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ABSTRACT 
Amaranthus caudatus (A. caudatus) is a pseudo-cereal with potential therapeutic effects.  
The work aims to study the hypoglycaemic and antioxidant potentials of A. caudatus seeds 
in type 2 diabetes using Drosophila melanogaster model.  Thirty (30) Drosophila 
melanogaster flies of 3 - days old were induced with type 2 diabetes using high sucrose 
diet prepared with 30% sucrose for 7 days. The flies were grouped into six of six flies each. 
Group A, positive control, fed on regular diet (non-diabetic); Group B, negative control 
(non-diabetic and untreated), Group C, positive control (induced and treated with 
standard drug), while Groups D, E and F were induced, and fed with 500 mg, 250 mg and 
125 mg of A. caudatus seeds incorporated in a 5 g normal diet for seven days. The result 
obtained showed non-significant (P > 0.05) variation in negative geotaxis, bodyweight, 
and locomotion between non-diabetic and diabetic groups. On the other hand, glucose 
level was significantly (P < 0.05) reduced in group D fed with 500 mg of A. caudatus seeds. 
Triacylglycerol level (TAG) showed non-significant difference (P > 0.05) between the 
control group and diabetic group treated with A. caudatus seeds. Furthermore, 
antioxidant activity on the extracted oil of A. caudatus seeds showed significant 
scavenging activity against the DPPH radicals. The antioxidant vitamins (A, C and E) were 
found to be 51.50 ± 0.7, 18.34 ± 0.2 and 95.93 ± 0.4 mg%, which are quite significant in A. 
caudatus seeds. Phytochemical analysis of the seeds residuals after oil extraction 
indicated the presence of Flavonoids, alkaloids and tannins. Similarly, proximate analysis 
revealed % Ash (3.35 ± 0.01 %), lipids (6.21 ± 0.02 %) and carbohydrate (76.09 ± 0.08 %) 
contents, respectively. The presences of these phytochemicals and antioxidants are 
associated with hypoglycemic effect. In conclusion, the novel findings are; that despite 
high carbohydrates content, A. caudatus seeds reduced glucose levels at 500 mg.  
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INTRODUCTION 
Amaranthus caudatus (A. caudatus) belongs to the family of 
Amaranthaceae, commonly known as African spinach in 
Nigeria. It is considered as pseudo-cereal and multipurpose 
crop. The research has shown that it can supply higher  

 
nutritional seeds in large quantities (Wouyou et al., 2017). 
The grains of A. caudatus are reported to be a good source of 
proteins, β-carotene, vitamins, minerals, and dietary fibre 
(Wouyou et al., 2017). It is also composed of starch, which was 
described as of high quality against other grains like wheat, 
rice and oats due to its highly soluble and digestible starch 
(Martinez-Lopez et al., 2020). The grains are also described as 
gluten-free and have protein content of about 30% (Martinez-
Lopez et al., 2020). It has been reported that the grains 
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showed complete set of amino acids, which could provide new 
opportunities for food processing, pharmaceuticals, and 
cosmetics industries (Martinez-Lopez et al., 2020). It has high 
nutritional value; and many studies have shown the potential 
of A. caudatus grains as a good source of biologically active 
compounds in the treatment of diabetes mellitus, high 
cholesterol level, hypercholesterolemia, oxidative stress and 
antimicrobial activities (Olokoa et al., 2012). Diabetes 
mellitus causes oxidative stress leading to generation of 
reactive oxygen species (ROS) which subsequently manifested 
in metabolic and systemic problems (Olokoa et al., 2012). 
These complications are of major concern in public health 
system, causing economic and life loss in the affected people 
across the globe (Brownlee, 2005; Olokoa et al., 2012).   

Drosophila melanogaster is increasingly being used as a 
model organism for studying metabolic diseases, including 
diabetes, due to its genetic and physiological parallels with 
mammalian insulin signalling pathways. The fruit fly’s 
insulin-producing cells are functionally similar to 
mammalian pancreatic β-cells, making it an efficient model 
for studying type 2 diabetes mechanisms and potential 
therapeutic interventions (Apidianakis and Rahman, 2011; 
Nässel et al., 2013). Studies also demonstrated the used of 
Drosophila melanogaster in modelling metabolic disorders, 
such as obesity and insulin resistance, making it an ideal for 
testing the effects of natural hypoglycemic agents 
(Musselman et al., 2011; Chen et al., 2021). 

Furthermore, researches on secondary metabolites of 
plant origin such as flavonoids, terpenes and alkaloids have 
been given more attention due to their diverse 
pharmacological properties, such as cytotoxic and anti-
carcinogenic effects (Wouyou et al., 2017). Additionally, 
numerous plant-derived substances, such as flavonoids and 
alkaloids, have been shown to exert hypoglycemic effects in 
Drosophila melanogaster models (Prasad and Ashadevi, 2018; 
Gunther et al., 2021). Due to concerns on high cost and 
problems associated with counterfeits synthetic antioxidants, 
more attention is now being devoted to plantbased 
antioxidants, which led to accelerated research on vegetables 
and grains sources such as A. caudatus grains. Nutritional and 
pharmaceutical research is increasingly focusing on 
nutraceuticals (Katan, 1999; Zeisel, 1999).  

While several studies have identified the nutritional and 
bioactive properties of A. caudatus, limited research has been 
conducted on its hypoglycemic effects using in vivo models of 
type 2 diabetes. In addition, it’s potential as a natural 
antioxidant source for managing diabetes related oxidative 
stress has to be fully explored. Introduction of A. caudatus 
seeds in the diet and as nutraceuticals could be cost saving 
and associated with health promotion and prevention of 
diseases. We hypothesise that A. caudatus seeds, owing to 
their high content of bioactive compounds and antioxidants; 
will demonstrate significant hypoglycemic effects and 
antioxidant activity in a diabetes-induced Drosophila. 
Therefore, this work reports a study on the hypoglycemic and 
antioxidant potentials of A. caudatus seeds and oils in type-2 
induced diabetes in Drosophila melanogaster flies. 

MATERIALS AND METHODS 
Study collection 
A. caudatus seeds were sourced from the local market in the 
Sokoto metropolis, Nigeria and identified at the herbarium 
unit in the Faculty of Pharmacy and Pharmacognosy, Usmanu 
Danfodiyo University Sokoto with a voucher number assigned 
(A. caudatus0002).  

Preparation of plant sample 
The grains were mashed into powder using a pestle and 
mortar and then sieved through a fine muslin cloth and the 
resultant dried particles were packed and preserved in a 
sterilised airtight container at 25 0C. 

Soxhlet extraction of A. caudatus seed oil 
Dried seeds of A. caudatus (14 g) were pounded into a 
powdered form using a mortar and pestle, to improve the 
surface area. The powdered seeds rapped in a cleaned muslin 
cloth inserted into a thimble containing the extraction 
solvent (100 ml). The Soxhlet extractor was set up at 60 0C and 
allowed to run for 2 -3 hrs. The extracted oil was collected 
after simple distillation. 
 
Sourcing of drosophila melanogaster flies 
Adult flies of F1-generation (offspring generation) of 3-5 day 
old were generated at the Drosophila bank at the Centre for 
Advanced Medical Research and Training (CAMRET) and 
cultured at 21–25 °C. They were fed with a unique diet 
prepared using yeast agar, methyl-paraben, and maize flour. 
In this investigation, female Drosophila melanogaster fruit 
flies were used. Fruit flies are sexually dimorphic, and the 
males were easily identified from the females using their 
morphological differences: size and the pigment's colour in 
their abdominal region. 

Composition and preparation of drosophila flies’ diet 
Methylparaben was dissolved in 100% ethanol, and 1300 ml of 
distilled water was poured into a pot and placed on the gas 
boiler to boil. 20 ml of the boiled water was used to dissolve 
yeast in a separate container. Agar-Ager was added to the 
boiled water and mixed for 10 minutes. Corn flour was 
dissolved in the 500ml of cold water and added to the mixture. 
The mixture was stirred for another 10 minutes. The already 
dissolved yeast was then added to the mixture and stirred for 
another 10 minutes after which, the gas heater was turned off 
as described by Musselman et al. (2011).  

Induction of type 2 diabetes 
Diabetes was induced in 3-day old Drosophila melanogaster as 
described by Chen et al. (2021). Briefly, high sucrose diet (30% 
Sucrose) was prepared and fed the Drosophila melanogaster for 
7 days to induced diabetes.  

Dose determination and treatment design 
Due to the non-toxic nature of A. caudatus as reported by 
Jimoh et al. (2020), the mode of feeding systems on the D. 
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melanogaster flies was designed based on the lower dosages 
from 500, 250 and 125 mg of A. caudatus was adopted from the 
feeding protocol (not published) at Usmanu Danfodiyo 
University Centre for Advanced Medical Research and 
Training, Nigeria (CAMRET), and used in designing the 
treatment.   The treatment design consists of six groups as 
presented in Table 1, and each group was replicated three 
times, which consist of 30 flies per vial. Thus, 18 vials were 
used for the experiment, making 540 flies. 
 
Table 1. Treatment Design for Drosophila melanogaster Flies 

Group Description Treatment  Status  
A Healthy flies 10g of normal diet Normal 

control 
B Diabetic flies 10g of sucrose diet Negative 

control 
C Diabetic flies 

treated 
8 mg of standard drug 
(metformin) 

Positive 
Control 

D Diabetic flies 500 mg of amaranth 
grain powder 

Diabetes 

E Diabetic flies 250 mg of amaranth 
grain powder 

Diabetes 

F Diabetic flies 125 mg of amaranth 
grain powder 

Diabetes  

 
Negative geotaxis assay 
The ability of the flies to climb in coordinated speed was 
assessed after seven days of treatment using the rapid 
iterative negative geotaxis (RING) technique described by 
Gargano et al. (2005). Briefly, the groups with a sample size of 
approximately of 30 flies per group were used. The RING assay 
measures the average height climbed by a cohort of flies in a 
given time following induction of the negative geotaxis 
behaviour. Flies in each diet treatment were subjected to the 
RING assay three times. For each cohort, flies were 
transferred to polypropylene vials in groups of 10 per vial. The 
vials were quickly tapped four times to knock flies to the 
bottom and induce the negative geotaxis response; the flies 
were monitored while allowed to climb per minute. This 
procedure was carried out three consecutive times. The 
average distance climbed by flies was calculated and the mean 
taken per vials, and the daily average climbing distance was 
calculated by averaging the three means together. The 
calculated daily averages were charted to assess the decline in 
climbing ability with diet treatment. Negative geotaxis results 
were analysed using one-way ANOVA analysis and Tukey 
multiple comparison test using GraphPad Prism (version 
8.0.1) software. 
 
Weight determination and sample collection for 
biochemical analysis 
At the end of the experiment, weight per group fed with 
different concentrations of A. caudatus was obtained using an 
analytical balance. Initially, the flies were incapacitated by 
placing the culture vials into a deep freezer until the flies were 
not moving and quickly placed in weighing balance and 

measured in milligrams. After the flies were weighed, they 
were digested in 100 µl of phosphate buffer saline (PBS). The 
supernatant obtained and stored at 20 0C was used for 
biochemical analysis.  
 
Glucose determination 
Glucose was determined using glucose oxidase (GOD-POD) 
method. 
 
Triglycerides determination 
Triglycerides determination was carried out using glycerol 
phosphate oxidase (GOD-PAP) method as reported by Bhanja 
et al. (2022). 
 
Antioxidant properties of A. caudatus seed oil 
The antioxidant properties of A. caudatus seeds oil was 
evaluated using DPPH as described by Brand-Williams et al. 
(1995), with little modification. Briefly, extracted oil was 
serially diluted in methanol in concentrations between 0.2 – 
1.0 mg/ml. The test tubes were made up to 4ml of methanol 
and 1ml of DPPH radical (1Mmol) added to each test tube. The 
mixture was gently mixed and allowed to stand for 20 minutes 
and absorbance was read at 517 nm. 
 
Proximate Analysis of the A. caudatus Seed 
The total carbohydrate, moisture content, ash, crude protein, 
lipid and fibre were determined according to the standard 
methods of the Association of Official Analytical Chemists 
(AOAC, 2000). 
 
Qualitative phytochemical screening 
The Flavonoids, tannins, saponins, alkaloids, glycosides and 
steroid content were determined as described by Harbone, 
(1998). 
 
Determination of antioxidant vitamins (a and e in oil) 
and vitamin c in seed 
Vitamins A, E and C were determined using methods 
described by Rutkowski et al. (2006); Rutkowski et al. (2005) 
and Rutkowski et al. (1998), respectively. 

Statistical analysis 
Values were expressed as mean ± standard deviation. The 
results were analysed using one-way analysis of variance 
(ANOVA) followed by Tukey multiple comparison test using 
GraphPad Prism (version 8.0.1) software to compare between 
groups. Results were considered statistically significant at P < 
0.05. 

RESULTS  
Bodyweight and negative geotaxis 
The result on bodyweight of the diabetes induced D. 
melanogaster treated with A. caudatus shows non-significant 
decrease (P > 0.05) as compared to the normal control groups 
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(Figure 1). Also, locomotive and negative geotaxis behaviours 
of the diabetes induced D. melanogaster treated with A. 
caudatus were non-significant (P > 0.05) compared within the 
groups (Figure 2) indicating non-toxic effect of A. caudatus on 
the D. melanogaster.  
 

 
Figure 1. The bodyweight Loss or Gain on Diabetes Induced D. 
melanogaster Fed with Concentrations of A. caudatus Grains. Values are 
Mean of three replicates (n = 3) and error bars are Standard deviation, ns 
= non-significant (P > 0.05). 

 
Figure 2. Effect of A. caudatus on negative geotaxis performance on 
Diabetic Induced D. melanogaster.  
Values are Mean of three replicates (n = 3) and error bars are Standard 
deviation, ns = non-significant (P >0.05). 

 
Glucose and triglycerides 
Glucose and triglyceride levels were determined in diabetes 
induced D. melanogaster fed with different dosages of 500, 250 
and 125 mg of A. caudatus seeds, respectively.   The result 
indicated variation in glucose levels in response to the 
treatment in treated groups as compared to control groups. 
Non-significant reduction in glucose level was observed in 
groups E and F fed with 250 and 125 mg compared to the 
control groups (P > 0.05). In group D, fed with 500 mg, the 
result showed a significant decrease (P < 0.05) when compared 
to the normal control group and diabetes control (Figure 3). 
This indicates that at higher dose A. caudatus has the ability 
to lower glucose level in D. melanogaster. The A. caudatus seed 
was able to non-significantly reduced the triglyceride levels 
in all the diabetes induced groups (D - F) fed with 500, 250 and 
150 mg (P > 0.05) as compared to the control groups. This 

could suggest that A. caudatus seeds can lower triglyceride 
level, which is good in the management diabetes.  
 

 
Figure 3. Glucose Level in Diabetes Induced D. melanogaster fed with 
different Concentration of A. caudatus. Values are Mean of three 
replicates (n = 3) and error bars are Standard deviation, * = Significant 
different (P <0.05), ns = non-significant (P >0.05) in Multiple 
Comparison. 

 
Figure 4. Triglyceride level in Diabetes Induced D. melanogaster Fed 
with A. caudatus Seeds.  Values are Mean of three replicates (n = 3) and 
error bars are Standard deviation, ns = non-significant (P >0.05). 
 

Antioxidant activity and antioxidant vitamins 
Result of the antioxidant activity of A. caudatus seeds oil 
showed an increase in scavenging activity against the DPPH 
radicals at lower concentrations of A. caudatus (from 0.2 
mg/dl with 63 % activity to 0.4 mg/dl with 58% activity) as 
compared to the ascorbic acid standard, which served as a 
positive control (Figure 5).  The ascorbic acid has high 
scavenging activity at 1.0 mg/dl which is 94.21% against the 
DPPH radicals compared to A. caudatus 67.32% obtained at 
1.0 mg/ml. Although the activity observed was less than the 
vitamin C standard at higher concentrations, it shows that A. 
caudatus seeds, which are not readily consumed as food, have 
comparable antioxidant potential than vitamin C at lower 
concentrations.   
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Figure 5. Scavenging Activity of A. caudatus Seeds Oil against DPPH 
Radicals 

 
The study also assessed the antioxidant vitamins present in 
A. caudatus seed oil, which was analysed on the content of 
antioxidant vitamins (A & E). The result obtained showed 
significant presence of vitamins A (over 45%) and E (85%) in 
the oil from the A. caudatus seeds and vitamin C (over 10%) in 
the seeds (Figure 6). This result is vital because the oil could 
also be used in the management of oxidative stress associated 
diseases and diabetes.   
 

 
Figure 6. Proportion of Antioxidant vitamins (A & E) in extracted oil 
and vitamin C in the A. caudatus Seed 
 

Phytochemicals 
Phytochemical analysis of A. caudatus seed (Table 2) revealed 
the presence of metabolically important secondary 
metabolites such as alkaloids, flavonoids, saponins, steroids, 
tannins and glycosides as presented in the Table 2. These 
active metabolites are associated with many metabolic 
functions associated oxidative stress and metabolic 
syndromes.  

Table 2. Phytochemicals in A. caudatus Seeds Residues after Oils 
extractions 

Compounds Status  

Flavonoids + 
Tannins + 
Saponins + 
Glycosides + 
Cardiac Glycoside + 
Saponin Glycosides + 
Steroids + 
Balsams + 
Anthraquinones ND 
Alkaloids + 
Volatile oil + 

Keys: + = Trace amount and ND = Not detected 
 
Proximate composition 
The research also evaluated the proximate composition of A. 
caudatus seed to unravel its suitability as a food supplement 
for diabetes management. The result showed that the seed 
has moisture content (9.36%), ash content (6.83%), crude 
fibre (3.42%), crude protein (8.4%), total lipids (5.35%) and 
70.05% carbohydrates (Figure 7). The result showed that A. 
caudatus could be a good source of minerals, protein, and 
fibre and can be stored in a dry place for a longer period due 
to its lower moisture content. 
 

 

DISCUSSION 
The current study investigates the hypoglycemic and 
antioxidant potentials of A. caudatus seed and oil in 
Drosophila melanogaster model organism. The model flies 
have been reported to share some common biological 
signalling pathways with higher animals (Apidianakis and 
Rahme, 2011; O'Kane, 2011). It also possesses specialised 
insulin-producing cells in the brain which secret insulin-like 
peptides (Nässel et al., 2013) and are shown to mimic 
pancreatic -cells from mammals (Broughton et al., 2005; 
Garelli et al., 2012). The result obtained showed that A. 
caudatus did not significantly reduced bodyweight in groups 
treated with A. caudatus as compared the control group (P > 
0.05) (Figure 1), suggesting that A. caudatus seed may 
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possesses ability to improve the body’s physiological 
functions such as absorption and digestion of the groups fed 
with A. caudatus in diabetic condition. This finding on 
bodyweight was contrary to the studies reported by 
Musselman et al. (2011) and Elbrense et al. (2021) that 
reported significant decrease in the bodyweight of diabetic 
infected flies. Brogiolo et al. (2001) also observed bodyweight 
reduction in insulin receptor mutants, and the decrease in the 
bodyweight of the diabetic infected D. melanogaster flies has 
been linked to a deficiency in the insect's physiological 
functions. According to Chen et al. (2021), diabetic flies had 
difficulty in the absorption and utilisation of carbohydrates. 
Also, the results demonstrated a significant improvement in 
negative geotaxis performance among the groups fed with A. 
caudatus at different dosages compared to the normal control 
group indicating non-toxic effect of A. caudatus as supported 
by Jimoh et al. (2020) (Figure 2). The result was also supported 
by studies of Phoswa and Mokgalaboni, (2023); Showkat, 
(2020) and Yang et al. (2020) that showed the potential 
protective effects of A. caudatus against diabetes-associated 
locomotion deficits.  

The glucose level of diabetic D. melanogaster after treated 
with the A. caudatus showed significant decrease (P < 0.05) at 
500mg as compared with the diabetic control group (Figure 3). 
This shows that A. caudatus seed may possess the ability to 
lower glucose level in a dose-depended pattern. Many 
researchers have reported on anti-diabetic effect of A. 
caudatus using animal model and showed significant 
reduction in glucose levels in different extractions. For 
instance, an investigation of anti-diabetic activities of some 
medicinal plants have revealed the high inhibitory effects of 
hexane, methanol and ethylacetate extracts of two varieties 
of A. caudatus on α-amylase; and effect of isolated squalene 
from the plant extract was recognised as the major 
component of hexane extracts (Girija et al., 2011). Also, 
Conforti et al. (2005) have reported similar finding using a 
dose of 400 mg/kg of the methanol extract of A. caudatus and 
found to show high anti-diabetes activity when administered 
to normal and streptozotocin-induced diabetic rats. Also, 
Zambrana et al. (2018) reported that hydroethanolic extract of 
A. caudatus improves glucose tolerance in Goto-Kakizaki Rats 
and Wister rats by increasing serum insulin levels. From these 
reported studies, it could be suggested that A. caudatus may 
have effect on the activity of α-amylase by inhibiting its 
activity and other dietary benefits (Girija et al., 2011). 
Furthermore, the triglycerides levels were non-significantly 
decrease (P > 0.05) in diabetic induced D. melanogaster both 
at 250 and 125 mg as compared to the control groups, but 
there is noticeable decrease in triglycerides level at 500 mg 
(Figure 4). This result has corroborated with the studies by 
Gunther et al. (2021) that reported significant decline in 
triglyceride levels in dietary starch-induced D. melanogaster. 
On the contrary, Prasad and Ashadevi, (2018) have reported 
significantly high triglyceride levels in diabetes induced D. 
melanogaster following the use of Withania somnifera (WS) at 
high concentration.  

The results of phytochemical analysis and antioxidant 
activity of A. caudatus suggested that A. caudatus seeds are 

good source of phytochemicals and antioxidants. The result 
showed the presence of flavonoids, tannins, saponins, 
glycosides, steroids and alkaloids, respectively (Table 2). 
These phytochemicals are shown to scavenged excess 
electrons, reducing the effects of free radicals generated 
because of oxidative stress in diabetes condition due to their 
chemical structures. Studies that show the anti-diabetic 
effect of phytochemicals revealed that flavonoids improve 
glycemic levels and lipid profiles in rats fed with hyper-caloric 
diet (Stankovic, 2011; Chuffa et al., 2014). Alkaloids and 
triterpenoids reduced the blood sugar by increasing insulin 
secretion from pancreatic -cells (Murali and Saravanan, 
2012; Ponnulakshmi et al., 2019). On the other hand, 
flavonoids help in glucose uptake by peripheral tissues 
(Cazarolli et al., 2008). Olayaki et al. (2015) recorded that 
active components of M. oleifera inhibits soluble epoxide 
hydrolase. The suppression of this enzyme has been reported 
to improve Diabetes treatment (Minaz et al., 2018).  

The result of the antioxidant activity of A. caudatus seed 
oils indicated an increase in scavenging activity seed oils 
against the DPPH radicals at lower concentrations of the 
extract from 0.2 mg/dl with 63 % activity to 0.4 mg/dl with 
58% activity. This result corroborated well with reported 
studies by Rjeibi et al. (2016) that showed the scavenging 
activity of amaranths seed extracts against DPPH and H2O2 

indicating concentration-dependent activity.The significance 
of this finding is that, as food supplements it could be useful 
in the management of type 2 diabetes to ameliorate the risk 
of over generation of reactive oxygen species and its 
downstream associated metabolic effects. Also, result 
obtained revealed presence of high antioxidants vitamins E 
and A in the oils extracted from the seeds, which constituted 
higher percentage and vitamin C from the seed grains of A. 
caudatus. These vitamins play important role in improving 
the immune system response against pathogens, especially 
vitamin C. Other studies have also shown that vitamin C 
supplementation causes reduction in blood glucose and 
HbA1c and thereby improving hyperglycaemia conditions 
(Eriksson and Kohvakka, 1995). Frequent intake of vitamin C 
from dietary sources has shown to reduce the risk of type 2 
diabetes in a population-based study (Williams et al., 1999). 
Ihara et al. (2000) have also shown that vitamin E has 
hyperglycaemic lowering effect and can lower HbA1c by 
inhibiting the sequence of oxidative stress in diabetic rats. 

CONCLUSION 
Our results show that A. caudatus grain has an anti-diabetes 
effect by decreasing the glucose level significantly at 500 mg 
and triglycerides in diabetes induced Drosophila melanogaster. 
In addition, the A. caudatus seeds constitute phytochemicals, 
rich in antioxidant vitamins and have good scavenging 
activity against DPPH radicals at lower concentration. These 
important markers have shown to have direct effect on 
hyperglycaemia, lipid metabolism and oxidative stress. 
Therefore, A. caudatus seeds as a food supplement have the 
potential to improve glucose utilisation in patients diagnosed 
with type 2 diabetes, because of its rich content of 
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phytochemicals and antioxidant vitamins. Further study is 
recommended on use of A. caudatus in the management of 
type 2 diabetes mellitus. 
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