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Article 1 

Polyphenol-rich leaf of Annona squamosa stimulates insulin re- 2 

lease from BRIN-BD11 cells and isolated mouse islets, reduces 3 

(CH2O)n digestion and absorption and improves glucose toler- 4 

ance and GLP-1 (7-36) levels in high fat fed rats 5 
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Abstract: Annona squamosa, commonly known as custard apple, is traditionally used for the treat- 15 

ment of various diseases including diabetes, cardiovascular disease (CVD) and gastritis. This study 16 

was undertaken to investigate the effects of an ethanolic (80% v/v) extract of A. squamosa (EEAS) 17 

leaves in vitro on insulin secretion from clonal pancreatic BRIN BD11 β-cells and mouse islets, in- 18 

cluding mechanistic studies on the effect of EEAS on membrane potential and intracellular calcium 19 

ion concentration. Additional in vitro glucose-lowering actions were assessed. For in vivo studies, 20 

high-fat-fed (HFF) obese/normal rats were selected. EEAS increased insulin secretion in vitro in a 21 

dose-dependent manner. This effect was linked to β-cells membrane depolarization and cytoplas- 22 

mic Ca2+ influx. In the presence of isobutyl methylxanthine (IBMX), tolbutamide or KCl, the insulin- 23 

releasing effect of EEAS was increased, suggesting its effect was also mediated via a KATP independ- 24 

ent pathways. EEAS inhibited insulin glycation, glucose absorption, DPP-IV enzyme activity in vitro 25 

and enhanced glucose uptake and insulin action in 3T3L1 cells. In in vivo, Gut motility, food intake, 26 

glucose tolerance, plasma insulin and active GLP-1 (7-36) levels were improved, whereas plasma 27 

DPP-IV levels were reduced in HFF rats. EEAS attenuated the absorption of sucrose and glucose as 28 

well as decreased serum glucose levels after sucrose loading and in-situ intestinal perfusion in non- 29 

diabetic rats. Rutin, proanthocyanidin and squafosacin G were putatively identified as the antihy- 30 

perglycaemic phytomolecules in EEAS using HPLC followed by LC-MS analysis. This study illus- 31 

trates the potential of A. squamosa and its phytoconstituents as a source of potential antidiabetic 32 

agents. 33 

Keywords: diabetes; insulin; glucose; phytoconstituents; Annona squamosa; GLP-1 34 

 35 

1. Introduction 36 

Diabetes mellitus is one of the most prevalent metabolic syndromes caused due to 37 

deficit in insulin secretion and/or insulin resistance [1]. The International Diabetes Feder- 38 

ation (IDF) has estimated that 500 million people worldwide are diabetic, with this num- 39 

ber expected to rise to 783.2 million in the next 23 years [2]. The three major categories of 40 

diabetes include type 1, type 2, and gestational diabetes.  Type 1 (insulin-dependent di- 41 

abetes mellitus) is characterized by the close to total destruction of the β-cells of the pan- 42 

creatic islets [3], while type 2 (non-insulin-dependent diabetes mellitus) is induced due to 43 
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obesity, insulin resistance and/or impaired insulin secretion [4]. The rapidly increasing 44 

prevalence of type 2 diabetes mellitus (T2DM) is primarily attributable to obesity and 45 

physical inactivity, making it the most prevalent form worldwide [5]. An imbalance in 46 

energy consumption leads to obesity, and this causes an increase in oxidative stress. The 47 

latter interferes with glucose metabolism, leading to insulin resistance and eventually to 48 

the development of T2DM [6]. Hyperglycaemia caused by diabetes leads to long-term 49 

complications such as cardiovascular disease, peripheral and cerebrovascular disease, 50 

neuropathy, retinopathy, and nephropathy, which may ultimately result in end-stage or- 51 

gan damage causing cardiac arrest, stroke, blindness, and renal failure [7-9]. 52 

A healthy diet, weight management, and regular exercise are the first steps to lower- 53 

ing blood sugar levels [10]. Additionally, to increase insulin secretion and improve its 54 

function, one or more oral antihyperglycaemic medications, such as biguanides, sulpho- 55 

nylureas, thiazolidinediones, SGLT-2 inhibitors, meglitinides, α-glucosidase inhibitors, 56 

DPP-IV inhibitors, GLP-1 analogues, GIP, and GLP-1 receptor co-agonists, and/or syn- 57 

thetic insulin, may be used [11-13].  However, in addition to being expensive and una- 58 

vailable to people living in remote and poor areas, these synthetic drugs are associated 59 

with a number of adverse effects, including gastrointestinal disorders, weight gain, renal 60 

problems, liver diseases, and hypoglycaemia [11, 14-16]. Thus, extensive research is being 61 

conducted on plant and animal-based resources to develop alternative medicines for the 62 

treatment and management of this global epidemic. Due to their multiple health benefits, 63 

medicinal plants have been traditionally used to treat diseases in local communities since 64 

ancient times [17]. To date, over 800 plant species have been identified as having anti- 65 

diabetic properties [18]. Alkaloids, polyphenols, tannins, flavonoids, and other phyto- 66 

chemicals are among the many phytoconstituents found in these plants are highly potent 67 

and effective in lowering blood glucose, and thus may help in the discovery and develop- 68 

ment of newer drugs to combat T2DM [17, 19].  69 

Many of these phytoconstituents inhibit DPP-IV action, which has been the focus of 70 

recent research into antidiabetic medicines. The enzyme dipeptidyl peptidase IV (DPP- 71 

IV) is responsible for degradation of incretin hormones, which are generated by the gut 72 

after meals [20]. The cyclic adenosine monophosphate (cAMP) pathway is triggered upon 73 

the interaction of such hormones with certain pancreatic β-cell receptors. This promotes 74 

insulin secretion from β-cells and thus, incretin hormones contribute significantly in con- 75 

trolling postprandial hyperglycaemia [21]. Hence, plants containing compounds with 76 

DPP-IV inhibitory activity are widely sought for. 77 

Annona squamosa, a member of the Annonaceae family, is a tropical tree growing in 78 

many South Asian countries including Bangladesh [14, 22, 23]. The leaves, fruits, roots, 79 

bark, and seeds of A. squamosa are employed to treat diabetes, gastritis, diarrhea, dysen- 80 

tery, malaria, parasitic infections, and several other health complications. Moreover, re- 81 

cent findings have documented the antidiabetic, hepatoprotective and antioxidative ef- 82 

fects of A. squamosa which contains phytomolecules such as quercetin, rutin, kaempferol 83 

and β-caryophyllene [14, 26]. In vitro studies with A. squamosa hot water extract revealed 84 

a reduction in protein glycation, DPP-IV enzyme activity, and glucose absorption. In HFF 85 

obese rats, it improved glucose tolerance and plasma insulin levels and β-cell functions 86 

[14]. The current study aims to determine the in vitro and in vivo antihyperglycaemic ac- 87 

tivity of the ethanol extract of A. squamosa (EEAS) along with its mechanism of action in 88 

the management of diabetes.   89 

2. Materials and Methods 90 

2.1. Collection and preparation of plant extracts 91 

Annona squamosa leaves were collected from the University Ayurvedic Research Cen- 92 

ter (UARC), Jahangirnagar University, Dhaka, Bangladesh. The plant was identified by a 93 

botanical taxonomist at the Bangladesh National Herbarium, Mirpur, Dhaka, and was as- 94 

signed accession number 43754 [14]. The collected leaves were washed, shade-dried, and 95 



Metabolites 2022, 12, x FOR PEER REVIEW 3 of 22 
 

 

then pulverized to a fine powder. The dried powdered leaves (200 g) were macerated in 96 

80% ethanol (1 L) and the mixture was shaken in an orbital shaker for 48-72 h at a rota- 97 

tional speed of 550 rpm. Following filtration using Whatman filter paper, the filtrate was 98 

concentrated to dryness using a rotary evaporator (BibbyRE-200, Sterilin Ltd., Newport, 99 

UK). The sticky residue was freeze-dried using a freeze dryer (Varian 801 LY-3-TT, Varian, 100 

Lexington, MA, USA) and stored at 4 °C for further studies [13,28].  101 

2.2. In vitro insulin-releasing studies  102 

The insulin-releasing effects of EEAS were tested using clonal pancreatic BRIN-BD11 103 

β-cells and isolated mouse islets. The BRIN-BD11 cells were treated with various concen- 104 

trations of EEAS or insulin secretagogues in the presence or absence of glucose (1.1, 5.6, 105 

or 16.7 mM) and were incubated at 37 °C for 20 min in a CO2 incubator [14]. Pancreatic 106 

islets were extracted from mice using collagenase P isolated from Clostridium histolyticum 107 

(Sigma-Aldrich, Dorset, UK), and were subsequently cultured for 48 h. The islets were 108 

incubated with 16.7 mM glucose at 37 °C for 1 h with/without EEAS, alanine, and GLP-1 109 

in a CO2 incubator. The supernatants were separated by centrifugation, and then pre- 110 

served at -20 °C for insulin radioimmunoassay. The secretory pathways activated by 111 

EEAS were identified by assessing the effects of EEAS in the presence of insulin secreta- 112 

gogues or inhibitors such as diazoxide (a KATP-channel opener), tolbutamide (a sulpho- 113 

nylurea and KATP-channel blocker), verapamil (a voltage-dependent Ca2+ channel blocker), 114 

IBMX (a phosphodiesterase inhibitor), 30 mM KCl, and 10 mM alanine. KCl and alanine 115 

cause plasma membrane depolarization and Ca2+ influx. Alanine does this mostly by co- 116 

transport with Na+ and metabolism with ATP production [11, 14].  117 

2.3. Membrane potential and intracellular calcium concentration ([Ca2+]i) 118 

A Fluorometric Imaging Plate Reader (FLIPR) membrane potential and [Ca2+]i assay 119 

kit (Molecular Devices, Sunnyvale, CA, USA) were employed to examine the effects of 120 

EEAS on the membrane potential and [Ca2+]i concentrations, respectively [11]. Positive 121 

controls included depolarizing concentrations of KCl (30 mM) and alanine (10 mM) [14, 122 

29]. In 96-well plates, BRIN-BD11 cells were seeded and allowed to attach overnight in 123 

CO2  incubator at 37 °C. The cells were then pre-incubated with 5.6 mM glucose KRB 124 

buffer for 10 min at 37 °C after the media was removed. Cells were then treated with the 125 

FLIPR membrane potential or calcium dye for 60 min. A Flex Station 3 microplate reader 126 

was used to assess changes in signal intensity at wavelengths of 530 nm, 565 nm, and 550 127 

nm for membrane potential and 485 nm, 525 nm, and 515 nm for intracellular calcium 128 

accordingly. 129 

2.4. Glycation of insulin 130 

The effects of EEAS on insulin glycation were investigated as previously reported, 131 

using aminoguanidine as a positive control [14]. Human insulin (1 mg/mL) and NaBH3CN 132 

(85.3 mg/mL) were incubated with D-glucose (246.5 mM) in the absence (Control) and 133 

presence (Treatment) of EEAS. After 24 h, the reaction was stopped with 0.5 M acetic acid 134 

and glycated and non-glycated insulins were quantified by reversed-phase high-perfor- 135 

mance liquid chromatography (RP-HPLC) [30].  136 

2.5. Cellular glucose uptake 137 

Adipocytes derived from 3T3L1 fibroblast cells were treated with EEAS for 30 min at 138 

37 °C in CO2 incubator, with/without 100 nM insulin. Further incubations were performed 139 

with 2-NBDG, 2-(N-(7-Nitrobenz-2-oxa-1,3-diazol-4-yl) Amino)-2-Deoxyglucose (50 nM) 140 

for 5 min. After rinsing cells with ice-cold PBS, coverslips were fixed on slides. In order to 141 

measure glucose uptake/insulin action, a fluorescence microscope was used to capture 142 

magnified images of the fluorescence intensity [14]. 143 
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2.6. In vitro DPP-IV enzyme activity 144 

A fluorometric assay using the substrate Gly-Pro-AMC was performed to investigate 145 

the effects of EEAS on DPP-IV enzyme activity using a previously established protocol 146 

[30]. DPP-IV enzyme and substrate (Gly-Pro-AMC) concentrations of 8 mU/mL and 200 147 

µM were used to assess enzyme activity plus (Treatment)/minus (Control) EEAS in 96- 148 

well microplates (Greiner Bio-One Ltd, Gloucestershire, UK). The fluorescence intensity 149 

was measured with a Flex Station 3 (Molecular Devices, Sunnyvale, CA, USA) equipped 150 

with a 2.5 nm slit width at excitation and emission wavelengths of 370 and 440 nm, re- 151 

spectively. The known DPP-IV inhibitor sitagliptin was used as a positive control for this 152 

assay. 153 

2.7. Starch digestion 154 

Chronological incubations with heat-stable α-amylase and amyloglucosidase 155 

(Sigma-Aldrich, St. Louis, USA) were performed to evaluate the effects of EEAS on starch 156 

digestion as outlined before [14]. A mixture of 100 mg/50 mL starch solution plus/minus 157 

EEAS was incubated for 20 min at 80 oC with heat stable α-amylase (0.01%). Additional 158 

incubation for 30 min at 60 oC with 0.1% amyloglucosidase (from Rhizopus sp.) were per- 159 

formed. The GOD/PAP (Randox GL 2623) method was used to analyze glucose from ali- 160 

quots of samples that were afterwards stored at 4 oC. Acarbose was used as a positive 161 

control for this assay. 162 

2.8. In vitro glucose diffusion 163 

The effects of EEAS on endogenous glucose diffusion were measured using a cellu- 164 

lose ester (CE) dialysis tube (20 cm × 7.5 mm, Spectra/Por®CE layer, MWCO: 2000, Spec- 165 

trum, the Netherlands) which was filled with 2 mL 0.9% NaCl and 220 mM glucose 166 

with/without EEAS. The two ends of the tube were tightly sealed before inserting it in 45 167 

mL of 0.9% NaCl solution.  The tubes were placed on an orbital shaker at room temper- 168 

ature for 24 h. The GOD/PAP method (Randox GL 2623) was used to estimate the amount 169 

of glucose diffused into the external solution using 0.5 mL aliquots of the dialysate mix- 170 

ture [31]. 171 

2.9. Animals  172 

Sprague-Dawley male rats (6-8 weeks old, Harlan Ltd, Blackthorn, UK) weighing be- 173 

tween 150-200 g were fed a high-fat diet (45% fat, 20% protein, 35% carbohydrate, equiv- 174 

alent to 26.15 KJ/g total energy, Special Diet Service, Essex, UK) for six to eight weeks. 175 

Normal rats were fed a standard diet (10% fat, 30% protein, 60% carbohydrate, equivalent 176 

to 12.99 KJ/g total energy, Trouw Nutrition, Cheshire, UK).  The animals were main- 177 

tained at a specific temperature and humidity range (25 ± 0.5 °C and 65–70%, respectively) 178 

and using a 12 h automatic light on-off facility to ensure a day-night circadian rhythm. 179 

The effects of EEAS on residual gut sucrose content, intestinal glucose absorption, and 180 

gastrointestinal (GI) motility were assessed using a range of in vivo assays. An intraperi- 181 

toneal dose of sodium pentobarbital solution (50 g/kg) was used to anesthetize the rats, 182 

and a midline abdominal incision was performed from about 1 cm below the xiphoid to 183 

the pelvis. The intestine was divided into five sections: the upper 20 cm, middle, and lower 184 

20 cm of the small intestine, the caecum, and the large intestine. Animal Welfare and Eth- 185 

ical Review Board (AWERB) at Ulster University approved all studies on May 2018 and 186 

they were carried out under the UK Home Office Animal project/personal license num- 187 

bers PIL1822 and PPL 2804, which were granted on May 2016 and February 2017, respec- 188 

tively. Both the UK Act 1986 and EU Directive 2010/63EU were followed in the execution 189 

of the experiments and it was ensured that no animals were harmed throughout study. 190 

2.10. Oral glucose tolerance 191 
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Rats fed a high-fat diet were fasted overnight and given oral glucose (18 mmol/kg, 192 

body weight (b.w)) alone (control) or in addition to EEAS (250 mg/5 mL/kg, b.w.). Blood 193 

glucose levels were monitored using an Ascencia Contour Blood Glucose Meter (Bayer, 194 

Newbury, UK) at 0 (before oral gavage), 30, 60, 120 and 180 min following tail vein bleed- 195 

ing. Heparinized microvessel blood collection tubes (Sarstedt, Numbrecht, Germany) 196 

were used to collect the blood samples. Centrifugation at 12000 rpm for 5 min at 4 °C 197 

separated the plasma from the blood and samples were kept at -20 °C for the insulin assay 198 

[32]. 199 

2.11. In vivo DPP-IV enzyme activity  200 

Fluorometric assays were used to assess the effects of EEAS on DPP-IV enzyme levels 201 

in the plasma, as previously described [13]. Blood was obtained from rat’s tail tips before 202 

or after oral administration of EEAS (250 mg/5 mL/kg), DPP-IV inhibitors sitagliptin (10 203 

mol/5 mL/kg) and vildagliptin (10 mol/5 mL/kg), or saline control, as shown in Figure 3D. 204 

Active GLP-1 (7–36) levels in plasma were measured using a GLP-1 (Active) ELISA Kit 205 

(EGLP-35K, Merck Millipore, Dorset, UK). 206 

2.12. Residual gut sucrose content 207 

To examine the effects of EEAS on the absorption of sucrose from the GI tract, the 208 

residual sucrose content was measured as described earlier [33]. Rats fasted for 24 h were 209 

orally administered a sucrose solution (2.5 g/5 mL/kg) in the presence or absence of EEAS 210 

(250 mg/5 mL/kg and 500 mg/5 mL/kg). Blood samples were obtained from the tail tip at 211 

0, 30, 60, 120, and 240 min. To determine the amount of unabsorbed sucrose, the rats were 212 

sacrificed at the specified times as above and the gastrointestinal tract (GIT) was divided 213 

into six segments as indicated in Figure 4C-H. Each segment was washed out with ice- 214 

cold saline, acidified with H2SO4, and centrifuged at 3000 rpm (1000 g) for 10 min. The 215 

supernatant obtained was boiled for 2 h to hydrolyze sucrose followed by neutralization 216 

with sodium hydroxide to bring the pH to 7.0-7.4 [34]. The blood glucose levels after su- 217 

crose load and the amount of glucose liberated from residual sucrose in the GIT were 218 

measured [35]. 219 

2.13. Intestinal glucose absorption 220 

An in situ intestinal perfusion approach was used to explore the effects of EEAS on 221 

glucose absorption in the intestine. After 36 h of fasting, non-diabetic rats were anesthe- 222 

tized with 50 g/kg, b.w. of sodium pentobarbital [36]. EEAS (5 mg/mL and 10 mg/mL 223 

equivalent to 0.25 g/5 mL/kg and 0.50 g/5 mL/kg, respectively) was diluted in a Krebs 224 

Ringer Bicarbonate (KRB) buffer solution supplemented with glucose and loaded through 225 

the rats’ pylorus. The perfusate was collected via a catheter placed at the end of the ileum. 226 

The control animals received KRB buffer with glucose only. The intestinal perfusion was 227 

conducted at a steady rate of 0.5 mL/min for 30 min at 37 °C. The amount of glucose in the 228 

solution prior to and following the perfusion was measured to find out the percentage of 229 

glucose absorbed [13, 37]. 230 

2.14. Gastrointestinal motility 231 

Evaluation of gastrointestinal motility was carried out using BaSO4 milk as per Chat- 232 

terjee’s method [38]. The milk was prepared by adding 10% w/v BaSO4 to a suspension of 233 

0.5% carboxymethyl cellulose. Fasted (12 h) non-diabetic rats were orally administered 234 

with EEAS (250 mg/kg, b.w.) while the control group was treated with distilled water only 235 

(10 mL/kg). The animals were fed BaSO4 milk by oral gavage 1 h after EEAS administra- 236 

tion and 15 min afterwards the animals from both groups were sacrificed. The distance 237 

traveled by BaSO4 milk throughout the entire length of the small intestine (from the pylo- 238 

rus to the ileo-caecal junction) was measured to calculate the percentage distance [11]. The 239 

standard drug glibenclamide (5mg/5ml/kg) were used as positive control. 240 
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2.15. Feeding test 241 

The feeding test was performed using animals fasted for 12 h before the start of the 242 

experiment. The food intake was measured at specific times before or after oral admin- 243 

istration of water, EEAS (250 mg and 500 mg/5 mL/kg) or the standard drug glibenclamide 244 

as a positive control (100 mg/5 mL/kg) as indicated in Figure 5D.  245 

2.16. Crude extract purification  246 

RP-HPLC was used to analyze the EEAS crude extract diluted in 0.12% (v/v) TFA/wa- 247 

ter. The filtered extract was loaded on a Vydac 218TP1022 preparative stainless steel 10 248 

μm C-18 column (22 × 250 mm) (Grace, Deerfield, IL, USA), equilibrated with 0.12% (v/v) 249 

TFA/water at a flow rate of 5 mL/min. Acetonitrile was used as an eluent using linear 250 

gradients of 20% over 10 min and 70% over 40 min. Individual peak retention times were 251 

recorded and peak fractions detected at 254 nm were collected [14]. Insulinotropic peak 252 

fractions were subsequently assessed using a semi-preparative Vydac 208TP510 (10 × 250 253 

mm) 5 μm C-18 column (Phenomenex, UK) eluting with acetonitrile as indicated above, 254 

at flow rate of 1 mL/min. 255 

2.17. Mass spectrometry analysis 256 

Liquid chromatography-electrospray ionization mass spectrometry (LC-ESI-MS) 257 

was used to analyze the molecular weights of the peak fractions of EEAS. These were 258 

separated using a Kinetex F5 LC column (150 × 4.6 mm; 5 µm) (Phenomenex, UK) with 259 

UV detection at 220-256 nm on a Spectra System LC (Thermo Separation Products) as pre- 260 

viously reported [30].  261 

2.18. Statistical analysis 262 

Graph Pad prism 5 was used for data analysis and interpretation. The data was ana- 263 

lyzed using an unpaired Student's t-test (two-tailed P values) and one-way ANOVA with 264 

Bonferroni post-hoc tests. The values are reported as mean ± SEM, with p < 0.05 denoting 265 

the significance limit. 266 

3. Results 267 

3.1. EEAS and Insulin Release from BRIN-BD11 cells 268 

The ethanol extract of A. squamosa (EEAS) induced insulin secretion from BRIN-BD11 269 

cells in a concentration-dependent manner (1.6-5000 µg/mL) (p < 0·05 - 0·001; Figure 1A,B). 270 

Insulin secretion in the presence of EEAS was increased by 2-6.5-fold compared to glucose 271 

concentrations of 5.6 and 16.7 mM alone (p < 0·05 - 0·001; Figure 1A,B). The positive con- 272 

trols, alanine (10 mM) and KCl (30 mM) intensified insulin secretion significantly (p < 273 

0·001; Figure 1A,B). EEAS concentrations of up to 200 µg/mL had no effect on cell efficacy, 274 

but doses above 200 µg/mL increased LDH release by 20 to 75 % (data not shown). 275 

EEAS showed a concentration-dependent (50-200 μg/mL) increase in glucose-in- 276 

duced insulin secretion by 1.4-2.8-fold compared to 16.7 mM glucose alone (p < 0.01- 277 

0.001). The positive controls GLP-1 (10-6 and 10-8 M) and alanine (10 mM) also significantly 278 

increased insulin release (p < 0.001). The incretin hormone GLP-1 (10-6 and 10-8 M)-induced 279 

insulin release from mouse islets was more potent than that of alanine (Figure 1C).  280 

The insulin modulators, glucose (16.7 mM), isobutylmethylxanthine (IBMX; 200 µM), 281 

and tolbutamide (200 µM) further stimulated the insulin-releasing ability of EEAS (p < 282 

0.01-0.00; Figure 1E) by 2.7,1.5, and 1.3-fold, respectively. At 16.7 mM glucose, EEAS main- 283 

tained the regulation of insulin secretion from cells depolarized with 30 mM KCl (p < 0.01; 284 

Figure 1E). On the other hand, the insulin-releasing inhibitors diazoxide (50 µM) and ve- 285 

rapamil (200 µM), as well as Ca2+ free conditions, led to a decrease in insulin release from 286 

clonal pancreatic BRIN BD11 β-cells, although this was not completely abolished (p < 0.01; 287 

Figure 1E,F).  288 

 289 
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 290 

Figure 1. Effects of EEAS on insulin secretion from (A and B) clonal pancreatic β-cells (BRIN-BD11) 291 
and (C) islets of Langerhans, (D) glycation of protein, (E) secretion of insulin with known stimula- 292 
tors/inhibitors and (F) with/without extracellular calcium from clonal β-cells. Values n = 4-8 for in- 293 
sulin secretion and glycation of protein are mean ± SEM. *, **, *** p < 0.05-0.001 compared to control.  294 
ϕ, ϕϕ, ϕϕϕ p < 0.05-0.001 compared to 5.6 mM glucose with EEAS. ΔΔ, ΔΔΔ p < 0.05-0.001 compared to 295 
respective incubation without EEAS. EEAS, Ethanol extract of A. squamosa. 296 
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3.2. EEAS and Glycation of Insulin  297 

The known inhibitor aminoguanidine (44 mM) reduced insulin glycation by 80.5% (p 298 

< 0.001). In the presence of EEAS (50-200 µg/mL), the percentage of insulin glycation was 299 

attenuated by 8-46% (p < 0.05-0.001; Figure 1D).  300 

3.3. EEAS and Membrane Depolarization and [Ca2+]i  301 

In the presence of 5.6 mM glucose, EEAS depolarized (p < 0.001) BRIN BD11 cells and 302 

increased (p < 0.001) the intracellular calcium [Ca2+]i concentrations (Figure 2 A,B). The 303 

positive controls KCl (30 mM) and alanine (10 mM) induced membrane depolarization (p 304 

< 0.001) and increased intracellular calcium levels (p < 0.001; Figure 2A,B).  305 

3.4. EEAS and Glucose Uptake and Insulin Action 306 

Adipocyte cells (3T3L1) were used to assess the effects of EEAS on insulin action us- 307 

ing the glucose analogue 2-NBDG fluorescent hexose. Figure 2C-F depict the microscopic 308 

fluorescence intensity of 2-NBDG uptake. In 3T3L1 differentiated adipocyte cells, EEAS 309 

(200 μg/mL) improved the insulin action by 2-fold (p < 0.05-0.01) while with/without in- 310 

sulin (100 nM), EEAS increased glucose uptake by 33% and 22% respectively (p < 0.01; 311 

Figure 2G).  312 

3.5. EEAS and Starch Digestion 313 

Figure 2H demonstrates the impact of EEAS on starch digestion. EEAS at 125-1000 314 

µg/mL suppressed enzymatic activity by 10-39 % (p < 0.05-0.001: Figure 2H). The standard 315 

inhibitory agent, acarbose (1 mg/mL) reduced starch digestion by 87% (data not shown).  316 

3.6. EEAS and Glucose Diffusion in vitro 317 

Figure 2I depicts the inhibition of glucose diffusion and absorption in the presence 318 

of EEAS after 24 h incubation. At a high concentration (25 mg/mL), EEAS showed 21% 319 

inhibition (p < 0.001; Figure 2I). At a low concentration (0.2 mg/mL), the percentage of 320 

inhibition decreased to 5.5% (p < 0.05; Figure 2I). 321 

 322 
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Figure 2. Effects of EEAS on (A) membrane potential and (B) intracellular calcium in clonal pancreatic β cell (BRIN BD11) and, (C-G) glucose uptake, (H) starch digestion and 

(I) glucose diffusion in vitro. Changes of fluorescence intensity in differentiated 3T3L1 adipocyte incubated with EEAS (E) without or (F) with 100 nM insulin. Values n = 6 for 

membrane potential and intracellular calcium, n = 4 for uptake of glucose, digestion of starch and diffusion of glucose are mean ± SEM.*, **, *** p < 0.05-0.001 compared to control. 
Δ p < 0.05 compared to 100 nM insulin alone. 
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 1 

3.7. EEAS and in vitro DPP-IV enzymatic activity  2 

The activity of the dipeptidyl peptidase-IV enzyme in the presence of various con- 3 

centrations of EEAS is illustrated in Figure 3A.  At concentrations ranging from 200 to 4 

5000 µg/mL, EEAS produced a 9-33% (p < 0.05-0.001) decrease in AMC liberation from 5 

Gly-Pro-AMC in the presence of the DPP-IV enzyme. The known DPP-IV inhibitor 6 

sitagliptin suppressed AMC liberation from Gly-Pro-AMC by 96% (data not shown).  7 

 8 

3.8. EEAS and Oral Glucose Tolerance and Plasma Insulin, DPP-IV and Active GLP-1 (7-36) 9 

Levels  10 

Oral gavage of glucose (18 mmol/5 mL/kg b.w.) with EEAS improved oral glucose 11 

tolerance at 30 and 60 min in HFF rats (p < 0.05; Figure 3B). This was accompanied with 12 

increased plasma insulin levels at 30 min (p < 0.05; Figure 3C).  EEAS demonstrated a 13 

15% decrease (p < 0.01) in DPP-IV enzyme activity while this decreased to 63-68% (p < 14 

0.001; Figure 3D) with sitagliptin and vidagliptin, respectively. Oral administration of 15 

EEAS (at 30 min) elevated active GLP-1 (7-36) concentrations in plasma by 37% (p < 0.01; 16 

Figure 3E). This was increased by 84-90% (p < 0.001) with sitagliptin and vidagliptin (Fig- 17 

ure 3E). 18 

3.9. EEAS and Blood Glucose After Sucrose Load 19 

EEAS (250 mg/5 mL/kg b.w.) showed significant (p < 0.05) reduction in serum glucose 20 

levels at 30 and 60 min (Figure 4A) as compared to the control (sucrose alone). At a higher 21 

dose (500 mg/5 mL/kg), however, EEAS decreased serum glucose levels at 30, 60, and 120 22 

min (p < 0.05-0.01; Figure 4A). There was no significant decrease in glucose levels in rats 23 

receiving oral sucrose alone (Figure 4A). The area under the curve (AUC) indicated that 24 

blood glucose levels were reduced by 15-23% in the presence of EEAS compared to the 25 

control (Figure 4B). 26 

3.10. EEAS and Residual Gut Sucrose Content 27 

Figure 4C-H indicate the impact of oral sucrose administration (2.5 g/5 mL/kg b.w.) 28 

on residual gut sucrose content in normal rats plus/minus EEAS. Sucrose absorption was 29 

reduced with EEAS (250 and 500 mg/5 mL/kg b.w.) in the stomach, upper, middle, and 30 

lower small intestine at 30 and 60 min respectively (p < 0.05-0.001; Figure 4C-H). Some 31 

sucrose was remained unabsorbed in the lower intestine, caecum, and large intestine of 32 

the treated groups after 2 h (p < 0.05-0.01; Figure 4F-H). The sucrose content was almost 33 

nil after 4 h in the control group (sucrose alone), whereas a small amount of sucrose was 34 

detected in the caecum of the group treated with EEAS at a dose of 500 mg/5 mL/kg b.w. 35 

(p < 0.05; Figure 4G). 36 
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Figure 3. Effects of EEAS on (A) DPP-IV enzyme in vitro, (B) glucose tolerance, (C) plasma insulin, (D) DPP-IV and (E) active GLP-1 (7-36) in high fat fed rats. In vivo parameters 

were evaluated before and after oral gavage of glucose alone (18 mmol/kg body weight, control) or with EEAS (250 mg/5 ml/kg body weight (b.w.)), sitagliptin and vidagliptin 

(both at 10 μmol/5 ml/kg b.w.). Plasma active GLP-1 (7-36) levels was assayed at 30 min after treatments. Values n = 4 for in vitro DPP-IV enzyme activity and n = 6 for in vivo 

parameters are mean ± SEM.*, **, *** p < 0.05-0.001 compared to control. Δ, ΔΔ, ΔΔΔ p < 0.05-0.001 compared to high fat fed diet control rats.
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 1 

Figure 4. Effects of EEAS on (A & B) blood glucose after sucrose load and gastrointestinal sucrose 2 
content in (C) stomach, (D) upper, (E) middle and (F) lower intestine, (G) caecum and (H) large 3 
intestine after oral sucrose loading in non-diabetic rats. Rats were fasted for 20 hr prior to oral ad- 4 
ministration of a sucrose solution (2.5 g/5 ml/kg body weight) with (treated group) or without (con- 5 
trol group) EEAS (250 mg/5 ml/kg and 500 mg/5 ml/kg b.w.). Values n = 6 for gut sucrose content 6 
and blood glucose after sucrose load are mean ± SEM. *, **, *** p < 0.05-0.001 compared to control. 7 
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3.11. EEAS and Intestinal Gut Perfusion in situ 8 

A combination of EEAS (500 mg/5 mL/kg b.w.) with glucose caused a significant de- 9 

crease in intestinal glucose absorption (p < 0.05-0.001; Figure 5A) throughout most of the 10 

perfusion time.  Similarly, in the presence of EEAS at 250 mg/5 mL/kg, glucose absorp- 11 

tion was suppressed in the gut at 10, 15, and 30 min compared to the control (glucose 12 

alone) (p < 0.05-0.001; Figure 5A).  The area under the curve indicated that EEAS sup- 13 

pressed intestinal glucose absorption by 22-32% (Figure 5B).  14 

3.12. EEAS and Gut Motility 15 

EEAS (500 mg/5 mL/kg b.w.) increased gastrointestinal motility by 11% as compared 16 

to the control (p < 0.05), however there was no significant change at 250 mg/5 mL/kg (Fig- 17 

ure 5C). Sulfonylureas, glibenclamide (5 mg/5 mL/kg) also improved gut motility by 6.5% 18 

(p < 0.05; Figure 5C). 19 

3.13. EEAS and Feeding Test 20 

EEAS (500 mg/5 mL/kg) improved food intake at 30, 60, 90 and 120 min (p < 0.05- 21 

0.001; Figure 5D). With a dose of 250 mg/5 mL/kg, this improvement was observed only 22 

at 30 and 60 min (p < 0.01-0.001; Figure 5D). The positive control glibenclamide (5 mg/5 23 

mL/kg) also decreased food intake but not significantly compared to the control. 24 

 25 

 26 

Figure 5. Effects of EEAS on (A) intestinal glucose absorption expressed as line graph and (B) area 27 
under the curve, (C) gut motility and (D) feeding test. Rats were fasted for 36 hr and the intestine 28 
was perfused with glucose (54 g/l) with (treated group) or without (control group) ethanol extract 29 
of A. squamosa leaves (5 mg/ml and 10 mg/ml; each subject received 15 ml of perfusion). Values n = 30 
6 for gut perfusion and motility and feeding test are mean ± SEM. *, **, *** p < 0.05-0.001 compared to 31 
control. 32 
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3.14. Extract Purification and Analysis 33 

The chemical analysis of EEAS was performed using RP-HPLC (Table 1; Figure 6A). 34 

The peak fractions (P-1 to P-10) collected were further assessed for insulinotropic proper- 35 

ties from clonal pancreatic BRIN BD11 β-cells (Figure 6B). Insulin secretion was signifi- 36 

cantly induced by peak fractions P-6, P-7, and P-8 (p < 0.001; Figure 6B). However, cell 37 

toxicity was attributed to P-2, P-5 and P-7. The standard control alanine (10 mM) increased 38 

insulin secretion significantly (p < 0.001; Figure 6B). All peak fractions of interest were 39 

subsequently analyzed via LC-MS (Table 1). Peak fractions P-5, P-6, P-7, and P-8 exhibited 40 

molecular masses of 741.4, 609.3, 592.3, and 592.0 Da, respectively. The chemical structures 41 

of the putative bio-active phytoconstituents in EEAS are illustrated in Figures 7A-C. 42 

 43 

 44 

Figure 6. Representative (A) HPLC profile and (B) insulinotropic properties of EEAS peak fractions 45 
(1-10). At a flow rate of 5.0 and 1.0 mL/min, samples were run in RP-HPLC using linear gradients 46 
of 20% over 10 min and 70% over 40 min. Peak fractions (1-10) detected at 254 nm were further 47 
tested for insulin-releasing properties using clonal pancreatic BRIN-BD11 β-cells. Values n = 8 for 48 
insulin release are mean ± SEM. *** p < 0.001 compared to control. 49 
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 50 

Table 1. Molecular mass of peak samples of EEAS leaves obtained from the preparative RP-HPLC 51 
via LC-MS analysis. 52 

 53 

 54 

 55 

 56 

 57 

 58 

 59 

 60 

 61 

 62 

Peaks were separated on a Spectra System LC using a Kinetex F5 LC column (150 x 4.6 63 

mm, 5µm) (Phenomenex, UK). The mass-to-charge ratio (m/z) versus peak intensity was 64 

determined. P-5, P-6, P-7, and P-8 eluting at 14, 15, 15.6, and 16.5 min showed molecular 65 

ions at m/z 741.4, 609.3, 592.3 and 592.0 Da respectively.     66 

 67 

Figure 7. The chemical structure of putative phytomolecules derived from the EEAS. (A) Rutin, (B) 68 
Proanthocyanidin, and (C) Squafosacin G chemical structures with their respective molecular for- 69 
mulae: C27H30O16, C31H28O12 and C37H68O5. 70 

 

Peak Samples 
 

 

Retention Time 

(min) 

 

Theoretical 

Molecular 

Weight (Da) 

 

Found 

Molecular 

Weight (Da) 
 

 

Predicted 

Compounds 

P1 5 - - Not determined 

P2 10.3 - - Not determined 

P3 11.8 - - Not determined 

P4 13 - - Not determined 

P5 14 - 741.4 Unknown 

P6 15 610.5 609.3 Rutin 

P7 15.6 592.9 592.3 Squafosacin G  

P8 16 592.5 592.0 Proanthocyanidin 

P9 16.5 - - Not determined 

P10 20 - - Not determined 
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4. Discussion  71 

Annona squamosa, commonly named as “Ata” in the South Asian subcontinent, has 72 

been found to exert promising antidiabetic activity [39-41], although information regard- 73 

ing its mode of action requires further investigations. This study evaluated the insulino- 74 

tropic and antidiabetic properties of the ethanol extract of A. squamosa leaves in vitro on 75 

clonal pancreatic BRIN BD11 β-cells, isolated mouse islets, and other in vitro parameters 76 

such as starch digestion, insulin glycation, glucose diffusion, glucose uptake, DPP-IV ac- 77 

tivity as well as in vivo using rat models. EEAS induced a concentration-dependent in- 78 

crease in insulin release from clonal pancreatic BRIN BD11 β-cells. This increase in insulin 79 

release in the presence of EEAS was also observed from glucose-stimulated isolated 80 

mouse islets. 81 

Mechanistic studies in the presence of insulin releasing/inhibiting modulators were 82 

carried out to investigate the effect of EEAS on distinct signal transduction pathways in- 83 

volved in insulin secretion. In the presence of diazoxide (KATP channel opener) and vera- 84 

pamil (voltage-dependent Ca2+ channel blocker), the insulin-releasing effect of EEAS was 85 

reduced. The sulfonylurea tolbutamide stimulates insulin release by depolarizing  cells 86 

membrane via inhibiting KATP channels, activating voltage-dependent Ca2+ channels and 87 

triggering intracellular Ca2+ influx [42]. In the presence of tolbutamide, the insulin-releas- 88 

ing effect of EEAS was increased. These findings suggest that at least part of the insulin- 89 

stimulating activity of EEAS is mediated by the KATP and Ca2+ ion channel independent 90 

pathways with the possible involvement of intracellular messenger pathways such as the 91 

adenylate cyclase/cAMP or phosphatidylinositol (PI3) pathway or direct impact on exocy- 92 

tosis [30]. IBMX, a cAMP phosphodiesterase inhibitor, also significantly improved insulin 93 

secretion with EEAS, which is consistent with above results. Interestingly, A. squamosa is 94 

traditionally used to treat asthma [43] due to its ability to increase cAMP in bronchial 95 

smooth muscles, thereby, causing relaxation of the airways and a decrease in smooth mus- 96 

cle cellular proliferation [44].  97 

EEAS was further investigated for its effects on glucose uptake using 3T3L1 adipo- 98 

cyte cells. EEAS significantly enhanced insulin action, which promotes signal transduc- 99 

tion in target cells and increases glucose uptake and storage [45]. The activation of insulin 100 

receptors leads to internal cellular mechanisms that directly affect glucose uptake. These 101 

mechanisms regulate postprandial glucose in extra-pancreatic cells, such as adipocytes 102 

and skeletal muscle cells, by enhancing the translocation of the glucose transporter 103 

GLUT4. In response to glucose, insulin activates the PI3/Akt pathway, which stimulates 104 

the protein phosphorylation cascade and causes an increase in glucose uptake [46].  Fur- 105 

ther in-depth studies are required to ascertain the exact contribution of EEAS in this mode 106 

of action. 107 

Insulin glycation is a key post-translational alteration in the pathogenesis of diabetes 108 

that can lead to long-term problems [47]. Glycation of proteins with short half-lives, such 109 

as insulin, can lead to the formation of advanced glycation end products (AGEs), resulting 110 

in insulin resistance [48-50]. In this study, EEAS was found to decrease insulin glycation 111 

in vitro, indicating its potential against insulin resistance and diabetes-associated compli- 112 

cations. Moreover, recent studies demonstrated that A. squamosa has antioxidant proper- 113 

ties that may decrease oxidative stress via inhibition of lipid peroxidation in pancreatic β- 114 

cells [27,39]. 115 

In vitro studies were also conducted to examine the effects of EEAS on carbohydrate 116 

digestion. The α-glucosidase inhibitor acarbose used as a positive control was found to 117 

completely terminate glucose liberation by inhibiting carbohydrate digestion. EEAS also 118 

suppressed carbohydrate digestion and reduced glucose absorption. It has been previ- 119 

ously observed that A. squamosa could affect carbohydrate digestion by inhibiting the ac- 120 

tivity of the α-glucosidase and α-amylase enzymes [51].  Further studies on glucose dif- 121 

fusion revealed that EEAS decreases gastrointestinal glucose absorption and diffusion. 122 
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These results are consistent with previous findings which reported that the hot water ex- 123 

tract of A. squamosa could suppress glucose absorption in both alloxan and streptozotocin 124 

(STZ)-induced diabetic rats [52].  125 

In vitro studies with EEAS showed promising effects, which further instigated to per- 126 

form in vivo studies using HFF rat model showing obesity and insulin resistance. EEAS 127 

improved oral glucose tolerance and plasma insulin in HFF rats and food intake in non- 128 

diabetic rats. These findings corroborate with in vitro studies of A. squamosa. Recent stud- 129 

ies reported that phytoconstituents including rutin, quercitrin and proanthocyanidin also 130 

have insulin secretory and glucose lowering properties [14,30,53]. 131 

In recent times, there is a growing interest in DPP-IV inhibitors - a class of oral anti- 132 

hyperglycaemic drugs that lower blood glucose levels - as a potential treatment for T2DM 133 

[54].  The DPP-IV enzyme is responsible for the rapid degradation of the incretin hor- 134 

mones GLP-1 and GIP under normal physiological conditions by cleaving in their N-ter- 135 

minal residues to form GLP-1 (9-36) and GIP (3-42) [55,56]. Inhibition of DPP-IV delays 136 

the breakdown of the incretin hormones and positively modulates insulin secretion [57]. 137 

Therefore, DPP-IV enzyme inhibition and the development of the glucagon-like peptide- 138 

1 receptor (GLP-1R) agonists, resistant to enzymatic degradation, are important strategies 139 

for treating T2DM [56]. Our in vitro studies demonstrated significant suppression of DPP- 140 

IV enzyme activity in a concentration-dependent manner after treatment with EEAS. Sim- 141 

ilarly, in HFF rats, EEAS significantly inhibited plasma DPP-IV enzyme activity and in- 142 

creased active GLP-1 (7-36) levels in circulation. These results are in agreement with pre- 143 

vious studies conducted on various medicinal plants with DPP-IV inhibitory effects 144 

[22,58]. Earlier studies showed that phytochemicals from natural sources including A. 145 

squamosa, such as proanthocyanidin and rutin, have the ability to suppress DPP-IV en- 146 

zyme activity.[59,60]. 147 

EEAS significantly reduced glucose absorption during gut perfusion which was as- 148 

sessed by determining the remaining amount of unabsorbed sucrose content in different 149 

segments of the gut. Treatment with EEAS caused significantly higher amounts of resid- 150 

ual sucrose in the stomach, upper, middle, and lower intestine compared to non-treated 151 

rats. EEAS also inhibited glucose absorption in the last three segments of the GI tract, 152 

which are important for nutritional absorption, including glucose [61]. It is known that, 153 

due to the lack of carriers in the GI tract, disaccharides are not normally absorbed [62]. 154 

Therefore, disaccharides must be broken down into monosaccharides prior to absorption 155 

in the GI tract. Thus, the increased sucrose content in the GI tract seen following EEAS 156 

administration may be attributable to a decrease in sucrose catabolism and digestion 157 

throughout the GI tract. Previous studies with A. squamosa and one of its phytochemical, 158 

rutin, also showed reduction in intestinal glucose absorption in STZ-induced diabetic rats 159 

[54,63]. We also observed that EEAS promotes gut motility in the BaSO4 milk study. This 160 

action may shorten the time remaining for carbohydrate absorption. As a consequence, 161 

glucose absorption in the circulation may decrease, causing a fall in blood glucose levels. 162 

These actions may be mediated by dietary fibres which can influence the viscosity and 163 

transport time of the food contents in the GI tract [64]. The ability of A. squamosa to de- 164 

crease glucose absorption and increase in gut motility may be due to its high dietary fibre 165 

content [65].  166 

The potential bio-active phytoconstituents of EEAS were investigated using RP- 167 

HPLC and LC-MS. Our preliminary screening led to the isolation of several peak fractions, 168 

including P-6, P-7 and P-8 which increased insulin release from clonal pancreatic BRIN 169 

BD11 β-cells, and may be the phytoconstituents contributing to the antidiabetic activity of 170 

EEAS.  Peak fractions P6, P-7, and P-8 possessed molecular masses corresponding to ru- 171 

tin, squafosacin G, and proanthocyanidin, respectively. These findings are consistent with 172 

prior studies of A. squamosa having rutin, squafosacin G, and proanthocyanidin [66-68]. 173 

Previous research on rutin and proanthocyanidin showed that these compounds could 174 

improve glucose tolerance and inhibit glucose absorption by inhibiting intestinal α-glu- 175 
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cosidase enzyme activity [69,70]. Rutin and proanthocyanidin have also shown antioxi- 176 

dant properties in STZ-induced diabetic rats, supressing the production of AGEs via 177 

downregulating inflammatory factors, and protecting pancreatic β-cells from damage 178 

[71,72]. Squafosacin G is classified as an acetogenin [73] and these compounds are known 179 

as potent antioxidants due to their free radical scavenging properties [74]. This indicates 180 

that squafosacin G may reduce oxidative stress and improve diabetes complications. Ad- 181 

ditional studies are warranted to fully confirm the structures of the phytomolecules afore- 182 

mentioned.  183 

5. Conclusion 184 

This study has demonstrated that the ethanol extract of A. squamosa leaves (EEAS) 185 

possesses antidiabetic activity, by enhancing insulin secretion both in vitro in clonal pan- 186 

creatic BRIN BD11 β-cells, and isolated mouse islets as well as in vivo in HFF obese rats. 187 

Along with this, EEAS inhibited protein glycation, starch digestion, glucose diffusion and 188 

DPP-IV enzyme activity and enhanced the active GLP-1 levels in circulation. Interestingly, 189 

the results of this study also revealed that EEAS improves glucose homeostasis by lower- 190 

ing glucose absorption in the gut, indicating that it may inhibit disaccharidase enzyme 191 

activity in rats. The presence of phytoconstituents such as rutin and proanthocyanidin 192 

may be a contributing factor to the insulin releasing and glucose lowering benefits of 193 

EEAS. Overall, studies carried out to date on A. squamosa support to some extent its tradi- 194 

tional use against diabetes. Additional in-depth studies are further needed to fully under- 195 

stand the exact nature of its bio-active phytoconstituents and exploit their possible use for 196 

T2DM in humans. 197 
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2-NBDG   2-(N-(7-Nitrobenz-2-oxa-1,3-diazol-4-yl) Amino)-2-Deoxyglucose 216 

AGE   Advanced glycation end products 217 

AWERB   Animal welfare and ethical review board 218 

BaSO4   Barium sulphate 219 

cAMP  Cyclic adenosine monophosphate 220 

CVD   Cardiovascular diseases 221 

DPP-IV  Dipeptidyl peptidase IV 222 

EEAS   Ethanol extract of Anonna squamosa 223 

FLIPR  Fluorometric imaging plate reader 224 
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GIP   Glucose-dependent insulinotropic polypeptide  225 

GLP-1  Glucagon-like peptide-1 226 

GLP-1R       Glucagon-like peptide-1 receptor 227 

GLUT4  Glucose transporter type 4 228 

HFF   High-fat-fed 229 

IBMX   3-isobutyl-1-methylxanthine 230 

IDF   International diabetes federation 231 

KCl   Potassium chloride 232 

LC-ESI-MS Liquid chromatography–electrospray ionization mass spectrome- 233 

try 234 

PI3   Phosphatidylinositol  235 

RP-HPLC  Reverse-phase high performance liquid chromatography 236 

SGLT-2  Sodium-glucose cotransporter-2 237 

STZ   Streptozotocin 238 

T2DM  Type 2 diabetes mellitus 239 

UARC  University ayurvedic research center 240 
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