-glucosidase by H. hemerocallidea MgO 

nanoparticles ................................................................................................................. 72 

Table 2: Cytotoxicity results for H. hemerocallidea MgO nanoparticles ......................... 73 

Table 3: Scavenging activity of H. hemerocallidea MgO ............................................... 84 



ix  

Publication 

Mahlo, S.J., More, G.K., Oladipo, A.O. et al. In vitro α-amylase/α-glucosidase, cytotoxicity, 

and radical scavenging potential of Hypoxis hemerocallidea synthesized magnesium 

oxide nanoparticles. Discov Appl Sci 6, 62 (2024). https://doi.org/10.1007/s42452-024-

05700-z 

Submitted manuscript to a Journal 

Mahlo, S.J., Oladipo, A.O., More, G.K., et al. Synthesis and characterization of 

manganese oxide nanoparticles from Moringa oleifera as potential inhibitors of α- 

amylase/ α-glucosidase, their antioxidant activity, and cytotoxicity effects 

https://doi.org/10.1007/s42452-024-05700-z
https://doi.org/10.1007/s42452-024-05700-z


x  

List of abbreviations 
 
 
 

2,2-diphenyl-1-picrylhydrazyl DPPH 

2′-casino-bis (3-ethylbenzothiazoline-6- 

sulfonic acid) 

ABTS•+ 

Adenosine monophosphate AMP 

Adenosine triphosphate ATP 

Advanced glycation end products AGE 

Catalase CAT 

Dynamic Light Scattering DLS 

Fourier transform infrared FTIR 

Interleukin 1 beta IL-1B 

Magnesium oxide MgO 

Maltase-glucoamylase MGAM 

Organic cation transporter OCT 

Peroxidase POD 

Polydispersity index PDI 

Reactive oxygen species ROS 

Selected area diffraction SAED 

Transmission electron microscopy TEM 

Transcription factor 7-like 2 TCF7l2 



xi  

Abstract 
 

Diabetes is one of the leading causes of death worldwide alongside cancer, heart 

complications and kidney disease. It is prevalent in developing and underdeveloped 

countries due to lack of access to healthy food and quality health care. Medicinal plants 

have been used around the world by developing countries for the treatment of various 

diseases and are credited with being the base and inspiration to some of the popular 

medicine used today. Moringa oleifera and Hypoxis hemerocallidea are one of the popular 

plants used in treating various diseases including diabetes. 

Aqueous extracts of M. oleifera and H. hermerocallidea were used to synthesize 

magnesium oxide nanoparticles, the H. hemerocallidea synthesized nanoparticles were 

spherical in shape with a zeta potential of -28.11 mV, indicating strong absorption of 

bioactive compounds, and high stability. The synthesized nanoparticles were spherical in 

shape with a diameter of 8.3 nm and a zeta potential value of 5.6 mV. 

The IC50 values for α-amylase and α-glucosidase inhibition of H. hermerocallidea 

nanoparticles were 33.03 ± 1.43 µg/mL and 52.38 ± 3.06 µg/mL, respectively, while for 

M. oleifera nanoparticles, they were 36.58 ± 0.74 µg/mL and 55.03 ± 1.678 µg/mL 

respectively. 

 the results obtained indicated that nanoparticles of both plants have the ability to inhibit 

α-amylase and α-glucosidase with H. hemerocallidea being more efficient. MTT assay 

indicated that the H. hemerocallidea nanoparticles were nontoxic to the HEK-293 cell line 

with an IC50 value of 41.63 ± 0.73 µg/mL while M. oleifera exhibited IC50 value of 68.22 ± 

0.12 µg/mL. 

The H. hermerocallidea MgO nanoparticles were tested for antioxidant activity using 

DPPH and ABTS methods, the obtained results indicated IC50 values of 57.35 ± 0.28 and 

52.08  ±0.24  respectively,  while M. oleifera MnO nanoparticles IC50 values  were 9.08 ± 

0.11 and 6.62 ± 0.12 µg/mL, this indicated H. hemerocallidea and M. oleifera 

nanoparticles have good antioxidant ability. The synthesized nanoparticles can help to 

manage diabetes by inhibiting α-amylase and α-glucosidase enzymes, increasing the 

antioxidants in the body and thus lowering oxidative stress with no toxic side effects. 
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Chapter 1: Introduction 
 

1.1 History and Future of Ethnopharmacology 

 

 
1.1 .1 Plants and Medicine 

 

 
Plants have been used by diverse cultures to treat various diseases before the word 

ethnopharmacology was introduced to the world in 1967 (Heinrich, 2015). The use of 

herbs and plants can be traced back to the Stone Age in Africa, where they were used to 

treat the sick and injured. Herbs and sap from trees as tranquilizers and poison during 

hunting, focusing on tree species such as Chondodendron tomentosum and Stychenos 

(Ozioma and Chinwe, 2019; Verpoorte et al., 2005). 

Traditional medicine developed through various regions, from Kampo medicine in Japan, 

traditional African medicine in Africa, Chinese medicine used in China, AYUSH in India, 

and Tibetan medicine in Tibet. The diverse cultures sometimes use different medicinal 

trees and herbs to treat the same disease, indicating the presence of similar 

phytochemicals (Mukherjee Pulok et al., 2014). These discoveries inspired the 

development and growth of what is currently known as the pharmaceutical and synthetic 

drugs industry (Gilani & Atta-ur-Rahman, 2005). Synthetic drugs take on average 10-15 

years and cost roughly $2 billion to be developed and approved for clinical use, but over 

90% of drugs fail during clinical trial phase 1 the major reason for the failure being high 

toxicity and low clinical efficacy (Sun et al., 2022). This caused the focus to be on more 

natural and less toxic plant material or synthetic medicines based on natural products. 

In 1805, morphine which is the cornerstone of pain management was first extracted from 

the opium plant, this was the first step in the use of plants in “modern medicine”, as time 

progressed, more medicines were developed, 54% of cancer medication approved 

between 1940 and 2002 were derived from or inspired by medicinal plants, while during 
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the same time frame 64% of hypertension medication approved were also medicinal 

plants derived (Yuan et al., 2016). Synthetic drugs that are based on natural product 

structure display less hydrophobic tendencies, and a greater region of chemical space, 

the chemical space provides the drugs with greater pharmacological activity (Mao et al., 

2016). 

Synthetic medicines continue to flourish due to their rapid and mass production, but  their 

negative side effects constantly lead to toxicity, disability and even death. This 

emphasizes the focus to be more on medicinal plants, natural remedies, and 

comprehensive approach to health (Karimi et al., 2015). There has been few research 

conducted on the combination of traditional medicine and modern technology such as 

nanoparticles, this research aims to highlight the possible significant effect of the use of 

medicinal plants namely Hypoxis hemerocallidea, Moringa oleifera, magnesium oxide and 

manganese oxide nanoparticles on the management of diabetes through the inhibition of 

α-amylase and α-glucosidase hydrolyses action. 

 

 
1.2 Plant focus of the study 

 

 
1.2.1 Hypoxis hemerocallidea 

 

 
Hypoxis hemerocallidea, popularly known as African potato, is a popular medicinal plant 

with six distinct yellow stamens found in Africa belonging to the Hipoxidaceae family 

(Zimudzi 2014). The plant gathered attention when a former South African health minister 

suggested its use against HIV/AIDS in combination with vegetables (Drewes and Khan, 

2004). In South Africa, the plant grows well in savanna grasslands found in the Kwazulu 

Natal, the Free state, Gauteng, Mpumalanga, Limpopo, and the Eastern Cape province, 

it is also found in neighbouring southern countries such as Zimbabwe, Mozambique, 

Swaziland, and Lesotho (Street and Prinsloo, 2013) 

H. hermerocallidea has been traditionally used to treat various diseases such as cancer, 

diabetes, venereal, and urinary diseases, and research also indicated the presence of 
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antioxidant and anti-inflammatory capabilities (Bassey et al., 2014). Various 

phytochemicals were identified, but the most popular and active compounds are the 

glycosides, hypoxoside, stigmasterol, campesterol and β-sitosterol glucoside, hypoxoside 

in its natural form is inert, it becomes activated after consumption and metabolization by 

β-glucosidase to form rooperol as indicated in figure 1.1 below (Matyanga et al., 2020; 

Badeggi et al., 2022). 

 
 
 
 

 
Figure 1.1: Chemicalstructure of hypoxisde, A represents the inactive form of hypoxide, 

B Active form of Rooperol, C Rooperol Gold nanoparticles (Badeggi et al., 2022) 

An investigation determined that H. hemerocallidea caused the body weight of diabetic 

rats to increase and caused a decrease in blood glucose levels and alanine amino 

aspartate suggesting that H. hemerocallidea has a positive impact on the liver which will 

help to store and manage glucose (Azu et al., 2023). H. hermerocallidea aqueous extract 

at doses 200 mg/kg and 800 mg/kg were administered daily to streptozotocin-induced 

diabetic rats, both dosages had a significant effect in the reduction of glucose level with 
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the higher dosage also showing an increase in the liver activity (Oguntibeju et al., 2016). 

The exact mechanism of action for the H. hemerocallidea extract remains a mystery, 

therefore it is vital to target the regulation of glucose in the body to determine and confirm 

the ability of H. hemerocallidea to increase or decrease glucose levels. 

The development of modern science has been combined with medicinal plants to treat 

various diseases; the synthesis of nanoparticles using plant extract is a less toxic, more 

precise, and effective way to manage different diseases. The focus has been on the use 

of silver and gold for the synthesis, the positive outcome from the research has paved the 

way for more metals to be investigated. 

Gold nanoparticles synthesized using aqueous H. hemerocallidea extract was shown to 

be an effective anti-inflammatory agent by reducing the production of proinflammatory 

cytokines during bacterial infection (Elbagory et al., 2019b). Moodley (2020) conducted a 

report on the use of Hypoxis colchicifolia in the management of alpha amylase and alpha 

glucosidase, it was reported that the acetone fresh corn extract had a highest IC50 of 337 

μg/ml against amylase and against alpha glucosidase at (22.06 μg/ml), Dried leaf 

aqueous extract had the lowest IC50 against alpha-amylase 392.4 μg/ml and (210.5 

μg/ml). The IC50 of positive control acarbose was 515.6 μg/ml and 118.4 μg/ml for alpha- 

amylase and alpha-glucosidase, respectively. 

 

 
1.2.2 Moringa oleifera 

 

 
Moringa oleifera is a native Indian medicinal plant found and used all over the world, its 

native names include Benzovil, Kelor, Marango, Mlonge and Mulungay; the popular 

English name is drumstick tree (Vergara-Jimenez et al., 2017). The tree belongs to the 

genus Moringa, which is known for its various plants that have medicinal properties and 

have been used as anti-inflammatories, anticancer, and management of diabetes and 

heart complications (Razis, et al., 2014). The M. oleifera plant is a short tree with the 

ability to reach 8 meters in height, it is a soft wooded tree with iconic small leaves arranged 

in a bipinnate arrangement, with small white flowers (El‐Hack et al., 2022). 
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In South Africa, M. oleifera is found in six of the nine provinces, it is prevalent in the 

Vhembe district of the Limpopo province, which has the ideal environmental conditions 

for optimal tree growth (Mashamaite et al., 2021). M. oleifera is known to possess more 

nutrients compared to our daily food, contains ten times more vitamins than carrots, eight 

times more vitamin C than oranges, 17 times more calcium compared to milk, 25 times 

more iron than spinach and 15 times more potassium than bananas (Gopalakrishnan, 

Doriya and Kumar, 2016; Razis, Ibrahim, and Kntayya, 2014). 

The plant leaves are the most easily accessible and therefore the most popular part of 

the plant used by traditional healers and the public at large. The plant is known for its 

phytochemical composition such as phenolic acids, flavonoids, glucosinolates, alkaloids, 

tannins, isothiocyanates and saponins (Watanabe et al., 2021). The extraction method 

and solvent used have a profound effect on the phytochemicals released and thus on the 

activity of the plant. Aqueous leaf extract has been shown to protect against Alzheimer’s 

disease, diabetes, and cardiovascular diseases, while methanolic leaf extract helps to 

improve memory and concentration, and ethanolic leaf extract exhibits significant arousal 

of the nervous system and antimicrobial activities (Bhattacharya et al., 2018). 

Moringa oleifera’s antidiabetic effect was exhibited through various research, including 

an experiment conducted with aqueous leaf extract on diabetes which reported a 

reduction of blood glucose of up to 33.18% levels in hyperglycaemia-induced rats within 

six hours of administration of 300mg/kg dose, a separate experiment using the same dose 

decreased blood glucose by 46.75% (Padayachee & Baijnath, 2020). An oral dosage of 

250 and 500mg/kg of ethanolic extract on Alloxan-induced diabetes in rats resulted in a 

reduction in triglycerides, total cholesterol, and glucose (Azlan et al., 2022). The toxicity 

of M. oleifera has been assessed in many studies and, to our knowledge, no adverse 

effects have been reported from the consumption or use of M. oleifera in any way. 

 

1.3. Other plants traditionally used to treat diabetes. 

Atremisia herba 

 
Grows off the dry steppes in the Middle East to the desert of Egypt; it is also found in 
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North Africa in countries such as Tunisia, Algeria, and Morocco with Morocco considered
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the top supplier (Elmeer & Elkhgkheg, 2019; Belaiche et al., 2021). A semi-structured 

interview research was conducted in the town of Taunete in the Rif Mountain area of 

Morocco to determine the use of two plants, one of them being Artemisia herba, it was 

determined that the aerial parts of the plants were used followed by leaves, stems and 

flowers, then eventually the roots (Benkhaira et al., 2021). 

 

The terpenoid sesquiterpene lactone indicated in Figure 1.2 below, is a group of 

secondary metabolites found in the ariel parts of the Artemisia herba, it is these 

metabolites that are responsible for the plant’s medicinal properties, which explain why 

the aerial parts are the most utilized part of the plant (Mohammed et al., 2021). Plants 

found in Morocco and the desert regions of Israel also contained volatile compounds such 

as borneol, camphor, terpinene-4-ol, chrysanthenyl acetate, chrysanthenol, 

acetophenone xanthocyclin, 1,8-cineole, α- and β-thujone (Mohammed et al., 2021). 

Members of this group are used to treat malaria, leukemia, antiparasitic, anticancer, anti-

inflammatory, antifungal, antibacterial, diabetes, and high blood pressure (Mandal et al., 

2020;Sülsen, 2021;Salazar-Gómez et al., 2020). The best extraction solvent for maximum 

extraction of phytochemicals is methanol and ethyl acetate (Mohammed et al., 2021). 
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Figure 1. 2: Chemical structure of the derivatives of sesquiterpene lactone (Salapovic et 

al., 2013) 

Brassica juncea 

 

 
Brassica juncea popularly known as Indian mustard, black mustard, yellow mustard, or 

green mustard, belongs to the family Cruciferae (Saleem et al., 2021). It is an oil-rich plant 

found in tropical and subtropical countries such as Pakistan, Bangladesh, China, and 

India (Singh et al., 2021). The plant is traditionally used as a stimulant, expectorant, and 

diuretic, its therapeutic properties come from its composition of various vitamins, iron, and 

calcium, it also contains a high portion of glucosinolates almost 90%, flavonoids, 

glycosides, phenolic compounds, and fatty acids (Saleem et al., 2021). 
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The Brassica juncea plant helps to manage diabetes by inhibiting the alpha-glucosidase 

and alpha-amylase activity, the identified phytochemicals include polyphenols, 

glucosinolates, ascorbic acid, chlorophylls, minerals, and vitamins (Tian & Deng, 2020). 

The presence of glucosinolates gives the plant anti-inflammatory, anti-cancer, anti- 

obesity, and neuroprotective properties due to the conversion of glucosinolates into 

isothiocyanates by bacteria found in the stomach (Soundararajan & Kim, 2018). 

Glucosinolates are converted into isothiocyanates by intestinal bacteria, which are active 

substances with remarkable anti-inflammatory, anti-cancer, anti-obesity, and 

neuroprotective properties. This biotransformation can greatly improve the bioactivities of 

glucosinolate as indicated in figure 1.3 below (Connolly et al. 2021). 

 

Figure1.3: Bioactivities of Glucosinolates (Connolly et al., 2021) 
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Catharanthus roseus 

 

 
Catharanthus roseus is a medicinal plant belonging to the Apocynaceae family, it is also 

popularly known as Madagascar periwinkle because it is endemic to Madagascar, but it 

can also be found in tropical and subtropical areas (Sutrisna, 2015.). Catharanthus roseus 

is used in different countries for various ailments, in Jamaica, Vietnam, Mozambique, 

Australia, the Dominican Republic, England, and the Philippines, the aqueous extract of 

the plant or the leaves is ingested orally to treat diabetes while in Kenya, various types of 

cancer are treated using the same extracts (Pham et al., 2020). 

There are more than 400 alkaloids in plants which can be used to treat various diseases, 

Vinblastine and Vincristine are used to treat cancer, these are obtained from the leaves 

and stem. The ethanolic extract of the leaves can also be used in the treatment of diabetes 

by lowering blood glucose, the ethanolic extract of the leaves has proven to have 

antioxidant potential (Mishra & Verma, 2017). Methanolic extract of the flower and leaves 

of Catharanthus roseus were evaluated for antidiabetic activities and it was discovered 

that their mode of action is to also inhibit the action of α-amylase and α-glucosidase 

(Kumar et al., 2022). 

 

1.4 Plant defence mechanism 

 
Plants are one of the oldest and most diverse living organisms on the planet, regardless 

of their size, large numbers, and history on the planet they are the most vulnerable (Zhang 

et al., 2019), therefore, their main characteristic of being sessile that has caused them to 

be the most susceptible. Plants have developed physical and chemical defense 

mechanisms against intruders or environmental conditions (Y. Wang et al., 2021). These 

characteristics and physiological characteristics have assisted plants to survive 5 major 

extinction events. Physical defense mechanisms involve the use of barriers such as 

hardened bark, thorns, trichomes, and hairs while chemical defense mechanisms include 

the release of toxins and secondary metabolites as indicated in Figure 1.4 below (Mostafa 

et al 2022). An example is the cactus plant that uses its thorns to deter herbivores from 

eating it and the release of a bitter tasting liquid for herbivores that can 
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avoid the thorns (Crofts & Anderson, 2018). The use of phytochemicals by plants to 

combat pathogens is the same mechanism that is being applied in medicine for humans, 

plants release flavonoids as a response to abiotic and biotic stress using antioxidant 

compounds, it is these compounds that are extracted and used in traditional medicine 

and eventually inspired the modern synthetic medication (Thakur & Sohal, 2013). 

 

 
Figure 1. 4: Various plant defense mechanisms (Mostafa et al 2022) 

 
The composition of phytochemicals in the plant varies depending on the environment, the 

age of the plant, the part of the plant being used, and the extraction method as was 

observed in an experiment conducted on purslane plants from various cultivars, planted 

on different days with varying salt levels and various stages of growth (Nemzer et al., 

2020). The extraction methods used on the medicinal plant include microwave-assisted 
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extraction, ultrasound-assisted, superficial extraction, Soxhlet extraction, maceration, and 

infusion, once extraction has occurred, purification and separation of secondary 

metabolites are achieved by using gas chromatography, paper chromatography, high- 

performance chromatography, and thin layer chromatography (Ababukar and Haque, 

2020). Several factors must be considered when selecting extraction methods, such as 

the nature of the plant material, the type, pH, and temperature of the solvent (Abubakar 

& Haque, 2020). It is through these that one medicinal plant can be used to treat different 

diseases, and below we look at different medicinal plants and the various phytochemicals 

used to treat various diseases. 

 

1.5 Future of traditional medicine 

 

 
The current system of medicine is constantly evolving with new innovative ways to treat 

diseases being introduced constantly, some of the modern technologies around medicine 

are the use of artificial intelligence in what is known as machine learning, which is used 

to learn from disease diagnoses and eventually will diagnose future diseases with 

precision (Rajula et al., 2020). Other innovations include 3D printing which can be used 

to create physical objects, some of the objects printed include heart pumps and cornea 

(Shahrubudin et al., 2019). The most researched is the nanoworld, the focus is 

nanomedicine, nanomedicine is subdivided into 5 subdisciplines, namely, nanomaterials, 

drug delivery, novel therapeutics, analytical tools, and imagining tools (Mehta et al., 2008) 

The future of traditional medicine lies in targeted drug delivery, this is because current 

medicine which is less targeted has various challenges such as unrequired side effects, 

specificity, poor absorption, low solubility, and instability (Patra et al., 2018). The solution 

to many of these issues lies in innovative extraction strategies and the use of 

nanotechnology, extraction strategies such as semi-bionic extraction, ultrasonic-assisted, 

supercritical fluid extraction, microwave assisted and membrane separation technologies, 

these methods ensure obtaining the maximum amount of compounds from medicinal 

plants (Thomford et al., 2018). Nanotechnology such as nanocarriers are capable of the 

delivery of both hydrophilic and lipophilic which in turn increases the bioavailability of 
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phytochemicals in various mediums making nanoparticles more effective and efficient 

than the existing medication (Jannat et al., 2021). 

The use of nanoparticles in drug delivery also reduces degradation and thus increases 

the life span of the drug, which also allows for a more prolonged release and eventually 

reduces side effects (Parveen et al., 2012). 

 

1.6 Nanomaterials and Nanoparticles 

 

The concept of nanotechnology is not as new as most people think it is, the concept was 

first explored by the 1925 Nobel Prize laureate in chemistry Richard Zsigmondy where 

the term “nanometer” was introduced, in 1959 Richard Feyman gave a lecture with the 

title “there’s plenty of room at the bottom” through the presentation the concept of matter 

manipulation at the atomic level was introduced (Hulla et al., 2015). Nanotechnology is a 

research and development field that targets molecules at the macromolecular, molecular, 

and the atomic stage, this gives scientists the ability to study and manipulate materials at 

the scale with a range of 1 to 100 nanometers, at this scale properties take on different 

properties due to their small sizes (McNeil, 2005). The focus of the research was on 

nanomaterials, more specifically nanoparticles (NPs). 

 

 
1.6.1 Types of nanoparticles 

 

 
Nanoparticles are classified into distinct groups based on the materials from which they 

are made, these groups are polymeric NPs, ceramic NPs, metal NPs, and fullerenes. The 

base of the nanoparticles determines their shape, size, and structure, all these combined 

give the nanoparticle its properties, it is these unique properties that make them ideal for 

use in various applications and in different fields of science (Khan et al., 2019). Carbon-

based nanoparticles are used in electronic and electrochemical industries (Ajayan et al., 

2001), metal nanoparticles used in medicine (Nasrollahzadeh et al., 2019), ceramic 

nanoparticles used in the biomedical field (Thomas et al., 2015), semiconductor 

nanoparticles used in electroanalysis (Katz et al., 2004), polymeric nanoparticles are used 
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for diagnostic and drug delivery (Crucho & Barros, 2017), and the potential use of lipid-

based nanoparticles in drug delivery (Puri et al., 2009; Khan et al., 2019). The focus of 

this research was on metal nanoparticles. 

 

 
1.6.2 Metal nanoparticles 

 

 
Metal nanoparticles are made from a metal-based precursor and capped with a stabilizer. 

Most metals can be used to synthesize nanoparticles, due to the variety of base metals 

these nanoparticles have unique characteristics such as varying shapes, large surface 

area, varying pore sizes, surface charge density, and stability (Nasrollahzadeh et al., 

2019). Metal nanoparticles have generated interest in many different fields, but the most 

prominent is their use in the medical field; these have great potential in drug-targeted 

delivery (Khan et al., 2019). The surface characteristics of nanoparticles greatly influence 

the characteristics and application of the nanoparticles, this affects the drug molecules 

loading on the surface, and the delivery of the drug molecule, it also enhances the 

efficiency of the drug and the circulation time (Salatin et al., 2015). 

Noble metals have also recently been given a lot of attention in different areas of science, 

it is quite prominent in the healthcare industry, with gold and silver being the most popular 

(Shnoudeh et al., 2019). The broad range of noble metal applications is due to strength 

in the absorption and scattering of visible light because of the surface plasmon resonance 

which is controlled and dependent on the nanoparticle shape, size, and environment 

(Sangeetha et al., 2020; Berciaud et al., 2005). 

The surface plasmon resonance provides the gold nanoparticles with powerful 

electromagnetic fields leading to enhanced absorption and scattering abilities, through 

absorption the light absorbed is converted to heat energy which is used by gold 

nanoparticles to release drugs or target tumors (Huang & El-Sayed, 2010). The interaction 

of silver nanoparticles with the human body remains poorly understood but has 

antimicrobial and antitumor capabilities (Dos Santos et al., 2014), industrially it is used in 

clothing, food industry, cosmetics, electronics, and biosensing (Ahamed et al., 
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2010). Platinum nanoparticles synthesized from plant materials can be spherical or 

irregularly shaped with applications in water electrolysis (Soundarrajan et al., 2012), and 

palladium nanoparticles are also spherical in shape with an application in hydrogenation 

(Jia et al., 2009). Nickel oxide, zinc oxide, and iron have all shown antimicrobial activities 

(Mohamed et al., 2020; Yuvakkumar et al., 2014) 

Problem statement 

 

 
Diabetes mellitus is one of the most common and life-threatening conditions in the world, 

its deadliness is due to the onset of other complications such as diabetic foot ulcer, 

cardiovascular diseases, retinopathy, diabetic nephropathy, and neuropathy that occur 

due to elevated glucose levels (Tan et al., 2019). 

Sun et al. (2022) reported in 2021 that in the age group of 20-79 years old 10.5 % 

amounting to 536.6 million people globally are living with diabetes, with the number 

expected to rise up to 783.2 million in the next 24 years. Many of the individuals are in 

urban areas, middle-class countries are expected to be affected the most with an 

expected growth of 21.1%, the global expenditure related to the treatment of diabetes 

was $966 billion (about $3,000 per person in the US) which is expected to rise to $1.045 

Billion (Sun et al., 2022). 

The results obtained through the research are that most individuals affected by diabetes 

will be in the workforce in developing countries, with the combined onset of various 

diseases, this could lead to a reduction in the available workforce, therefore limiting any 

development or growth of those affected countries. It is therefore vital that the 

management of diabetes be of great concern to help prevent the predicted pandemic 

(Hird et al., 2019). 

The treatment of diabetes involves the injection of insulin for the treatment of type 1 

diabetes, type 2 diabetes is treated using synthetic medicine such as metformin, 

sulphonylurea, migitol, biguanides, Thiazolidinediones, dipeptidyl peptidase-4 (DPP4) 

inhibitors and Glucagon-like peptide 1 (GLP-1) analogues, the constant use of synthetic 

medicine has led to an accumulation of chemicals in the body leading to increased 
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toxicity, the accumulation also led to a plateau which forces the patient to use combination 

therapy (Tan et al., 2019b). Long-term use of metformin has been identified with vitamin 

b12 deficiency and anaemia, while sulphonylurea has been noted to reduce survival 

(Bannister et al., 2014; Aroda et al., 2016). 

 

 
Aim of the study: 

To investigate the in-vitro α-amylase and α-glucosidase inhibitory activity of nanoparticles 

synthesized from M. oleifera leaves and H. hemerocallidea pod 

 

 
1.7 The objectives of the study are to: 

 

 
• determine the α-amylase and α-glucosidase inhibitory activity of nanoparticles 

synthesized from M. oleifera leaves and H. hemerocallidea pod. 

• evaluate the antioxidative ability of nanoparticles synthesized from M. oleifera 

leaves and H. hemerocallidea pod non-enzymatic [2,2-diphenyl-1-picrylhydrazyl 

(DPPH), 2′-casino-bis (3- ethylbenzothiazoline-6-sulfonic acid) (ABTS•+)] assays. 

•  investigate the cytotoxicity effects of nanoparticles synthesized from M. oleifera 

leaves and H. hemerocallidea pod on normal cell lines [ Human Embryonic Kidney 

(HEK 293) and RAW 264.7 macrophage (Murine) cells]. 

 
 
 

1.8 Hypothesis 

 

 
Nanoparticles synthesized from medicinal plants Moringa oleifera leaves and H. 

hemerocallidea pod can lower diabetes and oxidative stress biomarkers in-vitro 
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Chapter 2 Literature Review 
 

2.1 Diabetes 

 

 
Diabetes is a group of diseases that are associated with the inability to manage glucose 

levels in the body due to insufficient or complete absence of insulin and possibly 

insensitivity to insulin (Egan & Dinneen, 2019). Insulin is responsible for the conversion 

and storage of glucose as glycogen in the liver through the process of glycogenesis, when 

the body requires energy, the stored glycogen is converted back to glucose through the 

process of glycogenolysis (Patino & Mohiuddin, 2020). Diabetes is divided into several 

types depending on the cause, although the exact way of onset is still not confirmed, the 

most popular types and the focus of this research are diabetes type 1 and type 2 (Egan 

& Dinneen, 2019). 

Type 1 diabetes is caused by the loss of the pancreatic beta cell due to a combination of 

numerous factors such as genetics, environmental factors, immune system, and the 

body’s metabolism resulting in the reduction and even loss of insulin production (Atkinson 

et al., 2014). Type 2 diabetes is characterized by beta cell dysfunction and various levels 

of insulin resistance (Egan & Dinneen, 2019). It is one of the fastest growing and most 

dangerous diseases in the world, it is projected that by the year 2045, diabetes will have 

affected over 693 million adults, the effects of this disease ranges from damage to the 

vascular system causing cardiovascular diseases, kidney failure, blindness, neuropathy, 

all these combinations cause a reduced quality of life and eventually death (Cole & Florez, 

2020). 

Glucose levels in the body are naturally managed by the combined effort of α-amylase, 

α-glucosidase, and insulin (Pierzynowski et al., 2023). These hormones are responsible 

for the breakdown of starch into smaller constituents, which makes it easy for glucose 

conversion to glycogen and storage by the liver, therefore proper management of α- 

amylase and α-glucosidase is vital for the prevention of the onset and management of 

diabetes (Ye et al., 2010). 
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2.1.2.1 α-amylase 

 

 
α-amylase is an enzyme produced by the salivary gland and the pancreas; its main 

function is the hydrolyses of starch to produce disaccharides such as maltose and 

sucrose (Sun et al., 2019). α-amylase is made up of 496 amino acids packed up into a 

single polypeptide chain indicated in figure 2.1 below, the chain is made up of three 

domains, Domain A is made up of two segments. The first segments start from residue 1 

to 99, the second segment is from residue 169-404. Domain B is found between the two 

segments at residue 100-168 while the last domain is found at reside 404 to residue 496 

(Brayer et al., 1995). 

 

 
Figure 2.1.: Indicating the different domains of the α-amylase (Chai et al., 2016). 
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2.1.2.2 Α-amylase mechanism of action 

 

 
The digestion of glucose begins in the mouth with the action of α-amylase that is found in 

saliva (Kaur et al., 2021), The suggested mechanism is indicated by figure 2.2 below, it 

breaks large starch molecules into short oligomers before pancreatic amylase further 

breaks them down into maltose, and maltotriose, which are part of malto-

oligosacchatrides containing α-D-(1,4) linkages and α-1,6-branched oligosaccharides 

commonly known as α-limit dextrins (Villas-Boas et al., 2019)(Peyrot des Gachons & 

Breslin, 2016). The oral α-amylase enzyme is similar to the one that is produced by the 

pancreas, but they are coded for by different genes respectively, AMY1 and AMY2 which 

explains their varying ability to digest starch (Peyrot des Gachons & Breslin, 2016). 

 

 

Figure 2.2: Indicating the action of α-amylase on starch molecules, resulting in the release 

of glucose molecules (Gopinath et al., 2017) 
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Figure 2.3: Binding site on the human pancreatic amylase the following are target sites 

for ligands, SBS 1maltohexaose, maltose and maltotetraose ,3A maltose, 3B 

Maltohexaose,4 maltotetraose,7 maltotetraose and 8 maltotetraose 

Most starch binding occurs at the surface binding site 7 where we find the tyrosine and 

tryptophan residues that help create a hydrophobic interaction that has been observed in 

proteins that bind to insoluble polysaccharides, and this is also found in monooxygenases 

that are significant for the oxidative cleavage of chitin, starch and glucose (Zhang et al., 

2016). Molecular docking activities indicated the binding of compounds to Asp 197, Glu 

233, and Asp 300 which were identified as the active sites of the α-amylase to breakdown 

glucose, this research revealed β-caryophyllene epoxide is the most active inhibitor for α- 

amylase (Mahnashi et al., 2022). 

The breakdown mechanisms of α-amylase in the stomach begins with the actions of 

catalytic Glu233 and Asp197 through an acid-base reaction and a nucleophilic 

substitution, resulting in a glycosylated enzyme intermediate and the release of aglycone, 

the final step is the hydrolysis of the glycosylated enzyme activated by Asp 300 (Neves 

et al., 2022). The actions of α-amylase to increase glucose can result in possible 

hyperglycaemia (Kaur et al., 2021). The disaccharides and trisaccharides that are a result 

of the action of α-amylase are now targeted by α-glucosidase (Ahmed et al., 2022). 
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2.1.3 α-glucosidase 

 

 
α-glucosidase indicated by figure 2.4 below are enzymes that are produced by 

microorganisms found in various conditions, some of the microorganisms are bacteria 

species such as Bacillus subtilis, cellvibrio japonicus, Bacillus amylolyticus, 

Pseudomonas fluorescence, Thermococcus species, yeast species include 

Saccharomyces cerevisiae, Saccharomyces logos, fungi specie mostly focused on is the 

Aspergillus niger (Zhou et al., 2020). It belongs to the glycoside hydrolase group 13 which 

is the largest group formed by enzymes of different activities to target and act upon the 

α-glycosidic bonds, α-glucosidase belongs to the GH13_17 with an enzyme commission 

number 3.2.1.20 (Stam et al., 2006). It catalyses the final digestion of starch which was 

initiated by α-amylase, it targets the (1,4) linked residues created because of α-amylase 

actions (Assefa et al., 2019). 

When the alpha-amylase products enter the small intestine, they are introduced to the 

enzymes maltase-glucoamylase (MGAM) and sucrose-isomaltase, these 2 enzymes are 

part of alpha-glucosidase and are responsible for the further degradation of starch (Lee 

et al., 2012). MGAM has cleavage activity against long polymers with 5-9 glucose 

residues, it targets and cleaves all maltotriose, a small amount of α-limit dextrins, and 

maltose, the remaining maltose and α-limit dextrins are cleaved sucrase-isomaltase 

resulting in the monosaccharides which are absorbed into the small intestine (Sanders, 

2015). 
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Figure 2.4: 3D structure of α-glucosidase (Tahir et al., 2021) 
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2.1.4 The onset and diagnosis of diabetes 

 

 
Diabetes is defined as a group of diseases that occurs due to a lack of insulin production 

by the pancreas, but the pancreas is not just made of insulin-producing beta cells, a 

normal pancreas has more than a million Langerhans islets which have various kinds of 

endocrine cells, the beta cells which produce insulin makes up the majority of the 

endocrine cells with a range of 60-80%, followed by alpha cells that contain glucagon with 

a range of 20-30%, the smaller constituents are somatostatin known as delta cells with a 

range of 5-15% and lastly the pancreatic polypeptide cells (Marchetti et al., 2008). 

Type 1 diabetes is caused by the lack of insulin production by the pancreas because of 

beta cell death, while type 2 diabetes is due to the loss of sensitivity to the presence of 

insulin. It is the loss of beta cells that leads to the onset of diabetes. 

2.1.4.1 Type 1 Diabetes 

 

 
The exact method of the onset of type 1 diabetes is unknown, T helper 1 infiltration of the 

islet of Langerhans is noted as one of the possible causes of type 1 diabetes, The 

activation of T helper type 1 and macrophages releases proinflammatory cytokines which 

cause an alteration of the genes and protein expressions leading to beta cell death (Fu 

et al., 2013). One of the suggested mechanisms of beta cell death is through the 

production and actions of nitric oxide, it is believed that nitric oxide prevents mitochondrial 

cellular respiration, which causes a reduction in the ATP levels thereby inhibiting the 

stimulation of glucose-dependent insulin secretion (Oleson & Corbett, 2018). 

The antibodies produced by T cells are used to predict diabetes years before its onset 

(Katsarou et al., 2017). The diagnosis of diabetes involves the monitoring of fasting 

plasma glucose, the normal level is below 6.1 mmol/liter (<110mg/dl), and a glucose test 

indicates fasting glucose above 7.0 mmol/liter indicates the onset of diabetes (Egan & 

Dinneen, 2019). The damage of pancreatic beta cells and the subsequent loss of insulin 

production occurs in 3 stages, the first stage is the loss of insulin response when glucose 

is introduced into the body, the second stage is the drop of glucose to a level below 
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critical, the last stage and the complete onset of type 1 diabetes is the complete loss of 

insulin production (Daneman 2006). It is ideal to check for research into the treatment of 

diabetes to focus and be directed onto the damages that result in the onset of diabetes. 

2.1.4.2 Type 2 diabetes 

 

 
Type 2 diabetes is associated with the loss of insulin sensitivity in the body, an increase 

in glucose level causes the release of insulin by causing an increase in proinsulin mRNA 

levels which will result in an increased insulin transcription, translation and the release of 

insulin (Fu et al., 2013). Loss of insulin sensitivity causes hyperglycaemia due to the 

excess glucose not being absorbed by the body or not being converted to glycogen and 

stored by the liver, the exact mechanism of insulin resistance is still unclear as the release 

of insulin and absorbance of glucose occurs at various parts using different mechanisms 

(Wilcox 2005) 

When glucose levels in the body rise, this causes a rise in the beta cell mass so that the 

body can regulate the amount of glucose, once glucose is regulated the excess mass is 

reduced through apoptosis or autophagy (Donath et al., 2005). When the apoptosis fails 

to occur, the constant rise in glucose eventually leads to the body being unable to regulate 

the beta cell production and the eventual death of beta cells through hyperinsulinemia 

toxicity (Donath et al., 2005; Remedi & Emfinger, 2016). 

The pancreatic beta cells mass is controlled by four (4) mechanisms, first programmed 

cell death, size modification, development from prior cells, and the mitotic division of 

differentiated beta cells, the balance between the programmed death and the 3 factors 

results in the perfect balance of insulin production and glucose management (Marchetti 

et al., 2008). Another theory involves genes that also influence the onset of diabetes, islet 

cells with the Ard972 variant have increased beta-cell apoptosis leading to reduced insulin 

secretion (Marchetti et al., 2008). Other genes identified are transcription factor 7-like 2 

the presence of this gene increases the chances of getting diabetes by 1.7 folds, a second 

gene is the potassium voltage-gated channel, KQT-like subfamily member one (1), this 

gene has been credited with the reduction of beta cell function and reduced insulin 

production (Cerf, 2013). 
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2.2 The effect of reactive oxygen species (ROS) on diabetes 

 

 
Oxidative stress occurs when there is an imbalance between oxidative free radicals and 

the antioxidant system, this imbalance is caused by the overproduction of reactive oxygen 

species (Betteridge, 2000). The free radicals are produced naturally in the body because 

of daily body metabolism but their production rate can be accelerated by exposure to 

pollutants, intake of alcohol, smoking, and prolonged exposure to the sun (Jamshidi-Kia 

et al., 2020). Oxidative stress has negative outcomes in the body such as changes in the 

structure and function of lipids and cellular proteins; these changes lead to cellular 

dysfunctions such as changes to the cell cycle control cell signaling, inflammation, 

autoimmune diseases, and impaired energy metabolism (Newsholme et al., 2016). 

There has been an observed increase in the presence of oxidative stress biomarkers in 

diabetes induced rodents and diabetic patients, markers such as the oxidative DNA 

damage markers 8-oxo-7,8-dihydro-20 -deoxyguanosine (8-oxodG) and 8-hydroxy-20 - 

deoxyguanosine (8-OHdG), this is also accompanied by the elevation of protein oxidative 

products, lipid peroxidation products and thiobarbituric acid these combined together with 

a reduction in the antioxidant activity is indicative of the link between diabetes and 

increased oxidative stress (Singh et al., 2022). 

The increase in oxidative stress is associated with an increase in the production of pro- 

inflammatory cytokines which causes the islet of Langerhans to become inflamed, this 

inflammation causes a reduction in beta cell mass this causes a reduction in insulin 

synthesis (Cieślak et al., 2015). Interleukin 1 is a well-known pro-inflammatory, made up 

of alpha and beta cytokines, the interleukin 1beta (IL-1B) is the most implicated in the 

onset of diabetes , the IL-1beta further regulates its production through auto stimulation, 

this causes an increase in nitric acid which leads to a reduced adenosine triphosphate 

(ATP) concentration which causes further damage to the beta cell as it attempts to 

produce more insulin to compensate for the loss of ATP (Tsalamandris et al., 2019) 

(Hamed et al., 2021). 

Free fatty acids have been identified as one of the contributing factors to the increase 

levels of IL-1B levels in the body, and increased levels of free fatty acids levels in obese 
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individuals give reason for the appearance of type 2 diabetes in obese individuals 

(Agrawal, 2014). Medicinal plants with antioxidant properties must be considered for the 

treatment of diabetes. 

 

2.3 Treatment of diabetes 

 

 
The treatment of any disease depends on the underlying causes, an appropriate medical 

treatment for diabetes would have the ability to improve hyperglycaemic conditions while 

preventing macro and microvascular complications and correcting the beta cell damage 

resulting in type 2 diabetes (Blaslov et al., 2018). Type 1 diabetes due to a complete lack 

of insulin production is treated using insulin injection while type 2 diabetes due to its 

complicated and unknown onset has various medications to treat it. The treatment of 

diabetes can be using one medication, known as monotherapy, or a combination of 

medications, referred to as combination therapy, combination therapy can be due to the 

loss of effectiveness of the medication or poor management by the patient (Song, 2016). 

The treatment of type 2 diabetes involves various mechanisms due to the various 

complications that lead to diabetes 2, this forms the basis of combination therapy, insulin 

is typically combined with metformin helps to control glycaemia, insulin with glucose-like 

peptide 1 receptor agonists helps to manage weight (Eng et al., 2014). 

The choice of medication to use lies in the ability to lower glucose, the costs to the patient, 

potential side effects and the benefits, with diabetes having various underlying causes, 

the choice becomes difficult, and the use of combination therapy poses the risk of 

unwanted side effects due to possible misdiagnosis of the cause, poor management by 

the patient and lack of correct apparatus to store insulin (Tan et al.,2019) 

An alternative approach which is the basis of this research, is to treat diabetes by targeting 

the initial breakdown of glucose before it is even absorbed by the body, through targeting 

and inhibiting enzymes such as α-amylase and α-glucosidase preventing the breakdown 

of glucose preventing hyperglycaemia (Kashtoh & Baek, 2023). 
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2.3.1 Insulin 

 

 
Insulin is considered the primary treatment of type 1 diabetes but is also used as a last 

resort in the management and treatment of type 2 diabetes (Patil et al., 2017). Insulin was 

discovered in 1922, it is a protein molecule with a final structure made up of two chains 

but initially, it has three chains, the final structure has chain A with 21 amino acid residues, 

chain B with 30 amino acid residues, the initial structure produced by the pancreas as 

preproinsulin which gets converted into proinsulin in the rough endoplasmic reticulum, the 

final structure of insulin is released by the pancreas after maturation in the maturity 

granules in the Golgi apparatus (Joshi et al., 2007). 

Insulin functions to convert ingested glucose into glucagon through glycogenesis or it can 

also convert the glucose into fats using the process of lipogenesis (Jabeen, 2020). The 

process of glycogenesis is as follows, glucose is first converted to glucose-6-phosphatase 

using glucokinase, next step is the formation of glucose-1-phosphate through 

phosphoglucomutase followed by conversion of glucose-1-phosphate to 

Uridiendiphosphate glucose through glucose-1-phosphate uridyltransferase which is 

finally converted to glucose, UDP galactose and UDP glucuronate (Daghlas & Mohiuddin, 

2022; Adeva-Andany et al., 2016). 

 

 
2.3.2 Metformin 

 

 
Metformin with the chemical formula 1,1-dimethyl biguanide is a derivative of Galega 

officinalis, which is a French medicinal plant used in folk medicine, it was first discovered 

in 1772, being used as a treatment for thirst and constant urination, it was not known back 

then, that these are the symptoms of diabetes (Lamoia & Shulman, 2021). Metformin is 

the first line treatment of type 2 diabetes, its effect on diabetes is lowering the hepatic 

glucose output which leads to a lower glucose level (Song, 2016). The exact mode of 

action of metformin remains a mystery as is the action that causes the onset of diabetes. 
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One of the mechanisms of metformin has been identified to treat diabetes by inhibiting 

gluconeogenesis. Metformin is transported into the liver using the organic cation 

transporter (OCT1) that facilitates the diffusion of nutrients in the liver, in the liver 

metformin targets mitochondria and inhibits the respiratory chain complex 1, which 

causes a decrease in the concentration of ATP causing a reduction in the rate of 

gluconeogenesis, as it requires a lot of energy to perform, therefore, leads to an increase 

in the concentration of adenosine monophosphate (AMP) which inhibits gluconeogenesis 

through the regulation of fructose-1,6-biphosphate ,which is a key enzyme for 

gluconeogenesis(Rena et al., 2013; Viollet & Foretz, 2013). This is one of the suggested 

methods for the treatment of diabetes by metformin indicated in figure 2.5 below. 

 

 
Figure 2.5: diagram showing the action of metformin (Pernicova & Korbonits, 2014) 
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2.3.3 Sulfonylurea 

 

 
A sulfonylurea is a group of oral diabetic drugs containing a sulphonylurea group that was 

discovered in 1942 and commercialized in the late 1950s, with the advantage that it is 

much cheaper than metformin (Scheen, 2021). These drugs are divided into first- 

generation, such as chlorpropamide and tolbutamide which have been discontinued, then 

we have second generation drugs which are the ones used today to treat diabetes, these 

are glimepiride, glibenclamide, glipizide and gliclazide (Sola et al., 2015). 

The mode of action of sulphonylurea involves the closing down of the ATP-sensitive 

potassium channels, the closure of these channels, causes the reduction of potassium in 

the cells resulting in an increase in the electrical activity of the cell causing depolarization 

of the cell membrane leading to an increase of calcium in the beta cell results in the 

secretion of insulin in large amounts (Gribble & Reimann, 2003; Sola et al., 2015) 

 
 
 

2.4 α-amylase and α-glucosidase inhibitors 

 

 
2.4.1 Acarbose 

 

 
Acarbose is a member of a group of non-insulinotropic oral antidiabetic agents, it is an 

alpha-glucosidase inhibitor that is licensed in multiple countries and has been used to 

treat diabetes, particularly in its initial stages of development for over 20 years by 

regulating glucose metabolism (Rosak & Mertes, 2012). Acarbose has a higher affinity to 

α-amylase and α-glucosidase than oligosaccharides, which builds the foundation of 

competitiveness, acarbose competes with oligosaccharides and reduces the binding and 

thus the reduction of glucose intake in the body (Ganesan et al., 2021). 
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Figure 2.6: Acarbose mode of action (Rosak & Mertes, 2012) 

 
74% of individuals have experienced side effects of flatulence which reduced over time, 

31% of patients experienced diarrhea, 19% abdominal pain, 4% or less have experienced 

serum transaminases (Ganesan et al., 2021). 

 

 
2.4.2 Miglitol 

 

 
It is a semisynthetic antidiabetic medication derived from 1-deoxynojirimycin, which is 

structurally like glucose as shown in the figure 2.7 below, its initial use was approved in 

1996, and its mode of action is the inhibition of α-glucosidase in the small intestine to 

inhibit oligosaccharide absorption, reducing postprandial hyperglycemia, studies have 

shown that it also has anti-obesity effects (Kim & Hyun, 2023). The mechanism of action 

for miglitol is not confirmed, the current mechanism involves the regulation of fats in the 

body by preventing the accumulation of adipose tissue and brown adipose tissue which 

resonates with its anti-obesity effect (Sugimoto et al., 2015). The reduction in fats in the 

body ultimately leads to reduced insulin resistance, which helps in the management of 

diabetes (Sugihara et al., 2014). 
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Fig 2. 7: Chemical structure of 1-deoxynojirimycin and glucose (W. Zhang et al., 2019) 

 
 

2.4.3 Voglibose 

 

 
Synthesized using valiolamine which is obtained from Streptomyces hydroscopicus 

fermentation broth, it acts as a α-glucosidase inhibitor that reversibly competes and 

inhibits glucoamylase, sucrase and isomaltase (Blahova et al., 2021). The inhibition 

results in the reduction of post-prandial hyperglycaemia, it also increases the release rate 

of glycogen-like peptide 1, which can inhibit glycogen, enhancing insulin secretion and 

insulin sensitivity (Dabhi et al., 2013) 

 

2.5 Plant inhibition of α-amylase and α-glucosidase 

 

 
Traditional medicine, which is centered around the use of plant parts or plant extract to 

combat diseases has been in existence for an exceptionally long time. Kasole et al. (2019) 

through research conducted in Tanzania to determine the use and perspective of 

traditional medicine for the treatment of diabetes found that out of 140 participants, 67.2% 

used traditional medicine to treat diabetes, in this sample M. oleifera was the most popular 

plant to use. H. hemerecallidea is another medicinal tree that is popular in the Southern 

African region, for the treatment of diabetes, especially in the South African provinces of 

Kwazulu Natal and Limpopo (Oguntibeju et al 2016). 
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In the northern countries of Africa, Withania frutescens is a popular treatment while sub- 

Saharan Africa relies on the use of Morinda lucida benth. Research conducted on the in 

vivo and invitro effect of Withania frutescens on α-amylase and α-glucosidase. Withania 

frutescens leaf extract (WFLE) was administered orally to diabetic-induced rats through 

apoptosis of the pancreatic β-cells, a dose-dependent experiment showed a reduction of 

fasting glucose blood level at 200mg/kg of body weight and 400mg/kg of body weight in 

a period of 28 days (Mechchate et al., 2021). Significant weight gain was also achieved 

possibly due to antioxidants and anti-inflammatory properties. α-amylase inhibition by 

WFLE was determined to have IC50 of 0.40 ± 0.124 mg/mL, acarbose activity was 

determined to be 0.717 ± 0.054 mg/ml, this indicates the leaf extract to be greater than 

acarbose with inhibiting α-amylase activity. α-glucosidase inhibition by the same extract 

was determined to be less than the activity of acarbose IC50 was determined to be 0.180 

± 0.018 mg/mL and 0.084 ± 0.017 mg/ml, respectively. 

 
The water extracts of Morinda lucida benth leaf water extract exhibited IC50 values of 

2.30±0.08 mg/ml and 2.00± 0.05 mg/ml for α-amylase and α-glucosidase respectively, 

the water extract had the highest values compared to ethanol and acetone, the 

experiment also showed that at a higher concentration of water extract a higher 

percentage of inhibition was achieved (Kazeem et al., 2013). Using the Lineweaver-Burk 

plot the water extract was indicated to have a competitive inhibition with the α-amylase 

while a non-competitive interaction was not with the α-glucosidase but instead the extract 

binds to a different site on the enzyme, inhibiting the conversion of disaccharides to 

monosaccharides (Kazeem et al., 2013). Different plants have varying efficiency for 

inhibition of α-glucosidase compared to α-amylase, acarbose remained the most effective 

at inhibiting α-amylase but less effective than at inhibition α-glucosidase, the varying 

efficiency is due to varying extraction solvents which leads to a variety of phytochemicals 

extracted from the part of the plant used, and the harvest time (Tlili & Sarikurkcu, 2020) 

The effect of different extraction methods and solvent was exhibited when M. oleifera 

leaves were extracted through distilled water, methanol, ethyl acetate and hexane and 

showed the following α-amylase IC50 values of 16.290± 2.2177 (mg/ml), 8.217±0.792, 

12.413±0.340 (mg/ml) and 9.397±0.298 (mg/ml) respectively, the same extracts exhibited 
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the following IC50 values for α-glucosidase 1.480±0.017 (mg/ml), 44.97 ±.3.959 (mg/ml), 

4.733 ± 0.366 (mg/ml) and 9.397 ±0.298 (mg/ml) respectively (Magaji et al., 2020). Similar 

IC50 results values for aqueous extract were obtained at 6.49 ± 0.07 (mg/ml) and 4.73 ± 

0.05 (mg/ml) (Jimoh, 2018). 

 
There is limited information on research carried out on the effect of H. hemerocallidea 

invitro inhibition on α-amylase and α-glucosidase, current research indicated acetone, 

methanol, ethyl acetate and hexane extracts of the H. hemerocallidea bulb showing an 

EC50 of 0.92mg/ml, 1.32mg/ml, 0.29mg/ml and 0.960mg/ml respectively against α- 

amylase (Boaduo et al., 2014) and petroleum extract from a different paper displayed an 

EC50 of 0.139 mg/ml against α-glucosidase (Amoo et al., 2022). 

 

2.6 Cytotoxicity 

 

 
The use of medicinal plants provides an affordable, easy to collect and sometimes easy 

to prepare as most prefer the readily available aqueous extraction of phytochemicals, but 

this may not be the most efficient and safest intake method. Medicinal plants still require 

extensive scientific research to confirm their efficiency in the various forms used such as 

in powder form, extract, or in the form of pills. Research is also needed to evaluate if the 

plant material is safe for use in the human body, Exposure to toxic compounds found in 

plants can result in the disjunction of the kidney and liver which results in high mortality 

rates (Anywar et al., 2022) 

The field of synthetic medicine is based on the field of chemicals to provide the required 

reaction to destroy microorganisms or initiate a particular metabolic reaction. A typical 

example is the use of metformin to increase insulin sensitivity and the use of alpha- 

amylase inhibitor to achieve the same thing as reducing glucose in the body. 

Synthetic medication has been shown to have adverse side effects which results in the 

onset of other diseases or malfunctions of the body, Medicinal plants on the other hand 

are more compatible with the body and have fewer side effect. Cytotoxicity evaluations 

are still necessary to ensure safer, more reliable medicine (Sowa et al., 2020) 
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Chapter 3 Nanoparticles synthesized from Hypoxis 

hemerocallidea and Moringa oleifera 

 

 

3.1 Introduction 

 

 
Nanomaterials have a size ranging from 1-100 nm, this small size provides nanomaterials 

with exceptional optical catalytic, magnetic, electrical, and mechanical properties 

compared to much larger material counterparts (Baig et al., 2021). It is due to these 

properties that nanomaterials, more specifically nanoparticles, have many applications in 

the medical field, this has caused the synthesis method to be focused on natural green 

synthesis to minimize toxic side effects (Abinaya et al., 2021) 

Nanoparticles have had great advancement since their introduction and expansion in the 

medical field. Between 2016 and 2019, 75 nanoparticles previously nonapproved were 

undergoing clinical trials, 15 more new nanoparticles were also underwent clinical trials 

under the United States of America’s food and drug administration. Amongst those 

approved there are nanoparticles to treat acute myeloid leukaemia, Transthyretin (TTR)- 

mediated amyloidosis and locally advanced squamous cell carcinoma (Anselmo & 

Mitragotri, 2019). 

Magnesium-based nanoparticles were also approved by the food and drug administration 

for use as an antibacterial agent, primarily due to their biocompatibility being much safer 

for animals, and having highly stable character (Pathania et al., 2022). These approvals 

indicate the potential and open more opportunities for research to be conducted on the 

great capabilities of nanoparticles. Magnesium oxide nanoparticles are one of the popular 

magnesium-based nanoparticles, these exist in various morphologies such as stars, 

spheres, flowers, cubes, rods, platelets, and needle- shaped (Fouda et al., 2022).  
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3.2 Nanoparticles synthesis methods 

 

 
There are two methods for the synthesis of nanoparticles, top-down and bottom-up 

approaches. The top-down approach involves breaking down large materials into 

particles in the nano-size range using techniques such as lithography and precision 

engineering. This method is used mostly in micro-electronic industries for the production  

of data storage apparatus, sensors, optoelectronics, and molecular electronics (Bayda et 

al., 2020; Lyuksyutov et al., 2003). The bottom-up method, indicated in Figure 3.1, begins 

with mixing metal salt that has been dissolved in a solvent such as alcohol being reduced 

in a chemical reaction. This is followed by nucleation and growth that results in the 

formation of nanoparticles ( Silva, 2004; Rao et al., 2000). In the bottom-up method, it is 

important to consider the capping agent that functions as a stabilizer to prevent 

aggregation, resulting in larger nanoparticles than initially intended (Yetisgin et al., 2020). 

In recent times there has been an increase in the shift from the chemical synthesis of 

nanoparticles to green synthesis which involves the use of plant extracts or microorganism 

extracts as capping agents because the resulting nanoparticles are low in toxicity, highly 

stable and possess a higher concentration of phytochemicals (El-Sherbiny & Salih, 2018). 

The reaction for the synthesis of nanoparticles using plant material as reducing agents 

occurs quickly within minutes, the plant extracts are mixed with the metal salt solution and 

the reaction is completed within minutes (Venkatesh, 2018),There are various 

components are known to influence the reaction rate and quality of nanoparticles 

produced, components such as plant extract concentration, metal salt concentration, pH 

and temperature (Venkatesh, 2018; Saif et al., 2016). In the synthesis of nanoparticles 

for the purpose of drug delivery, smaller particles are preferred over larger nanoparticles 

because small particles have a greater surface area(Pal et al., 2011). Most of the drugs 

that are loaded are exposed to the surface resulting in drugs being released a lot faster 

compared to larger particles; in contrast larger particles have more stability as they are 

less likely to aggregate during transportation and storage (Pal et al., 2011). 
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Figure 3.1.: Nanoparticles synthesis methods (Roy et al., 2021) 

 
3.3 Plant collection and identification 

Hypoxis hemerocallidea and leaves of M. oleifera were collected from the University of 

South Africa, Florida Campus, Gauteng province, South Africa. The plant materials and a 

voucher specimen of the plants of air-dried leaves were deposited and identified at the 

CERES Herbarium, University of South Africa. The use of plants in the present study 

complies with international, national and/or institutional guidelines.   
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3.3.1 Plant material extraction and preparation 

 

One gram of freshly cut M. oleifera leaves was mixed with 100 mL of distilled water and 

the solution was heated at 60 ° C for 30 min. After this, the solution was filtered, and the 

extract obtained was stored at 4 ° C until use. For the H. hemerocallidea extract, 3 g of 

the plant pod was added to 100 mL of distilled water and the solution was heated at 60 oC 

for 30 min. The mixture was filtered, and the solution extract was stored at 4 oC until use. 

3.3.2 Nanoparticle synthesis 

 

 
3.3.2.1 Biosynthesis of MnO nanoparticles 

 

 
To synthesize MnO nanoparticles, 25 mL of aqueous extract of M. oleifera extract was 

mixed with 3 g/100 mL of MnCl2.4H2O solution in a flask and stirred at 60 oC for 1 h. The 

reaction pH was 5.23 before stirring and changed to 4.44 after completion, indicating the 

formation of the nanoparticles. Subsequently, the obtained solution was centrifuged 

several times at 4,400 rpm for 30 min to remove unreacted precursors and extracts. The 

obtained pellets were dried in an oven at 50 oC overnight. Following this, the obtained 

powder was calcined at 200 oC for 2 h to obtain black-colored pellets. 
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3.3.2.2 Biosynthesis of MgO nanoparticles 

 

 
For the synthesis of MgO nanoparticles, 25 mL of aqueous extract of Hypoxis 

hemerocallidea was mixed with 3 g/100 mL of MgCl2.6H2O solution in a flask and stirred 

at 60 oC for 1 h. The reaction pH changed from 5.58 before stirring to 4.86 after 

completion, indicating the formation of the nanoparticles. The obtained solution was 

centrifuged several times at 4,400 rpm for 30 min to remove unreacted precursors and 

extracts. The pellets obtained were dried in an oven at 50 °C overnight. Following this, 

the obtained powder was calcined at 200 oC for 2 h to obtain black-coloured pellets. 

3.3.2.3 Nanoparticle characterization 

 

 
The synthesis was monitored at predetermined time intervals with a Perkin Elmer Lambda 

60 UV/vis spectrophotometer. The functional groups present in the synthesized samples 

and plant extract were studied using a PerkinElmer Frontier FTIR fitted an ATR detector 

in the range 4000-500 cm-1. The morphology of the samples was investigated by 

transmission electron microscope imaging using JEOL JEM 2100 running on a 200-kV 

voltage and equipped with an energy-dispersive X-ray analyser (EDX). The X-ray 

diffraction pattern of the nanoparticles was recorded on a RIGAKU X-ray diffractometer. 

Dynamic light scattering (DLS) technique on a Malvern Zetasizer (Nano-ZS, Malvern, UK) 

was used to assess the hydrodynamic diameter, polydispersity index (PDI), and stability 

of the nanoparticles. 

 

3.4 Nanoparticle results and discussion 

 

 
During the MgO nanoparticle synthesis, the aqueous leaf extraction of H hemerocallidea 

functions as a capping, stabilizing, and reducing agent. Phytochemicals such as organic 

acids, polymers, protein enzymes, flavonoids, tannins, proanthocyanidins and 

polyphenols have been attributed to the capping, stabilizing and reduction abilities of 

(Aboyewa et al., 2021). The bio-reduction of Mg ions and ultimately the formation of MgO 

nanoparticles from the aqueous extract was indicated by the observed change in pH from 

5.58 to 4.86, this change is indicative of the presence 
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of nanoparticles. Transmission electron microscopy (TEM) analysis of the nanoparticles 

indicated in Figure 3.1A reveals nanoparticle formation of two-dimensional nanosheets 

characterized by sharp edges but no sign of agglomeration. The sheet-like nanostructure 

with a smooth surface has an average length of 1 µm and a diameter of 300 nm, resulting 

in the nanoparticles having a higher surface area with multiple bonding sites providing 

enhanced performance. Selected area electron diffraction (SAED) (fig 11B) patterns 

indicated concentric close circles, indicating the polycrystalline nature of the 

nanoparticles, properties of polycrystalline was also discovered in a separate green 

synthesis of MgO nanoparticles (Silva et al., 2022). Similar circular structured 

nanoparticles, were observed in gold-synthesized hypoxide and aqueous H. 

hemerocallidea extract nanoparticles, these nanoparticles were successful in the 

reduction of the production of pro-inflammatory cytokines on microphage and natural killer 

cells (Elbagory et al., 2019b). The positive results indicate and confirm that hypoxide 

nanoparticles and H. hemerocallidea aqueous extract synthesized nanoparticles have an 

anti-inflammatory capabilities which will be vital in the management of diabetes (Elbagory 

et al., 2019b). Fouda et al. (2022b) also synthesized spherical MgO nanoparticles, this is 

to validate that green synthesized MgO nanoparticles can obtain a spherical shape with 

antimicrobial activities. 

Elements in the nanoparticles were identified using energy-dispersive X-ray 

spectroscopy. The spectrum on Figure 3.2 below indicates the reduction peaks of O and 

Mg, the C and Cu peaks can be due to the carbon-coated copper grid used for the 

analysis. The zeta potential value of the synthesized MgO nanoparticles was found to be 

-28.11 mV as shown in Figure 3.2 (D), which is indicative of the negative charge and even 

distribution of the nanoparticles in the aqueous medium. The electrostatic repelling 

interaction of the particles and the high negative value that is due to the strong adsorption 

of the bioactive compounds of the nanoparticles are a clear indication of the nanoparticles 

exhibiting extraordinary stability. 
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Fig 3.2: (A) TEM image, (B) corresponding SAED and (C) EDX spectrum and, (D) zeta- 

potentials of the synthesized MgO nanosheets 

Fig 3.3 below shows the results of the FT-IR spectra of the synthesized MgO 

nanoparticles and the H hemerocallidea leaves aqueous extract, this indicated distinct 

peaks at wavenumber 1047, 1250, 1405, 1597, 3280 cm-1. The peaks are known to 

indicate the vibration bands for anhydride group (-C-O-C), stretching amine group (-C-N), 

Sulphate group (-S=O), Carboxylic group (-COO) and alcohol group (-OH) respectively, 

similar peaks were observed in a separate synthesis of MgO by (Rotti et al., 2023). Other 

weaker peaks were also located at 3672, 2985, 2900 and 1589 cm-1. The recorded peaks 

and the possible functional groups identified may have been produced from the 

phytochemicals extracted from the plants, that function as the capping, stabilizing, and 

reducing agents (Unuofin et al., 2020). Similar peaks were identified in the sample-only 

analysis, suggesting that the aqueous biomolecules extracted from plants are coated with 
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MgO nanoparticles (Ansari et al., 2018). The alcohol group and carboxylic group identified 

on the nanoparticles are the best functional group candidate, therefore this can indicate 

the medical capabilities of the synthesized nanoparticles (Mao et al., 2016) 

Fouda et al. (2022b) synthesized MgO nanoparticles though algae extract that produced 

similar peaks, these nanoparticles were confirmation of the stabilizing, caping and 

reducing activities of the identified phytochemicals. 

 

 

Figure 3.3: FTIR spectra of dried H. hemerocallidea plant extract and biosynthesized MgO 

nanosheets 
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Fig. 3.4 (a) TEM image, (b) SAED pattern (c) EDX spectrum, and (d) zeta-potential (Inset: 
stability) of the synthesized MnO nanoparticles. 

Fig 3.4 above illustrates the structural characteristics obtained for the MnO M. oleifera 

nanoparticles, M. oleifera aqueous extract was used for the biosynthesis of manganese 

oxide, and a change in the pH from an initial amount of 5.23 to 4.44 was noticed, this 

change is indicative of the formation of MnO nanoparticles. 

Figure 3.4 A indicates the TEM analysis of the synthesized nanoparticles, which show 

spherical-shaped nanoparticles with an average diameter of approximately 8.3nm, a 

secondary layer around the nanoparticles was also observed, this was credited to the 

presence of bio-organic molecules responsible for the spherical nanoparticles’ the 

synthesis and stabilization. Precious research conducted by Moodley et al. (2018) on the 

biosynthesis of M. oleifera extract silver nanoparticles obtained similar spherical 

nanoparticles with an average diameter of 9.42 nm. 
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The SAED patterns on fig 3.4 b, shows in concentric rings discrete bright spots, this is a 

demonstration of the nanoparticles' crystalline nature, the energy dispersing x ray 

analysis indicated by fig 3.4 c show the presence of the elements Mn and O, the reduction 

peaks of Cu and C are possibly due to the carbon-coated copper grid. A low positive zeta 

value on 5.4 mV was obtain credited to the high protein content of the M. oleifera inducing 

a positive charge, the stability was further studied through Dynamic light scattering, there 

was no significant change during the analysis period showing stable nanoparticles. 

 
 
 

 
Figure 3.5 FTIR spectra of aqueous M. oleifera extract and MnO nanoparticles 

 

 
FTIR analysis shown on figure 3.5 of the M. oleifera extract alone and the biosynthesized 

nanoparticles were found to possess identical vibrational peaks, this indicates the 

presence of the same functional groups, respectively the peaks were noted at 3225 cm−1 

and 3226 cm−1, 2929 cm−1 and 2927 cm−1, 1558 cm−1, 1558 cm−1and 1553 cm−1, 1404 
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cm−1 and 1402 cm−1, 1081 cm−1 and 1049 cm−1 these peaks indicate the presence of - OH 

group, -C-H, -COO, -C-N and -C-O-C groups respectively. Similar peaks were identified 

in the synthesis of copper nanoparticles using M. oleifera leaf hydroalcoholic extract by 

Das et al. (2020) 

Analysis of the published literature by Hassan et al. (2021); Vergara-Jiménez et al., 2017) 

for the compounds found in M. oleifera leaves indicated the presence of the same 

phytochemicals exhibited and identified by the FTIR analysis of the extract and 

nanoparticles. 

 

 
3.5 Conclusion 

 

 
The results indicated the successful synthesis of black-coloured pellets of MgO 

nanoparticles using an aqueous extract of the medicinal plant H. hemerocallidea and MnO 

M. oleifera nanoparticles Through TEM the synthesized H. hemerocallidea and M. oleifera 

nanoparticles were indicated to be of a sheet morphology, with an average diameter of 

300nm and 8.4nm which are highly crystalline. The large diameter of the H. 

hemerocallidea nanoparticles provides the possibility of more binding sites which would 

provide the synthesized nanoparticles with an enhanced performance. EDX indicated the 

presence of the element’s magnesium and oxygen on the H. hemerocallidea 

nanoparticles and manganese and oxygen on the M. oleifera nanoparticles, both these 

also indicated copper and carbon elements Highly stable negatively charged and evenly 

distributed nanoparticles. The formation of nanoparticles further confirms the presence of 

phytochemicals that acted as capping, stabilizing, and reducing agents, which also can 

further be attributed to medicinal applications of the green synthesized MgO and MnO 

nanoparticles. 
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Chapter 4 Glucose levels regulation 
 

4.1 Introduction 

 
The regulation of glucose levels in the body relies on two very important enzymes that 

work in conjunction with each other to breakdown glucose, allowing it to be absorbed by 

the body. These enzymes are α-amylase and α-glucosidase, α-amylase is produced by 

the salivary glands and the pancreas while α-glucosidase is produced in the small 

intestine (Kajaria et al., 2013). α-amylase breaks down starch into monosaccharides 

which are degraded further by α-glucosidase to the final product, which is easily absorbed 

by the small intestine. Inhibition of these two actions can delay starch breakdown 

therefore reducing the glucose intake which helps in the management of diabetes 

(Alqahtani et al., 2019) 

Certain medications such as miglitol, voglibose, and acarbose inhibit the action of the two 

enzymes by actively competing for the active site on the enzymes with glucose in the 

intestine, acarbose is the most effective inhibitor followed by voglibose and miglitol 

(Derosa & Maffioli, 2012). Alternative to the chemically synthesized medication is the use 

of medicinal plants which have already proven to be successful in the management of 

various diseases either directly through consumption or the use of extracted 

phytochemicals or indirectly through synthetic medicine that is based on phytochemicals 

found in certain plants (Salehi et al., 2019). 

Moringa oleifera and Hypoxis hemerocallidea are one of the two popular medicinal plants 

credited with the management of diabetes. M. oleifera is primarily found in India but grows 

in tropical and subtropical areas all over the world, its great medical properties are 

credited to the presence of bioactive components specifically in the leaves, compounds 

such as vitamins, carotenoids, polyphenols, phenolic acids, flavonoids, alkaloids, 

glucosinolates, isothiocyanates, tannins and saponins (Vergara-Jiménez et al., 2017). 

Hypoxis hemerocallidea popularly known as the African potato is very popular and relied 

upon in Southern African countries where it is used by traditional doctors to treat different 

diseases including diabetes (Mwinga et al., 2019). 
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Rooperol is the active component of African potato, it is obtained from the hydrolysis of 

its inactive form hypoxoside by α-glucosidase in the intestine. Rooperol exhibits anti- 

inflammatory actions that in turn, help to reduce the production of reactive oxygen species 

which have been acknowledged to lead to the onset of different diseases, therefore by 

managing inflammation resulting in rooperol reducing the onset of diseases such as 

diabetes (Elbagory et al., 2019c). Science has witnessed great advancement in the 

treatment and management of diabetes using modern technology such nanoparticles, in 

this research we combine the modern science advancements of nanotechnology and 

traditional medicine in the management of diabetes by inhibiting the action of α-amylase 

and α- glucosidase. 

4.2 Materials and Methods 

 

 
4.2.1 α-amylase inhibitory 

 
The α-amylase inhibitory activity was determined using a slightly modified method by 

(Nkobole et al., 2011). Briefly, a reaction mixture containing 50 μL of phosphate buffer, 

10 μL of α-amylase (2 U/mL), and 20 μL of the synthesized nanoparticles were added in 

a 96-well plate and incubated for 20 min at 37 °C. Then 1% soluble potato starch (100 

mM phosphate buffer pH 6.8) was added as a substrate and incubated at 37°C for 30 

minutes. The concentration of the NPs and the positive drug control acarbose ranged 

from 0.125 to 2 mg/mL. Phosphate buffer (100 mM, pH = 6.8) served as a negative control 

. After incubation, the DNS (100 μL) was added and boiled for 10 minutes. The absorbance 

was quantified using an Elisa microplate reader at 540 nm (Varioskan Flash 

Spectrophotometer). The results were expressed as percentage inhibition, which was 

calculated using the following formula below. 

As 
Inhibitory Activity % = 1 − 

Ac 

 
x 100 
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Where s is the absorbance in the presence of the test substance and Ac is the absorbance 

of control. 

4.2.2. α-glucosidase inhibitory activity 

 
The intestinal α-glucosidase inhibitory activity of NPs was determined using a method,by 

(Nkobole et al., 2011). The NPs were incubated at 37 °C for 15 minutes in a 96-well plate 

containing 50 μL of phosphate buffer, 10 μL α-glucosidase (1 U/mL), and 20 μL of different 

NPs concentrations. Acarbose was used as a reference standard (positive control). The 

substrate (5 mM, P-NPG) was added to 20 μL of the mixture and incubated at 37 °C for 

20 minutes. A 0.1 M Na2CO3 (50 μL) was added to stop the reaction. The NPs and 

acarbose concentrations varied from 0.125 to 2 mg/mL and 100 mM of phosphate buffer 

(pH = 6.8) was used as negative control. The quantification of p-nitrophenol was read at 

405 nm on an Elisa microplate reader (Varioskan Flash Spectrophotometer). The results 

were expressed as percentage inhibition, which was calculated using the following 

formula in section 2.4.1 above. 

 
4.2.3 Cytotoxicity 

 
To determine the cytotoxicity of NPs we used the 3-(4,5-dimethylthiazol-2-yl)-2,5- 

diphenyltetrazolium bromide (MTT) assay as described by (Mosmann, 1983). Human 

embryonic kidney (HEK-293) cells were cultured in sterile Dulbecco’s Minimal Essential 

Medium (DMEM,Gibco) which has been supplemented with 10% fetal bovine serum 

(FBS) and 1% penicillin streptomycin solution. Into 96-well microplates, we added 100 μL 

of cells (1 × 104 cells/well) and incubated at 37 ⁰C in 5% CO2 for 24 hours. For the positive 

and negative control, doxorubicin and untreated cells were used, respectively. After the 

incubation period, 20 μL of MTT solution prepared in PBS with a concentration of 5 mg/mL 

was added to all the wells and the plates were incubated for four hours, this was followed 

by adding 100 μL of DMSO for dissolving formazan crystals for one hour. The plates were
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read using an ELISA Plate reader at 570 nm. The cell viability percentage was calculated 
using the equation below:  

 
 
As and Ac are the absorbances of samples (treated cells) and control (untreated cells) 

 
4.3 Statistical analysis 

 

 
Absorbances were measured on a microplate reader (Varioskan-Flash®, Thermo Fisher 

Scientific, Vantaa, Finland). GraphPad Prism software 8.2 (GraphPad Software, CA, 

USA) software was used for data analysis. The comparison of means was done based 

on Turkey’s test and differences were considered statistically significant at p < 0.05. 

 

4.4 Results and discussion 

 

 
4.4.1 α-amylase and α-glucosidase inhibition 

Table 1: Inhibition of α-amylase and α-glucosidase by H. hemerocallidea and M. oleifera 

nanoparticles 

 IC50 ± SD [µg/mL] 

Sample α-amylase α-glucosidase 

H. hemerocallidea MgO NPs 33.03 ± 1.43 52.38 ±3.06 

M. oleifera MnO NPs 36.58 ± 0.74 55.03 ±1.678 

Acarbose 24.54±1.55 6.54±0.27 

 

Our current study indicated the IC50 value for the biosynthesized H. hemerocallidea MgO- 

NPs against α-amylase and α-glucosidase as 33.03 ± 1.43 and 52.38 ± 3.06 µg/ml while 

M. oleifera MnO NPs indicated 36.58 ± 0.74 and 55.03 ±1.678 µg/ml respectively as 

indicated in table 1. When comparing the results with the previous results obtained for 

acarbose which is used as a standard reference, its best IC50  is 24.54 ± 1.55 and 6.54 ± 

0.27 µg/ml respectively, the results indicate that H. hemerocallidea MgO NPs are more 

effective than M. oleifera MnO nanoparticles at inhibiting α-amylase and α-glucosidase, 
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acarbose remains the most effective inhibitor. 

Khan et al. (2017) investigated the in vitro α-amylase and α-glucosidase inhibition 

activities of aqueous extract M. oleifera leaves. The results obtained indicated the M. 

oleifera leaf extract was able to inhibit 56.96% of the α-glucosidase while inhibiting 62.1% 

of α-amylase, with IC50 values of 52.5 and 33.4 μg/ml, respectively. The results obtained 

from this experiment concur with the previous research on the effectiveness of M. oleifera 

regarding in vitro inhibition α-amylase and α-glucosidase inhibition. 

Barba et al. (2020) investigated the effects of various extraction solvents on the activity 

of M. oleifera leaves, in the experiment, it was determined in that experiment that 

methanol extracts are effective against α-amylase and α-glucosidase, the results 

obtained were IC50 were 0.62 ±0.00 and 18.92 ± 0.84 μg/ml respectively, a second extract 

with 50% methanol and 50% water, the extract inhibition of results were 0.50±0.02 and 

12.97±2.43 μg/ml. The results obtained from the investigation indicated that combination 

of methanol and water solvents provides greater efficiency compared to methanol alone, 

this could be due to the varying polarity in the two solvents, resulting in the extraction of 

more phytochemicals compared to either extracts alone. 

Silver nanoparticles synthesized from M.O exhibited an amylase inhibition percentage of 

65.6 %, proving that it is an efficient inhibitor (Asuquo et al., 2024). Nano formulated 

nanoparticles from M.O by Virk et al. (2023) indicated the α-amylase inhibitory of IC50 

value of 115.9 ± 1.11 µg/ml and α-glucosidase IC50 value of 59.38 ± 1.42 µg/ml. These 

publications indicate that the inhibition activities of M.O are uniform across various 

synthesized nanoparticles. 

Earlier research conducted in 2014, also stated that different solvent fractions had a 

significant effect on α-amylase and α-glucosidase with IC50 value < 10 mg/ml (Boaduo et 

al., 2014). The results of our investigation can be enhanced by using a combination of 

methanol and water extracts, this could increase the effectiveness of the MgO against α- 

amylase and α-glucosidase. 

MgO NP biosynthesized using Hibiscus rosa sinensis inhibitory activity against α-amylase 

and α-glucosidase, indicated a significant reduction of 54.32 ± 2.0% and 53.27 ± 0.84% 

reduction with IC50 327 ± 0.82 µg/ml and 357 ± 0.82 µg/mL on α-amylase and α- 
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glucosidase, respectively (Kainat et al., 2021). These obtained results indicate that 

biosynthesized MgO nanoparticles can inhibit α-amylase and α-glucosidase. 

 

4.4.2 Cytotoxicity results and discussion 

 

 
The result of the cytotoxicity effect of NPs in human embryonic kidney (HEK-293) 

determined by the MTT assay, the minimum inhibitory concentration indicated the IC50 

value of 41.63 ± 0.73 µg/ml, this is considered nontoxic which indicated that the 

nanoparticles are safe to use. Elbagory et al. (2019c) synthesized gold nanoparticles 

using H. hemerocallidea aqueous extract which were also nontoxic. The results were used 

in comparison to doxorubicin, a standard anticancer drug, with its IC50 value of 2.70 ± 0.32 

µg/ml. Cytotoxicity of gold H. hemerocallidea -NPs was reported to be toxic to malignant 

tumour cells lines U87 and U251 with minimum inhibitory values of 0.81 and 4.0 µg/ml 

respectively (Badeggi et al., 2022). 

M. oleifera leaf aqueous extract tested on HEK-293 and HCT116 cells, the results showed 

that in the presence of M. oleifera cell viability increased respectively by 114% and 105% 

compared to the control, in the same experiments, no cytotoxicity activity was obtained 

on the cells (Souid et al., 2020). Awodele et al. (2012) Investigated the toxicity of M. 

oleifera aqueous extract orally administered to rats and no mortality was recorded in the 

dosage range of 400 mg/kg to 6.4kg. 

 

 
Table 2: Cytotoxicity results for H. hemerocallidea MgO and M. oleifera MnO nanoparticles 

 

IC50 ± SD [µg/ml] 

Sample HEK293 cells 

H. hemerocallidea MgO NPs 48.63 ± 0.73 

M. oleifera MnO NPs 68.22 ± 0.12 

Doxorubicin 2.70 ±0.32 

 
 

4.5 Conclusion 
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H. hemerocallidea MgO and M. oleifera MnO nanoparticles have shown that they are 

capable of inhibiting both α-amylase and α-glucosidase, with H. hemerocallidea MgO being 

more efficient than  M. oleifera but acarbose still shows to be the most effective inhibitor of 

both enzymes, the IC50 of 48.63 ± 0.73 µg/ml and 68.22 ± 0.12 respectively for H. 

hemerocallidea and M. oleifera MgO nanoparticles, this is indicative that exposure to the 

nanoparticles will not be toxic to human cells while effectively managing glucose levels but 

more cytotoxicity tests must be conducted in different cells to confirm the safety of the 

nanoparticles. 
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Chapter 5 Reactive Oxygen Species 
 
 

5.1. Reactive oxygen species in the body 

 

 
Reactive oxygen species (ROS) occur naturally in the human body, 90% of the ROS are 

generated by the mitochondria through cellular respiration, the remaining 10% is 

generated by peroxisome, endoplasmic reticulum, cell membrane, and cytoplasm 

(Tirichen et al., 2021). ROS species include main species such as nitric oxide, hydroxyl 

radicals, singlet radical, hydroperoxyl radical, superoxide, and peroxynitrite (Darenskaya 

et al., 2021). The accumulation of ROS in the body results in the onset of various 

diseases, therefore living organisms must constantly maintain the balance, when the ROS 

increases above levels maintainable by the body, this scenario is referred to as the body 

undergoing oxidative stress (Bardaweel et al., 2018; Willcox et al., 2004). 

 

 
5.2 ROS and diabetes 

 

 
An increase in reactive oxygen species results in the increase of oxidative stress which 

increases the secretion of interleukin 1 beta, a pro-inflammatory cytokine (Khin et al., 

2023). Exposure of islet of Langerhans to interleukin 1 beta leads to impaired beta cell 

function and apoptosis, the exact mechanism of action is currently not confirmed (Khin et 

al., 2023). The damage to the beta cell and subsequent death results in the activation of 

the main pathways that have been implicated in the onset of diabetes complications. 

(Rajendran et al., 2014). The activation of the protein kinase C isoform, the overactivity of 

the hexosamine pathway, increased formation of advanced glycation end products (AGE), 

increased expression of the receptors for AGE and its activating ligands and activation of 

the polyol pathway flux (Rajendran et al., 2014). Protein kinase C β-isoform is responsible 

for the formation of atherosclerotic plaque causing low blood flow that results in 

cardiomyopathy (Geraldes & King, 2010). AGE causes intracellular protein modification, 

resulting in the expression of varied proteins, the binding of AGE receptors initiates the 
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production of ROS (Giacco & Brownlee, 2010). 

 

5.3 Managing ROS 

 

 
5.3.1 Natural Methods 

 

 
The human body has its own endogenous antioxidants that help to reduce oxidative 

stress, which may be enzymatic or nonenzymatic. These enzyme antioxidants neutralize 

hydrogen peroxide and release water and oxygen molecules, these enzyme antioxidants 

are superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase. Non- 

enzymatic antioxidants are found in blood plasma these are albumin, transferrin, ferritin, 

and ceruloplasmin and their main function is to prevent the formation of new radicals 

(Mirończuk-Chodakowska et al., 2018). 

Natural antioxidants such as vitamins C, E, cysteine, taurine, melatonin, flavonoids, 

reduced glutathione, ferritin, carotenes, and others are found in fruits, this has brought 

the focus onto plants more specifically medicinal plants, it has already been noticed that 

traditional Doctors resort to the use of plants to treat various diseases (Hajhashemi et al., 

2010). Various medicinal plants around the world have been tested for the presence of 

various compounds, 800 phenolic compounds, 700 carotenoids have been identified in 

plants as having antioxidant activities (Francenia Santos-Sánchez et al., 2019). 

In South Africa, trees such as Moringa oleifera and Hypoxis hemerocallidea which is 

popularly known as the African potato are one of the many trees used by traditional 

healers to treat a variety of diseases (Van Wyk, 2011). Studies conducted on thirteen 

different species of M. oleifera from areas such as the United States of America, South 

Africa, and Thailand, also studies from areas of different climates all indicated a high 

oxidative activity in the leaf extracts due to high concentrations of flavonoids and phenolic 

compounds (Yong-Bing et al., 2019; Saleem et al., 2020). The antioxidant abilities of H. 

hemerocallidea are due to rooperol that reacts with radicals. 
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5.3.2 Management of ROS using diabetes medication and nanoparticles 

 

 
Ramon et al. investigated the effect of metformin independently, compared with the 

Kalanchoe pinnata medicinal plant independently, and a combination of metformin and 

Kalanchoe pinnata on the effects of antioxidant enzymes of human skeletal muscle and 

the myoblast of diabetic human skeletal muscles. The results indicated that Metformin has 

higher SOD activity in comparison to plant extract alone or the combination of plant 

extracts and metformin, and lower CAT activity independently but a combination has the 

highest (Ramon et al., 2023). There is a lack of evidence for studies pertaining to the 

antioxidant activity of current diabetic medications. 

The success of nanoparticles has seen an interest in varying the production of 

nanoparticles due to the toxicity of the conventional chemical synthesis method, this has 

led to the use of plant and microbial extract to synthesize nanoparticles in what is referred 

to as green synthesis (Zhang et al., 2020). A review of the antioxidant activity of sliver 

nanoparticles indicated that an extract with a high phenolic and flavonoid content 

concentration exhibits high antioxidant activity across various evaluation techniques 

(Bedlovičová et al., 2020). 

 

5.4 Measuring antioxidant activity 

 
 

Measuring antioxidant activity uses The DPPH (2,2-diphenyl-1-picrylhydrazyl radical, 

DPPH•) and 2,2-azinobis (3-ethyl-benzothiazoline-6-sulfonic acid) (ABTS) assay, using 

vitamin C as a control to compare the activity (Akgül et al., 2022). 
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5.4.1 2,2-diphenyl-1-picrylhydrazyl (DPPH) 

 
The DPPH• was first discovered in 1922 by Goldsmith and Renn (Foti, 2015), the success 

of the method is owed to its high stability and high redox potential which aids in the 

oxidation of many of the common natural antioxidants (Mishra et al., 2012). Antioxidants 

react with DPPH• through various methods, hydrogen atom transfer, single electron 

transfer, and sequential proton loss electron transfer, this reduced the DPPH radical to 

2,2-diphenyl-1-picrylhydrazine (DPPH-H) through the attachment of the hydrogen atom 

to the radical centre as indicated by the figure below (Flieger & Flieger, 2020) 

 

 
Figure 5.1: depiction of the reaction between DPPH and antioxidants, also indicated by 

the color change due to the oxidation. (Liang & Kitts, 2014) 

 

DPPH has a purple color before interacting with antioxidants, once oxidized it becomes 

colorless, the color is measured at 517 nm using a UV visible spectrophotometer (Liang 

& Kitts, 2014). The scavenging ability of DPPH extracts is calculated using the following 

equation. 

DPPH scavenging ability% = [(absorbance 517nm of control – absorbance 517 nm of 

sample)/ absorbance 517 nm control] x 100 
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5.4.2 2,2-azinobis (3-ethyl-benzothiazoline-6-sulfonic acid) (ABTS) 

 

 
First developed in 1993, ABTS uses absorbance at 734nm to measure antioxidant activity 

(Miller et al., 1993). The ABTS radical is generated by reacting ABTS with potassium 

persulfate, then through hydrogen donation, a color changes from green to colorless will 

be observed to confirm the antioxidant activity, as indicated in the figure below. The 

following equation is used to calculate the antioxidant activity of extracts (Re et al., 1999) 

 

 

Figure 5.2: showing the action and color change of ABTS (ÜSTÜNDAŞ et al., 2018). 

 
Percent inhibition of ABTS radicals = [(absorbance 734nm of the control – absorbance 

734nm of sample)/ absorbance 734nm control] x 100 

 

5.5 Materials and Methods 

 

 
5.5.1 DPPH scavenging activity 

 

 
The scavenging activity of NPs for the 2,2-Diphenyl-1-picrylhydrazyl (DPPH) radicals was 

executed following the procedure described by Kaningini et al. (2023). 0.1 mM of DPPH 

methanol solution was added to various concentrations of NPs and incubated for 30 

minutes. The absorbance was then measured at 517 nm. Ascorbic acid was used as a 

control with a 5.0-1000 μg/mL concentration range, and for the blank 
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methanol was used. The antioxidant activity was evaluated using IC50 values calculated 

using the equation in section 5.2 above. 

 
5.5.2 ABTS scavenging activity 

 
The scavenging activity of 2,2’-azino-bis (3-ethylbenzothiazoline-6-sulfonic Acid) (ABTS) 

radicals of NP was executed according to the method of (More et al., 2021). The ABTS+ 

cation radical was created by mixing 7 mM of ABTS powder with 2.45 mM of potassium 

persulfate (K2S2O8) in distilled water and kept in the dark for 16 h. The cation mixture was 

adjusted to an absorbance of 0.70 (±0.02) at 734 nm using methanol. The ABTS+ 

scavenging activity assay was determined as the DPPH scavenging activity assay (2.5.1). 

The absorbance was measured on a microplate reader (Varioskan-Flash®, Thermo 

Fisher Scientific, Vantaa, Finland) at a wavelength of 734 nm. Ascorbic acid was used as 

the positive control at the same concentrations as NPs. The ABTS+ scavenging activity 

percentage was calculated using the formula shown in section 5.3 above. 

 

5.6 Results and Discussion 

 
ABTS antioxidant activity exhibits hydrophobic antioxidants, while DPPH is known for 

exhibiting the hydrogen-donating ability of antioxidants of the NPs, Table 3 below shows 

the antioxidant ability of NPs with the positive control set as ascorbic acid. The results 

ultimately showed minor differences in the reduction of radicals, NPs exhibited IC50 values 

of 52.08 ± 0.24 µg/ml and 57.35 ± 0.28 for ABTS and DPPH, respectively. This small 

difference indicates that MgO NP has hydrophobic antioxidant and electron donating 

antioxidant abilities. Ascorbic acid exhibited the most effective antioxidant activity in both 

DPPH and ABTS analysis, radical reduction with IC50 values of DPPH = 4.11 ± 0.82 µg/ml 

and ABTS = 3.92 ± 0.25 µg/ml. Hypoxoside, glycosides and phytosterols, to mention a 

few were shown to provide the ability of plant’s antioxidant activity (Kabanda et al., 2015) 

(Nair et al., 2007). 
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Table 3: Scavenging activity of H. hemerocallidea MgO and M. oleifera MnO NPs 
 

IC50 ± SD [µg/ml] 

Sample DPPH ABTS 

H. hemerocallidea MgO NPs 57.35 ± 0.28 52.08 ±0.24 

M. oleifera MnO NPs 9.08 ± 0.11 6.62 ± 0.12 

Ascorbic acid 4.11±0.82 3.92±0.25 

 
 

ABTS antioxidant activity of H. hemerocallidea MgO NPs exhibits hydrophobic 

antioxidants, while DPPH is known for exhibiting the hydrogen donating ability of 

antioxidants of the NPs, Table 3 above shows the antioxidant ability of NPs with the 

positive control set as ascorbic acid. The results ultimately showed minor differences in 

the reduction of radicals, H. hemerocallidea NPs exhibited IC50 values of 52.08 ± 0.24 

µg/ml and 57.35 ± 0.28 for ABTS and DPPH respectively while M. oleifera Mg 

nanoparticles exhibited IC50 value of 9.08 ± 0.11 and 6.62 ± 0.12 µg/ml. 

M. oleifera exhibited greater efficiently as an antioxidant, the efficiency was greater than 

H. hemerocallidea MgO nanoparticles, ascorbic acid remains as the most effective with 

IC50 values of DPPH of 4.11 ± 0.82 µg/ml and ABTS = 3.92 ± 0.25 µg/ml. Previous DPPH 

assay research conducted on the antioxidant capabilities of M. oleifera leaf extract 

synthesized copper nanoparticles against M. oleifera leaf extract, the M. oleifera extract 

exhibited greater antioxidant ability compared to the synthesized copper nanoparticles 

(Das et al., 2020). 

(Barman et al., 2023) indicated aqueous M. oleifera leaf extracts have a high 

concentration of phenolic compounds and flavonoids, these high concentrations give M. 

oleifera it’s antioxidant abilities therefore our results agree with the previous research and 

indicated the ability of the small sized NPs at enhancing the already established 

capabilities of the M. oleifera plant. The extraction method that produces the most 

phenolic compound was identified to be methanolic extraction, therefore this opens 

opportunities for research on methanol extracted M. oleifera MgO NPs. 
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Separate research using raw hypoxoside and rooperol indicated that rooperol has a 

higher efficiency compared to hypoxoside through the TEAC assay, indicating greater 

efficiency in both aqueous and methanol extracts (Laporta et al., 2007), this could be 

because hypoxoside is pharmacologically inactive until converted to rooperol in the 

stomach (Zheng et al., 2020). Hypoxoside, glycosides and phytosterols were shown to 

provide the ability of plant’s antioxidant activity (Kabanda et al., 2015; Nair et al., 2007). 

The obtained results through this result indicate the NPs ability to enhance the biological 

capabilities of medicinal extracts. 

 

5.7 Conclusion 

 

 
According to our findings, both H. hemerocallidea and M. oleifera MgO NPs are effective 

at targeting ABTS radical and DPPH, with M. oleifera being more effective but Ascorbic 

acid is still more efficient. More research should be conducted to compare the efficiency 

between pure rooperol and H. hemerocallidea nanoparticles to indicate which one is more 

efficient. This research has also indicated that methanol extracts could be more effective, 

and more research should be conducted to evaluate and confirm. The obtained results 

indicate that the continuous use of H. hemerocallidea MgO nanoparticles could lead to 

reduced inflammation of the islet of Langerhans minimizing beta cell death resulting in 

continuous insulin production, this can limit or delay the onset of diabetes. 
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Chapter 6: General discussion and conclusion 
 

 

6.1 Introduction 

 

 
Diabetes is one of the major leading causes of death amongst adults, in 2019 

approximately 4463 million individuals had diabetes, this is estimated to increase to 

possibly 700 million in 2045 (Saeedi et al., 2019). Treatment and management of diabetes 

involves lifestyle change through diet and exercise, combined with medication such as 

insulin injections for type 1 diabetes, metformin, and sulfonylurea for type 2 diabetes 

(Thrasher, 2017). 

There is a shift of focus to the use of traditional medicine instead of synthetic medicine 

due to the unwanted side effects associated with it (Gezici & Şekeroğlu, 2019). Medicinal 

plants are effective against microorganisms, effective in the management of diseases due 

to the presence of phytochemicals with Moringa oleifera and Hypoxis hemerocallidea 

being among the most popular and effective against diabetes. 

Green synthesized nanoparticles have recently been considered as an alternative to the 

chemical synthesized nanoparticles and synthetic medication in the treatment of diseases 

such as diabetes and cancer, this is due to their biocompatibility, high stability, and low 

toxicity (Soni et al., 2023). 

 

 
6.2 Synthesized nanoparticles 

 

 
Synthesis of nanoparticles has shifted from the chemical based to a natural plant extract 

or microorganism based. This method of synthesis is favored as it is more biocompatible, 

more stable and less toxic to the human body (Jadoun et al., 2020) 

Green synthesized H. hemerocallidea aqueous extract MgO nanoparticles were 

negatively charged, circular in shape with high stability. TEM analysis revealed nanosheet 

structures with a smooth surface, a higher surface area which provides the nanoparticle 
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with multiple bonding sites giving it enhanced performance. FT-IR spectra indicated the 

presence of anhydride group, amine group, sulphate group, carboxylic group, and 

alcohol. 

The synthesized M. oleifera nanoparticles were also spherically shaped with a positive 

zeta potential value of 5.6 Mv, with FTIR analysis indicating the presence of the same 

phytochemical groups as H. hemerocallidea . 

 

 
6.3 α-amylase and α-glucosidase inhibition 

 

 
There are multiple ways to manage diabetes, one of the most emerging ways is the 

inhibition of α-amylase and α-glucosidase enzymes, by successfully inhibiting α-amylase 

and α-glucosidase enzymes, the body can absorb less glucose leading to reduced 

glucose level and the prevention of hyperglycaemia. H. hemerocallidea MgO 

nanoparticles were able to successfully inhibit α-amylase and α-glucosidase enzymes 

with IC50 values of 33.03 ± 1.43 and 52.38 ±3.06 respectively, while M. oleifera MgO 

nanoparticles exhibited IC50 values of 36.58 ± 0.74 and 55.03 ±1.67 µg/ml. H. 

hemerocallidea MgO is more efficient than M. oleifera MgO nanoparticles, acarbose was 

the most efficient with IC50 values of 24.54±1.55 and 6.54±0.27 µg/ml, respectively. The 

two synthesized nanoparticles have lower efficiency compared to acarbose, but they are 

effective in inhibiting α-amylase and α-glucosidase enzymes therefore the nanoparticles 

can be effectively used to manage diabetes. 

 

 
6.4 Antioxidant activity 

 

 
Reactive oxygen species are naturally produced by the body through metabolic 

processes such as the breakdown of starch to produce energy by the mitochondria, the 

level of reactive oxygen species is maintained by antioxidants which are also produced 

by the body or can be supplemented by the intake of food rich in ascorbic acid which is a 
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strong antioxidant (Neha et al., 2019). The building up of reactive oxygen species leads 

to oxidative stress in the body, the oxidative stress is linked with the onset of various 

diseases such as diabetes, therefore one method of managing diabetes is to increase the 

antioxidants in the body (Johansen et al., 2005) 

The antioxidant activity was measured through ABTS and DPPH assays, the results 

obtained showed that H. hemerocallidea and M. oleifera MgO nanoparticles are excellent 

antioxidants, the obtained IC50 values of 52.08 ± 0.24 µg/mL and 57.35 ± 0.28 for H. 

hemerocallidea and 9.08 ± 0.11 µg/ml and 6.62 ± 0.12 µg/ml for ABTS and DPPH, 

respectively. M. oleifera MgO nanoparticles are more efficient at reducing oxidative stress 

compared to H. hemerocallidea MgO nanoparticles, ascorbic acid remains the most 

efficient. 

6.5 Cytotoxicity 

The use of synthetic medicine often led to unwanted side effects; this has led to an 

increase in the research and use of more natural alternatives such as medicinal plants. 

MTT assay of the MgO nanoparticles minimum inhibitory concentration indicated an IC50 

value of 48.63 ± 0.73 µg/ml, this is regarded as non-toxic (Badeggi et al., 2022). M. 

oleifera MgO nanoparticles indicated IC50 value 68.22 ± 0.12 µg/ml, while H. 

hemerocallidea has a lower value of 48.63 ± 0.73 µg/ml, despite this M. oleifera MgO 

nanoparticles are also non-toxic and safe for use. 

6.6 Conclusion 

 

 
The synthesized nanoparticles are both effective at inhibiting the actions of α-amylase 

and α-glucosidase enzymes, H. hemerocallidea is more effective at the inhibition of 

enzymes while M. oleifera is more efficient at managing and reducing oxidative stress. 

The obtained results help us to narrow down the treatment and management of diabetes. 

For the management of diabetes targeting α-amylase and α-glucosidase enzymes H. 

hemerocallidea MgO nanoparticles should take preference, for management targeting the 

reduction of oxidative stress M. oleifera MgO nanoparticles are the best choice. Combined 

use of both H. hemerocallidea and M. oleifera MgO nanoparticles could lead to the 

effective and efficient management of diabetes. 
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