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Abstract

The study aimed to synthesize silver nanoparticles with anti-diabetic properties using Cassia fi stula bark extract using a one-step biological method. The methanolic 
bark extract was mixed with a 1mm silver nitrate solution, and the resulting silver nanoparticles were characterized using various methods such as visual examination, 
UV visible spectroscopy, FTIR spectroscopy, Field Emission Scanning Electron Microscopy, in vitro Dissolution Study, Particle Size determination, and Zeta Potential 
determination. 

The green synthesis of silver nanoparticles using Cassia fi stula bark extract aimed to develop a novel drug delivery system with herbal drugs to reduce side effects. 
The plasmon band in the silver nanoparticles was found to be 425 nm, and the FTIR study revealed a higher presence of Hydroxyl and carboxylic groups as reducing and 
stabilizing agents. 

The drug entrapment was found to be 61.5%, the particle size was 148.5 nm and the polydispersity index was 0.243. The zeta potential was measured to be -0.1 mV, 
indicating no stabilization of the silver nanoparticles. The FESEM analysis showed the synthesized silver nanoparticles to be spherical and oval in shape. This biological 
method is eco-friendly and cost-effective, making it a promising alternative to traditional chemical/stabilizing agents.
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Introduction

Pharmaceutical nanoparticles are defi ned as solid, 
submicron-sized (less than 1000 nm in diameter) drug carriers 
that may or may not be biodegradable. The term nanoparticle 
is a combined name for both nanospheres and nanocapsules.

The fi eld of nanotechnology is one of the most active areas of 
research in modern material sciences. Nanotechnology is a fi eld 
that is developing day by day, making an impact in all spheres 
of human life and creating a growing sense of excitement in the 
life sciences, especially biomedical devices and biotechnology. 

The term “nanoparticles” is used to describe a particle with a 

size in the range of 1 nm - 1000 nm [1,2].

Silver nanoparticles are one of the promising products in 

the nanotechnology industry. The development of consistent 

processes for the synthesis of silver nanomaterials is an 

important aspect of current nanotechnology research. One 

such promising process is green synthesis. Silver nanoparticles 

can be synthesized by several physical, chemical, and 

biological methods. However, for the past few years, various 

rapid chemical methods have been replaced by green synthesis 
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because of avoiding toxicity of the process and increased 
quality.

Green synthesis, also called biogenic synthesis, is considered 
an alternative approach for synthesizing the AgNPs. The 
process of synthesis starts after incubation of the plant extracts 
with silver salts (silver nitrate is mostly used). The biological 
synthesis of nanoparticles depends on three factors, including 
(a) the solvent; (b) the reducing agent; and (c) the non-toxic 
material. The major advantage of biological methods is the 
availability of amino acids, proteins, or secondary metabolites 
present in the synthesis process, the elimination of the extra 
step required for the prevention of particle aggregation, and 
the use of biological molecules for the synthesis of AgNPs is 
eco-friendly and pollution-free. Biological methods seem 
to provide controlled particle size and shape, which is an 
important factor for various biomedical applications [2].

The advantages of herbal medicines in the treatment of 
diabetes include cheaper cost of medicines, widely available 
and less toxic, and fewer side effects as compared to allopathic 
drugs. All in all, diabetes can be prevented with herbal 
medicines and herbs are effi cient and safe for one’s health. 
The hypoglycemic effect of some herbal extracts has been 
confi rmed in human and animal models of type 2 diabetes. 
The World Health Organization Expert Committee on Diabetes 
has recommended that traditional medicinal herbs be further 
investigated. Although several therapies are in use for 
treatment, there are certain limitations in allopathic drugs. A 
major hindrance in the amalgamation of herbal medicine in 
modern medical practices is the lack of scientifi c and clinical 
data proving their effi cacy and safety. There is a need for 
conducting clinical research in herbal drugs, developing simple 
bioassays for biological standardization, pharmacological and 
toxicological evaluation, and developing various animal models 
for toxicity and safety evaluation [3-5].

Cassia fi stula Linn. also known as golden shower, Indian 
laburnum, belongs to the family Leguminoceae. In traditional 
medicine, it is used in the treatment of hematemesis, pruritus, 
intestinal disorders, leukoderma, and diabetes and as an 
antipyretic, analgesic & laxative [6,7]. 

In this study, we synthesized silver nanoparticles using 
bark extract of Cassia fi stula, and its characterization was done 
along with its in vitro anti-diabetic study.

Materials and equipment

Materials 

Cassia fi stula bark powder

Chemical Reagents

Silver nitrate (AgNO3), Distilled water.

Equipment Required

o Magnetic stirrer with hot plate, 

o Magnetic bead, centrifuge (REMI), 

o Shimadzu UV-visible spectrophotometer, 

o FTIR spectrophotometer, 

o Malvern Zeta size analyzer, 

o Field emission scanning electron microscopy.

Procedure

Sample collection and authentication: The plant specimen 
of Cassia fi stula was collected from Siruvani, Coimbatore, and 
its identity was ascertained and authenticated by botanists 
of the Botanical Survey of India, Southern Regional Centre, 
Coimbatore.

Drying and pulverizing: The bark of Cassia fi stula was 
purchased from the local market and mud was removed and 
cleaned under tap water shad dried material was cut into 
fi ne pieces and powdered by the mechanical grinder, passed 
through sieve number 16 and the powder was stored in an air-
tight container until used.

Preparation of methanolic extract of Cassia fi stula: Methanol 
extract of Cassia fi stula was prepared by cold maceration method. 
The powdered bark (60 g) of Cassia fi stula was macerated in 
600 ml of methanol for 24 hours at room temperature. Then 
macerated methanolic extract was fi ltered with muslin cloth 
[8]. The fi ltrate was evaporated to dryness at a temperature not 
exceeding 40 0C for 1 hour in a hot air oven.

Phytochemical screening

Preparation of test solution: The fi ltered methanolic 
extract of Cassia fi stula (powder) was used as a test solution for 
preliminary screening of phytochemical constituents.

Test for Alkaloids

Dragendorff’s Reagent
Treat the test solution 1 ml of Dragendorff's 
reagent (potassium bismuth iodide solution) 

was added.

Wagner’s Reagent
To the test solution, 1 ml of Wagner’s reagent 
(Iodine potassium iodide solution) was added.

Hager’s Reagent
To the test solution add Hager’s reagent 

(saturated solution of picric acid).

Tannic Acid Test To the test solutions add Tannic acid solution

Test for Amino acids

Millon’s Test To the test solutions add 2 ml of Millon’s reagent.

Test for Carbohydrates

Molisch’s Test
To the test solution add a few drops of alcoholic a-naphthol,  

then add a few drops of concentrated sulphuric acid 
through the sides of the test tube.

Test for Flavonoids

Alkaline Reagent Test
To the test solution add a few drops of sodium 
hydroxide solution, and then add a few drops of 

dilute acid.
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Test for Glycosides

Legal’s Test
To the test solution with pyridine add alkaline sodium 

nitroprusside solution.

Baljet’s Test
In the test solution with picric acid or sodium picrate, the 

orange color formed indicates the presence of glycosides.

Test for Tannins

Ferric chloride Test To the extract with a few drops of ferric chloride.

 Test for Starch

To the aqueous extract add weak aqueous Iodine solution.

Test for Proteins

Warming Test Heat the test solution in a boiling water bath.

Test for Steroids

Salkowski Test
Treat the extract with a few drops of concentrated 

sulphuric acid [9].

Preparation of stock solution: 1 mg of methanolic extract 
was weighed and diluted to 10 ml with distilled water.

Preparation of 1mM silver nitrate aqueous solution: 0.017 
g of silver nitrate was dissolved in 100 ml of distilled water and 
stored in an amber-colored bottle until further use [10].

Synthesis of Cassia fi stula silver nanoparticles: 5 ml of 
Cassia fi stula methanolic extract was taken in a beaker and 
placed on a magnetic stirrer with a hot plate. To this 50 ml of 
1Mm silver nitrate solution was added dropwise with constant 
stirring at 120 rpm. The color change of the solution was 
checked periodically [10].

Separation of silver nanoparticles: The synthesized Cassia 
fi stula silver nanoparticles were separated by centrifugation 
using REMI centrifuge at 5000 rpm for 15 minutes. The 
supernatant liquid was discarded [10]. The pellets present in 
the liquid were dried in a hot air oven for 30 minutes at 50 oC - 
70 oC and the pellets were collected and stored. 

Preformulation study

Solubility test: Cassia fi stula bark extract powder of about 
1mg was taken in a test tube and solubility in ethanol, water, 
methanol, chloroform, and diethyl ether was checked.

UV- VIS spectral analysis of Cassia fi stula bark: 0.5 ml of 
Cassia fi stula bark extract was taken in a 10 ml standard fl ask 
and diluted with distilled water. Then UV- UV-visible spectra 
were taken in the range of 200 nm - 400 nm using phosphate 
buffer at pH 7.4 as blank [11].

Preparation of calibration curve of Cassia fi stula bark extract 
using UV- visible absorption spectroscopy using phosphate 
buffer at pH 7.4: From the standard stock solution of Cassia 
fi stula 0.2, 0.4, 0.6, 0.8,1.0, 1.2 ml were withdrawn to 10 ml 
volumetric fl ask and then made-up volume with phosphate 
buffer pH 7.4 to get a concentration range of 2-12 μg/mL. 
The absorbance of these solutions was measured at 277 nm 
using a JASCO V-530 UV 1600 UV- visible spectrophotometer. 

Phosphate buffer pH 7.4 was used as blank. The calibration 
curve was plotted between concentration and absorbance [12].

FTIR spectroscopy of Cassia fi stula bark, silver nitrate: 
The FT-IR spectrum of the drug was recorded using an FT-
IR Spectrophotometer (Shimadzu JASCO 4100). The diffuse 
refl ectance technique was utilized in the mid-IR 4000 - 400 
cm-1 spectral region. The procedure consists of dispersing 
the sample in KBr (100 mg) using a mortar and triturating 
the materials into a fi ne powder bed into the holder using 
a compression gauge. The pressure was around 5 tons for 
5 minutes. The pellet was placed in the light path and the 
spectrum was recorded. The characteristic peaks of the 
functional groups were interpreted [13].

Characterization of synthesized Cassia fi stula silver na-
noparticles

Color change: The confi rmation of the synthesized Cassia 
fi stula silver nanoparticles is done on a visual basis. The color 
change of Cassia fi stula extract and silver nitrate solution with 
respect to time was observed [11].

Fourier transform infrared spectroscopy: IR spectra of 
the sample were recorded on Shimadzu JASCO FT/IR 4100. 
Approximately 0.1 to 1.0 % Cassia fi stula silver nanoparticles are 
well mixed into 200 to 250 mg fi ne alkali halide KBr powder 
and fi nely pulverized and put into a pellet-forming die. A 
force of approximately 8 tons is applied for 4 - 5 minutes 
to form transparent pellets. The spectrum measurements 
were recorded by placing pellets in a light path holder. The 
characteristic peaks of the functional groups were interpreted.

The FTIR spectrum of Cassia fi stula silver nanoparticles 
were recorded [13].

Drug entrapment: The entrapment effi ciency of Cassia 
fi stula silver nanoparticles was determined by adding 10 ml of 
phosphate buffer of pH 7.4 and sonicated in a bath sonicator 
and fi ltering. 1 ml of fi ltrate is made up to 10 ml with phosphate 
buffer and was assayed spectrophotometrically at 277 nm (UV 
visible spectrophotometer, model UV-1601 PC, Shimadzu). The 
amount of entrapped drug was calculated from the equation % 
drug entrapment = (W-w)/W×100(14).

Determination of particle size: The average mean diameter 
and size distribution of Cassia fi stula silver nanoparticles is 
found by the Dynamic Light Scattering method using Malvern 
zetasizer at 25 °C. The dried silver nanoparticles were dispersed 
in water to obtain proper light scattering intensity for Cassia 
fi stula silver nanoparticles [14].

Determination of zeta potential: Zeta potential is a 
measure of surface charge. The surface charge (electrophoretic 
mobility) of Cassia fi stula silver nanoparticles can be determined 
by using a Zeta sizer (Malvern Instrument) having zeta cells, 
polycarbonate cells with gold-plated electrodes, and using 
water as a medium for sample preparation. It is essential for 
the characterization of the stability of the Cassia fi stula silver 
nanoparticles [14].
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Field emission scanning electron microscopy: FESEM 
analysis of Cassia fi stula silver nanoparticles was performed 
to evaluate the surface morphology of nanoparticles. Silver 
nanoparticles were prepared and dried well to remove the 
moisture content and images were taken by using Zeiss Sigma, 
G.

In-vitro anti-diabetic study

Seven concentrations of plant extract were prepared by 
dissolving in double distilled water. These were 10 mg/ml, 20 
mg/ml, 40 mg/ml, 80 mg/ml, 160 mg/ml, 320 mg/ml, 640 mg/
ml. A total of 500 μl of plant extract and 500 μl of 0.02 M sodium 
phosphate buffer (pH 6.9 with 0.006 M sodium chloride) 
containing -amylase solution (0.5 mg/ml) were incubated for 
10 minutes at 25°C. After pre-incubation,500 μl of 1% starch 
solution in 0.02 M sodium phosphate buffer (pH 6.9 with 0.006 
M sodium chloride) was added to each tube at 5s intervals. This 
reaction mixture was then incubated for 10 minutes at 25 °C. 1 
ml of color reagent was added to stop the reaction. These test 
tubes were then incubated in a boiling water bath for 5 minutes 
and cooled to room temperature. Finally, this reaction mixture 
was again diluted by adding 10 ml distilled water following 
which absorbance was measured at 540 nm [15].

  ( ) ( )
Inhibition activity %     100

( )

Abs control Abs extract

Abs control


 

Positive control

Here, the positive control used is an anti-diabetic drug 
Acarbose [16].

In-vitro drug release study

Drug release was determined by dialysis method; two ml of 
Cassia fi stula silver nanoparticles formulation was poured into 
dialysis bags and put into a 25 ml phosphate buffer (pH 7.4) 
and stirred (100 rpm, room temperature). At predetermined 
time intervals, 2 ml of phosphate buffer was taken and 
then substituted with fresh phosphate buffer. Finally, the 
amounts released in the phosphate buffer were measured by 
a spectrophotometer at 277 nm. Aliquots withdrawn were 
assayed at each time interval for the drug released at λ max 
of 277 nm using a UV-visible spectrophotometer by keeping 
phosphate buffer pH 7.4 blank and the amount of released drug 
was estimated by the standard curve [17].

In vitro drug release kinetics 

The drug release kinetics of Cassia fi stula silver nanoparticles 
were determined by plotting the following kinetic models, using 
the data collected from in vitro release studies (zero order, fi rst 
order, and Higuchi equations). The mechanism of drug release 
was determined by using the Korsmeyer-Peppas equation [18].

Zero-order kinetics: The zero-order rate (Eq. 1) describes 
the systems where the drug release rate is independent of its 
concentration.

C = K0t                (1)

Where K0 is the zero-order rate constant expressed in units 
of concentration/time and t is the time.

A plot of the amount of drug released versus time will be 
linear for zero-order kinetics. The dosage forms following this 
profi le, release the same amount of drug by unit time and it is 
the ideal method of drug release in order to achieve a prolonged 
pharmacological action. 

First-order kinetics: First-order kinetics was fi rst applied 
for drug dissolution studies. The fi rst-order equation (Eq 2 & 3) 
describes the release of a drug from a system where the release 
rate is concentration-dependent.

Log Ct = Log Co + K1t / 2.303                (2)

Log Co - Log Ct = Kt / 2.303               (3)

Where Ct is the amount of drug released in time t, CO is the 
initial concentration of the drug, k1 is the fi rst order constant, 
and t is the time. Here the graphical representation of the log 
cumulative of % drug remaining versus time will be linear with 
a negative slope. The dosage form follows this profi le in the 
amount of drug released by unit time diminishes.

Higuchi’s model: Higuchi equation (Eq 4) describes drug 
release as a diffusion process based on Fick’s law, square root 
time dependent. For diffusion-controlled processes a plot of Q 
versus square root of time is linear. 

Q = KHt1/2                 (4)

Where 

Q is the amount of drug released in time t per unit area, KH 
is the Higuchi dissolution constant and t is the time in hours.

Korsmeyer- peppas equations: Korsmeyer- Peppas 
equation (Eq 5) to analyze both Fickian and non-Fickian 
release of drugs.

 /    n Mt M Kt                (5)

The logarithm form of equation (Eq 6) could be written as:

   /           Log Mt M Log k n Log t              (6)

Where Mt/M∞ is the fraction of drug released at time t, n is 
the diffusion exponent indicative of the mechanism of transport 
of the drug, and K is the kinetic constant (having units of t) 
incorporating structural and geometric characteristics of the 
delivery system.

Result and discussion

Preformulation study

6(1)  Solubility test: The powdered bark of Cassia fi stula 
has undergone the solubility test. This test was carried out in 
different solvents such as Ethanol, Water, Methanol, Diethyl 
ether, and Chloroform, the results are shown below in Table 1.
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The solubility test which comes under the Preformulation 
study which has been performed for the extract of Cassia fi stula 
bark has been soluble in Methanol, Ethanol, and water and 
sparingly soluble in Diethyl ether, Chloroform, so its highly 
soluble in polar solvents and sparingly soluble in non-polar 
solvents.

UV- visible spectral analysis of Cassia fi stula bark: Then 
UV-visible absorption spectra for the sample were taken in 
the range of 200-800 nm. The bark of Cassia fi stula 0.05 mg 
was taken in a 10 ml standard fl ask and diluted with distilled 
water. The absorption peak obtained is shown in Figure 1. The 
maximum absorption Cassia fi stula bark extract was found at 
277 nm and hence selected as the wavelength f for further 
studies. 

Preparation of calibration curve for Cassia fi stula bark 
extract using UV-visible absorption spectroscopy at 277 nm: 
In the Calibration curve, the linearity was obtained between 2 - 
12 μg/ml, and the regression value was found to be R2 = 0.998. 
Hence the sample Cassia fi stula bark methanolic extract at the 
concentration between 2 – 12 μg/ml obeys Beer Lambert’s law. 
The graph between Concentration versus Absorbance values is 
given in Table 2.

In the standard curve concentration vs absorbance was 
plotted and given in Figure 2.

FTIR spectroscopy of Cassia fi stula bark: The FTIR spectrum 
of Cassia fi stula bark has an absorption peak of 3736.87 which 
indicates OH stretching due to the presence of alcohol. 

The Peak at 3597.40 indicates the presence of N-H Amide 
or Amine. 

The Peak at 1699.17 indicates the presence of C = O Amide 
stretching. 

The C-H bending stretching compounds indicate the 
presence at 822.87. 

Finally, the absorption peaks at 1345.45 indicates the 
presence of alkanes, 776.24 indicates the presence of alkenes, 
776.24 indicates the presence of aromatic rings [13].

The FTIR Spectra of Cassia fi stula bark is given in Figure 3.

The FTIR wavenumbers of sample and standard wave 
numbers range along with interpretation is given in Table 3. 

Table 1: Solubility of bark extract of Cassia fi stula in different solvents.

Solvent Soluble Sparingly soluble Insoluble

Ethanol + - -

Water + - -

Methanol + - -

Chloroform - + -

Diethyl ether - + -

Presence + 
Absence -

Figure 1: UV-visible absorption spectra of Cassia fi stula bark extract.

Figure 2: Calibration curve of Cassia fi stula bark extract and its regression value.

Table 2: Calibration curve of Cassia fi stula bark extract using UV- Visible absorption 
spectroscopy at 277 nm.

Concentration (μg/ml) Absorbance

2 0.2311

4 0.3573

6 0.4589

8 0.5613

10 0.6415

12 0.745

Figure 3: FTIR Spectra of Cassia fi stula bark.
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FTIR spectroscopy of silver nitrate: The FTIR spectrum 
of silver nitrate has absorption peaks at 3648.66, 3446.17 has 
denoted the presence of OH groups due to the presence of 
alcohols and phenols. The strong absorption peak at 1844.10 has 
denoted the presence of N - O (nitro compounds). The peak at 
1637.55 denotes the presence of Amide C = O. The FTIR spectra 
of silver nitrate are given in Figure 4. The FTIR wavenumbers 
[19,20] of the sample and standard wave number range along 
with interpretation are given in Table 4.

Green synthesis of silver nanoparticles

The preparation of Cassia fi stula silver nanoparticles is 
done by drop-wise addition of silver nitrate solution to the 
bark extract which was placed on the magnetic stirrer with a 
hot plate at 120 rpm. The formation of silver nanoparticles is 
denoted by the color change from yellow to brown color.

Characterization of silver nanoparticles using Cassia fi s-
tula 

Visual examination: The color of Cassia fi stula extract in 
the initial stage was yellow, after the addition of silver nitrate 
solution it turned into a dark brown color. After 90 minutes 
there is no colour change which denotes the completion of the 
reaction [11].

The image of Cassia fi stula extract is depicted in Figure: 5. 
The image of Cassia fi stula silver nanoparticles is depicted in 
Figure 6, which denotes the formation of silver nanoparticles 
after 90 minutes.

UV- visible spectroscopy: The formation of Cassia fi stula 
silver nanoparticles and its completion was characterized by 
using UV-visible spectral analysis. The presence of the formed 
silver ions was monitored and the reduction of Ag+ ions can be 
seen by measuring the UV-Vis spectrum from the wavelength 
400 nm - 800 nm. Distilled water was used as a blank [10]. The 
Plasmon band in the silver nanoparticles was found to be 425 
nm.

The UV Visible Absorption spectra of Cassia fi stula silver 
nanoparticles are depicted in Figure 7.

FTIR spectroscopy of Cassia fi stula silver nanoparticles: The 
FTIR spectra of silver nanoparticles have peaks at 3609.1 which 
denotes OH stretching of free alcohol.

The peak at 3329.72 denotes Alkyne CH stretching, 

The peak at 3392.51 denotes Amine or Amide N-H stretching, 

The peak at 2888.86 denotes Alkyne sp^3 C-H stretching, 

The peak at 3849.88 denotes Carboxylic Acid compounds,

Table 3: FTIR interpretations of Cassia fi stula Bark.

Material
Standard wave 

number
Range

Test wave 
number

Inference

Cassia fi stula 
bark

3700 - 3584 3736.87 O - H Stretching Alcohol
3550 - 3200 3597.40 Amine or Amide N - H
1690 - 1650 1699.17 Amide C = O
1390 - 1310 1345.45 Alkanes

810 ± 20 822.87 C - H bending
690 - 900 776.24 Alkenes
675 - 995 776.24 Aromatic rings

Figure 4: FTIR Spectra of Silver Nitrate.

Table 4: FTIR Interpretation of Silver Nitrate.

Material
Standard wave number 

Range
Test wave number Inference

Silver nitrate

3700 - 3584 3608.07 O - H Alcohol-free
3550 - 3200 3393.17 O - H Alcohol
1690 - 1650 1637.55 Amide C = O

1550 - 1500 1844.10
N - O Nitro 
compound

Figure 5: Cassia fi stula extract.

Figure 6: Cassia fi stula silver nanoparticles formed after 90 minutes.
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The peak at 2234.80 denotes Nitrile CH Compounds, 

The peak at 1767.99 denotes C=O stretching in Carboxylic 
Acid,

The peak at 1510.87 denotes nitro compounds, 

The peak at 1337.39 denotes Alkanes, 820.76 denotes C-H 
bending and 695.13 denotes Aromatic rings [13].

The FTIR interpretation of Cassia fi stula silver nanoparticles 
are depicted in Table 5 and the FTIR spectra of Cassia fi stula 
silver nanoparticles are depicted in Figure 8.

Drug entrapment: The Drug Entrapment study was 
examined from the supernatant liquid of Cassia fi stula silver 
nanoparticles by centrifugation. The calibration curve has been 
plotted between Concentration vs. absorbance at 277 nm. By 
this standard curve, the amount of drug present in supernatant 
liquid was obtained.

The amount of drug present in the supernatant liquid was 
obtained from the standard calibration curve (w). The total 
amount used in the preparation of nanoparticles (W). 

So (W-w) is the amount of drug entrapped. Percentage 
entrapment is calculated [14] by. % drug entrapment = 

  100
W w

W




• The % entrapment of drug or drug content of Cassia 
fi stula silver nanoparticles was found to be 61.5%.

Particle size measurement: An important parameter for the 
characterization of nanoparticles is Particle Size. The Percentage 
intensity of particle size distribution of biosynthesized Cassia 
fi stula silver nanoparticles were depicted in Figure 9.

• The average particle size of Cassia fi stula was found to be 
148.5 nm. 

• The Particle size measurement showed the presence of 
nanoparticles with  Polydispersity indices PDI value is 
0.243.

Figure 7: UV Visible Absorption spectra of Cassia fi stula silver nanoparticles.

Table 5: FTIR Interpretations of Cassia fi stula silver nanoparticles.

Material
Standard wave 
number Range

Test wave 
number

Inference

Cassia fi stula silver 
nanoparticles

3650 - 3200 3609.1 O - H Alcohol
3340 - 3250 3329.72 Alkyne CH
3500 - 3200 3392.51 Amine or Amide N - H
2960 - 2850 2888.86 Alkyne sp^3 C - H

3000 - 25000 3849.88 Carboxylic Acid O - H
2260 - 2000 2234.80 Nitrile CH
1550 - 1500 1510.87 N - O Nitro Compound

1720 - 1706 1767.99
C = O stretching In 

Carboxylic Acid
1390 - 1310 1337.39 Alkanes

810 ± 20 820.76 C - H bending
675 - 995 695.13 Aromatic Rings

Figure 8: FTIR Spectra of Cassia fi stula silver nanoparticles.

Figure 9: Percentage intensity of particle size distribution of biosynthesised Cassia 
fi stula silver nanoparticles.
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• The polydispersity index was calculated by the square 
of the standard deviation divided by the mean particle 
diameter.

Zeta potential measurement: Zeta potential is an important 
study for determining the stability of Cassia fi stula silver 
nanoparticles. These values indicate there is no stabilization 
of nanoparticles. The Zeta potential distribution of Cassia 
fi stula silver nanoparticles was depicted in the Figure 10 for 
determining the stability of

• For Cassia fi stula silver nanoparticles zeta potential 
measured was found to be -0.1 mV.

FESEM analysis of Cassia fi stula silver nanoparticles: FESEM 
analysis of Cassia fi stula silver nanoparticles were performed to 
analyze the surface morphology of nanoparticles. The prepared 
Cassia fi stula Silver nanoparticles were dried well to remove the 
moisture content. The images were taken in 24000 X, 63000 X, 
and 73000 X are shown in Figures 11-14 respectively.

FESEM clearly shows the presence of the synthesized silver 
nanoparticles with magnifi cation X 24000, X 63000, 73000 X. 
Mostly the nanoparticles were spherical, oval in shape, and 
mostly aggregated, and a few individual particles were also 
observed [15].

Comparison

In-vitro antidiabetic study of Cassia fi stula

- Amylase inhibition study: Pancreatic -amylase, an 
important enzyme of the digestive system hydrolyses starch into 
a mixture of smaller oligosaccharides comprising of maltose, 
malt triose, and polyglucans which are further degraded by 
glucosidase into glucose that enters the bloodstream upon Figure 10: Zeta potential distribution of Cassia fi stula silver nanoparticles.

Figure 11: FESEM analysis of Cassia fi stula Silver nanoparticles at 24000X 
magnifi cation.

Figure 12: FESEM analysis of Cassia fi stula Silver nanoparticles at 63000X 
magnifi cation. 

Figure 13: FESEM analysis of Cassia fi stula Silver nanoparticles at 63000X 
magnifi cation.
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absorption. This leads to elevated postprandial hyperglycemia 
(PPHG). Hence, it is important to control these two aspects in 
the treatment of type 2 diabetes.

In the present study, an in vitro alpha-amylase inhibition 
model was used to screen the Cassia fi stula silver nanoparticles 
to evaluate the hypoglycaemic effects.

The Alpha-amylase inhibitors obstruct the absorption and 
the digestion of carbohydrates. Acarbose, a synthetic alpha-
amylase inhibitor delays the digestion of carbohydrates and 
inhibits the action of pancreatic amylase in the breakdown 
of starch, which leads to side effects such as abdominal pain, 
diarrhea, and soft faeces in the colon [16].

The result denotes that Cassia fi stula exhibits good - 
amylase inhibition under in vitro conditions. 

Percentage inhibition of acarbose: The percentage 
inhibition of  amylase for the positive control Acarbose was 
found to be 23.17% at a concentration of 10 μg/ml. When the 
concentration was increased to 20 μg/ml percentage inhibition 
was increased by 1.2 fold then the concentration was increased 
to 40 μg/ml so the percentage inhibition was increased by 1.1 
fold, further, the concentration was increased to 80 μg/ml 
then the percentage inhibition is increased by 1.2 fold again the 
concentration was increased to 160 μg/ml then the percentage 
inhibition is increased by 0.4 fold, further the concentration 
was increased to 320 μg/ml then the percentage inhibition is 
increased by 1.3 fold again the concentration was increased 
to 640 μg/ml which resulted in the increase of percentage 
inhibition by 1.2 fold by 77.77%. All determinations were done 
in triplicate and the mean values were determined.

The IC50 value of Cassia fi stula silver nanoparticles were 
found to be 206.5μg/ml. The IC50 value of acarbose was found 
to be 162.06 μg/ml. 

The percentage of -amylase inhibition of positive control 
Acarbose at lower and higher concentrations was found to be 
23.17% and 77.77%.

The test Cassia fi stula silver nanoparticles percentage  
amylase inhibition at the lowest and highest concentration was 
found to be 20.09% and 75.56% respectively.

The - Amylase inhibitory effects of positive control 
Acarbose are depicted in Table 6.

The - Amylase inhibitory effects of Cassia fi stula silver 
nanoparticles are depicted in Table 7.

The comparison of - alpha-amylase inhibition of Acarbose 
vs. Cassia fi stula silver nanoparticles is shown in Figure 15. 

In vitro antidiabetic study Pterocarpus marsupium: α- 
amylase inhibition assay -amylase is a key enzyme in 
carbohydrate metabolism. Inhibition of -amylase is one of 
the strategies for treating diabetes. Amylase inhibitors are also 
known as starch blockers because they contain substances that 
prevent dietary starches from being absorbed by the body. 

Amylase inhibitors with starchy meals will reduce the usual 
rise in blood sugar levels. The result suggests that Pterocarpus 
marsupium exhibits good - amylase inhibition under in vitro 
conditions. The IC50 value of positive control was found to be 
180 μg/ml and that of biosynthesized Pterocarpus marsupium 
silver nanoparticles were 700 μg/ml. 

The percentage inhibition of Acarbose and Pterocarpus 
marsupium silver nanoparticles at lower and higher 
concentrations was found to be 41.44% and 84.09% for positive 
control Acarbose and 21.88% and 71.14% respectively

In-vitro drug release study

The in-vitro drug release study has been carried out 
using the dialysis bag diffusion membrane method. The time 

Figure 14: FESEM analysis of Cassia fi stula Silver nanoparticles at 73000X 
magnifi cation.

Table 6: α – Amylase inhibitory effects of positive control acarbose.

Table 7: α – Amylase inhibitory effects of Cassisa fi stula.
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intervals (1h, 2h, 3h, 4h, 5h, 6h, and 24 h) were performed to 
fi nd the amount of drug released. 

Cassia fi stula silver nanoparticles in an in-vitro drug release 
study were done using the dialysis bag diffusion method. The 
cumulative percentage of drug released at 1 h was found to be 
12.25%, at 2 h was found to be 22.25%, at 3 h was found to be 
27.56%, at 4 h was found to be 31.11%, at 5 h was found to be 
34.53%, at 6 h was found to be 40.02% and at 24 h was found 
to be 79.92% for 24 h.

Drug release data fi tted to various kinetic models:

Zero order: The Zero Order kinetic model - Time vs. 
Cumulative percentage release was plotted and the R2 value 
was found to be 0.9532. 

First order: The First Order Kinetic model -Time vs. log 
cumulative percentage was plotted and the R2 value was found 
to be 0.7325. 

Higuchi’s: The Higuchi Model - Square root of time vs. 
Cumulative percentage release was plotted and the R2 value 
was found to be 0.9966.

Korsmayer Peppas: The Korsmeyer Peppas model - Log 
time vs. log cumulative percentage were plotted and the R2 
value was found to be 0.9844. 

The Drug release data fi tted to various kinetic models 
depicted in Figures 16-19.

Figure 16: Drug release kinetic data of cassia fi stula silver nanoparticles fi tted into 
zero order.

Conclusion

The Cassia fi stula silver nanoparticles formulated by a 
cost-effective and simple biosynthesis method with the 
association of plant Phytochemistry and nanotechnology 
will ensure a secure manner of curing diversifi ed diseases in 
the near future. The results of the Cassia fi stula nanoparticles 
namely visual examination, UV- -visible spectral analysis, 
FTIR spectroscopy, drug entrapment, determination of particle 
size, determination of Zeta Potential, FESEM analysis, - vitro 
anti-diabetic study and in vitro drug release and kinetic study 
were showing promising results which can be a lead to develop 
Cassia fi stula as silver nanoparticles so as to enhance its anti-
diabetic activity. 

Figure 18: Drug release kinetic data of cassia fi stula silver nanoparticles fi tted into 
Higuchi’s model.

Figure 19: Drug release kinetic data of cassia fi stula silver nanoparticles fi tted into 
Korsmayer Peppas.Figure 15: Comparison of α – Amylase inhibitory effects of positive control 

acarbose Vs α – Amylase inhibitory effects of Cassisa fi stula.

Figure 17: Drug release kinetic data of cassia fi stula silver nanoparticles fi tted into 
fi rst-order. 
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