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The aim of this study was to determine the in vivo hypoglycaemic activity of ethyl acetate extract of Notonia grandiflora 

(EANG) in albino wistar rats. EANG was orally administrated to STZ (40 mg/kg, i.p, b.w) induced diabetic rats at the doses 

of 100 and 200 mg/kg b.w for 21 days. The effect of EANG on blood glucose, body weight, plasma insulin, urea, uric acid, 

creatinine, Hb, HbA1C, liver glycogen content, bilirubin level, liver enzymes (Serum glutamate pyruvate transaminases, 

serum glutamate oxaloacetate transaminases, alkaline phosphatase) were measured in the diabetic rats. Treatment of EANG 

significantly lowered the levels of blood glucose and glycosylated haemoglobin. It also restored body weight, liver glycogen 

content, and serum insulin level in diabetic rats in a dose-dependent manner. A significant reduction in the activity of liver 

function enzymes associated with diabetes and serum levels of renal parameters after treatment with EANG was observed, 

signifying the protective effects of EANG in diabetes-associated complications. Hence, it could be used as a safer 

complementary drug in the management of diabetes and associated complications. 
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Introduction 

Diabetes mellitus (DM) is a metabolic disorder 

characterized by the presence of chronic 

hyperglycaemia (in untreated patients) either due to 

insulin resistance or destruction of pancreatic β-cells1. 

This condition is accompanied by an impairment of 

carbohydrate, lipid, and protein metabolism that can 

lead to premature death2. It may be asymptomatic or 

appear with most devastating symptoms like 

ketoacidosis or non-ketonic hyperosmolar state 

ultimately resulting in coma. Common symptoms of 

DM include extensive thirst, polyuria, weight loss, 

polyphagia, inability of body’s healing capacity and 

blurring of vision etc3. Rapid increase in diabetes and 

the risk of Type 2 diabetes globally has made it an 

area of concern and research interest4. The prevalence 

of Type 2 diabetes mellitus (T2DM) was 462 million 

in 2017 with a worldwide incidence rate of 6059 cases 

per 100,000 people and is projected to increase to 

7079 cases per 100,000 people by 2030. The 

incidence of Type 1 diabetes mellitus (T1DM) was 15 

per 100,000 people and the prevalence was 9.5% in 

the world, which was statistically significant5. 

Globally, medicinal plants have been used as a 

source of medicine and 80–85% of populations rely 

on these medicinal plants using the extracts or their 

active components as traditional medicine to meet 

their primary health care needs. A number of active 

components were isolated from medicinal plants for 

direct use as drugs, or act as a lead compound or 

pharmacological agents. Among these are alkaloids, 

glycosides, galactomannan gum, polysaccharides, 

peptidoglycans, hypoglycans, guanidine, steroids, 

carbohydrates, glycopeptides, terpenoids, amino 

acids, and inorganic ions6. Traditional medicinal 

plants having antidiabetic properties can be used as 

drugs or simple dietary adjuvant to existing treatments 

of diabetes7. The hypoglycaemic activity of many 

plants/plant products has been evaluated and 

confirmed in animal models, as well as in human 

beings8. Metformin, for example, is an oral 

hypoglycemic agent isolated from medicinal plant 

Galega officinalis that was used historically in 

medieval Europe for the treatment of diabetes6. In 

India, several indigenous plant products have been 

reported to be used by the practitioners of the 

Ayurvedic system of medicine to treat diabetes7. 

Notonia grandiflora is a perennial succulent genus 

of Asteraceae-Senecioneae commonly known as 
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“Common fleshy ragweed”. Traditionally, the plant is 

named as Muyal Kathilai in Tamil. It is commonly 

found on bare, exposed slope and rocks of deciduous 

forests from plains to 1400 m(Ref. 9). The plant has been 

found to possess pharmacological activities as 

antioxidant, analgesic and antinociceptive, anti-

inflammatory10, antimicrobial, antibacterial, 

antifungal, and antipyretic11. It really is utilized 

traditionally by the tribals in the treatment of joints 

pains, ear ache12, gastric complaints13, for pimples and 

hydrophobia, urinary disorders, infection, stones, 

diuretic, oedema14, scabies and skin eruptions15, 

wounds including sores and ulcers and scorpion bite16. 

The present study was designed to evaluate the in vivo 

antidiabetic effects of ethyl acetate extract of N. 

grandiflora. 

Materials and Methods 

Plant material and extract preparation 

The fresh aerial parts (stems and leaves) of N. 

grandiflora were collected from Tirunellveli district 

of Tamil Nadu, India in the month of July 2017. It 

was identified and authenticated by Dr V. 

Chelladurai, Research Officer (Botany), Central 

Council of Research in Ayurveda and Siddha, 

Government Siddha Medical College, Palayamkottai, 

Tamil Nadu, India. The voucher specimen 

(MCPSR/N/001/2017) was deposited in the 

Herbarium of the Department of Pharmacognosy, 

Mookambika College of Pharmaceutical Sciences and 

Research, Muvattupuzha, Kerala. 

The shade dried N. grandiflora aerial parts were 

powdered mechanically and stored in an air tight 

container. The extraction was carried out in a Soxhlet 

extractor for 8 h, sequentially with hexane, ethyl 

acetate, ethanol and water. The extract was 

concentrated by a rotary evaporator under 40°C and 

low pressure and finally dried to a constant weight. 

Dried extracts were kept at 20°C in air tight 

containers until further test were carried out17. 

Experimental animals 

This research was carried out using albino wistar 

rats of 150-180 g weight range. The animals were 

obtained from the Central Animal House, Arulmigu 

Kalasalingam College of Pharmacy, Tamil Nadu, 

housed and maintained at normal room temperature. 

They were placed on standard commercial feeds and 

clean water ad libitum and allowed to acclimatize 

for 2 weeks before the work proceeded18. The 

study was approved by the Institutional Animal 

Ethics Committee of the Arulmigu Kalasalingam 

College of Pharmacy, Tamil Nadu (IAEC No: 

AKCP/IAEC/22/2019-2020). 

Acute toxicity (LD50) study 
The acute oral toxicity study was conducted as per 

OECD guideline No. 423 for a period of 14 days. 

Female Albino rats were weighed and marked 

individually for proper observation purpose. They 

were then kept in individual cages at room 

temperature, i.e., 22±2°C and 30% humidity. Food 

but not water was withdrawn from all animals 

overnight prior to administration of ethyl acetate 

extract of N. grandiflora and 3-4 h post 

administration. The extract was administered via oral 

route at doses of 5,50,300 and 2000 mg/kg. For each 

dosing level, 3 animals were used as recommended by 

guideline. Animals were monitored individually after 

dosing at least once during the first 30 min, 

periodically during the first 24 h, with special 

attention given during the first 4 h and daily 

thereafter, for a study period of 14 days. The body 

weights and food intake of animals were noted. All 

observations were systematically recorded with 

individual records being maintained for each animal. 

Additional conditions like that of tremors, 

convulsions, salivation, diarrhoea, lethargy, sleep, 

coma, and lethality were observed19. 

Induction of diabetes 

Diabetes was induced by a single intraperitoneal 

injection of Streptozotocin STZ (40 mg/kg b.wt), 

freshly prepared in 0.1 M sodium citrate buffer (pH 

4.5) after overnight fasting. Animals were fed with 

20% glucose solution for 24 h to avoid initial drug-

induced hypoglycaemia. The control animals received 

the sterile water as placebo. On the 4th day of STZ 

administration, blood glucose level was measured 

through Glucometer (one touch, Johnson & Johnson) 

and the rats with hyperglycemia (blood glucose range 

of above 250 mg/dL) were regarded as diabetic and 

were employed in the study20. 

Oral glucose tolerance test (OGTT) 

Antihyperglycemic effect was studied in glucose 

overloaded hyperglycaemic rats. The animals were 

divided into various treatment groups (n=6). 

Glibenclamide (5 mg/kg) was used as the reference 

standard and the negative control group animals 

received only vehicle. The remaining groups were 

treated with 100 and 200 mg/kg of extract. The zero 

hour blood sugar level was determined from 
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overnight-fasted animals. After 30 min of the drug 

treatment, the animals were fed with glucose (2 g/kg) 

and blood glucose was determined after the half, one, 

and two hours of the glucose load21.  

Experimental design 

In the STZ-induced diabetic animal model, the 

experimental animals were divided into five groups 

(I-nondiabetic control; II-diabetic control; III-

administered hypoglycemic drug glibenclamide 

(5 mg/kg, p.o.), IV and V-received lower and higher 

daily doses of ethyl acetate extract of N. grandiflora at 

a rate of 100 and 200 mg/kg p.o., respectively) of six 

rats each. Ethyl acetate extract of N. grandiflora and 

glibenclamide were administered orally for 21 days. 

All treatments were given orally after the 4th day of 

STZ administration for 21 days. The body weight was 

recorded initially and after the end of treatment 

whereas blood glucose level was measured by 

Glucometer (one touch, Johnson & Johnson) on 1, 4, 

8, 12, 15, 18, and 21 days of the study. After the last 

day of treatment, rats were sacrificed by cervical 

dislocation. The blood samples were collected, 

centrifuged, and the serum was stored for various 

biochemical measurements. The pancreas, liver, and 

kidney were excised immediately, washed in ice-cold 

saline and stored at −20°C until analysed for further 

studies. 

Biochemical estimations 

Estimation of blood glucose and body weight 

The glucose level and body weight were estimated 

on days 1, 4, 8, 12, 15, 18, and 21 after the treatments. 

Blood glucose was estimated by O-toluidine 

method18. Precisely 0.1 mL of the blood was mixed 

with 1.9 mL of 10% trichloroacetic acid solution to 

precipitate and then centrifuged. Then 1 mL of 

supernatant was mixed with 4 mL of O-toluidine 

reagent and was kept in the boiling water bath for 15 

min and cooled. The absorbance was read at 620 nm. 

Data were expressed as mg/dL. 

Estimation of haemoglobin, glycosylated haemoglobin (HbA1c) 

and plasma insulin  

Haemoglobin in the blood was determined by the 

method of Drabkin and Austin22. Glycosylated 

haemoglobin (HbA1c) was estimated using the 

method of Nayak and Pattabiraman23 and plasma 

insulin was assayed by the solid phase system 

amplified sensitivity immunoassay using reagent kits 

obtained from Medgenix-INS-ELISA, Biosource, 

Europe S.A., Belgium24. 

Estimation of hepatic and renal parameters 

Hepatic glycogen was extracted with 30% KOH, 

precipitated with alcohol, and quantified by the 

colourimetric anthrone method25. The biochemical 

parameters of liver such as SGPT, SGOT, ALP, and 

Total bilirubin were determined26-28. The renal 

parameters such as creatinine, urea, and uric acid was 

determined29-31. 

Histopathological assessment 

Histopathological examinations were performed 

on the pancreas of the rats. They were fixed in 10% 

formalin, dehydrated in graded ethanol concentrations 

(50-100%), cleared in toluene and embedded in 

paraffin. Sections (4-6 μM thick) were prepared and 

then stained with Hematoxylin and Eosin (H-E) 

dye for photomicroscopic observation under 

light microscope at high power magnifications 

(x 400 objectives). The stained section was observed. 

The cell architecture in the liver was observed under 

high power objective in a microscope32. 

Statistical analysis 

The results of experiments performed in at least 

six independent experiments are displayed as 

mean±S.E.M. Multiple comparisons were assessed by 

one-way ANOVA, followed by Tukey’s post hoc test, 

with the significance level set at P <0.05 using 

SPSS software (SPSS for Windows, version 16.0, 

Chicago, IL). 

Results and Discussion 

Extraction 

The powdered plant materials were successively 

extracted with hexane (68C), ethyl acetate (76-

78C), ethanol (78.37C) and water for eight hours. 

The extracts were then concentrated by a rotary 

evaporator under 40°C and low pressure and finally 

dried to constant weight. Dried extracts were stored at 

20C in air tight containers until further test were 

conducted. It was found that water gave highest yield 

of extraction among other solvents for extracting 

aerial parts of N. grandiflora. The extraction yield for 

water was 18.78 wt.%, trailed by ethanol 12.40 wt.%, 

ethyl acetate 9.67 wt.% and hexane 4.52 wt.% 

respectively. 

Acute toxicity 
The acute toxicity study of ethyl acetate extract of 

N. grandiflora was evaluated as per OECD guideline

No. 423. The ethyl acetate extract was orally fed

to the rats at the dose level of 5, 50, 300, and
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2000 mg/kg, respectively. The test showed no 

mortality even at maximum dose of 2000 mg/kg body 

weight (b.wt.). Hence, 100 and 200 mg/kg doses were 

selected for further study. 

Oral glucose tolerance test (OGTT) 

Administration of glucose (2 g/kg) showed a sharp 

rise in blood glucose level in normal rats at 30 mins 

after glucose load and then began to decrease. As 

compared to the normal control, the rats treated with 

extracts and standard, the blood glucose level reached 

peak level at 30 mins and returned to normal at the 

end of 120 mins.  

Administration of ethyl acetate extract of Notonia 

grandiflora EANG showed significant lowering in 

blood glucose values when compared to normal 

control rats (Fig. 1). Oral glucose tolerance test could 

be concluded as dose of 200 mg/kg showed maximum 

improvement in glucose tolerance. 

Body weight and blood glucose changes in type 2 diabetic rats 

Body weights of streptozotocin injected rats were 

found to be significantly reduced (P <0.01) as 

compared to normal rats. Induction of diabetes by 

STZ leads to loss of body weight due to increased 

muscle wasting and loss of tissue proteins. The failure 

of diabetic animals to gain weight during the course 

of time is due to continuous excretion of glucose 

because of the defect in peripheral uptake and 

impairment of liver’s capacity to synthesize 

glycogen33. Body weights of all the animals were 

measured on day 1st and 21st day (Table 1). 

A significant increase in body weight in diabetic rats 

was observed after EANG 100 and 200 mg/kg and in 

glibenclamide administration when compared to 

diabetic control rats. 

The diabetic rats showed an elevated fasting blood 

glucose levels when compared to normal rats. The 

normal control rats continued to maintain their basal 

blood glucose levels throughout the experiment period. 

The fasting blood glucose levels of the diabetic rats 

were elevated throughout the study, while the ethyl 

acetate extracts of N. grandiflora treated groups at the 

dose of 100 and 200 mg/kg exhibited significant 

lowering of blood glucose levels on 8th, 12th, 15th, 18th, 

and 21st day (Table 2). The results of the study have 

shown a significant difference between the initial and 

final fasting blood glucose levels of extracts treated 

groups at the dose of 100 and 200 mg/kg and 

glibenclamide treated diabetic rats. 

Table 2 — Effect of ethyl acetate extract on fasting plasma glucose level in rats 

Groups Fasting blood glucose level (mg/dL) 

Day 1 Day 4 Day 8 Day 12 Day 15 Day 18 Day 21 

Group I 

control 
79.1424.78 81.2820.34 82.0622.16 83.7423.52 83.1821.48 82.7024.62 82.1427.68 

Group II 

diabetic control 
243.1822.54 314.9235.54 327.8840.82 316.1436.02 306.2641.86 299.8438.62 288.9824.22 

Group III 

STZ+GBC 
240.2824.35** 293.2533.24*** 213.1230.66*** 168.3638.72*** 151.0229.38*** 124.4021.76*** 110.6426.15*** 

Group IV 

STZ+100 mg/kg 

EANG 

240.4826.76 303.5228.56* 299.2429.38** 264.7331.45*** 229.8625.58* 169.3822.10*** 160.4021.72*** 

Group V 

STZ+200 mg/kg 

EANG 

242.6820.30 300.4826.78** 263.8626.20*** 201.0228.24* 169.7422.42*** 138.1220.75*** 112.5623.46*** 

Values are given as meanS.E (n=6). 
*P <0.05, **P <0.01,***P <0.001 when compared to STZ control group 

Fig. 1 — Effect of ethyl acetate extract of Notonia grandiflora on 

the blood glucose level of oral glucose loaded rats. 

Table 1 — Effect of EANG on changes in body weight in rats 

Groups Body weight (g) 

1st day 21st day 

Group I control 178.5622.48 196.7224.54 

Group II diabetic control 180.5624.46 149.9025.15 a 

Group III STZ+GBC 181.7025.32 207.8023.86* 

Group IV STZ+100 mg/kg EANG 180.3525.16 195.7624.28* 

Group V STZ+200 mg/kg EANG 185.4523.52 208.1021.48* 

Values are given as meanS.E (n=6). 
aP <0.01 when compared to normal control, *P <0.05 when 

compared to STZ control group 
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There was an improvement in glucose tolerance 

with the reduction of plasma glucose level in the 

study which indicates the glucose metabolism 

capacity of ethyl acetate extract. The results are in 

accordance with the previous in vitro antidiabetic 

study of ethyl acetate extracts of N. grandiflora, with 

its probable mechanisms of action such as stimulation 

of glucose uptake via insulin-dependent pathways in 

skeletal muscle and/or insulin-independent pathways 

in hepatocytes, as well as the inhibition of intestinal 

alpha amylase and alpha glucosidase in preventing 

rise in postprandial glucose level34. The observed 

hypoglycaemic effect may be also due to either 

regeneration of β-cells or enhanced insulin sensitivity 

to the target tissues.  

Further, to assert the mode of action, the insulin 

levels were estimated along with the histology of the 

pancreas. The diabetic rats showing reduced insulin 

levels and the degranulated and dilated islets were 

restored after treatment with ethyl acetate extracts and 

glibenclamide (Table 3). 

 
Estimation of Hb and HbA1c 

Decrease in Hb in diabetic control group, 

indicating the presence of hypochromic, microcytic 

anaemia in STZ diabetic rats35. The level of HbA1c is 

monitored as a reliable index to consider glycaemic is 

in control in diabetes. High glycosylated haemoglobin 

level signifies poor glycaemic control and responsible 

for the development of diabetic complications viz. 

vascular dysfunction, neuropathy and diabetic 

nephropathy36. Haemoglobin level decreased and 

HbA1c increased significantly in diabetic control rats 

and these values were reversed by treatment with 

ethyl acetate extracts of N. grandiflora and 

glibenclamide. Higher doses of ethyl acetate extract 

produced more reduction HbA1c level. This  

action represents that N. grandiflora has an ability to 

prevent the development of diabetes associated 

complications. 
 

Effect of ethyl acetate extracts of N. grandiflora on hepatic 

parameters 

The liver glycogen level was found to be low in 

diabetic control rats when compared to normal rats. 

Insulin activates the glycogen synthase system37. The 

significant increase in the glycogen level (P <0.05) on 

treatment with ethyl acetate extracts (100 and 

200 mg/kg b.wt) may be due to the reactivation of 

glycogen synthase system by N. grandiflora  

(Table 4). 

Bilirubin is excreted by the liver, therefore, 

interference with the normal liver function affects its 

rate of conjugation and excretion. Thus, a high  

level of bilirubin is used as indices for liver function 

and bile excretion status38. In the present study, 

bilirubin level was found to be decreased from 

3.52±1.62 mg/dL (diabetic control) to 0.40±0.20 

mg/dL (Glibenclamide treated groups), 0.42±0.56 

mg/dL in ethyl acetate extracts of N. grandiflora  

(200 mg/kg), suggesting the enhancement of liver 

functions by the extracts as well as standard 

drug glibenclamide.  

Studies have shown that STZ induces CYP2E1 

dependent oxidative stress and causes the release of 

various liver microsomal enzymes including SGOT, 

SGPT, and serum ALP in the blood that indicates 

liver damage or condition of T2D disease39. 

Table 3 — Effect of ethyl acetate extracts of Notonia grandiflora 

on plasma insulin, Hb and HbA1c 

Groups Insulin (U/mL) Haemoglobin 

(g/dL) 

Glycosylated 

haemoglobin 

(mg/g of Hb) 

Group I  

control 
18.240.32 13.150.30 0.430.05 

Group II  5.360.30 a 6.750.38 a 1.200.04 a 
diabetic control 

Group III  17.560.44* 12.240.30* 0.510.07* 
STZ+GBC 

Group IV STZ+100 

mg/kg EANG 
14.120.40** 10.260.34** 0.620.06** 

Group V STZ+200 

mg/kg EANG 
17.460.52** 12.520.36* 0.540.08* 

Values are given as meanS.E (n=6).  
aP <0.01 when compared to normal control, *P <0.05, **P <0.01, 

when compared to STZ control group 

Table 4 — Effect of ethyl acetate extracts of Notonia grandiflora on serum biomarkers of liver 

Groups Bilirubin mg/dL Glycogen (mg/100 g tissue) SGOT (U/L) SGPT (U/L) ALP (IUb/L) 

Group  I control 0.30±0.05 55.081.48 170.12+0.34 96.78+0.48 78.96±4.35 

Group II  diabetic control 3.52±1.62 a 16.151.56 a 309.34+1.32 b 203.23+0.92 b 137.52±6.78a 

Group III  STZ+GBC 0.40±0.20* 50.101.34* 192.46+0.30*** 115.30+0.88*** 86.26±5.22* 

Group IV STZ+100 mg/kg EANG 1.42±3.68* 42.341.20* 218.54+0.56** 180.74+0.52* 93.32±5.38* 

Group V STZ+200 mg/kg EANG 0.42±0.56** 49.551.32* 193.68+1.23** 167.46+3.25* 86.90±5.94* 

Values are given as mean  S.E (n=6).  
a P <0.01, b P <0.001 when compared to normal control, *P <0.05, **P <0.01,***P <0.001 when compared to STZ control group. 
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Restoration to normal level shows recovery from 

damage. Treatment with ethyl acetate extracts of N. 

grandiflora and glibenclamide normalized the hepatic 

marker enzyme. Both low and high doses of the ethyl 

acetate extract significantly improved the level of all 

three enzymes; however, the effect of the high dose 

was significant to a higher extent. 
 

Effect of ethyl acetate extracts of Notonia grandiflora on renal 

parameters 

The elevation of serum urea, uric acid, and 

creatinine are significant markers related to renal 

dysfunction in diabetic hyperglycaemia. The protein 

glycation in diabetes may lead to muscle wasting and 

increased release of purines, the main source of uric 

acid as well as the activity of xanthine oxidase40. In 

this work, diabetic control showed a significant 

increase in creatinine, uric acid, and urea levels 

compared to control animals demonstrating renal 

failure. Diabetic rats treated with ethyl acetate 

extracts of N. grandiflora showed the reversal of these 

parameters to near normal levels indicating protective 

effects on kidneys (Table 5). 
 

Histopathology of pancreases 

In Fig. 2, the photomicrographs of pancreatic 

section staining with hematoxylin and eosin were 

shown. In the pancreatic sections of the normal 

control group, the islet boundaries were clear. No 

necrosis or fatty degeneration was observed in normal 

rats. In pancreatic sections of the diabetic control 

group, completely destructed cells were observed. 

Besides ballooning, necrosis also occurred. Fatty 

layer degeneration, loss of normal structure, and 

normal cellular integrity was also observed in the 

pancreatic section of the diabetic control rats. Due to 

necrosis, irregular gap junctions appeared and 

coagulation occurred. In the test group of low doses 

(100 mg/kg body weight), in most portions, cellular 

integrity was normal with slight fatty degeneration. In 

the test group of high dose (200 mg/kg b. wt), cellular 

integrity was normal to a great extent. In the standard 

treated group (5 mg/kg b. wt), cellular integrity was 

normal, no blood clotting or necrosis was noticed. 

Table 5 — Effect of ethyl acetate extracts of Notonia grandiflora 

on urea, uric acid and creatinine in the plasma of control  

and diabetic rats 

Groups Urea  

(mg/dL) 

Uric acid 

(mg/dL) 

Creatinine 

(mg/dL) 

Group I  

control 

25.26±2.10 1.17±0.18 0.91±0.05 

Group II  38.04±2.56a 2.18±0.16a 2.30±0.20a 

diabetic control 

Group III  26.34±2.38** 1.28±0.10** 1.08±0.18** 

STZ+GBC 

Group IV STZ+ 

100 mg/kg EANG 

30.48±2.78* 1.68±0.14* 1.48±0.12* 

Group V STZ+ 

200 mg/kg EANG 

26.96±2.96* 1.30±0.10* 1.10±0.16* 

Values are given as meanS.E (n=6).  
aP <0.01, bP <0.001 when compared to normal control, *P <0.05, 
**P <0.01 when compared to STZ control group. 

 
Fig. 2 — Representative photomicrographs of Pancreas, a) Normal control, b) Diabetic control, c) Standard-Glibenclamide,  

d) EANG 100 mg/kg, e) EANG 200 mg/kg; (Hematoxylin-Eosin stain; Magnification: 10x). 
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Histopathological studies of the pancreas in the 

diabetic and treated groups substantiated the cyto-

protective action of extract. 
 

Conclusion 

The present study provides a scientific 

confirmation of the antidiabetic activity of ethyl 

acetate extracts of N. grandiflora in STZ-induced 

diabetic rats. Therefore, it can be concluded that the 

N. grandiflora might be used safely as an adjunct 

therapy in the management of diabetes and its 

associated complications. Furthermore, it is suggested 

to carry out long-term research work to recognize and 

isolate the active moiety responsible for antidiabetic 

property. 
 

Conflict of interest 

The authors declare that there are no conflicts of 

interest. 
 

References 
1 American Diabetes Association, Diagnosis and classification 

of diabetes mellitus, Diabetes Care, 2009, 32(Suppl 1),  

S62-S67.  

2 American Diabetes Association, Diagnosis and classification 

of diabetes mellitus, Diabetes Care, 2013, 36(Suppl 1),  

S67-S74.  

3 WHO, World Health Statistics: Monitoring health for the 

SDGs sustainable development goals, World Health 

Organization, 2016. 

4 Wu Y, Ding Y, Tanaka Y and Zhang W, Risk factors 

contributing to type 2 diabetes and recent advances in the 

treatment and prevention, Int J Med Sci, 2014, 11(11),  

1185-1200.  

5 Ojo O A, Amanze J C, Oni A I, Grant S, Iyobhebhe M, et al., 

Antidiabetic activity of avocado seeds (Persea americana 

Mill.) in diabetic rats via activation of PI3K/AKT signaling 

pathway, Sci Rep, 2022, 12, 1-17. 

6 Tafesse T B, Hymete A, Mekonnen Y and Tadesse M, 

Antidiabetic activity and phytochemical screening of extracts 

of the leaves of Ajuga remota Benth on alloxan-induced 

diabetic mice, BMC Complement Altern Med, 2017, 17, 243. 

7 Modak M, Dixit P, Londhe J, Ghaskadbi S and Devasagayam 

T P, Indian herbs and herbal drugs used for the treatment of 

diabetes, J Clin Biochem Nutr, 2007, 40(3), 163-173.  

8 Eddouks M, Chattopadhyay D and Zeggwagh N A, Animal 

models as tools to investigate antidiabetic and anti-

inflammatory plants, Evid Based Complement Alternat Med, 

2012, 2012, 1-14.  

9 Khare C P, Indian Medicinal Plants: An Illustrated 

Dictionary, (New York), 2007. 

10 Bose N J J and Mehalingam P, Antinociceptive and  

anti-inflammatory activities of leaf extracts of 

ethnomedicinal plant, Acta Hortic, 2014, 1023, 117-122. 

11 Vanijajiva O, Pornpongrungrueng P and Pongamornkul W, 

Kleinia grandiflora (Asteraceae: Senecioneae), a species and 

genus newly discovered in Thailand, Phytotaxa, 2014, 

159(1), 017–022. 

12 Basha M G, Senthilkumar M S S, Vaidyanathan D  

and Sivakumar D, Diversity of ethnomedicinal plants  

used by Malayali tribals in Yelagiri hills of Eastern  

ghats, Tamil Nadu, India, Asian J Plant Sci Res, 2013, 3(6), 

29-45.  

13 Ayyanar M and Ignacimuthu S, Traditional knowledge of 

Kani tribals in Kouthalai of Tirunelveli hills, Tamil Nadu, 

India, J Ethnopharmacol, 2005, 102(2), 246-255. 

14 Sharma A J and Naresh C, Pharmacognostical studies of 

Bryophyllum pinnatum (Lam.) Kurz, Pharmacogn J, 2014, 

6(6), 20-26. 

15 Ganesan K and Xu B, Ethnobotanical studies on folkloric 

medicinal plants in Nainamalai, Namakkal District, Tamil 

Nadu, India, Trends Phytochem Res, 2017, 1(3), 153-168. 

16 Maharajan M J and Janakiraman N, Floristic diversity and 

medicinal importance of South vagaikulam region 

Tirunelveli, Tamil Nadu, South India, J Med Herbs 

Ethnomed, 2015, 1, 125-129. 

17 Manokari S L and Meenu N C, A study on the extraction 

process of Wrightia tinctoria and evaluation of its 

antimicrobial activity, Int J Res Appl Sci Eng Technol, 2017, 

5(9), 1-9. 

18 Guide for the care and use of laboratory animals,  

8th edn, (Washington (DC): National Academies Press, US), 

2011. 

19 OECD/OCDE, OECD Guidelines for the testing of 

chemicals, revised draft guidelines 423, Acute Oral toxicity- 

Acute toxic class method, revised document, CPCSEA, 

Ministry of Social Justice and Empowerment, Govt of India, 

2000 
20 Ramachandran V, Saravanan R and Senthilraja P, 

Antidiabetic and antihyperlipidemic activity of asiatic acid in 
diabetic rats, role of HMG CoA: In vivo and in silico 
approaches, Phytomed, 2014, 21(3), 225-232. 

21 Sasaki T, Matsy S and Sonae A, Effect of acetic acid 
concentration on the colour reaction in the O-toluidine boric 
acid method for blood glucose estimation, Rinsho Kagaku, 
1972, 1, 346-353. 

22 Drabkin D L and Austin J M, Spectrophotometric constants 

for common haemoglobin derivatives in human, dog and 

rabbit blood, J Biol Chem, 1932, 98, 719-733. 

23 Nayak S S and Pattabiraman T N, A new colorimetric 

method for the estimation of glycosylated hemoglobin, Clin 

Chim Acta, 1981, 109(3), 267-274. 
24 Burgi W, Briner M, Franken N and Kessler A C, One step 

sandwich enzyme immunoassay for insulin using monoclonal 
antibodies, Clin Biochem, 1988, 21(5), 311-314. 

25 Morales M A, Jabbagy A J and Terenizi H R, Mutations 

affecting accumulation of glycogen, Neurospora News Lett, 

1975, 20(1), 24-25. 

26 Bergmeyer H U, Herder M R R, IFCC method for  

L-Aspartate aminotransferase, J Clin Chem Biochem, 1986, 

24, 497- 510. 

27 Kind P R and King R J, Estimation of plasma phosphatise by 

determination of hydrolysed phenol with antipyrin,  

J Clin Pathol, 1954, 7(4), 322-326. 

28 Mallay H T and Evelyn K A, Estimation of serum bilirubin 

level with the photoelectric colorimeter, J Biol Chem, 1936, 

19, 481-484. 

29 Jaffe M, Concerning the precipitate produced in normal urine 

by picric acid and a new reaction of creatinine, Z Physiol 

Chem, 1886, 10, 391-400. 



PAUL et al.: IN VIVO ANTI-DIABETIC ACTIVITY OF NOTONIA GRANDIFLORA WALL. 

 

 

317 

30 Patton C J and Crouch S R, Spectrophotometric and kinetics 

investigation of the Berthelot reaction for the determination 

of ammonia, Anal Chem, 1997, 49, 464-469.  

31 Caraway W T, Determination of uric acid in serum by 

carbonate method, Am J Clin Pathol, 1955, 25(7), 840-845. 

32 Luna L G, Manual of histological staining methods for the 

armed forces. Institute of Pathology, 3rd Edn, (McGraw Hill 

Book Co., New York), 1968, 1-31. 

33 Swanston-Flatt S K, Day C, Bailey C J and Flatt P R, 

Traditional plant treatments for diabetes. Studies in normal 

and streptozotocin diabetic mice, Diabetologia, 1990, 33(8), 

462-464. 

34 Paul M, Sanilkumar R and Sabu M C, Evaluation of in vitro 

anti-diabetic activity of ethyl acetate extract of Notonia 

grandiflora Wall., Indian J Nat Sci, 2021, 11(64), 29325-32. 

35 Colak S, Geyikoğlu F, Aslan A and Deniz GY, Effects of 

lichen extracts on haematological parameters of rats with 

experimental insulin-dependent diabetes mellitus, Toxicol 

Ind Health, 2014, 30(10), 878-887. 

36 World Health Organization, Use of glycated haemoglobin 

(HbA1c) in the diagnosis of diabetes mellitus:  

Abbreviated Report of a WHO Consultation, Geneva, 

Glycated haemoglobin (HbA1c) for the diagnosis of 

diabetes, 2011. 

37 Berg J M, Tymoczko J L and Stryer L, Glycogen breakdown 

and synthesis are reciprocally regulated, In Biochemistry,  

5th edn, (New York, W H Freeman), 2002. 

38 Tripathi N and Jialal I, Conjugated hyperbilirubinemia,  

In StatPearls [Internet], (Treasure Island (FL), StatPearls 

Publishing), 2021. 

39 Nazir N, Zahoor M, Nisar M, Khan I, Karim N, et al., 

Phytochemical analysis and antidiabetic potential 

of Elaeagnus umbellata (Thunb.) in streptozotocin-induced 

diabetic rats: Pharmacological and computational 

approach, BMC Complement Altern Med, 2018, 18(1), 1-16. 

40 Preedy V R and Watson R R, Nuts and seeds in health and 

disease prevention, (Academic Press Publications),  

2011, 475. 

 


