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Abstract 

The effect of ethanol extract of Talinum triangulare on the antioxidant status of alloxan-induced diabetic rats was 
investigated. Twenty-five albino Wistar rats weighing between 140 and 228g were randomly assigned into five groups. 
Groups 1, 2, 3 and 4 were administered a standard dose of alloxan to induce diabetes. Groups 1 and 2 were then treated 
with different doses of the ethanol extract of Talinum triangulare, respectively, for 28 days. Group 3 was treated with 
metformin, while Group 4 was left untreated, and Group 5 was normal. All animals were sustained with commercial 
feed and water ad libitum throughout the experimental period. After 28 days, the animals were sacrificed after an 
overnight fast, and blood was collected for serum analysis. Results showed a non- significant increase (P> 0.05) in 
superoxide dismutase (SOD) in Groups 1 and 2 when compared with Groups 4 and 5, but there was a significant increase 
in Group 3 when compared with Group 4. Catalase activity was not significantly affected (P>0.05) in all the groups 
compared to the controls. Glutathione peroxidase (GPX) was non-significantly increased (P>0.05) in Groups 1 and 2 
compared to the normal and diabetic control. Malondialdehyde (MDA) showed a significant increase (P<0.05) in Group 
4 compared with all the other experimental groups and the normal control. These results suggest that Talinum 
triangulare has anti-oxidative properties and that higher doses would have likely produced more profound effects. 
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1. Introduction

Most edible plants not only supply nutrients to the body but also offer multiple health benefits. Plants usually exhibit 
antioxidant and anti-diabetic effects because they are rich in phytochemicals- bioactive compounds such as phenols, 
flavonoids, saponins, phytosterols, phytoestrogens, carotenoids, and vitamins such as vitamins A, C, E and fiber [1], 
which can help the body fight against the build-up of free radicals which result in diseases [2]. 

Talinum triangulare, common name “water leaf,” is an edible leafy vegetable belonging to the family Portulaceae. It 
grows in open waste places with rich topsoil and is found predominantly in West and Central Africa. It is a potentially 
invasive and hardy species that grows luxuriantly in hot and humid climates as well as in poor-quality soil, which makes 
its propagation an easy task [3].  

It is a very popular potherb in Nigeria and the Cameroons [4] and is used extensively in the Efik, Ibibio, and Annang 
communities in Cross River and Akwa Ibom States of Nigeria in the preparation of the famous Afang and Edikang ikong 
soups, which are regarded as relishes for people of those tribes. It is an excellent source of bioactive constituents such 
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as alkaloids, flavonoids, saponins, and phenols, with the phenols and flavonoids being the most abundant [5,6], 
suggesting that the plant has medicinal properties.  

The young shoots are traditionally utilized either as a condiment or spice in human diets or as supplementary feed for 
livestock such as poultry, cattle, swine, and rabbits [7]. In some localities of Northern Brazil, its soft and highly nutritious 
leaves are used as a substitute for spinach [8]. It is also rich in natural polymers like mucilage and pectin [9] 

Talinum triangulare has many health benefits and is used in many traditional medicines in West Africa and Southeast 
Asia in particular [3]. The plant is reported as having tremendous therapeutic potential ranging from anti-diabetic, anti-
oxidative, hepatoprotective, anti-cancer, and a plethora of other pharmacological activities [3]. In most communities in 
West Africa, Talinum triangulare is used for treating wounds, varicose ulcers, and burns [10]. In many areas of the West 
African coast, the leaves are eaten to treat indigestion and gastrointestinal disorders, while the roots are used as rat 
poison in some ethnic communities. The leaf and root extracts are used for the treatment of schistosomiasis, scabies, 
and fresh cuts [3]. In some parts of Nigeria, its leaves are taken to reduce cardiovascular diseases. As an edible vegetable, 
it is reported to be able to increase stamina and promote immune function and is used for such purposes in the Javan 
island of Indonesia in Southeast Asia [11]. 

Talinum triangulare has been used in traditional medicine to manage diabetes, cancer, stroke, obesity, and measles. It 
has been reported to be neuroprotective [12], hepatoprotective [13], anti-oxidative [13,14,15], anti-diabetic [16], anti-
anemic [17,18], and also able to combat cardiovascular diseases [19,20], and other ailments. 

Diabetes mellitus is a chronic metabolic disorder that occurs as a result of insulin deficiency or inability to use insulin 
or both. Diabetes mellitus is characterized by raised blood glucose, and when not quickly diagnosed and treated, it 
creates many complications. There is altered metabolism of fuel molecules, and this mainly affects tissues such as 
adipose tissue, skeletal muscles, and the liver. 

The global burden of diabetes is on the increase. Its prevalence levels worldwide are alarming. It was estimated that 
529 million people were living with diabetes in 2021, and this figure is projected to rise to 1.31 billion by 2050 [21]. As 
of 2022, 14% of adults aged 18 years and above were reported to be living with diabetes; diabetes was also reported to 
be the direct cause of 1.6 million deaths, with 47% of all the deaths occurring before the age of 70 [21]. 

One of the unconventional methods of treating diabetes mellitus is lifestyle change, which usually involves exercise and 
a shift to a plant-based diet. The use of plants as therapeutic agents is an age-old practice. However, knowledge of the 
correct dosage is usually a challenge in herbal medicine. There is a need to investigate the effects of measured doses of 
extracts of common medicinal plants to confirm their efficacy and role in combating this disorder, which is fast becoming 
a pandemic. It is against this background that this work was carried out. 

2. Materials and Methods  

Alloxan monohydrate was ordered from London and obtained through an agent at Akwa Ibom State University, Ikot 
Akpaden. Metformin was purchased from a registered pharmacy in Ikot Ekpene, Akwa Ibom State. Fresh young shoots 
of Talinum triangulare were harvested from a bush in Ikot Osurua, Ikot Ekpene LGA, and taken first to the Department 
of Biological Sciences in Akwa Ibom State Polytechnic for identification by a botanist. The plant sample was then 
conveyed to the Biochemistry Laboratory for preparation. The young fresh shoots were then rinsed in distilled water 
to remove all debris and air-dried at room temperature to remove all external moisture. The cold extraction method 
was then used for extraction. The plant sample was cut into small pieces and soaked in 70% ethanol for 72 hours. The 
filtrate obtained thereafter was put in a water bath at 50°C for evaporation until a semi-solid paste was recovered. This 
was wrapped in aluminum foil and kept in a refrigerator at -4°C for subsequent use.  

2.1. Animal Grouping and Management  

Thirty albino Wistar rats weighing 140- 228 g were randomly divided into five groups. Groups 1, 2, 3, and 4 were 
induced to develop diabetes using Alloxan (50 mg/kg) by intraperitoneal injection. Graded doses of 400 mg/kg and 600 
mg/kg body weight were measured and administered to the animals in groups 1 and 2, respectively, once orally for 28 
days. Group 3 (positive control) was treated with the anti-diabetic drug Metformin (50 mg/kg body weight), once orally 
throughout the period of study, while Group 4 (negative control) was untreated. Group 5 (normal) was fed with distilled 
water and commercial feed only. All the animals were allowed free access to feed and water daily throughout the period 
of study. At the end of 28 days, the animals were sacrificed after an overnight fast, and blood was collected by thoracic 
incision and used for serum preparation. 
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2.2. Determination of Antioxidant Enzymes  

Catalase determination was carried out using the method described by Aebi [22]. Superoxide dismutase was estimated 
using the method described by Xin [23]. Glutathione peroxidase activity was determined by the GSH depletion assay by 
the Direct/DNTB method. GSH reacts with DNTB to form mixed disulfides (GS-S SDTNB), where the thiol group of GSH 
replaces one of the nitrobenzoic moieties in DNTB2; nitro-2-thiobenzoate anion (TNB) is released, which creates a 
yellow anion that can be measured spectrophotometrically at a wavelength of 412nm. The intensity of the yellow color 
is directly proportional to the unreacted GSH concentration. 

Malondialdehyde (MDA)determination was carried out using the method described by Wallin et al.[24]. 

2.3. Statistical Analysis  

Data obtained from the study were subjected to one-way analysis of variance (ANOVA) using SPSS version 23. Results 
were expressed as means±standard error of means. Significant differences were detected using the Bonferroni test and 
LSD at a probability level of 0.05. 

3. Results  

Table 1 Table showing the effect of ethanol extract of Talinum triangulare on the antioxidant enzymes and 
malondialdehyde (MDA) concentration of alloxan-induced diabetic rats. 

Groups SOD (U/mL) CAT (U/mL) GPX (U/L) MDA (mmols/L) 

1 40.99±1.11 21.00±0.97 18.40±2.59 0.86±0.07 

2 4.02±2.39 19.60±1.01 19.46±1.46 0.74±0.06 

3 41.00±3.47 19.08±1.59 22.00±2.99 0.73±0.08 

4 33.21±2.95* 19.86±1.22 13.55±1.55* 1.20±0.19* 

5 49.83±2.85 20.88±2.11 23.28±1.07 0.67±0.09 

 The results revealed a significant decrease (P<0.05) in superoxide dismutase (SOD) activity in Group 4 when compared 
with the other test groups and the normal. The SOD activity in the extract-treated groups (Groups 1 and 2) showed no 
significant changes when compared with the metformin-treated group (Group 3) and the normal (Group 5). 

There was no significant effect on the activity of catalase (CAT) in all the test groups compared with one another and 
the normal. There was a significant decrease in the activity of glutathione peroxidase (GPX) in Group 4 (negative control) 
when compared to the other test groups and the normal. However, the extract-treated groups recorded no significant 
changes when compared to the positive control. 

Malondialdehyde (MDA) recorded a significant increase in Group 4 (negative control) when compared with the other 
test groups and the normal. However, the other test groups were non-significantly increased compared to the normal. 

4. Discussion  

Diabetes mellitus is usually associated with increased production of free radicals, which results in depletion of 
antioxidant enzymes and an increase in lipid peroxidation. From the results obtained from this study, it could be seen 
that alloxan–induced diabetes was able to initiate the production of free radicals as evidenced by the reduction in the 
activities of the antioxidant enzymes superoxide dismutase (SOD) and glutathione peroxidase (GPX) which were 
markedly reduced in the diabetic untreated group (Group 4) compared to the other groups treated with the extract and 
the normal. The significant increase in SOD and GPX in the extract-treated groups demonstrates the antioxidant capacity 
of Talinum triangulare , which has been reported by many authors [2, 3,14,15].  

At the onset of diabetes and oxidative stress, the body tries to fight back by releasing more of the antioxidant enzymes 
to ward off the effects of noxious compounds. However, as the onslaught persists, the system becomes exhausted, and 
the level of the antioxidant enzymes drops, which explains the drop in the enzymes SOD and GPX. Treatment with the 
ethanol extract of Talinum triangulare produced an increase in antioxidant enzymes, which compared favourably with 
the metformin-treated group and was significantly higher compared to the diabetic untreated group. This agrees with 
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the report of other researchers that Talinum triangulare has anti-oxidative properties. It is on record that the plant is 
rich in antioxdant compounds, particularly flavonoids and phenols [3,5,19] and these may have helped in combating the 
effect of the alloxan-induced diabetes in the extract-treated groups, as evidenced by the increase in activity of the 
antioxidant enzymes compared with the diabetic untreated group.  

Antioxidants play crucial roles in preventing oxidative stress, which is a hallmark in the pathogenesis of many chronic 
diseases such as diabetes mellitus, cancer, and cardiovascular diseases. The antioxidant ability of Talinum triangulare 
has been recently reported by Afolabi et al [15] in a study where they noticed a significant ABTS radical-inhibitory 
activity by an aqueous extract of Talinum triangulare. 

However, catalase activity did not seem overly affected by the alloxan-induced diabetes, as evidenced by its non-
significant changes in all the groups compared with the normal. A plausible explanation for this may be that SOD and 
GPX are usually the first line of defense for the body during oxidative stress. Furthermore, the location of catalase in the 
cell may also be a reason. Catalase is predominantly found in the peroxisomes of the liver and kidneys, while SOD and 
GPX are ubiquitously distributed in the cytoplasm and mitochondria [25] The mechanism of alloxan action lies in its 
selective destruction of pancreatic beta cells, thus releasing free radicals which often target cytoplasmic and 
mitochondrial enzymes more aggressively. 

Lipid peroxidation is one of the hallmarks of oxidative stress. From the results of the study, it could be seen that alloxan 
significantly increased lipid peroxidation in the untreated diabetic rats (negative control) when compared to the 
metformin- and extract-treated groups and the normal group. This is consistent with many reports that alloxan 
produces reactive oxygen species that increase lipid peroxidation measured as malondialdehyde (MDA) or related 
thiobarbituric acid reactive substances (TBARS) in serum or tissues of experimental animals [26]. 

Metformin is known to reduce oxidative markers in experimental diabetes beyond its glucose-lowering effect [20]. The 
MDA concentration recorded in the metformin-treated group, compared to the other groups, agrees with the trend of 
other studies that reported lowered MDA after metformin treatment in alloxan models [25]. This supports using 
metformin as a positive control in this study. 

These findings confirm previous reports that Talinum triangulare has anti-oxidative properties. In Group 2, the extract 
matched the protective effect of metformin in the experiment (Group 3), suggesting a dose-dependent effect. Similar 
protective effects of T. triangulare extracts (reduced MDA/TBARS and improved antioxidant enzyme status) have been 
reported in other animal and in vitro studies [8,16,19]. 

5. Conclusion  

The results recorded in this study confirm previous reports that Talinum triangulare has potent antioxidant properties 
as evidenced by increased antioxidant enzyme activities and decreased malondialdehyde (MDA) in the extract-treated 
groups when compared to the normal and standard control. The ethanol extract of Talinum triangulare was able to 
mitigate the negative effects of alloxan-induced diabetes on the antioxidant status of alloxan-induced diabetic rats and 
could therefore be useful in slowing down the progression of diabetic complications. However, the trend observed 
suggests that higher doses of the plant extract could have produced more profound effects. 

5.1. Contribution to knowledge and Recommendation  

This study has shown that Talinum triangulare is not just a vegetable fit only for culinary use but can be intentionally 
consumed for its medicinal properties. It is therefore recommended that more research should be done to dive deeper 
into its benefits by undertaking human clinical trials since it is an edible vegetable. 
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