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INTRODUCTION

Diabetes mellitus (DM) is a severe, persistent, and complicated metabolic condition with
numerous etiologies and severe short- and long-term effects (Soumya and Srilatha,
2011). Type 2 diabetes, characterized by hyperglycemia and abnormal carbohydrate
metabolism, is a leading cause of morbidity and mortality worldwide and a major
economic burden (Upadhyay et al., 2018). People with diabetes and its complications live
in both industrialized and developing nations, creating a significant socio-economic
challenge globally.

According to the IDF Diabetes Atlas 2021, Approximately 537 million adults (20-79
years) are living with diabetes in 2021. The total number of people living with diabetes
is projected to rise to 643 million by 2030 and 783 million by 2045. Every 3 in 4 adults
with diabetes live in low- and middle-income countries. Moreover, almost 1 in 2 (240
million) adults living with diabetes are undiagnosed. Not only the adults, but more than
1.2 million children and adolescents (0-19 years) are also living with type 1 diabetes.
Every 1 in 6 live births (21 million) are affected by diabetes during pregnancy. IDF aso
reported that about 541 million adults are at increased risk of developing type 2 diabetes.
By the year 2035, nearly 592 million people are predicted to die of diabetes in the world
(Tao et al., 2015). India is referred to as diabetes capital in the world. Pradeepa and
Mohan (2021) reported that 77 million individuals had diabetes in India during 2019,
which is expected to rise to over 134 million by 2045. Approximately 57% of these
individuals remain undiagnosed.

Although synthetic oral hypoglycemic medications and insulin are the primary methods
for managing diabetes, they do not completely halt the progression of its complications
and actually make it worse because they also exhibit noticeable side effects. This is the
driving factor behind the search for alternative sources of antidiabetic agent (Rao et al.,
2010). The results of treating diabetic patients are still far from perfect, despite the major
advancements made in the last three decades in the treatment of diabetes with oral
antidiabetic drugs. The use of those oral hypoglycemic medicines has been linked to a
number of drawbacks, including drug resistance, adverse side effects, and even toxicity
(Salehi et al., 2019).

The primary source for finding prospective lead candidates in the development of new
drugs is natural compounds, particularly those of plant origin (Sharifi-Rad et al., 2011;
Sharifi-Rad et al., 2018; Salehi et al., 2018). Plant-based remedies are the mainstay of all
accessible treatments, especially in rural regions, due to their ease of accessibility, low
cost, and least adverse effects (Arya et al., 2011). Despite the availability of antidiabetic
medications on the market, numerous plants have long been revered as a primary source
of effective anti-diabetic medications. For the treatment of diabetes, herbal remedies and
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phytoceuticals with low toxicity and no adverse effects are well-known therapeutic
choices worldwide (Gupta and De, 2012). Diabetes is treated with medicinal plants,
especially in developing nations where the cost of conventional medications is a major
load on the populace (Arumugam et al., 2013). Today, the use of plant-based medicines
for treating diabetes is widely recommended (Kooti et al., 2015), as these plants include
a variety of phytoconstituents such flavonoids, terpen oids, saponins, carotenoids,
alkaloids, and glycosides that may have antidiabetic properties (Afrisham et al., 2015).
The combined action of biologically active substances (i.e., polyphenols, carotenoids,
lignans, coumarins, glucosinolates, etc.) leads to the potentially advantageous properties
of each plant matrix, as noted by Durazzo et al. (2018). Herbal remedies that maintain
low blood sugar, lower blood pressure, increase the antioxidant defense mechanism and
regulate insulin in our body offer a safer alternative for managing type 2 diabetes (Patel
etal.,, 2012).

In our body, the carbohydrates digestion is aided by two enzymes a-amylase and a-
glucosidase. Long chain carbohydrates are broken down by a-amylase, while starch and
disaccharides are converted to glucose by a-glucosidase. Inhibiting a-amylase and a-
glucosidase enzyme is one of the therapeutic strategies for treating postprandial
hyperglycemia (Bhandari et al., 2007). Synthetic medications like acarbose and miglitol
have potent inhibitory effects on a-amylase and a-glucosidase, but they can also cause
many adverse side effects (Rupasinghe et al.,, 2016). Numerous research and reviews
have revealed that phytochemicals such phenolics have inhibitory effects on a-amylase
and a-glucosidase enzyme as well as the ability to treat issues associated with diabetes
and obesity (Ademiluyi and Oboh, 2013; Ibrahim et al., 2014; Striegel et al., 2015;
Buchholz and Melzig, 2016 and Rupasinghe et al., 2017).

In India, plants have been an excellent source of medicine since ancient times. The use of
plants in the treatment of many human ailments is mentioned in Ayurveda and other
Indian literature. There are over 45000 plant species reported from India, and thousands
of them are said to have therapeutic properties. However, in addition to such
ethnobotanical information, the scientific validation of ethnopharmacological claims is
also important. Recent studies on plants used traditionally to treat diabetes or described
in ancient literature have revealed anti-diabetic properties (Grover et al., 2002).

As the a-amylase and a-glucosidase inhibitors are the potential targets in the
development of plant-derived anti-diabetic medicines, a-amylase and a-glucosidase
inhibitory assay are two primary in-vitro bioassays mostly followed for evaluation anti-
diabetic activity in plants and plant-based products. These two assays have been
validated at ICAR-NEH Quality Analysis Laboratory using a good number of plant samples
and standards. In this e-manual, the step-by-step procedure for these two validated in-
vitro assays has been described in simple and easily understandable language.
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a-AMYLASE ENZYME INHIBITORY ASSAY

Introduction

The assay was performed based on the principle where a-amylase degrades starch (by
randomly hydrolysing all the a-1-4 glucosidic bonds) into disaccharide maltose,
trisaccharide maltotriose and oligosaccharides known as dextrins. Maltose reduces 3, 5-
dinitrosalicylic acid (DNSA) to form a brown coloured product having Amax 540 nm. In
presence of inhibitor the activity of alpha-amylase enzyme will be inhibited and there will

be no coloured product formation.

Equipment and Materials required

e Spectrophotometer with absorbance wavelength of 540 nm.
e Cuvette 1 cm path length

e pH meter

e 15 mL test tube

e 15 mL tube rack

e Cyclomixture

e Water bath/Incubator

¢ 100mL volumetric flask

e 10 ml pipette

e Measuring cylinder (100, 250 and 500 mL)
e Beaker (250,500 and 1000mL)

e Micropipette (10, 20 100, 200 and 1000uL)
e Pipette tips (10, 200 and 1000pL)

e Tissue paper, weighing paper, spatula

e Graph paper, pen, pencil, eraser, scale etc.

Chemicals and Reagents required

e Test sample (plant extract)

e 0.2M NaPOu buffer pH 6.9 containing 67mM sodium chloride (Stock buffer solution)

e 0.02M NaPOs buffer pH 6.9 containing 6.7mM sodium chloride (Working buffer
solution)

e 19 soluble starch solution
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e 60% Sodium potassium tartarate tetrahydrate in 0.8M NaOH.

e 96 mM 3,5- dinitrosalicylic acid (DNSA)

e Colour reagent: Warm 100mL of 60 % sodium potassium tartarate tetrahydrate in
0.8M NaOH in a beaker then add 100mL 96mM DNSA with stirring till completely
dissolved.

e «a-Amylase: Dissolve 50mg a-Amylase enzyme (porcine pancreas) in a 100mL ice
cold 0.02M NaPOu buffer pH 6.9 containing 6.7mM sodium chloride.

e Acarbose: Dissolve 50mg acarbose in 50ml working buffer (stock). Dilute 1ml stock

acarbose into 40ml with buffer (working).

Sample Preparation

e Weigh 10g sample (shade dried powder or fresh if any) in a conical flask.

e Add 50mL methanol (1:10; w/v) kept shaking for 24 hrs.

e Transfer into 50mL tubes (2 tubes) and centrifuge @10000rpm for 10 minutes.

e Filter the supernatant in Whatman No. 1 filter paper and collect the supernatant into
a clean beaker.

e Repeat the extraction of the residue for 24 hrs and 48 hrs. and pull all the supernatant
in the beaker.

e Concentrate the sample in a rotary evaporator at 459C or oven dried at 500C.

e Kept the extract in a clean storage bottle at -20°C

¢ Dissolve the sample (10mg/ml, w/v) in 0.02M phosphate buffer pH 6.9

Assay Procedure

e Pipette out 0.5mL sample (3 to 5 different concentrations) that was dissolved in the
working buffer in a series of test tubes.

e Pipette out 0.05,0.1,0.2,0.3,0.4 and 0.5ml acarbose in a series of tubes.

e Make up all the tubes to 0.5ml with working buffer. For the control reaction, add
0.5mL working buffer instead of the sample.

e Add 0.5mL enzyme solution for test sample whereas for the reagent blank, add 0.5mL
buffer or heat killed enzyme then mixed properly.

e Incubate the reaction mixture for 20 minutes at 37°C.

e Add 0.5 mL 1% starch solution in it.

e Incubate the reaction mixture exactly for 3 minutes at 37°C.
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e After 3 minutes, add 1mL DNSA colour reagent, mixed properly and capped it with
cotton plug.

¢ Boiled for 15 minutes in a water bath then

e Cooled in ice and room temperature for 3 minutes.

e Add 7mL distilled water in all the tubes.

e Read the absorbance at 540 nm in a spectrophotometer.

e Prepare the following datasheet.

sample 1% Colour = Water Absorbance at 540nm
S.N. Buffer | starch | Enzyme reagent £ o
(mL) (mL) o (mL) 7 (mL) R1 | R2 | R3 | Mean
— - O
1. 0(Blank) 0.5 0.5 0.5(Heat | E 1.0 58 o
killed) | T o= ‘
& g E
2. 0(Control) 0.5 0.5 0.5 E 1.0 g % 7.0
L
3. 0.1 0.4 0.5 0.5 £ 1.0 §g| 70
3] &0 3
4. 0.2 03 0.5 0.5 = 1.0 E2| 70
5. 0.3 0.2 0.5 0.5 1.0 /A 7.0
Acarbose 1% Colour g Water Absorbance at 540nm
S.N. L Buffer | starch Enzyme reagent g o L
(mL) (mL) s | (mL) = % (mL) | R1 | R2 | R3 | Mean
- -
E = S
6. 0.05 0.45 0.5 0.5 “'_" 1.0 i E 7.0
& = 8
7. 0.1 0.4 0.5 05 g 1.0 So | g9
8 0.2 0.3 0.5 0.5 'g 1.0 S g 7.0
£ g2
9 0.3 0.2 0.5 0.5 1.0 =0
22| 70
Calculation

Calculate the % inhibition from the following equation.

% Inhibition = {Acentrol=asample) v 44

A control

Tips

¢ Enzyme and starch solution should be prepared freshly.

e Slightly warm the starch solution for better dissolution but do not boil, keep shaking
at 37°C till used.

e Keep the enzyme solution on ice till used.

e Ifthe sample is coloured, each concentration of the sample should provide the sample
blank. For this, add 0.5 ml sample instead of the buffer only after addition of DNSA
reagent (for blank sample). It will minimize the background colour given by the

coloured sample.
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a-GLUCOSIDASE ENZYME INHIBITORY ASSAY

Introduction

The assay was performed based on the principle where a-glucosidase hydrolyzed 4-
nitrophenyl-a-D-glucopyranoside into 4-nitrophenol and a-D-glucopyranoside. The 4-
nitrophenol (yellow colour) release can be measured at 405nm. In presence of inhibitor
the activity of a-glucosidase enzyme will be inhibited and there will be no coloured

product formation.

Equipment and Materials required

e Spectrophotometer with absorbance wavelength of 540 nm.
e Cuvette 1 cm path length

e pH meter

e 15 mL test tube

e 15 mL tube rack

e (Cyclomixture

e Water bath/Incubator

¢ 100mL volumetric flask

e 10 ml pipette

e Measuring cylinder (100, 250 and 500 mL)
e Beaker (250,500 and 1000mL)

e Micropipette (10, 20 100, 200 and 1000uL)
e Pipette tips (10, 200 and 1000uL)

e Tissue paper, weighing paper, spatula

e Graph paper, pen, pencil, eraser, scale etc.

Chemicals and Reagents required

e Test sample (plant extract)

e 0.2M NaPOs4 buffer pH 6.9 (Stock buffer solution)

e 0.05M NaPOs buffer pH 6.9 (Working buffer solution)

e 5mM 4-nitrophenyl-a-D-glucopyranoside solution(substrate): Dissolve 150.6mg 4-
nitrophenyl-a-D-glucopyranoside in a 100mL ice-cold 0.05M NaPO4 buffer.
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a-glucosidase: Prepared the stock solution as 100U/ml in ice-cold buffer (0.05M
NaPO4 buffer pH 6.9). For working, immediately dissolved the enzyme in ice cold to
make it 0.5U/ml.

Acarbose: Dissolved 40mg acarbose in 10 ml buffer.

Sample Preparation

Weigh 10g sample (shade dried powder or fresh if any) in a conical flask.
Add 50mL methanol (1:10; w/v) kept shaking for 24 hrs.
Transfer into 50mL tubes (2 tubes) and centrifuge @10000rpm for 10 minutes.

Filter the supernatant in Whatman No. 1 filter paper and collect the supernatant into

a clean beaker.

Repeat the extraction of the residue for 24 hrs and 48 hrs. and pull all the supernatant

in the beaker.
Concentrate the sample in a rotary evaporator at 45°C or oven dried at 50°C.
Kept the extract in a clean storage bottle at -20°C

Dissolve the sample (10mg/ml, w/v) in 0.02M phosphate buffer pH 6.9

Assay Procedure

Pipette out 0.3 mL sample (3 to 5 different concentrations) that was dissolved in the

working buffer in a series of test tubes.
Pipette out 0.05,1.0,0.2.and 0.3 ml acarbose in a series of tubes.
For the control reaction, add 0.3mL working buffer instead of the sample.

Add 0.6 mL enzyme solution for the test sample whereas for the reagent blank, add

0.6 mL buffer or heat killed enzyme then mixed properly.

Incubate the reaction mixture for 20 minutes at 37°C.

Add 0.3 mL 5mM 4-nitrophenyl-a-D-glucopyranoside solution in it.
Incubate the reaction mixture exactly for 5 minutes at 37°C.

After S5minutes, add 0.6ml sodium carbonate (20%).

Add 3ml distilled water.

Read at 405nm against reagent blank
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Subst Absorbance at 405nm
S.N. saple Buffer | Enzyme l%: rate =% Na:£0: Water
(mL) o [N (mL) R1 | R2 R3 | Mean
o (mL) | =
] )
1. 0(Blank) 0.3 0.6 (heat | g 1.0 = 0.6 a0
killed) E g
n
2. | 0(Control) | 03 0.6 E 10 | 5| o6 3.0
- St
3. 0.1 0.2 0.6 S| 10 | 8| o6 3.0
= i
[+
4. 0.2 0.1 0.6 < 1.0 % 0.6 3.0
) =
5. 0.3 0.0 0.6 E |l 10 || o6 3.0
Acarbose © Subst o Na,COs Absorbance at 405nm
S.N. L Buffer Enzyme g rate ~ L Water
(mi) S |y | | ™ R1 RZ | R3 | M
4] ] ean
£ =
6. 0.05 0.25 0.6 E 1.0 g 0.6 3.0
8 n
S Rt
7. 0.1 0.2 0.6 & 1.0 ﬁ 0.6 3.0
g S
- L
8. 0.2 0.1 0.6 3 1.0 = 0.6 3.0
2 g
=
9. 03 0.0 0.6 = .0 | = 0.6 3.0
Calculation

Calculate the % inhibition from the following equation.

A control—Asample
¢ PLe) ¥ 100
A control

% Inhibition =
Tips
¢ Enzyme and substrate solution should be prepared freshly.
e Keep the enzyme and substrate solution on ice till used.
e Ifthe sample is coloured, each concentration of the sample should provide the sample
blank. For this, add the substrate only after the addition of sodium carbonate (for

blank sample). It will minimize the background colour given by the coloured sample
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