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General Abstract 

Dicoma anomala (Sond.) belongs to the Asteraceae family and locally called Hloenya (South 

Sotho), fever or stomach bush (Afrikaans). The plant is used in the management of various 

diseases, particularly diabetes mellitus among the Basotho tribe of eastern Free State 

Province, South Africa. The study evaluates the antioxidant, antidiabetic and cardioprotective 

potentials of the plant as a way of validating the folkloric usage.  

The result of in vitro antioxidant assays [2, 2- azino-bis (3-ethylbenzothiazoline-6-) sulfonic 

acid (ABTS), reducing power, superoxide anion, hydroxyl radicals, 1,1-diphenyl-2-picryl 

hydrazyl (DPPH) radicals, etc.] as well as phytochemicals (such as total phenol, total 

flavonoids and total antioxidant capacity) in various concentrations (1.56-25 µg/ml) tested 

using water, ethanol, hydro-ethanol and methanol extracts of the plant’s root revealed that the 

water extract exhibited the best activity with half maximal inhibitory concentration (IC50:  

15.20, 11.70, and 0.84 µg/mL) in DPPH, hydroxyl radical, and superoxide anion radicals 

respectively. The four extracts also possessed high phenolic contents, total antioxidant 

capacity with lower total flavonoids content. The effect of treatment with 125, 250 and 250 

mg/kg body weight (b.w.) aqueous roots extract of Dicoma anomala (AQRED) was 

investigated in vivo in CCl4- induced hepatotoxic rats in a 15-day curative and prophylactic 

study. The result revealed that pre-treatment and treatment with AQRED lowers the elevated 

serum activities of aspartate transaminase (AST), alanine aminotransferase (ALT) and the 

level of thiobarbituric acid reactive species (TBARS) while restoring the activities of liver 

antioxidant enzymes such as catalase (CAT), glutathione peroxidase (GPx) and superoxide 

dismutase (SOD) towards normal control in a dose-dependent manner. This result proved the 

antioxidant and hepatoprotective activity of the plant. 
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The in vitro antidiabetic potential of D. anomala was investigated via the inhibition of α-

amylase and α-glucosidase using same extracts (as above) at the range of 1.56 - 25.00 µg/mL 

concentrations. All the tested extracts of the plant were active against both enzymes, 

although, the most potent against α-amylase and α -glucosidase was hydro-ethanol (IC50: 9.00 

µg/mL) and water (IC50: 27.41 µg/mL) respectively. Similarly, aqueous extract of the D. 

anomala displayed competitive and non-competitive inhibition of α -amylase and α -

glucosidase respectively using Lineweaver-Burk plot. Treatment with AQRED at 

concentration 125, 250 and 500 mg/kg b.w. in Wistar rats reversed towards control the 

elevated blood glucose levels, lipid peroxidation, lipid profile, glycosylated haemoglobin and 

activities of gluconeogenesis enzymes, with concomitant reduction in the activities of 

enzymatic antioxidants, glycolytic enzymes as well as the high-density lipoprotein –

cholesterol (HDL-c) brought about by streptozotocin induction. Thus, the study proved the 

antihyperglycaemic activity of the plant. 

Additionally, AQRED at 125, 250 and 500 mg/kg b.w. was evaluated for its ameliorative 

activity against isoproterenol (ISP) –induced cardiotoxicity in an animal model. The results 

from the evaluated biochemical parameters revealed significant (p<0.05) elevation in the 

serum level of AST, ALT, creatine phosphokinase (CPK) and lipid peroxidation while 

significantly (p<0.05) reducing CAT and GPx levels. Treatment with different doses of 

AQRED significantly reversed towards normal the activities of these enzymes and cardiac 

lipid peroxidation towards control. The result obtained in the study is suggestive of 

cardioprotective efficacy of AQRED in ameliorating cardiovascular-related ailments.  

The toxicological implications of oral administration of the plant via acute (15 days) and 

subchronic (90 days) oral toxicity studies was evaluated in Wistar rats (both sexes) using the 

three concentrations (125, 250 and 500 mg/kg). The findings revealed no mortalities or 

observed clinical signs of toxicity in all the rats during both investigation periods. In 
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subchronic toxicity testing similarly, administration of AQRED did not cause any significant 

(p ˃ 0.05) changes in the organ-body weight, haematological parameters and blood chemistry 

between the experimental animals and the control except in platelet count, alkaline 

phosphatase (ALP) and sodium levels where  a significant increase (p < 0.05) in these 

parameters was observed. The data obtained indicate that the lethal dose (LD50) of AQRED is 

in excess of 2000 mg/kg and its oral administration for 90 days is unlikely to cause any toxic 

effects. 

In conclusion, the results from this study proved the antioxidant, antihyperglycaemic and 

cardioprotective potentials of AQRED. The results further validate the folkloric usage of the 

plant in the management of diabetes mellitus among the Basotho tribe of Eastern Free State 

Province, South Africa.  
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General Introduction 

The current trend in the study of free radicals (FR) and reactive oxygen species (ROS) in 

biology had paved way for a rigourous medical transformation that gives hope to the new age 

of health and disease control (Aruoma, 2003). Free radicals are molecules with the unpaired 

electron in their outermost shell; they are highly unstable and capable of independent 

existence. FR such as hydroxyl radical, superoxide anion, nitric oxide are highly reactive 

species which are formed when oxygen (an indispensable element for existence) is used by 

cells for energy production in the form of adenosine triphosphate (ATP) within the 

mitochondria, thus producing by-products such ROS or reactive nitrogen species (RNS). 

These species plays a double role; in low concentration, they can be of benefit in cellular 

responses and immune function while being toxic at a high level leading to a phenomenon 

called oxidative stress (Pham-Huy et al., 2008). 

A number of degenerative diseases such as cancer, aging, autoimmune disorders, diabetes 

mellitus, cardiovascular diseases  have been linked to oxidative stress caused by generation of 

FR (Hazra et al., 2008) which are associated with destruction of cellular macromolecules 

such as DNA, proteins, carbohydrates and lipids (Polterat, 1997). However, human cells are 

endowed with variety of defensive mechanisms via enzymatic (catalase, superoxide 

dismutase, glutathione reductase) and non-enzymatic (vitamin C, vitamin E) antioxidants 

(Erasto and Mbwambo, 2009) through which they overcome the overwhelming effect of FR 

and oxidative stress (Chandra et al., 1994; Ayoola et al., 2011). These antioxidants combat 

the excesses of these radicals by reacting directly and quenching their catalytic metal ions 

(Robak and Marcinkiewicz, 1995; Oyedemi et al., 2010).  Moreover, antioxidant from natural 

sources such as medicinal plants are considered excellent candidates (Kolar et al., 2011) 

since the synthetic ones (like butylated hydroxyl anisole, butylated hydroxyl toluene etc.) are 
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reported to be toxic to humans and animals (Anagnostopoulou et al., 2006). Perhaps, the 

antioxidant study of the pharmacological potentials of these medicinal plants may provide an 

insight to their mechanism of action. 

The liver is the largest glandular organ in the body saddled with the responsibility of bile 

secretion, body protection from various injurious substances and toxic metabolic by-products 

asides its physiological role (Maher, 1997). While performing its functions, it is exposed to 

various toxicants which make it susceptible to varying illnesses. In recent times, the 

prevalence of liver diseases particularly jaundices and hepatitis has continued to increase 

globally resulting in deaths despite the enormous scientific achievements in the field of 

hepatology (Shahani, 1999). The use of medicinal plants with good antioxidant activity has 

been reported to impact hepatoprotection against many of these liver-related diseases (Yeh et 

al., 2012; Tenkerian et al., 2015). 

Diabetes is perhaps the oldest disease known to human dated as far back as 3000 years when 

it was first reported in Egyptian literature (Ahmed, 2002). Diabetes derived from the Greek to 

mean ‘siphon’ or ‘to pass through’ was first used during the second century AD by a scientist 

named Aretaeus from Cappadocia when he presented the clinical description of the disease. 

After him, other scientists such as Thomas Willis and Matthew Dobson had provided 

astonishing submissions. However, it was not until the 18th century when John Rollo 

differentiated between ‘diabetes mellitus’ (honey) and ‘diabetes insipidus’ meaning tasteless 

(Holt, 2004).  

Diabetes mellitus (DM) is a complex metabolic disorder marked by continuous 

hyperglycaemia arising from a defect in insulin secretion, insulin action or both. DM is 

divided into two broad classifications namely; type 1 (also called insulin-dependent diabetes 

mellitus, IDDM) caused by the immunological destruction of pancreatic beta cells resulting 
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in insulin deficiency and type 2 (also called noninsulin-dependent diabetic mellitus, NIDDM) 

which is a consequence of impaired insulin secretion and resistance to insulin action. The 

classification of these two types of DM made in 1936 based on the report from ‘Diabetes 

mellitus history- from ancient to modern times’ revealed the most common form of DM as 

the type 2, identified as a component of metabolic deficiency. The common features of 

IDDM include hyperglycaemia, insulin resistance and / or relative insulin disorder which are 

mostly associated with obesity and hereditary disposition. It may also occur as a result of 

association among risk factors from genetics, environmental and behavioural factors. The 

symptoms include excessive thirst (polydipsia), frequent urination (polyuria), excessive food 

intake (polyphagia), blurred vision and weight loss (WHO, 1999). NIDDM on the other hand, 

is caused by hyperglycaemia and most of the sufferers are susceptible to both short and long-

term damage to vital organs resulting in metabolic complications such as neuropathy, 

nephropathy, retinopathy, atherosclerosis, hyperlipidemia etc. which ultimately leads to death 

arising from its insidious onset as well as late recognition especially in most poverty-driving 

continent like Africa (Azevedo and Alla, 2008). NIDDM may be controlled through dietary 

therapy, exercise and oral hypoglycaemic agents, OHAs (Afolayan and Sunmonu, 2010). 

Diabetes mellitus remains one of the top priority non-communicable diseases (NCD) in the 

world. The prevalence of the menace continues to grow with increasing population. 

Information from IDF 2012, estimated the number of sufferers at 366 million with more than 

4.3 million deaths in 2011. In 2014, the number of diabetic patients escalated to over 422 

million (a 13.3% increase) compared to 108 million in 1980, thus accounting for 8.5% of the 

total adult population globally (WHO, 2016) with projected figure of 552 million by 2030. In 

Africa currently, over 25 million people are reported to be living with the disease as against 4 

million in 1980 and it is of interest to note that South Africa, as well as Nigeria, top the list of 

countries in Africa with the highest incidence of DM (IDF, 2014). 
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According to reports, lifestyle (such as physical inactivity, alcohol intake, smoking of 

cigarette, obesity, environmental toxins etc.), genetics and sometimes medical conditions are 

possible factors principally responsible for the development of NIDDM (Hu et al., 2001; 

Lang et al., 2008; Ripsin et al., 2009). Heredity also plays a role in NIDDM because of the 

likelihood of strong inheritable links among families. In a recent development, genes such as 

KCNJ11, TCF7L2, PPARG, FTO, WFS1, IGF2BP2, JAZF1, SLC30A8 etc. have been linked 

to the development of type 2 DM (Olokoba et al., 2012). Notable among these genes are 

potassium inwardly-rectifying channel, sub family J, member 11 (KCNJ11) reported to 

encode the islet ATP-sensitive potassium channel Kir6.2 and transcription factor 7-like 2 

(TCF7L2) responsible for regulation of pro-glucagon gene expression and glucagon-like 

peptide-1 production (McCarthy, 2010). Worthy to also mention that obesity is inherited with 

maturity-onset diabetes for the young (MODY) accounting for 5% of such cases in type 2 

DM (Camastra et al., 1999; Walley et al., 2006). Hypertension, hyperlipidemia, acromegaly, 

cancer, thyrotoxicosis etc. are examples of medical conditions that can exacerbate NIDDM 

(Olokoba et al., 2012). 

The management of type 2 DM is not only limited to the usage of OHAs, as lifestyle and diet 

modifications also have roles to play. Studies have shown that intake of high fibre, 

unsaturated fat, low-fat diet, low alcohol intake, abstinence from smoking can go a long way 

in reducing the prevalence of NIDDM (Hu et al., 2001; Yoon et al., 2006; Willi et al., 2007; 

Boffetta et al., 2011; Chen et al., 2011). Various pharmacological agents such as biguanides 

(involved in the suppression of hepatic glucose production by increasing insulin sensitivity), 

sulfonylureas (stimulation of endogenous secretion of insulin), thiazolidinediones (insulin 

sensitizer), alpha-glucosidase inhibitors, insulin, etc. are synthetic drugs of importance used 

in the control and management of DM (van Staa et al., 1997; Mutalik et al., 2003; Mayfield 

and White, 2004; Scheen, 2005; Yoon et al., 2006; Kim et al., 2008; Kawamori et al., 2009). 
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However, most of these synthetic OHAs come with various side effects, as such; there is a 

dire need to search for new compounds with little or no adverse effect in the management of 

diabetes. The current trend in diabetes control is the usage of traditional medicinal plants 

owing to lower toxicity profile, cost effectiveness and little side effects (Prince et al., 1998; 

Latha et al., 2013). 

Diabetes mellitus is associated with micro and macrovascular complications which include 

nephropathy, retinopathy, neuropathy and cardiovascular diseases. Cardiovascular disease 

(CVD) is generally referred to as the disease of the heart and blood vessels. CVD includes 

coronary artery disease (angina, myocardial infarction), stroke, hypertensive heart disease, 

cardiomyopathy, congenital heart disease etc. (Shanti et al., 2011). Aside being among the 

top five NCD in the world, it is ranked the leading cause of death globally except in Africa 

accounting for more than 17 million deaths in 2013, as against 12.3 million in 1990 (Shanti et 

al., 2011). In South Africa, CVD accounts for 13.7 % of total deaths in 2008 according to the 

report from Heart and Stroke Foundation. Although, the underlying mechanism of CVD 

varies depending on the disease in question, however, high blood pressure, high blood 

cholesterol, diabetes, obesity and excessive alcohol intake are some of the causes of CVD 

(Shanti et al., 2011). In fact, diabetes is a major risk factor for CVD because it affects the 

heart muscles causing both systolic and diastolic heart dysfunction (Dokken, 2008). The 

management of CVD does not come easy, as a number of pharmacological agents such beta 

blockers (atenolol), angiotensin converting enzyme inhibitors (Lisinopril), calcium channel 

blockers, angiotensin receptor blockers, diuretics which are currently being used to control 

cardiac-related diseases present different side effects. Thus, recent researches are gingered 

towards developing alternative drugs from medicinal plants with fewer side effects to treat 

cardiac-related ailments. 
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Traditional medicine (TM) is a term interchangeably used with alternative medicine or 

complementary medicine in some countries. TM according to World Health organization 

(WHO) traditional medicine strategy 2014 – 2023, is defined ‘as the total addition of 

knowledge, skills and practises based on theories, beliefs and experiences indigenous to 

different cultures, whether explicable or not, used in the preservation of health as well as in 

the forestalling, diagnosis, improvement or treatment of physical and mental illness’. The 

knowledge of TM particularly in issues relating to the health of both humans and animals has 

continued to emerge in many nations of the world. This is not only due to their proven 

quality, safety and efficacy but because it is becoming the only source of healthcare for 80% 

of the entire populations in both developed and developing countries for disease control and 

management.  Common examples are found in India, China, and Africa, where 70%, 40% 

and up to 90% respectively of the entire populations rely on traditional medicine in meeting 

their health care needs (WHO 2005). Although this is not limited to developing countries 

alone, the usage of ethnobotanicals in most of the industrialized countries like United States 

of America (USA) has also increased during the past twenty years (Ernst et al., 2005; Barnes 

et al., 2008). This is despite the development and mass production of chemically synthesized 

drugs which have revolutionized the health care sector in most countries of the world over a 

century ago. 

TM or appropriately, traditional system of healthcare (phytotherapy) assigned to a marginal 

place within the health planning of many developing countries has also undergone a crucial 

revolution within the last score of years with every region adopting a form of TM at a 

particular point in time in their history. Reference can be made to Chinese TM, Arabic TM, 

African TM, and not also forgetting the Basotho TM. The medicine is said to be traditional 

based on specific socio-cultural context and the disparity in the approach to health and 

disease which might vary from one community to another. Although, the ultimate goal of all 
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TMs is on the state of health of the individual, rather than on the disease which is affecting 

the individual and the usage of herbs remained an integral part of all TM systems (Conboy et 

al., 2007; Rishton 2008; Schmidt et al., 2008). In line with the aforementioned, medical 

community particularly government agencies, pharmaceutical industries and scientists are 

now paying more attention to the development of newer drugs sources from TM due to the 

setbacks from orthodox medicines which comes in form of side effects or resistance of the 

drugs to the agent causing the disease. Notable among the success stories of drugs from TM 

is the development of artemisinin (antimalarial) from Chinese herb, Qinghao (sweet 

wormwood), lovastatin (anticholesterol) from traditional Arab, Chinese medicine (Oyster, 

mushrooms), and quinine (antimalarial) from the bark of Cinchona tree (Rishton 2008; 

Schmidt et al., 2008; Li and Vederas, 2009). 

Traditional medicine according to WHO is described as the surest means to attaining total 

health care coverage of the global population, because they are currently serving as 

alternatives for the treatment of mild, acute or chronic conditions and ailments such as 

diabetes mellitus, cardiovascular disease, prostate problems, depression, inflammation among 

numerous others as well as in immune system enhancement. In China, traditional herbal 

medicines had been very useful in the strategy to contain and treat severe acute respiratory 

syndrome (SARS) in 2003. In Europe (France, Germany etc.), herbal medicines are becoming 

the leading household products in all the over-the-counter (OTC) sales while the presence of 

essential oils, herbal extracts, or herbal teas being sold in pharmacies with conventional drugs 

is the order of the day in most developed countries. In modern day Africa, the usage of ethno-

medicine as the treatment alternative to a number of ailments has been reported (WHO, 

2002). A common example is a usage of ‘the Africa flower’ in the management of HIV-

related symptoms for many years (De Smet, 2005; Tilburt and Kaptchuk, 2008). South Africa 

as a country is not left out in the use of TM as remedy to a number of diseases (Hutchings, 
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1996) as approximately 80% of South Africans now adopt the use of TM during a particular 

stage of their lives (Ojewole, 2006; Makundi et al., 2006; Mander et al., 2007). 

South Africa is rich in biodiversity. It accounts for 9% of higher plants (in the world) from 

more than 30, 000 species (Gericke and van Wyk, 2000). It is however not surprising the 

integral role medicinal plants plays in the lives of South Africans in food, shelter, fuel, 

medicine etc. (Meyer and Afolayan, 1995; Pretorius and Marx, 2006). 

The Eastern part of Free State Province and Lesotho nationality housed the Basotho tribe 

whose knowledge and usage of TM cannot be overemphasized. Lesotho is a country with lots 

of mountains completely landlocked within the borders of South Africa. It has an area of 

about 11,700 square miles (about 30,350 square kilometers). The Free State is a highland 

plain, called a highveld in South Africa, and it shares a border with Lesotho in the West. The 

Basotho tribe in South Africa are traditional people with a mixture of the rural and urban 

populace. They account for more than 5 million people according to the 1995 estimation and 

most of its rural settings are marked by poverty and inadequate access to health care with the 

presence of various diseases such as diarrhoea, malaria, diabetes, malnutrition etc. taking the 

order of the day (www.everyculture.com/wc/Japan-to-Mali/Sotho.html). They are noted for 

their usage of TM and according to Moteetee and van Wyk (2011), more than 300 plant 

species are currently being used in the management of various diseases with well over 23 

species adopted in the treatment of diabetes mellitus (Tshabalala and Ashafa, 2011) as 

reviewed in the next chapter of this thesis. 

The use of TM by the majority of people globally particularly among the rural dwellers are 

attributed to being affordable, less toxic probably because they are from natural origin, thus 

perceived safe and well accepted as an alternative form of therapy to conventional medicine. 

Traditional medicinal plants are rich in numerous compounds, many of which are secondary 

http://www.everyculture.com/wc/Japan-to-Mali/Sotho.html
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metabolites such as aromatic substances (mostly phenols) or their oxygen-substituted 

derivatives like tannins (Hartmann, 2007; Jenke-Kodama et al., 2008) with limitless 

pharmacological potentials which includes but not limited to antioxidant, antidiabetic, anti-

inflammatory, anthelmintic, antibacterial. Despite the excellent pharmacological activities of 

these ethnobotanicals, there is a need for continued effort in a number of researches leading 

to the identification of the active compounds in these traditional medicinal plants to fully 

elucidate the mechanism of their pharmacological activities (Li and Vederas, 2009). 

The choice of Dicoma anomala (Sond.) for the study 

Dicoma anomala subsp. anomala belongs to the family of Asteraceae and locally called 

‘Hloenya’ among the Basotho people. There are over 16 species of the genus Dicoma in 

Southern Africa and D. anomala is the second largest. D. anomala, a prostrate or erect 

perennial herb with underground tuber is widely distributed in sub-Sahara Africa with major 

distribution in most Provinces such as Limpopo, North-West, Gauteng, Mpumalanga, Free 

State, Northern Cape and KwaZulu-Natal across South Africa. The conservation of the plant 

is not threatened according to South African National Biodiversity Institute (SANBI) 

Threatened species program but caution is however encouraged against its over-utilization. 

The plant grows in summer rainfall areas and found mostly in grassland and stony places 

(Figure 1A).  The leaves are simple, stalkless and alternately arranged; the stem originates 

from a woody rootstock and the flower heads are terminal, solitary with stiff, narrow sharp-

pointed bracts and pink tubular florets (Figure 1B). Ethnobotanically, the leaves and the roots 

of the plant are widely used in the treatment of numerous diseases such as cardiovascular 

disorders, constipation, cough, diarrhoea, fevers, infertility, venereal diseases, toothache, 

sores, wounds, dizziness, dysentery and diabetes mellitus among many others (Gelfand et al., 

1985; Roberts, 1990; von Koenen, 2001), though the root is predominantly used (van der 

Merwe, 2008). Pharmacologically, the plant had been reported to exhibit antibacterial, 



11 
 

antihelmintic, anti-viral, anti-plasmodial, anti-spasmodic, wound healing, analgesic, anti-

inflammatory, antimalarial, antioxidant, hepatoprotective and cardioprotective activities 

(Becker et al., 2011; Balogun and Ashafa, 2016a; Balogun and Ashafa 2016b). 

There are four criteria necessary to be considered during the selection or investigation of a 

plant for drug discovery according to academic science. This includes random collection, 

collection based on chemotaxonomy, bio-rational collection (based on chemical ecology) and 

lastly, collection based on traditional knowledge (Rodrigues, 2007). The choice of Dicoma 

anomala in validating the folkloric usage in the management of diabetes mellitus and 

cardiovascular-related disorders was based on traditional knowledge collection criterion 

which is the centre of ethnomedicine (Rodrigues, 2007). 
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Fig.1A Distribution of Dicoma anomala (Sond.) in its natural habitat 

 

 

Mnengwane and Koekenoer, 2007 

Fig.1B Pictorial representation of D. anomala (Sond.) showing a portion of leaves and 

flowers  

 

 

A 
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Objectives of the study 

The general objective of the study was channelled towards authenticating the traditional 

usage of Dicoma anomala by the Basotho tribe of Eastern Free, South Africa in the treatment 

of diabetes. The specific objectives are as follow: 

Antioxidant and hepatoprotective activity of the plant 

A good number of degenerative diseases are linked to oxidative stress arising from excessive 

free radical formation. The use of antioxidants has been exploited against the ravishing effect 

of free radicals in order to offer protection against these disorders, particularly liver disease 

(Subramaniam, et al., 2000). Known antioxidants of synthetic origin most times come with 

adverse effects despite alleviating or relieving the symptoms of the disease. Hence, the search 

for probable antioxidants of natural source that can offer outstanding efficacy and safety. 

Evidences from literature have revealed a number of medicinal plants particularly containing 

polyphenols with strong antioxidant activity offering excellent hepatoprotection against 

various toxicants (Zeashan et al., 2008; Upur et al., 2009; Madureira et al., 2011; Yeh et al., 

2012; Sabiu et al., 2015). Despite, the wide usage of D. anomala in the control of many 

ailments, there is absolutely no information in our view from the literature, regarding its 

antioxidant and hepatoprotective activity. Hence, the present study was undertaken with the 

hope that the information originating from the study might provide additional information on 

the usefulness of the plant as a traditional medicine. In achieving this objective, the crude 

extracts of the plant were tested against some free radicals such as ABTS, DPPH, hydroxyl, 

superoxide, nitric oxide; and total phenol, total flavonoids and total antioxidant capacity of 

the extracts were also determined in vitro. The effect of the extract against carbon 

tetrachloride-induced oxidative stress and hepatotoxicity was also performed. 
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Antidiabetic activity of the Dicoma anomala 

Diabetes is a non-infectious disease whose effect on the global populace holds no bounds 

because it poses serious health and socioeconomic challenges. It is ranked the third greatest 

health problem of man following cancer, cerebrovascular and cardiovascular diseases (Vasim 

et al., 2012). The prevalence is considered to be high affecting more than 1.5 billion people 

globally (Ganiyu et al., 2012) and it is a major cause of disability and hospitalization with 

serious financial implications (Nagappa et al., 2003). South Africa and Nigeria are two 

countries in Africa with the highest incidence of DM with more than 5 million sufferers (IDF, 

2012) translating to 12.9% of the total population of the two countries (IDF, 2014). Based on 

adverse effects of synthetic oral hypoglycaemic agents, the use of phytotherapy from natural 

sources has recently been advocated by World Health Organization (WHO) in the control and 

management of many disorders particularly diabetes mellitus (Bailey, 2003). In the light of 

this, large population of the world, particularly African countries (Nigeria and South Africa) 

now take solace in medicinal plants as an alternative source of medicine to the very 

expensive and highly toxic conventional drugs. Literature search indicated that many herbal 

formulations or extracts have been very effective against diabetes with little or no side effects 

(Gandhi and Sasikumar, 2012; Daisy and Jeeva Kani, 2012; Anusuya et al., 2013; Nabi et al., 

2013; Ahmed et al., 2015). Although ethnobotanical report on D. anomala revealed the use of 

the plant in the management of diabetes mellitus in the Basotho traditional medicine 

(Tshabalala and Ashafa, 2011; Balogun et al., 2016), this study is then aimed at validating 

this claim in both in vitro and in vivo studies. To this end, the inhibition of α-amylase and α-

glucosidase enzymes by the crude extracts of D. anomala in vitro as well as the determination 

of blood glucose level among other biochemical parameters in animal model were evaluated  

to achieve this objective. Glibenclamide (Aventis Pharma), acarbose, p- nitrophenyl 
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glucopyranoside (pNPG), porcine pancreatic α-amylase, rat intestinal α-glucosidase (from 

Sigma-Aldrich) are standards and enzymes used for the study. 

Cardioprotective activity of the plant 

Studies on the epidemiology of diseases revealed an alarming prevalence of CVDs all over 

the world (Lopez and Murray, 1998; Gilski and Borkenhagen, 2005). CVD remains the 

leading cause of morbidity and mortality accounting for one-third of total deaths in the 

industrialized countries of the world (Murray and Lopez, 1997; Lopez et al., 2006). The 

prevalence is reported to be the rise based on increasing global incidence of associated risk 

factors such as obesity, diabetes and hypertension (Yusuf et al., 2001; Mathers and Loncar, 

2006; Lopez et al., 2006). In recent times, due to side effects from orthodox medicine, there 

is a need for a viable phytotherapy substitute from natural sources to complement or replace 

conventional drugs with lots of side effects. Revelation from recent research maintained that 

medicinal plants with good antioxidant potential are able to impact cardioprotection (Ai and 

Bolling, 2002). Although information on the ethnobotanical properties of D. anomala 

revealed its usefulness in the management of cardiovascular disorders, this study is aimed at 

validating this claim in Wistar rats. 

Toxicological implications of Dicoma anomala (Sond.) root extract 

The use of medicinal plant has been an age-long tradition in the prevention or treatment of 

diseases, health promotion as well as for enhancement of span and quality of life. However, 

there is a paucity of a structured approach to evaluating their safety and effectiveness. Herbal 

medicine is widely used owing to the perception that they are safe. However in some cases, 

they may be contaminated, adulterated, and may contain toxic compounds. As such, there is 

an urgent need for quality control of herbal medicines which should be a direct correlation of 

their quality, safety, and efficacy (Ernst et al., 2005; Ribnicky et al., 2008). Despite the wide 
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usage of traditional medicine in recent times, a lot of concerns due to illnesses and fatalities 

(Veiga-Junior et al., 2005; Park et al., 2010) such as hepatotoxicity (Saad et al., 2006), 

nephrotoxicity (Colson and De Broe, 2005, Debelle et al., 2008) originating from them have 

been raised but only a few have been evaluated through various phases of clinical trials 

(Cheng et al., 2009). It is worth mentioning that notwithstanding the all-inclusive usage of D. 

anomala across a range of ailments, there is a dearth of information regarding its 

toxicological implications. This study was conducted to evaluate the safety profile of the 

plant in Wistar rats. 

Structure of the thesis 

The thesis was compiled as reprints of published articles and submitted manuscripts for 

publication. The review of antidiabetic medicinal plants used by the Basotho tribe of Eastern 

Free State, South Africa is presented in chapter two. Chapter three presents the antioxidant 

and hepatoprotective activity of D. anomala aqueous roots extract. The antidiabetic potential 

of the plant in in vitro and in vivo assessments is presented in chapter four. The submission 

on the ameliorative activity of aqueous root extract is presented in chapter five while the 

report on its toxicological implications is found in chapter six. Chapter seven represents the 

general discussion and the conclusion drawn from this study in order to strengthen the 

obtained results from the investigation of D. anomala. 
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Abstract 

Ethnopharmacological relevance: Dicoma anomala Sond (Asteraceae) is widely 

incorporated as a treatment for diabetes mellitus among the Basotho tribe of the Eastern Free 

State Province, South Africa.  

Aim of the study: The study examined the antidiabetic effect of the plant via the in vitro 

inhibition of α-amylase, and α -glucosidase as well as against streptozotocin (STZ) –induced 

diabetic Wistar rats.  

Materials and Methods: The in vitro antidiabetic activity of the plant is via the inhibition of 

α-amylase, and α -glucosidase using water, ethanol, hydro-ethanol and methanol extracts The 

effect of administration of aqueous root extract of Dicoma anomala (AQRED) at 125, 250, 

and 500 mg/kg bodyweight (b.w.) on water consumption, feed intake, body-weight, blood 

glucose, carbohydrate-metabolizing enzymes, antioxidant enzymes, glycosylated 

haemoglobin and lipid profiles were determined in STZ (60 mg/kg b.w.) –induced diabetic 

rats with comparison with glibenclamide (5 mg/kg b.w.).  

Results: While all the extracts of D. anomala showed activity against α -amylase and α -

glucosidase, water extract revealed the most effective inhibition with an IC50 of 101.90 and 

27.41 µg/mL respectively. The water extract displayed competitive and non-competitive 

inhibitors of α -amylase and α -glucosidase respectively. AQRED reversed towards normal 

control the elevated food/water intake, blood glucose levels, lipid peroxidation, lipid profiles, 

glycosylated haemoglobin and activities of gluconeogenesis enzymes with a concomitant 

decrease in body-weight, activities of enzymatic antioxidants, glycolytic enzymes as well as 

the high-density lipoprotein –cholesterol level brought-about by STZ administration.  

Conclusions: The result of our findings proved the antihyperglycaemic activity of the plant 

and therefore validates the folkloric usage of the herb. 

Keywords: antihyperglycaemic, carbohydrate-metabolizing enzymes, lipid peroxidation, α-

amylase, α-glucosidase  
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1.0 Introduction 

Diabetes mellitus (DM) is a group of metabolic derangements characterized by inadequacies 

in the metabolism or regulation of carbohydrates, lipids or proteins caused by defects in 

insulin secretion, insulin action or both (Khan et al., 2009). It is not only a major cause of 

hyperglycaemia but results in many other complications such as hyperlipidaemia, diabetic 

ketoacidosis, retinopathy, nephropathy, neuropathy, cardiovascular-related diseases such as 

atherosclerosis etc. (Kumar and Clark, 2002; Umar et al., 2010). DM is one of the leading 

causes of global mortality responsible for more than 150 million deaths worldwide with 

increasing global prevalence (Aslan et al., 2006). It is estimated that by 2030, the number of 

people with the menace would be reaching 552 million (M) from 422 M in 2011 (Whiting et 

al., 2011; WHO, 2016). 

The management of DM can be non-pharmacological (such as exercise, diet control or 

surgery) or pharmacological (such as usage of insulin or oral hypoglycaemic agents, OHAs 

such as biguanides, sulphonylureas, α-glucosidase inhibitors etc.) approaches. In recent times, 

due to adverse effects from conventional drugs which are not only expensive and readily 

unavailable to sufferers, interest in an alternative therapeutic approach of plant origin has 

become very germane (Mukherjee et al., 2006). This could be attributed to a number of 

inherent bioactive compounds which acts on various targets by numerous modes and 

mechanisms are able to impact therapeutic efficacy in complicated disease conditions such as 

diabetes and its related complications (Tiwari and Rao, 2002).  

South Africa accounts for 9% of the higher plant in the world (van Wyk, 2000). As such, it is 

not surprising with numerous achievements in the development of therapeutic efficacies of 

medicinal plants origin in the treatment of many ailments have continued to gain publicity. In 

fact, the usage of plant extracts for medicinal purposes, particularly in the treatment of 

diabetes, had been advocated by World Health Organization (WHO) to be normal, less 

expensive with little or no side effects (WHO, 1980; Rice-Evans et al., 1995; Bailey, 2003). 

Dicoma anomala Sond. (Asteraceae) commonly called fever or stomach bush (Eng.) or 

hloenya (South Sotho) is a prostrate, decumbent or erect perennial herb with underground 

tuber. Stems are erect, thinly covered with hairs and originate from a woody rootstock. 

Leaves are simple, alternate, stalkless, linear or narrowly lanceolatus, flower heads are 

terminal, solitary or in small pairs, narrow, sharply- pointed bracts and slender, white, mauve, 

purple or pink tubular florets (Mnengwane and Koekenoer, 2007). D. anomala is widely 

distributed in sub-Sahara Africa including South Africa in Limpopo, North-west, Gauteng, 

Mpumalanga, Free State, Northern Cape and KwaZulu- Natal Provinces (Mnengwane and 

Koekenoer, 2007). The plant had been ethnobotanically implicated for the treatment of 

various diseases including cold and coughs, fever, ulcers, dermatosis, venereal diseases, 

diarrhoea and diabetes mellitus (Gelfand, 1985; Roberts, 1990; von Koenen, 2001; 

Tshabalala and Ashafa, 2011). Studies have also given credence to pharmacological 

properties of D. anomala as antiplasmodial, antibacterial, anthelmintic, antiviral, 

antidiarrhoea, anti-inflammatory agents (Gwaza et al., 2009; Setsbogo and Mbereki, 2010; 

Becker et al., 2011) and antidiabetic (Balogun et al., 2016). Similarly, the gas 

chromatography mass spectrometry (GCMS) analysis of the aqueous extract of the plant had 

also been reported from our labouratory to possess rich variety of vital phytoconstituents 

associated with many of the above indicated biological activities of the plant (Balogun and 



59 
 

Ashafa, 2016a). Previous studies on the root extract of the plant revealed antibacterial, anti-

inflammatory (Becker et al., 2011) antioxidant, hepatoprotective (Balogun and Ashafa, 

2016a) and cardio-ameliorative (Balogun and Ashafa, 2016b) activities but little or no 

information in our view had been reported on the antidiabetic potential of the herb. In this 

study, we report on the in vitro antidiabetic effect as well as it’s amelioration against 

streptozotocin –induced diabetic Wistar rats. 

2.0 Materials and Methods 

2.1 Chemicals 

Acarbose, p- nitrophenyl glucopyranoside (pNPG), porcine pancreatic α-amylase, rat 

intestinal α-glucosidase, streptozotocin and assay kits were purchased from Sigma-Aldrich 

(South Africa). Glibenclamide (Daonil, Aventis Pharma, India), other chemicals and reagents 

used were of analytical grade. 

2.2 Plant materials and preparation of extracts 

The collection of rootstocks of D. anomala was from the wild within Phuthaditjhaba area, 

Qwaqwa, Maluti- A - Phofung municipality of the Free State Province, South Africa in April 

2014. The identity, as well as the authentication of the plant, was done by Dr AOT Ashafa of 

Plant Sciences department, University of the Free State and a voucher specimen 

(BalMed/01/2015/QHB) was prepared and deposited in the University herbarium. 

Approximately 5.2 kg of fresh rootstock was washed to remove the debris, oven-dried (40 

°C) and ground with a hammer mill to yield 3.063 kg of finely powdered plant material. 

Approximately 10 g each of the powdered sample was exhaustively extracted with 40 ml 

each of water, ethanol, hydro-ethanol (50 %) and methanol. While the organic extracts were 

filtered using Whatman No 1 filter paper, concentrated at 45°C using a rotary evaporator 

(Cole-Palmer, model SB-1100 Shanghai, China) to obtain dry brown crude extracts, the water 

extract also filtered was dried on a water bath (Memmert W600, Germany) at 45°C. The 

crude extracts were reconstituted in respective solvents and used to prepare 25, 12.50, 6.25, 

3.13, and 1.56 µg/mL concentrations used for the in vitro antidiabetic as well as the mode of 

inhibition enzymes’ assays. 

Similarly, 400 g of powdered material was extracted with 4 litres of distilled water, filtered 

using Whatman No 1 filter paper and the filtrates pooled together, dried on a water bath to 

remove all trace of water. The extraction which yielded 64.37 g of brown gummy (24.435% 

w/w of dry plant material) crude extract was reconstituted in aqueous water to prepare the 

three concentrations (500, 250 and 125 mg/kg b.w.) used for the in vivo assays 

 

2.3 In vitro antidiabetic potentials 

 

The in vitro antidiabetic activity of different extracts of D. anomala was evaluated by α-

amylase and α-glucosidase inhibition assays based on the methods described below. 

 

2.3.1 α-Amylase inhibitory assay 

The assay was carried out using a modified procedure of McCue and Shetty (2004). 50 μL of 

each extract (1.56 – 25 µg/mL) was pipetted into a test tube where 50 μL of 0.02 M sodium 

phosphate buffer (pH 6.9) containing α-amylase solution was added. This solution was pre-

incubated at 25 °C for 10 min, after which 50 μL of 1% starch solution in 0.02 M sodium 

phosphate buffer (pH 6.9) was added at timed intervals and subsequently incubated at 25 °C 
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for 10 min. The reaction was terminated by adding 100 µL of dinitro salicylic acid (DNS) 

reagent. The tubes were then incubated in boiling water for 5 min and cooled to room 

temperature. The reaction mixture was diluted with 1 mL distilled water and the absorbance 

was measured at 540 nm using a spectrophotometer (WPA Biowave II, Bichrom, England). 

The control was prepared using the same procedure replacing the extract with distilled water 

while the activity of the standard was tested by replacing the extract with acarbose (1.56 – 25 

µg/mL). The α-amylase inhibitory activity was calculated as percentage inhibition following 

the expression below:  

% Inhibition = [(Abs control-Abs extract)/Abs control] x 100 

Where Abs is the absorbance reading of the samples and the concentrations of extracts 

resulting in 50% inhibition of enzyme activity (IC50) were determined graphically. 

 

2.3.2 Mode of α-amylase inhibition 

The method of Ali et al. (2006) was used to determine the mode of inhibition of the root 

extract of D. anomala using the water extract with the lowest IC50. In brief, 250 μL of the 

extract (5 mg/mL) was pre-incubated with α- amylase solution (250 μL) for 10 min at 25 ºC 

in one set of tubes. 250 μL of phosphate buffer (pH 6.9) was also pre-incubated with 250 μL 

of α-amylase solution in another set of tubes and starch solution (250 μL) of increasing 

concentrations (0.30 – 5.00 mg/mL) was added to both sets of reaction mixtures to start the 

reaction. The resulting mixture was then incubated for 10 min at 25°C and then suspended in 

a boiling water bath for 5 min after addition of 500 μL of DNS to stop the reaction. A maltose 

standard curve was used to determine the amount of reducing sugars released and converted 

to reaction velocities. A double reciprocal plot (1/ [V] versus 1/[S]) where V is reaction 

velocity and [S] is substrate concentration was plotted. The mode of inhibition of the extract 

on α- amylase activity was thereafter determined using Michaelis-Menten kinetics. 

 

2.3.3 α-Glucosidase inhibitory assay 

The effect of the plant extracts on α-glucosidase activity was determined according to the 

method described by Kim et al. (2005) using α-glucosidase from Saccharomyces cerevisiae. 

The substrate solution p-nitrophenyl glucopyranoside (pNPG) (5 mM) was prepared in 0.02 

M phosphate buffer (pH 6.9). Briefly, 50 μL of the different concentrations of the extracts 

(1.56 – 25 µg/mL) was pre-incubated with 100 μL of α-glucosidase (0.5 mg/mL) in a test 

tube. 50 μL of 5.0 mM (pNPG) as a substrate dissolved in 0.02 M phosphate buffer (pH 6.9) 

was afterward added to start the reaction. The reaction mixture was incubated at 37 °C for 30 

min and terminated by adding 2 mL of 0.1 M Na2CO3. The α-glucosidase activity was 

determined by measuring the yellow coloured para-nitrophenol released from pNPG at 405 

nm. Percentage inhibition was calculated thus: 

% Inhibition = [(Abs control-Abs extract)/Abs control] x 100 

Concentrations of extracts resulting in 50% inhibition of enzyme activity (IC50) were 

determined graphically. 

 

2.3.4 Mode of α-glucosidase inhibition 

The modified method of Ali et al. (2006) was used to determine the mode of inhibition of the 

water extract with the lowest IC50 value. Briefly, 50 μL of the (5 mg/mL) extract was pre-

incubated with 100 µL of α- glucosidase solution for 10 min at 25 ºC in one set of tubes and 

α- glucosidase was pre-incubated with 50 μL of phosphate buffer (pH 6.9) in another set of 

tubes. 50 µL of pNPG at increasing concentrations (0.25 – 2.0 mg/mL) was subsequently 

added to both sets of reaction mixtures to initiate the reaction. The resulting mixtures were 

then incubated for 10 min at 25 °C, and 500 μL of Na2CO3 was added to terminate the 

reaction. A p-nitrophenol standard curve and converted to reaction velocities was used to 
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determine spectrophotometrically the amount of reducing sugars released. A double 

reciprocal plot (1/V versus 1/[S]) where V is reaction velocity and [S] is substrate 

concentration was plotted. The type (mode) of inhibition of the crude extract on α- 

glucosidase activity was determined by analysis of the double reciprocal (Lineweaver-Burk) 

plot using Michaelis-Menten kinetics. 

 

2.4 In vivo antidiabetic potentials 

 

2.4.1 Experimental animals 

Male Wistar rats (150 ± 10.00 g) were used in the study. They were procured from the animal 

facility of the University of the Free State, Bloemfontein campus, South Africa. The animals 

were acclimatized for one week while being housed in polypropylene cages (maintained at 25 

± 2 °C under 12 h dark/light cycle and 35 - 60% relative humidity). They were fed with 

standard rat feed (Epol mice cubes, Westville, Durban, South Africa) and water ad libitum. 

The husks in the cages were renewed daily to ensure proper hygiene and maximum comfort 

for the animals. Ethical clearance (UFS-AED 2015/0002) for handling the animals was 

obtained from the Interfaculty Animal Ethical Committee of the University of Free State, 

Qwaqwa campus prior to the commencement of the study in line with the internationally 

accepted guidelines of National Research Council for animal care and use (NRC, 2011). 

 

2.4.2 Induction of diabetes and experimental protocol 

Diabetes was induced by a single intraperitoneal injection of a freshly prepared solution of 

STZ (60 mg/kg b.w.) in ice-cold 0.1 M citrate buffer while the control rats were injected with 

citrate buffer alone. Prior induction, all the animals were fasted overnight for 16 hr. In order 

to balance the episodes of hypoglycaemic shock arising from STZ administration, the 

diabetic animals were immediately administered 5% glucose solution orally. After 72 hr of 

STZ-injection, the rats were fasted for 6 h and blood was taken from the tail of the rats to 

measure the blood glucose level using (Contour TS glucometer, Bayer Healthcare, NJ, USA). 

Rats with moderate diabetes having hyperglycemia (blood glucose level ranging between 

250–400 mg/dL) were chosen for the experiment. The blood glucose levels outside the 

specified range were excluded from the study. For the experiment, a total of 36 rats (6 

normal; 30 STZ-induced diabetic rats) divided into 6 groups were used. The randomly 

grouped rats were identified differently with varying colours so as to monitor weekly the 

fasting blood glucose level of the individual rat throughout the experimental period. The 

groupings and treatments are as follows:  

Group I: as normal control and were orally given 1 mL distilled water once daily for 30 

days.  

Group II: STZ- induced diabetic rats served as diabetic control and were orally given 1 mL 

distilled water only once daily for 30 days.  

Group III: Diabetic rats treated orally with 1 mL aqueous solution of glibenclamide at a 

dose of 5 mg/kg b.w. once daily for 30 days 

Group IV: Diabetic rats treated orally with 125 mg/kg b.w. (1 mL) aqueous root extract of 

D. anomala (AQRED) once daily for 30 days.  

Group V: Diabetic rats treated orally with 250 mg/kg b.w. (1 mL) AQRED once daily for 30 

days.   

Group VI: Diabetic rats treated orally with 500 mg/kg b.w. (1 mL) AQRED once daily for 

30 days.  
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The food and water intakes of the animals were monitored daily while the body-weight were 

taken weekly during the experiment. 

2.4.3 Oral glucose tolerance test (OGTT) 

After 30 days of distilled water, glibenclamide and AQRED treatments, the animals were 

deprived of food but, only had access to water overnight. Following this on day 31, fasting 

blood sample was obtained from the tail of each animal dropped on glucose strips at the time 

intervals of 30, 60, 90 and 120 min in order to determine the oral glucose tolerance test 

(OGTT) using a glucometer following administration of 2 g/kg b.w. of glucose to the 

animals. 

2.4.4 Preparation of serum and tissues 

The animals were anaesthetized in a jar containing cotton wool soaked in halothane after two 

hours of glucose administration. As soon as the rats became unconscious, their neck region 

was quickly cleared of fur and skin to expose their internal jugular veins. The veins were 

slightly displaced (to prevent contamination of the blood with interstitial fluid) with a sterile 

surgical blade and the head of the rats were then tilted downwards to allow flow of blood, 

collected in two different tubes, i.e. one tube with anticoagulant (EDTA) for plasma, and 

plain tube for serum preparation. The blood in the former tube was allowed to clot for 30 

min, centrifuged at 3000 rpm for 20 min using centrifuge (BHG Roto Uni, England) and the 

serum aspirated with a Pasteur pipette for further biochemical assays. The liver tissue was 

excised, weighed and a portion homogenized and centrifuged at 10 000 g for 15 min in ice-

cold 0.1 M phosphate-buffered saline (pH 7.4), the obtained supernatant from the 

homogenization was prepared to a concentration of 50 mg/mL and used for the determination 

of specific activities of carbohydrates-metabolizing and antioxidant enzymes.   

2.4.5 Assessment of biochemical parameters 

The serum levels of total cholesterol (TC), high-density lipoprotein cholesterol (HDL-c), 

low-density lipoprotein cholesterol (LDL-c) and triglycerides (TG) were determined using an 

auto-analyser (Sysmex, KX-21, Japan). The levels of haemoglobin and glycosylated 

haemoglobin were determined based on the methods of Drabkin et al. (1932) and Nayak et al. 

(1981) respectively.  

 

2.4.5.1 Glycogen content estimation 

The method of Morales et al. (1973) was used for the determination of glycogen content. 

Briefly, a wet portion of the liver tissue was cut and alkali digested in boiling potassium 

hydroxide (30%) for 20 min. 3 mL of ethanol was added to the tube to precipitate the 

glycogen, kept overnight in a freezer and then centrifuged at 3000 rpm for 40 min. The 

obtained precipitate was re-precipitated in ethanol after dissolving in warm water and 

centrifuged. The final precipitate was dissolved in boiling water for 5 min and the aliquot of 

the sample was mixed with anthrone reagents (4 mL; 0.2% anthrone powder in concentrated 

H2SO4) in a test tube and subjected to heat in a boiling water bath for 20 min. The intensity of 

the green colour obtained was read at 600 nm using WPA Biowave II (Bichrom, England) 

spectrophotometer and the amount of glycogen present in tissues were expressed as mg 

glycogen / 100 mg fresh tissue weight. 

 

2.4.5.2 Hexokinase activity determination 

The activity of hexokinase was assayed according to the method of Branstrup (1957). The 

assay mixture contains 7.5 mM MgCl2, 3.7 mM glucose, 11 mM thioglycerol and 45 mM 

HEPES (4-(2-hydroxyethyl)-1-piperazineethane sulfonic acid) buffer. In brief, 0.9 mL of the 
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assay mixture was taken and emptied into the culvert, 0.1 mL of the tissue supernatant was 

subsequently added following the addition of 0.3 mL of 0.22 M ATP and mixed thoroughly. 

The absorbance of the mixture was taken at 340 nm using WPA Biowave II 

spectrophotometer (Bichrom, England) and the determination of hexokinase activity as 

units/min/mg of protein of tissue was recorded.  

 

2.4.5.3 Glucose-6-phosphatase activity evaluation 

The activity of the glucose-6-phosphatase was measured based on the modified method of 

Koide and Oda (1959). 100 μL 0.1 M glucose-6-phosphate solutions were mixed with 300 μL 

of 0.5 M maleic acid buffer (pH 6.5) in a test tube and incubated at 37 °C for 15 min. The 

reaction mixture was stopped by adding 1000 μL 10% trichloroacetic acid (TCA) and chilled 

in ice.  The mixture was then centrifuged at 3000 rpm for 10 min, absorbance measured at the 

340 nm in a WPA Biowave II spectrophotometer and expression of the glucose-6-

phosphatase at the liberation of the inorganic phosphate units/min/mg of protein of tissue 

determined.  

 

2.4.5.4 Fructose-1, 6-bisphosphatase activity determination 

Fructose-1-6-bisphosphatase activity assay was determined following Gancedo (1971) 

method.  The assay mixture contains 1200 μL of tris-HCl buffer (0.1 M, pH 7.0), 100 μL of 

substrate (0.05 M), 250 μL 0.1 M MgCl2, 100 μL 0.1 M KCl, 250 μL 1 mM ethylenediamine 

tetraacetic acid (EDTA) solution and 100 μL enzyme homogenate. The mixture was 

incubated for 15 min at 37°C and 1 mL 10% TCA solution was thereafter added to stop the 

reaction. The reaction mixture was centrifuged at 3000 rpm for 10 min and the supernatant 

collected used for the phosphorous estimation. To 1 mL of the supernatant, 0.5 mL of 

ammonium molybdate and 0.3 mL of aminonaphthol sulfonic acid (ANSA) were added. The 

development of blue colouration after 20 min and measurement of the absorbance at 680 nm 

was achieved using WPA Biowave II (Bichrom, England) spectrophotometer. The activity of 

the fructose-1, 6-bisphosphatase was measured in units/min/mg of protein. 

 

2.4.5.5 Glycogen phosphorylase activity assay 

The activity of glycogen phosphorylase was determined by measuring the release of 

inorganic phosphate at 30 °C in a reaction mixtures containing 0.1 mL of glucose-1- 

phosphate (64 mM) mixed with 0.1 mL glycogen (4%) and 0.2 mL liver homogenate 

according to the method of Cornblath et al. (1963).  The reaction was terminated by the 

addition of 5 mL acid molybdate reagent (5 g ammonium molybdate in 25 mL concentrated 

H2SO4 per litre) after incubation at 30 °C for 10 min. In order to measure photometrically the 

inorganic phosphate, 1 mL of Elon reducer was added to the mixture followed by the addition 

of 10 mL distilled water and incubated for 45 min at 30 °C. The activity of glycogen 

phosphorylase was expressed as µmole inorganic phosphate released per g of protein per min.  

 

2.4.5.6 Catalase activity assessment 

The activity of catalase (CAT) was determined based on Aebi (1984) method. Briefly, 1000 

μL of the liver homogenate was mixed in a test tube with 1900 μL of phosphate buffer (50 

mM, pH 7.4). The reaction mixture was initiated by the addition of 1000 μL 30 mM H2O2. A 

mixture of 2900 μL of phosphate buffer (100 mM) and 1000 μL of H2O2 without the liver 

homogenate served as the blank. The decrease in absorbance due to the decomposition of 

H2O2 was recorded at 240 nm against the blank using a spectrophotometer (WPA BIOWAVE 

II, England). Units of catalase were expressed as the amount of enzyme that decomposes 1 

μM of H2O2 per min at 25°C and the activity was expressed in terms of units per milligram of 

proteins. 
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2.4.5.7 Glutathione peroxidase activity evaluation 

Glutathione peroxidase (GPx) activity was assayed according to the method of Nicolas 

(1962) respectively. Briefly, 1000 μL of 10 mM potassium iodide solution and 1000 μL of 40 

mM sodium acetate were mixed with 500 μL of the liver homogenate; the absorbance of 

potassium per iodide was then read using a spectrophotometer (WPA BIOWAVE II, 

England) at 353 nm, which indicated the amount of peroxidase. Then 20 μL of 15 mM H2O2 

was added to the reaction mixture. This was followed by recording the change in the 

absorbance for a period of 5 min. Units of the peroxidase activity were expressed as the 

amount of enzyme required to change the optical density by 1 unit per min. The specific 

activity was expressed in terms of units per milligram of proteins. 

 

2.4.5.8 Superoxide dismutase activity assessment 

Adopting the procedure of Misra and Fridovich (1972), the activity of SOD was evaluated. 

Briefly, the assay mixture containing 500 μL of hepatic microsomal protein, 1000 μL of 50 

mM sodium carbonate, 400 μL of 25 μM nitroblue tetrazolium and 200 μL of freshly 

prepared 0.1 mM hydroxylamine hydrochloride were mixed with 100 μL of the clear 

supernatant of liver homogenate. The change in absorbance at 560 nm using WPA Biowave 

II spectrophotometer was thereafter recorded and taken as the specific SOD activity. 

 

2.4.5.9 Lipid peroxidation 

Lipid peroxidation in the liver homogenate was determined by colorimetric measurement of 

thiobarbituric acid reactive substances (TBARS) as reported by Niehius and Samuelson 

(1968) method. Briefly, 100 µL liver homogenate was treated with 2000 μL thiobarbituric 

acid (TBA)-TCA- HCl (hydrochloric acid) reagent (0.37% TBA, 15% TCA and 0.25 N HCl) 

in ratio 1:1:1. The tubes were placed in a boiling water bath for 30 min and allowed to cool; 

the amount of malondialdehyde formed was evaluated by taking the absorbance of the clear 

supernatant at 535 nm against the reference blank. Percentage lipid peroxidation inhibition 

was calculated using the equation: 

% lipid peroxidation inhibition = (A0 – A1) /A0 x 100 

Where A0 is the absorbance of the sample and A1 is the absorbance of the sample extract 

 

 

2.5 Statistical analysis 

Statistical analysis was performed using Graph Pad Prism 5 statistical package (Graph Pad 

Software, San Diego MA, USA). Data were expressed as means of replicate determinations ± 

standard error of mean (SEM) and were subjected to one-way analysis of variance (ANOVA) 

followed by Dunnett’s multiple comparison tests. Statistical significance was considered at p 

< 0.05 

 

3.0 Results 

3.1 In vitro antidiabetic assays 

Table 1 revealed the result of inhibitory potentials of α -amylase and α-glucosidase by water, 

ethanol, hydro-ethanol and methanol extracts of D. anomala. It was observed that hydro-

ethanol extract exhibited the best activity against α -amylase (9.00 ± 3.46 µg/mL) and water 

extract was most potent against α-glucosidase (27.41 ± 1.39 µg/mL) judging by the half 

maximal inhibitory concentration (IC50) result when compared with other extracts and 

standard (acarbose: 86.40 ± 8.55 and 3.20 ± 0.10 µg/mL respectively). It was also observed 



65 
 

that there was no significant difference (p > 0.05) in values obtained from the extracts for 

both enzymes in all the tested concentrations except at the lowest concentration of 0.16 

µg/mL where significant difference (p < 0.05) was obtained for percentage inhibition of α-

amylase, although the inhibition is dose-dependent for all the extracts (Figure 1a and b). The 

mode of inhibition by water extract of D. anomala obtained through line weaver Burke plot 

revealed a constant Vmax value of 0.146 mM/min and increase in Km values for the extract 

from 0.61 to 1.24 (mM)-1 for α-amylase suggesting a competitive inhibition while a constant 

Km value of 1.05 mM for both control and extract with a decrease in Vmax value between 

the control and the extract from 0.07 to 0.06 mM/min for α-glucosidase suggesting a non-

competitive inhibition (Figure 2a and b). 

3.2 Effect of AQRED on feed and water of experimental rats 

The effect of AQRED on the water consumption of the experimental animals is shown in 

Figure 3. STZ revealed a significant (p < 0.05) increase in water consumption during the 30-

day experimental period when compared with the control rats. Treatment with different doses 

of AQRED and glibenclamide subsided the excessive intake of water by the diabetic control 

rats. Similar trends were also witnessed in food intake of the experimental rats (Figure 4). 

3.3 Effect of AQRED on body weight gain of experimental rats 

It was observed that there was a significant (p < 0.05) reduction in body weight of diabetic 

control rats when compared with the normal control. Treatment with different doses of 

AQRED and glibenclamide enhanced the body weight of the rats with a pronounced effect 

exhibited by the highest concentration of the extract (Figure 5). 

3.4 Effect of AQRED on blood glucose level of experimental rats 

The effect of AQRED on blood sugar level of experimental animals is shown in Table 2. It 

was observed that STZ –induced diabetic control revealed a significant (p < 0.05) rise in the 

blood glucose level when compared with the control rats. However, oral administration of 

AQRED brought-about a gradual reduction in the sugar level of the animals in a dose-

dependent manner during the 30-day study. It was further observed that the extract performed 

better than glibenclamide in reducing the glucose level (Figure 6). Further observation of the 

animals after a glucose overload revealed that the peak blood sugar level of the animals was 

achieved after an hour of glucose load. While the level of glucose for the control, 

glibenclamide and extract-treated rats decreased significantly (p < 0.05) after 2 h, that of the 

diabetic control rats remained essentially high after 120 min (Figure 7). 

3.5 Effect of AQRED on haemoglobin and glycosylated haemoglobin level of experimental 

animals 

Table 3 revealed the effect of AQRED on total haemoglobin and glycosylated haemoglobin 

levels of control and STZ –induced diabetic rats. It was observed that there was a significant 

(p < 0.05) increase in haemoglobin level with a decrease in glycosylated haemoglobin level 

of the diabetic animals when compared with the control. Treatment with glibenclamide and 

AQRED especially at 250 and 500 mg/kg b.w reversed these alterations towards normal 

control. 

3.6 Effect of AQRED on glycogen content and carbohydrate-metabolizing enzymes 

The change in the liver glycogen content of the experimental rats as well as the activities of 

carbohydrate-metabolizing enzymes is presented in Table 4. The results presented in this 
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study revealed a statistically significant (p < 0.05) decrease in glycogen content, hexokinase 

activity with resulting increase in the activities of glucose -6- phosphatase, fructose -1,6- 

bisphosphatase and glycogen phosphorylase of the diabetic rats when compared with the 

control. Treatments with the standard drug and AQRED extenuated the activities of these 

enzymes and improved the glycogen content at higher concentrations towards normal. 

3.7 Effect of AQRED on lipid peroxidation and antioxidant enzymes 

Table 5 depicts the effects of AQRED on STZ –induced diabetic rats against hepatic 

oxidative and lipid peroxidative parameters. STZ exerted a significant (p < 0.05) decrease in 

the activities of SOD, CAT, and GPx with a concomitant increase in the level of lipid 

peroxides measured by malonaldehyde (MDA) when compared with the control. Treatment 

with AQRED for 30 days elevated the activities of these enzymes while improving TBARS 

levels towards normal. 

3.8 Effect of AQRED on lipid profiles of the experimental rats 

The activity of AQRED on the serum levels of TC, TG, LDL-c and HDL-c against STZ –

induced diabetic rats is shown in Table 6. It was observed that STZ administration 

significantly (p < 0.05) increased TC, TG and LDL-c levels with a reduction in HDL-c level 

when compared with the control. Treatments with AQRED at the three concentrations and 

Glibenclamide reversed the levels of these blood lipid parameters except the triglycerides 

level at lower concentrations. 

4.0 Discussion 

The prevalence of DM as a disease in all the countries of the world and the need to develop 

an important control mechanism in curbing the spread of the menace requires the prompt 

development of newer antidiabetic drugs preferably from natural sources since the synthetic 

ones are known with side effects. This is partly because these medicinal plants are effective, 

less expensive and most times come with fewer or no side effects. DM caused by 

hyperglycaemia and epitomized by constant and increased blood sugar levels is aided by the 

activities of a pancreatic α-amylase enzyme involved in the non-stop breakdown of starch to 

smaller absorbable units and an intestinal α-glucosidase enzyme which catalyse the end step 

digestion of polysaccharides to monosaccharides. The inhibitors of these two enzymes such 

as acarbose, miglitol etc. will go a long way in controlling hyperglycemia, most importantly 

in non-insulin dependent diabetes mellitus, NIDDM (Gin and Rigalleau, 2000). The action of 

these inhibitors is found in the delay of carbohydrate digestion by elongating the 

carbohydrates digestion time thus reducing the absorption of glucose into tissues and 

ultimately brings down the postprandial glucose elevation in diabetic state (Bhandari et al., 

2008). As such, interest in the inhibitors of α-amylase and α-glucosidase from plant origin 

with minimal side effects have continued to grow since the orthodox drugs when used singly 

or combination with other oral hypoglycaemic agents (OHAs) displays some varying degree 

of side effects which includes but not limited to flatulence, diarrhoea  etc. 

The result obtained from the in vitro antidiabetic inhibition of α-amylase and α-glucosidase 

by the extracts of D. anomala showed that all the extracts are active against the two enzymes. 

This activity as epitomized by the water extract suggests the potential of the plant on the 

carbohydrates binding sites of the enzymes thus acting as an inhibitor by modulating starch 

digestion. Additionally, the higher IC50 value obtained by the water extract of D. anomala 

against α-amylase (101.90 µg/mL) and lower value (27.41 µg/mL) against α-glucosidase 

suggests the undesirability of α-amylase inhibitor as confirmed from high IC50 values. Pinto 
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et al. (2009) and Kazeem et al. (2013) maintained that for any hypoglycaemic agents to have 

an edge over the synthetic drug (such as acarbose) with side effects, it must be able to inhibit 

α-amylase mildly and α-glucosidase strongly (Sabiu et al., 2016). Furthermore, the mode of 

inhibition of α-amylase as determined from the double reciprocal plot revealed a competitive 

inhibition of the enzyme by D. anomala extract. This is indicative of the active component of 

the extract in competing with the substrate at binding at the active site of the enzyme thus 

retarding the breakdown of oligosaccharides to disaccharides (Shai et al., 2010). However, α-

glucosidase mode of inhibition by the extract of the plant indicated a non-competitive 

inhibition which depicts the binding of the active constituent of the extract at other site asides 

the active site of the enzyme. Thus, suggest the possibility of the extract at binding with 

either free enzyme or enzyme substrate complex thereby altering the action of both (Mayur et 

al., 2010). 

Streptozotocin (STZ) is a diabetogenic agent widely used in many animal model type of 

research involving diabetes. This is partly because it selectively acts on the β-cells of islets of 

Langerhans of the pancreas causing the breakage of nuclear DNA strands of the islets 

(Gandhi and Sasikumar, 2012) thereby interfering with the cellular metabolic oxidative 

mechanism (Papaccio et al., 2000). The choice of STZ for this study and in a number of 

animal studies was due to some of the manifestations it produces in animals which are similar 

to those of human diabetes mellitus. Additionally, the development of diabetes has been 

linked to oxidative stress due to the generation of free radicals. The mechanism of free 

radicals formation accompanied by antioxidant defense impairment is via glucose oxidation, 

protein glycation and oxidative degradation of protein glycation. 

In the present study, an investigation into the hypoglycaemic potentials of AQRED in vivo 

was part of the assessment at evaluating the antidiabetic efficacy of the plant. The 

normalization of water consumption and feed intake in the diabetic rats by the AQRED is a 

pointer to the hypoglycaemic potentials since excessive thirst and constant food consumption 

are features of diabetic individuals. 

An essential feature or symptoms of a diabetic state is the reduction in body weight. The 

reduction in body-weight in DM is associated with abnormalities in fats and protein 

catabolism due to excessive muscle wastage and tissue protein loss (Shirwaikar et al., 2004; 

Shiwarikar et al., 2006; Habibudin et al., 2008). The subsequent improvement of body-weight 

in the diabetic rats with AQRED suggests the possibility of the extract in restoring the muscle 

and tissue protein. This corroborates the report of Hussain (2002) for Curcuma longa, Daisy 

and Jeeva kani (2012) for Cassia auriculata and Anusuya et al. (2013) for C. raktakantha. 

The low level of fasting blood glucose following its increment by STZ administration and its 

subsequent inhibition of elevated blood glucose level following oral glucose overload may 

provide an evidence on the likelihood of AQRED in inhibiting intestinal α-glucosidase 

enzyme thus laid credence to the antihyperglycaemic activity of the extract in maintaining 

blood glucose level and subsequent reduction in postprandial hyperglycaemia. Our result is in 

consonance with the submission of Silawat and Gupta (2013) who reported the 

hypoglycaemic effect of chebulic acid from Terminalia chebula in Wistar rats. 

The non-enzymatic glycation arising from hyperglycaemia produces structural and functional 

impairment to both the soluble and insoluble protein molecules such haemoglobin. In 

diabetes, excess amount of glucose react with haemoglobin to form glycosylated 

haemoglobin (Sheela and August, 1992; Nabi et al., 2013) which continues to increase with 
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time (Bunn et al., 1978) and even induced the formation of oxygen-generated free radicals in 

DM (Gupta et al., 1997). 

The liver is the largest internal organ and it allows for the occurrence of two complementary 

events (glycolysis and gluconeogenesis) for proper glucose balance in the body (Chakrabarti 

et al., 2003). Hexokinase, one of the vital regulatory enzymes in glycolysis (Bhavapreya and 

Godisamy, 2000) and the most sensitive marker of glycolytic pathway in diabetic state 

(O’Doherty et al., 1999) had its activity reduced in the diabetic control rats in the present 

investigation, this might be attributed to low synthesis of low level of mRNA coding for the 

enzyme and low level of insulin. However, following treatment with AQRED, the enzymatic 

activity was increased which could suggest that the extract activate the mRNA coding the 

synthesis of the enzyme. Fructose -1, 6 – bisphosphatase and glucose -6- phosphatase are 

similarly prominent regulatory enzymes during gluconeogenesis. In the diabetic state, the 

activities of these enzymes may be raised (Vats et al., 2003). The increase in the activities of 

these enzymes specifically in the liver of STZ –induced diabetic control may be associated 

with insulin insufficiency (Arathi and Sachdanandam, 2003) and overproduction of glucose 

(Baquer et al., 1998) due to increased synthesis or activation of the enzymes. However, the 

curative role of glibenclamide and AQRED in reversing the elevated activities of these 

enzymes may suggest the inhibition of glycolysis and gluconeogenesis or regulation of 3', 5' 

cyclic adenosine monophosphate (Senthikumar and Subramanian, 2008). This further 

buttressed the antihyperglycaemic activity of the D. anomala. 

The emergence of DM in a way impairs the ability of the liver or muscle to synthesize 

glycogen. Glucose is converted to glycogen in the liver cells based on extracellular glucose 

concentration and the availability of insulin. The restoration of reduced level of glycogen 

obtained in this study for the STZ –induced diabetic rats by AQRED and glibenclamide 

might suggest the insulinogenic effect of AQRED. Additionally, the in vivo mediation of 

glycogen metabolism is aided by prominent multifunctional enzymes such as glycogen 

synthetase and glycogen phosphorylase. The reduction in glycogen stores in diabetic rats has 

been reported to be associated with elevated glycogen phosphorylase (GP) and reduced 

glycogen synthetase (Senthilkumar and Subramaniam, 2008). However, the reversal in the 

activity of GP observed in this study by AQRED could also buttress the insulinogenic activity 

which is in consonance with previous work of Ravi et al. (2003) for Eugenia jambolana. 

The STZ administration is associated with oxidative stress resulting from overproduction of 

free radicals resulting in numerous toxic effects (Santhakumari et al., 2003). The reduction in 

the activities of CAT, SOD, GPx signifies the compromised nature of the antioxidant defense 

mechanism of the diabetic state which has been reported to be as a result of radical –induced 

inactivation of glycosylation (Rajasekaran et al., 2005). The weakening of antioxidant 

defense status is synonymous to enhanced lipid peroxidation. The result from our 

investigation revealed the reduction in the activities of CAT, SOD, and GPx with a 

concomitant increase in TBARS (a lipid peroxidation marker) by STZ diabetic control which 

signifies the compromised antioxidant status of the rats. However, AQRED administration 

enhanced or improved antioxidant status as revealed from decreased TBARS level of 

AQRED-treated diabetic rats. This corroborates the antioxidant potentials of the plant as 

established from previous work on this plant in our labouratory (Balogun and Ashafa, 2015). 

Increased postprandial glucose level elevates the risk of cardiovascular diseases (CVD), a 

common cause of death for diabetic patients. The emergence of CVD has been attributed to 

abnormalities in lipid profiles. Insulin under normal situation activates lipoprotein lipase and 

hydrolyses triglycerides but in a diabetic state where insulin is deficient, lipoprotein lipase is 
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inactivated thus causing hypertriglyceridemia. Under the present investigation, it is revealed 

that STZ induction inhibited lipid metabolism as evidenced in TC, TG and LDL-c increase 

with a decrease in HDL-c. However, the reversal in the levels of these serum lipid profiles by 

AQRED may suggest improvements in insulin levels (Shirwaiker et al., 2006). It might also 

indicate the hypolipidemic efficacy of the plant (Balogun and Ashafa, 2016a) thus, of benefit 

in the management of atherosclerosis and cardiovascular-related disorders. 

 

Conclusion 

The study revealed the hypoglycaemic potential of water extract in vitro as well as in 

streptozotocin –induced diabetic rats. The activity of the extract was found to compare 

favourably with glibenclamide, the standard drug. The study laid credence to the use of water 

mostly as the solvent of extraction by the traditional healers and also validates the folkloric 

usage of the plant in the management of DM. Further studies are however on-going to isolate 

the bioactive compounds responsible for the elicited antidiabetic activity. 
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Figure Legend 

Figure 1a: Inhibitory potential of extracts of Dicoma anomala against α-amylase 

Figure 1b: Inhibitory potential of extracts of Dicoma anomala against α-glucosidase 

Figure 2a: Mode of inhibition of α-amylase by water extract of Dicoma anomala root 

Figure 2b: Mode of inhibition of α-glucosidase by water extract of Dicoma anomala root 

Figure 3: Effect of AQRED on weekly average water consumption of the animals 

Figure 4: Effect of AQRED on weekly average feed intake of the animals 

Figure 5: Effect of AQRED on body weight gain of the control and diabetic rats 

Figure 6: Effect of AQRED on blood glucose level of STZ –induced Wistar rats 

Figure 7: Effect of AQRED on oral glucose tolerance test of control and diabetic rats 
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Table 1 IC50 values of α-amylase and α-glucosidase inhibition by root extracts of Dicoma 

anomala 
Assays                                                   Extracts (IC50 μg/mL) 

 Water Ethanol Hydro-ethanol Methanol Acarbose 

α-glucosidase 27.41± 1.39a 29.37 ± 1.53a 29.37 ± 0.45a 39.62 ± 0.41b 3.20 ± 0.10c 

α-amylase 101.90 ± 6.05a 34.16 ± 1.44b 9.00 ± 3.46c 20.70 ± 0.39d  86.40 ± 8.55e 

Values are presented as mean ± SEM (n=3). 

aValues with different superscript along the same row for the same parameter are 

significantly different (p < 0.05) to each other 
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Table 2 Effect of AQRED on blood glucose level of the animals 

Parameters Control Streptozotocin 

(STZ)  

STZ + 

Glibenclamide 

5 mg/kg 

                              STZ + AQRED 

    125 mg/kg 250 mg/kg 500 mg/kg 

Week 0 2.62±0.16a 22.28±1.08b 32.24±0.24c 24.78±0.74b 26.32±0.93b 26.62±1.00b 

Week 1 3.16±0.20a 23.55±1.45b 31.13±0.80c 24.20±2.00b 23.98±1.72b 24.65±1.57b 

Week 2 3.04±0.18a 25.70±1.35b 28.30±0.85b 20.30±0.10b 21.35±0.91b 22.50±0.94b 

Week 3 3.18±0.24a 29.10±0.93b 26.77±1.87b 18.25±0.45c 19.05±0.61c 19.90±0.61c 

Week 4 3.36±0.14a 30.50±0.54b 22.50±2.36b 17.70±0.80c 17.48±0.45c 16.68±0.23c 

Values are presented as mean ± SEM (n=6). 

aValues with different superscript along the same row are significantly different (p < 0.05) to 

each other 

AQRED: Aqueous root extract of Dicoma anomala 
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Table 3 Effect of AQRED on haemoglobin and glycosylated haemoglobin of control and STZ 

–induced diabetic Wistar rats 

Parameters Control Streptozotocin 

(STZ)  

STZ + 

Glibenclamide 

5 mg/kg 

                              STZ + AQRED 

    125 mg/kg 250 mg/kg 500 mg/kg 

Haemoglobinα 15.21±0.33a 6.14±0.40b 12.35±0.20c 6.77±0.06b 9.17±0.41d 11.79±0.29c 

Glycosylated 

haemoglobinβ 

2.19±0.04a 8.16±0.18b 3.45±0.15c 6.59±0.11d 5.29±0.12e 3.29±0.09c 

Values are presented as mean ± SEM (n=6). 

aValues with different superscript along the same row are significantly different (p < 0.05) to 

each other 

AQRED: Aqueous root extract of Dicoma anomala 

αUnit: mg/dL 

βUnit: %HbA1c 
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Table 4 Effect of AQRED on glycogen content and carbohydrate-metabolizing enzymes of 

control and STZ –induced diabetic rats 

Parameters Control Streptozotocin 

(STZ)  

STZ + 

Glibenclamide 

5 mg/kg 

                              STZ + AQRED 

    125 mg/kg 250 mg/kg 500 mg/kg 

Glycogen 

contentα 

30.78±0.54a 20.02±6.54b 37.88±1.76a 20.42±4.59b 31.18±3.00a 44.99±1.33c 

Hexokinaseβ 1.39 ±0.03a 0.23 ±0.04b 0.95 ± 0.05c 0.61 ± 0.03d 0.94 ± 0.06c 1.31 ± 0.03a 

Glucose-6- 

phosphataseµ 

1.05 ± 0.06a 1.20 ± 0.01b 1.04 ± 0.05a 1.04 ±0.00a 1.05 ± 0.06a 1.05 ± 0.03a 

Fructose-1,6-

bisphosphataseµ 

0.97 ± 0.03a 1.01 ± 0.05b 0.94 ± 0.03a 0.98 ± 0.06a 0.96 ± 0.07a 0.97 ± 0.09a 

Glycogen 

Phosphorylaseµ 

0.11± 0.00a 0.96 ±0.00b 0.09 ± 0.01c 0.08 ±0.00c 0.17± 0.00d 0.08 ± 0.00c 

Values are presented as mean ± SEM (n=6). 

aValues with different superscript along the same row are significantly different (p < 0.05) to 

each other 

AQRED: Aqueous root extract of Dicoma anomala 

αUnit: mg of glucose/ g of wet tissue 

βUnit: µmole glucose -6- phosphate formed/hr/mg protein 

µUnit: µmole phosphate liberated/hr/mg protein 
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Table 5 Effect of AQRED on lipid peroxidation and antioxidant marker enzymes of control 

and STZ –induced diabetic rats 

Parameters    Control Streptozotocin 

(STZ)  

STZ + 

Glibenclamide 

5 mg/kg 

                              STZ + AQRED 

    125 mg/kg 250 mg/kg 500 mg/kg 

CATα 104.10±0.52a 58.89±0.55b 100.80±0.48a 65.56±0.72c 74.20±1.47d 100.80±0.74a 

GPxα 127.00±1.16a 47.41±1.53b 113.00±1.32a 68.87±10.86c 88.88±1.07d 118.30±0.49e 

SODα 88.68±0.86a 24.03±0.93b 55.83±0.59c 32.78±1.19d 42.21±1.12e 72.79±1.48f 

TBARSβ 59.70 ±0.47a 93.07±2.50b 68.73 ±1.43c 82.13±0.70c 71.67 ±0.58c 63.77±2.20a 

Values are presented as mean ± SEM (n=6). 

aValues with different superscript along the same row are significantly different (p < 0.05) to 

each other 

CAT: catalase; GPx: glutathione peroxidase; TBARS: thiobarbituric acid reactive species; 

SOD: superoxide dismutase; AQRED: aqueous root extract of Dicoma anomala 

αUnit: U/mg protein 

βUnit: mM/ 100 g tissue 
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Table 6 Effect of AQRED on lipid profiles of control and STZ –induced diabetic rats 

Parameters Control Streptozotocin 

(STZ)  

STZ + 

Glibenclamide 

5 mg/kg 

                              STZ + AQRED 

    125 mg/kg 250 mg/kg 500 mg/kg 

TCα 3.29±0.13a 5.37±0.09b 3.75±0.03a 4.18±0.09b 4.16±0.03b 3.53±0.06a 

TGα 1.20±0.05a 2.80±0.06b 1.70±0.12c 2.37±0.04b 2.05±0.03b 1.30±0.15a 

LDL-cα 0.86±0.03a 2.10±0.06b 0.76±0.03a 1.63±0.09c 1.43±0.06c 1.20±0.06d 

HDL-cα 1.82±0.06a 0.93±0.02b 1.65±0.08a 1.00±0.01b 1.31±0.01c 1.67±0.08a 

Values are presented as mean ± SEM (n=6). 
aValues with different superscript along the same row are significantly different (p < 0.05) to 

each other 

TC: total cholesterol; TG: triglycerides; LDL-c: low-density lipoprotein-cholesterol; HDL-c: 

high-density lipoprotein-cholesterol; AQRED: aqueous root extract of Dicoma anomala 
αUnit:  mg/dL 
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Fig. 3 
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Fig. 6 

 

 

 

 

 

 

 

 

 

 

 

 

 

0 10 20 30 40
0

10

20

30

40

Control
Streptozotocin (STZ)
STZ + Glibenclamide

STZ + AQRED 125 mg/kg
STZ + AQRED 250 mg/kg
STZ + AQRED 500 mg/kg

Days

F
as

ti
n

g
 b

lo
o

d
 g

lu
co

se
 (

m
m

o
l/

d
l)

 



87 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7 

 

 

 

 

 

 

 

 

 

 

 

 

0 30 60 90 120
0

10

20

30

40

Control
Streptozotocin (STZ)
STZ + Glibenclamide

STZ + AQRED 125 mg/kg
STZ + AQRED 250 mg/kg
STZ + AQRED 500 mg/kg

b b

b b b

a
a

a

a
a

c

c c

c

c

dd d d d d d

d d
d d

d d
e

e
e

Time (min)

B
lo

o
d
 g

lu
co

se
 (

m
g
/d

L
)

 

 



88 
 

Chapter Five 

Aqueous root extract of Dicoma anomala Sond. ameliorates isoproterenol–

induced myocardial infarction in Wistar rats 

 

Abstract………………………………………………………………………………90 

Introduction………………………………………………………………………….90-91 

Materials and methods………………………………………………………………91-92 

Results……………………………………………………………………………….92-94 

Discussion…………………………………………………………………………...94-95 

Conclusion…………………………………………………………………………..95 

References…………………………………………………………………………..95-96 

 

 

 

 

 

 

 

 

 

 

This chapter is published in this format in Tropical Journal of Pharmaceutical 

Research 



89 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



90 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



91 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



92 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



93 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



94 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



95 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



96 
 

Chapter Six 

Acute and subchronic oral toxicity evaluation of aqueous root extract of 

Dicoma anomala (Sond.) in Wistar rats 

 

Abstract…………………………………………………………………………………98 

Introduction…………………………………………………………………………….98 

Materials and methods…………………………………………………………………99-100 

Results………………………………………………………………………………….100-105 

Discussion……………………………………………………………………………...105-106 

Conclusion……………………………………………………………………………..106 

References……………………………………………………………………………..107-109 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This chapter is published in this format in Evidence-based Complementary and 

Alternative Medicine 



97 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



98 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



99 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



100 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



101 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



102 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



103 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



104 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



105 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



106 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



107 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



108 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



109 
 

Chapter Seven 

General discussion and recommendations 

 

General Discussion…………………………………………………………………111-116 

Conclusion………………………………………………………………………….116-117 

Recommendation…………………………………………………………………...117 

References…………………………………………………………………………..118-124 

Acknowledgement………………………………………………………………….125-128 

Dedication…………………………………………………………………………..129 

Appendices…………………………………………………………………………130-135 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



110 
 

General discussion 

Diabetes is a multifaceted and multisystemic disease whose management through the use of 

orthodox medicines has not yielded complete therapy without adverse effects. Throughout the 

world, the use of phytotherapy has been seen as one of the most successful and well-accepted 

treatment option against diabetes (Hnatyszyn et al., 2002; Kaushik et al., 2010) owing to their 

ability to interact with the body chemistry with little or no side effects (May et al., 2010). 

Africa (particularly South Africa) is a continent enriched with arrays of therapeutically active 

plants, very effective against myriads of disorders. Aside this, numerous research conducted 

in the labouratory and in animal models have also revealed the pharmacological potentials of 

these plants (Magassouba et al., 2007), attributed to different inherent secondary metabolites 

such as phenolics, flavonoids, tannins, alkaloids, saponins etc. The Basotho tribe (particularly 

the traditional healers) of Eastern Free State uses Dicoma anomala in the management of 

diabetes (Tshabalala and Ashafa, 2011) in addition to varying number of ailments such as 

fever, veneral diseases, cough, and colds etc. (Gelfand et al., 1985; von Koenen 2001). 

Antioxidants are stable molecules which bind to free radicals to terminate their chain reaction 

before further damage is done to cells (Halliwell, 1995). A number of degenerative diseases 

including liver disorders have been linked to overproduction of free radicals in the body. 

Liver diseases are regarded as one of the leading health problems of the world (Williams, 

2006) and the use of  medicinal plants with good antioxidant potentials have been reported to 

be effective in the amelioration of these disorders (Shehab et al., 2015). 

The results from the antioxidant and hepatoprotective studies (chapter three) revealed the 

effectiveness of all the extracts particularly hydro-ethanolic extract exhibited the highest total 

phenolic capacity. The high phenolic content of the extracts is indicative of good antioxidant 

potentials of the plant (Duh et al., 1999). Shaikh et al. (2014) attributed this activity to the 
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presence of hydroxyl group attached to the aromatic ring structures which allow them to 

absorb, neutralize and quench the action of free radicals. The result of this investigation also 

showed that all the extracts, especially water were able to scavenge free radicals suggesting 

that most of the bioactive compounds are polar in nature. The hepatoprotective activity of the 

plant was determined when the aqueous root extract of the plant at 500 mg/kg body weight 

completely reversed towards normal the reduced activities of antioxidant enzymes such as 

superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase (GPx) while also 

restoring the liver integrity due to damages (necrosis, cellular infiltration etc.) brought about 

by CCl4 –induced hepatotoxicity. 

The pancreatic α-amylase and the intestinal α -glucosidase are prominent enzymes concerned 

with the breakdown of carbohydrates into smaller absorbable units (Manohar et al., 2002; 

Afifi et al., 2008). Thus, inhibition of these two enzymes will go a long way in reducing the 

plasma glucose level in postprandial hyperglycaemia (Kwon et al., 2007). The results 

obtained in this study (chapter four) revealed that all the extracts inhibited the activity of 

these enzymes dose dependently. The strong inhibition of water extract against α -glucosidase 

and mild inhibition against α –amylase, as evidenced by the IC50 values (27.41, 101.90 

µg/mL respectively), is indicative of the potentials of the plant as a good hypoglycaemic 

agents. The result was in consonance with the submission of Kazeem et al. (2013) for Ficus 

exasperata and Sabiu et al. (2016) for Stigma maydis. Further probe into the mode of 

inhibition of the two enzymes by the aqueous extract revealed a competitive inhibition 

against α –amylase and a non-competitive inhibition against α –glucosidase. 

Streptozotocin is a diabetogenic agent used in many studies involving animal models to 

induce diabetes. It acts on the β cells of the islets of the Langerhans of the pancreas to cause 

necrosis within 24 – 48 hr resulting in hyperglycaemia (Ghandi and Sasikumar, 2012). The 

aqueous root extract of Dicoma anomala (AQRED), especially at the highest concentration 
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(500 mg/kg body weight b.w.) reversed the elevated levels of plasma glucose level, lipid 

peroxidation measured through thiobarbituric acid reactive species (TBARS), low-density 

lipoprotein-cholesterol (LDL-c), triglycerides (TG), total cholesterol (TC), glycosylated 

haemoglobin and activities of gluconeogenesis enzymes while increasing the activities of 

antioxidant enzymes such as CAT, SOD, GPx, glycolytic enzyme like hexokinase and the 

level of high-density lipoprotein-cholesterol (HDL-c) arising due to isoproterenol 

administration (Vats et al., 2003; Senthikumar and Subramaniam, 2008; Nabi et al., 2013). 

Similarly, AQRED was able to clear glucose overload in the diabetic animals after 120 min 

following the attainment of a peak plasma glucose concentration within 1 hr, although, this 

effect was more pronounced in the 500 mg/kg b.w. treated-animals. The obtained results 

buttressed the antihyperglycaemic activity of the plant. 

Creatine kinase (CK), aspartate transaminase (AST), alanine amino transferase (ALT) and 

alkaline phosphatase (ALP) are marker enzymes used to assess the fatality of myocardial 

infarction (Sheela Sasikumar and Shyamala Devi, 2000). As such, an increase in the activity 

of these enzymes in the serum is a sign of damage to the liver or heart tissues. The results 

obtained from this investigation (chapter five) revealed that AQRED at the three 

concentrations (125, 250 and 500 mg/kg b.w.) brought about a reduction in dose-dependent 

manner the raised activities of AST, ALT, and CPK due to isoproterenol (ISP) induction, 

although, AQRED at 500 mg/kg expressed satisfactory efficacy in ALT and AST activity 

assays than the standard drug (simvastatin). Thus, indicating the protective action of the 

extract against ISP –induced cardiotoxicity. Similar observations were reported by 

Suchalatha and Shyamala Devi (2004) for Arogh (a polyherbal mixture) and Sunmonu and 

Afolayan (2010) for Artemia afra. 

The ameliorative potency of the plant in cardiac-related disorders was also corroborated when 

AQRED dose-dependently raised the reduced activities of antioxidant enzymes such as SOD 
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and CAT while concomitantly lowering the elevated level of TBARS. Similarly, AQRED 

depicted superior activity than simvastatin (standard) in these parameters and justifies the 

ameliorative activity of the plant on antioxidants. Our results were in accordance with the 

findings of Thounaojam et al. (2011) for Sida rhomboidea (Roxb) extract, Abhilash et al. 

(2011) for Oxalix corniculata and Patel et al. (2012) for Coriandrum sativum. 

The use of medicinal plants for the treatment of innumerable diseases has gained global 

acceptance but unfortunately, scores of these plants have not been evaluated for safety 

(Mehreen et al., 2016). The toxicological profile of AQRED at 125, 250 and 500 mg/kg b.w. 

was examined through oral acute and subchronic toxicity testing in Wistar rats (chapter six). 

In the 14-day acute toxicity study, observations of the animals revealed no abnormal findings 

in the fur, skin, colour of the eyes or even death between the control and the AQRED-treated 

rats after single oral administration of 5, 300, and 2000 mg/kg b.w AQRED to different 

groups of the animals. This suggests that AQRED is not toxic and that its lethal dose would 

be in excess of 2000 mg/kg (Clarke and Clarke, 1967). Moreover, the result from the 

haematological parameters following the 90 days of administering AQRED revealed no 

significant difference in the red blood cells (RBC), haemoglobin, haematocrit, mean 

corpuscular volume (MCV), white blood cells (WBC), neutrophils, etc. in both sexes between 

the control and the AQRED-treated rats except in platelet count where there is a significant 

elevation of the three concentrations relative to the control. Elevated platelet count may be 

attributed to increase in the secretion and production of thrombopoietin (Kaushansky, 1995) 

by AQRED, indicating its homeostatic property (Olaleye et al., 1998). Above all, the results 

obtained in this aspect of the research displayed the safety of the plant and is in agreement 

with the previous work reported by Patrick-Iwuanyanwu et al. (2011). Correspondingly, 

AQRED at the studied concentrations did not reveal any noticeable difference in the blood 

chemistry results. The levels of serum total protein, albumin, globulin, urea, creatinine, LDL-
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c, TG, TC, HDL-c and the activities of AST and ALT in the AQRED-treated Wistar rats were 

not remarkably affected when compared with the control. This suggests that the extract may 

not be nephrotoxic and also further justified the hypolipidaemic, hepatoprotective (Balogun 

and Ashafa, 2016a) and cardio-ameliorative (Balogun and Ashafa, 2016b) potentials of the 

herb. This is a pointer to the fact that the extract was able to maintain the hepatocellular and 

renal functions of the animals since alterations in the level or activities of these parameters 

could be ascribed to impaired hepatocellular function and or renal dysfunction (Yakubu et al., 

2003; Crook, 2006; Patrick-Iwuanyanwu et al., 2011). However, the increase in the activity 

of ALP in all the AQRED doses compared with the control may reflect blockage of the 

biliary tract in the liver which may not be treatment-related. 

In line with the aforementioned, it is not enough to submit that the plant is effective against 

numerous diseases or active against diabetes, liver or cardiac-related ailments as 

experimented in this study without assessing the possibility or the likely phytoconstituents in 

the plants conferring the varying pharmacological activities witnessed in this investigation. 

The chromatogram from the gas chromatography / mass spectrophotometric (GC/MS) 

analysis of the water extract of Dicoma anomala revealed rich quantity of eighty 

phytochemical compounds with 5-(Hydroxymethyl)-2 –furancarboxyaldehyde, 2-(1-methyl-

2,5-dioxoimidazolidin-4-yl) acetic acid, n-tridecane, 9 –octadecenoic acid, hexadecanoic 

acid, phosphine, 1, 6 –anhydro-β-D-glucopyranoside, 3- (Bromopheyl) triphenyl 

phosphonium bromide, Guanosine, and Xanthosine identified as the prominent ones. 

Literature search indicated the pharmacological and or biological activities of these 

compounds as antioxidative, hepatoprotective, antihypertensive, anticancer, anti-

inflammatory, antimicrobial etc. (Brustum et al., 2005; Xu et al., 2007; Mulyaningsih et al., 

2010; Hema et al., 2011; Kaminski et al., 2011; Syeda et al., 2011; Mallikadevi et al., 2012; 
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Rahbar et al., 2012; Gopalakrishnan and Kalaiarasi, 2013; Silva et al., 2013; Deryabin and 

Tolmacheva, 2015; Tang et al., 2015). 

Conclusion 

The use of medicinal plants forms an integral part of the lives of South Africans particularly 

the rural dwellers because it plays a vital role in therapy within the traditional healthcare 

system. Based on the results obtained from this study which is hoped to provide baseline 

information on the medicinal properties of Dicoma anomala, the following submissions could 

be made: 

- The four extracts (water, ethanol, hydro-ethanol and methanol) are very effective in 

scavenging free radicals.  

- The aqueous extract was the most active in scavenging free radicals in vitro. 

- The aqueous root extract at the highest concentration protected the liver against 

hepatic injury in vivo, thus, could serve as a suitable alternative in the treatment of 

liver-related disorders. 

- All the extracts inhibited the activity of pancreatic α-amylase and the intestinal α-

glucosidase enzymes in vitro. 

-  Aqueous extract was the most potent inhibitor of α-glucosidase while hydro-ethanol 

was the most potent against α-amylase. 

- The mode of inhibition of α-amylase and α-glucosidase by water extract of D. 

anomala is competitive and non-competitive respectively. 

- Aqueous root extract of D. anomala (Sond.) suppressed postprandial hyperglycaemia 

in glucose-loaded rats. 

- AQRED possessed antihyperglycaemic activity and thus validates the folkloric use of 

the plant in the management of diabetes. 
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- AQRED ameliorated the effect of isoproterenol –induced cardiotoxicity and as such, 

could be employed in the control or management of cardiac-related diseases. 

- Prolonged intake of the herb at least for 90 days in its aqueous form was not toxic to 

vital organs such as the liver, heart, kidney etc. and thus, may be regarded as safe. 

- The best activity displayed by the aqueous extract of the plant in all tested assays 

justifies the usage of water mostly as the solvent of extraction by traditional healers. 

 

Recommendations 

Although, the conservation of the plant is not threatened despite being widely employed as 

the treatment in the management of various diseases, it is hoped that the information provided 

in the study would go a long way in guiding against it’s over utilization. Further studies to 

ascertain the effect(s) of the plant on pregnant animals, animal foetus, and reproductive 

capability are encouraged to fully explore the safety profile of the plant. The need to isolate, 

purify and structurally identify the bioactive compounds responsible for the elicited 

pharmacological activities is also encouraged. 
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Appendices: 

GC/MS chromatogram of the aqueous root extract of Dicoma anomala Sond.  
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Identified bioactive compounds from aqueous root extract of D. anomala (Sond.) 

Peak 

area 

Retention time % Area Chemical formula Compound name 

1 8.267 0.06 C12H22O 7E,9E-Dodecadiene-1-ol 

2 8.458 0.03 C6H9N 1H-Pyrrole 

3 8.525 0.03 C6H5D2N β-D2-∆-Picoline 

4 9.328 0.03 C4H6O3 2-Keto-butyric acid 

5 10.793 0.26 C16H20F3NO2 4-Methylpiperidine ®-MTPA Amide 

6 10.883 0.21 C18H32N2 (2R*3R*)-1-(Cyclohexyl)-3-(cyclohexylamino)-2-methyl-4-methylenepyrollidinebutoxy acetate 

7 11.008 0.47 C6H6O3 2-Hydroxyacetylfuran 

8 11.076 0.42 C10H22 Nonane 

9 11.192 0.12 C6H10N2O 1H-Imidazole-1-ethanol 

10 11.233 0.25 C13H28 n-tridecane 

11 11.389 0.36 C38H46O2 3,11-Diotyloxybenzo[c]benzo[a]phenanthrene 

12 11.517 0.05 C6H9N 2-ethyl-1H-Pyrrole  

13 11.600 0.05 C6H9N 1H-Pyrrole 

14 11.650 0.57 C6H15Al Triethylaluminium 

15 11.800 0.03 C57H104O6 9-Octadecenoic acid 

16 11.907 1.52 C6H8O4 2,3-Dihydro-3,5-dihydroxy-6-methyl-4H-pyran-4-one 
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17 12.125 0.03 C14H14O3 methyl endo-5-hydroxytricyclo[6.4.0.0(2,5)]dodeca-1(12),6,8,10-tetraene-4-carboxylate 

18 13.180   40.64 C6H6O3 5-(hydroxymethyl)-2-Furancarboxaldehyde 

19 13.866 0.05 C9H18 Z/E-3-Methyl-4-octene 

20 13.932 0.02 C3H N Cyanoacetylene 

21 13.991 0.02 C3HF6N 1,1,1,3,3-Pentafluoroacetone, fluoroimine 

22 14.033 0.02 C9H10O 2-[[(methylenecyclopropyl)oxy]methyl]-Thiophene 

23 14.092 0.14 C7H13I 6-Iodo-1-heptene 

24 14.359 0.04 C10H16O2 (+-)-2-hydroxydec-3-yn-5-one 

25 14.441 0.02 C10H17BrO 2-Bromo-4,4-di-n-propylcyclobutanone 

26 14.685 0.02 C5H6N2O2 4-hydroxy-5-methoxypyrimidine 

27 14.767 0.03 C10H17BrO 2-Bromo-4,4-di-n-propylcyclobutanone 

28 14.856 0.04 C9H13F6NO 1-(bistrifluoromethylamino-oxy)-1-methylcyclohexane 

29 15.448 0.02 C6H7NO2 Diacrylamide 

30 15.498 0.17 C11H16N2O3 Vinylbital 

31 15.642 0.02 C8H14O n-Butyl Cyclopropyl Ketone 

32 15.700 0.02 C8H12O3 Methyl (1R,2R,4S)-4-methyl-6-oxabicyclo[3.1.0]hexanecarboxylate 

33 15.808 0.03 C7H12O 3-ethoxy-3-methyl-1-Butyne  

34 16.544 6.63 C10H12N4O6 Xanthosine 

35 16.750 1.85 C4H9NO2 Acetamide 
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36 17.089 10.90 C6H8N2O4 2-(1-Methyl-2,5-dioxoimidazolidin-4-yl)acetic acid 

37 17.349 1.68 C14H20ClN 1-dimethylamino-2,3-dimethyl-4-(4-chlorophenyl)-2-butene 

38 17.508 1.06 C10H16Br2O 2,2-Dibromo-4-di-n-propylcyclobutanone 

39 17.658 0.49 C13H26O 6-methylene-4-Dodecanol  

40 17.776 1.35 C5H10O2 n-Butyl-Formate 

41 17.992 1.26 C12H24O2 2,4-Dipropyl-5,5-dimethyl-1,3-dioxane 

42 18.142 0.64 C4H3NO2 1H-Pyrrole-2,5-dione 

 43 18.376 3.48 C6H10O5 1,6-Anhydro-.beta.-D-glucopyranose 

44 18.667 0.85 C8H14O3 2-methyl-, anhydride -Propanoic acid  

45 18.867 0.96 C5H12O 2-methoxy-2-methyl- Propane 

46 19.016 0.58 C6H12O2 3-methyl- Pentanoic acid 

47 19.183 0.44 CH4N2O Urea 

48 19.275 0.50 C9H15NO2 Methyl-3-hydroxy-cis-3a,4,5,6,7,7a-hexahydroisoindolin-1-one 

49 19.425 0.83 C21H26N2O8S N-Phenacyl-N'-(3,4,6-tri-O-acetyl-2-deoxy-.beta.-D-arabinohexopyranosyl)thiorea 

50 19.492 1.03 C21H26N2O8S N-Phenacyl-N'-(3,4,6-tri-O-acetyl-2-deoxy-.beta.-D-arabinohexopyranosyl)thiorea 

51 19.708 0.52 C5H8O4 Pentanedioic acid 

52 19.880 0.49 C12H20N2O3 2,4,6(1H,3H,5H)-Pyrimidinetrione, 5-ethyl-1,3-dimethyl-5-(1-methylpropyl)- 

53 19.950 0.08 C7H12O 3-Hexyn-2-ol, 5-methyl- 

54 20.010 0.20 C12H13NO2S2 2-(t-Butoxycarbonyl)thibenzothiazole 
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55 20.158 0.04 C6H12O2 (2S,3S)-2,3-Epoxy-1-hexanol 

56 20.208 0.03 C7H13I 6-Iodo-1-heptene 

57 20.272 0.08 C8H14O3 2,3,11-trioxabicyclo[6.2.1]undecane 

58 20.733 0.02 C16H39B2N SI 1,1-di(t-Butyl)-2-(t-butylamino]-2-[(trimethylsilyl)methyl] diborane(4) 

59 21.220 0.14 C21H23N2O2 2,2-Dimethyl-4-phenyl-N-(3'-phenylprop-2'-en-1'-ylidene)-1,3-dioxan-5-amine 

60 21.391 0.20 C10H17NO2 Ethyl (1S,3R,4R)-2-Methyl-2-azabicyclo[2.2.1]heptane-3-carboxylate 

61 21.465 0.06 C3H7NO Isoxazolidine 

62 21.767 0.13 C13H17IOSI 1-Iodo-2-[4'-(trimethylsilyl)but-2'-ynyloxy]benzene 

63 21.977 2.36 C16H32O2 Hexadecanoic acid 

64 22.126 0.04 C6H11NO 3-(hydroxymethyl)-pentanenitrile  

65 22.167 0.04 C7H16O 3-Pentanol, 2,4-dimethyl- (CAS) Diisopropylcarbinol 

66 22.369 0.24 C9H7N3 2-Methyl-5(6)-cyanobenzimidazole 

67 22.979 0.05 C20H30O6S 2,5,5-trimethyl-2-[6-(tosyloxy)-4,5-epoxyhexanyl]-1,3-oxane 

68 23.395 0.05 C7H11NO2 N-Allyloxymethylacrylamide 

69 23.703 1.16 C9H16 3-methyl-Cyclooctene  

70 23.763 1.43 C16H30 1-Hexadecyne 

71 24.007 0.25 C5H10O2 2-[(2-Propenyl)oxy]ethanol 

72 24.271 4.69 C18H15P (Triphenyl)phosphine 

73 24.413 0.53 C9H11F3O2 2-(trifluoromethyl)-2-(1-cyclohexenyloxy)oxirane 
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74 24.508 0.12 C50H52NO8S N,N'-Bis(carbobenzyloxy)cystine Dibenzyl ester 

75 24.690 0.34 C21H19Br2ClO2 6-{3',5'-Dibromo-4'-(4"-chlorobutoxy)phenyl]methyl}naphthalene-2-ol 

76 24.896 2.63 

C20H28O6 1H-2,8a-Methanocyclopenta[a]cyclopropa[e]cyclodecen-11-one, 1a,2,5,5a,6,9,10,10a-octahydro-

5,5a,6-trihydroxy-1,4-bis 

77 26.795 0.12 C4H6O3 2-keto-butyric-acid 

78 26.998 2.88 C20H14 9-(phenylmethylene)- 9H-Fluorene 

79 29.984 0.15 C20H23N 1,5-dimethyl-3,3-diphenyl-2-ethylidene- Pyrrolidine 

80 37.653 0.19 C11H12N2O3S N-(4-Nitro-thiobenzoyl)-morpholine 
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