
INTRODUCTION
The oral route of administration is frequently referred to be 
very convenient way to administer medications. As a result, 
during the drug discovery process, a great deal of effort is 
placed into developing orally active compounds that will 
provide predictable and useful plasma concentrations in-vivo.1 
Lead optimization commonly addresses these problems during 
a discovery programme, but locating a drug with the required 
“perfect” physicochemical and/or pharmacokinetic properties 
is frequently impossible. Always remember the potential for 
achieving more optimum blood drug concentration-time 
profiles to enhance the clinical pharmacology profile of drug 
candidates in clinical research or medicines that have already 
been approved for sale.2,3

Microspheres are now recognized as dependable and 
effective release technology that reduces the dosing frequency 
and the risk of dose dumping. They have good patient 
compliance.4,5

Sustained release behavior is provided by microspheres 
made from natural or manmade polymers. The amount of 
medicine that is released from the microsphere is directly 
influenced by its physicochemical properties, excipients, 

and other factors. In the late 1970s, systems for injecting 
microspheres were developed.6 The polymer of choice for 
producing microspheres that contain APIs has been PLGA, 
which is used in a w/o or o/w emulsion/solvent evaporation 
process.7-9 Poly-caprolactone is the second most common 
polymer used to make microspheres that contain drugs. The 
release profiles of the drugs are influenced by the microspheres’ 
chemical makeups and rates of degradation. For instance, 
PGA > PLA >> PCL are the three compounds with the highest 
hydrolytic breakdown rates. In contrast to PLA and PGA, 
which had superior steroidal pharmaceutical permeability 
but displayed uniform biodegradation, PCL had excellent 
steroidal pharmaceutical permeability but displays sluggish 
biodegradation.10-12

It has been discovered that the hydrophilic glycolide 
component of the system affects how rapidly PLGA 
microspheres degrade and release API. The chirality of 
the polymer, the density of cross-linking, and the loading 
of medications in microspheres all have an impact on the 
release patterns of API. When the amount of cross-linking is 
considerably increased, it creates an increase in the barrier 
density for drug diffusion and a longer release of the API in 
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casein and chitosan microspheres. There is a higher initial 
release in microspheres when the unencapsulated drug is more 
easily accessible on the surface in larger quantities. The size of 
the microsphere can be determined using the surface area to 
volume ratio, which estimates the amount of surface accessible 
for releasing the APIs during diffusion.13,14 Because of a better 
surface area and a shorter diffusion path, smaller microspheres 
provide greater drug release and shorter duration. The larger 
the microsphere, the more difficult it is to inject it with a 
needle. The effectiveness of the microsphere’s injectability is 
inversely connected with its size. The polymer concentration 
used to make the microspheres control their average size. 
Increased polymer concentration causes emulsion droplets to 
have a higher organic phase viscosity and, as a result, a bigger 
average size, enabling more medicines to be encapsulated 
into the microspheres.15,16 In this work we have prepared 
the microsphere of extract and evaluated the same using 
entrapment efficiency, size, EE, FTIR, XRD and drug release 
etc., The prepared Lantana camara loaded polycaprolactone 
microspheres show delayed release behavior for 12 hours.

MATERIAL AND METHOD

Materials
The polycaprolactone was received as a gift sample from 
Aurobindopharma lab, Hyderabad, India. Chloroform and 
polyvinylpyrrolidone (PVP) were purchased from Avantor 
Lab, India. All other substances, including reagents, were of 
analytical grade and were applied as directed.
Crude Plant Extract
L. camara Leaves methylene chloride extract used for the 
preparations of microspheres after toxicity study.
Methods

Preparation of Microspheres
As per the quantity given in Table 1, the plant extract was 
dissolved in polycaprolactone (PCL), which were earlier 
solubilized in chloroform and the mixture was then added to 
an aqueous phase containing polyvinylpyrrolidone (PVP). The 
aforementioned combination was stirred at 500 rpm, and the 
medication and polymer were then converted into tiny droplets. 
These droplets then evaporated into hard microspheres, 
which were collected by filtering, washed with demineralized 
water.17-19

Experimental design for optimization
For optimization, 32 (three level-two factor) methodologies 
were used. Independent variables were polycaprolactone 
concentration (X1) and concentration of PVP (X2%). The 
responses were selected as %EE (Y1) and %DR (Y2). It was 
modeled by using the following equation.

Where,
Y is the response,β0 is the intercept and β1– β5 is regression 
coefficients. x1,x2 are individual effects. x1,x2 is the interaction 
effect and , x1

2
,x2

2 are the quadratic effects.20,21

Characterization 
The following characterization were carried out
Microsphere recovery/yield

Drug Entrapment Efficiency
The content was calculated when 100 mg of microspheres were 
fully dissolved after 30 minutes of sonication in phosphate 
buffer with a pH of 7.4. The samples were then filtered and 
subjected to spectrophotometric analysis22 It were carried by

Surface Morphology
It gives important details regarding the microstructure and 
porosity of these drug delivery systems. The most popular 
method was employed, electron scanning microscopy (SEM).
Particle Size Analysis
The microscopy method was done for determination of the 
shape and surface structure of microparticles.

Table 1: Formulation composition for microspheres

Experimental 
run

Independent variable Dependent variables

Polycaprolactone 
concentration
X1 (mg)

PVP
Concent-
ration
X2 (%)

EE
(Y1) (%)

DR
(Y2)(%)

F1 0 -1 65.2 99.04
F2 1 -1 84.02 97.87
F3 -1 0 80.25 91.29
F4 0 0 62.25 87.91
F5 1 0 78.11 97.99
F6 0 0 76.99 98.65
F7 -1 1 77 95.09
F8 0 0 77.5 98.28
F9 0 0 65.22 90.85
F10 0 1 79.25 94.67
F11 1 1 73.25 98.16
F12 0 0 69.02 97.14
F13 -1 -1 71.12 91.68
Coded levels

Independent variable Low level 
(-1)

Medium 
level (0)

High level 
(+1)

X1=Polycaprolactone 
concentration 500 750 1000

X2 = PVP Concentration 0.3 0.6 0.9
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Swelling Index Study
The microsphere was subjected to swelling research by being 
submerged in 50 mL of three different media: simulated 
gastric fluid with a pH of 1.2, simulated intestinal fluid with a 
pH of 6.8 and pH of 7.4. The microsphere’s weight increased 
at predetermined intervals until a steady weight was noticed 
using an electronic balance.23

Differential scanning calorimetry
A DSC thermogram of extract and extract loaded formulation 
microspheres was conducted to study the thermal characteristics 
of the extract and formulations. The thermogram was heated 
from 32 to 40℃ at a rate of 12℃ per minute.
In-vitro active constituent release studies
Drug release profiles from microspheres containing extract 
were investigated in a USP dissolving type II equipment. The 
dissolving media volume was set at 500 mL at 37℃, with a 
stirring speed of 75 rpm. pH values of 1.2 (0.1 N HCl), 6.8 
(phosphate buffer), and 7.4 (phosphate buffer) were used as 
dissolution medium. The samples will undergo filtering and 
spectrophotometric analysis. A percentage of the drug release 
will be used to express the triplicate results.24

RESULTS AND DISCUSSION

Optimisation
Thirteen runs were completed for the optimization of 
microspheres using a 32 factorial design. Both models display 
the quadratic model, as shown in Table 2. Figures 1 (a,b) and 
2 (a,b) are the 2D contour plot and 3D response surface plot 
for EE and DR, respectively. The software Design Expert was 
also used to conduct all statistical analyses, including analysis 
of variance (ANOVA). The experiment’s findings were used 
to calculate the coefficient for the interaction (A, B) and the 
linear effects. This study demonstrated that the formulation 
parameters (drug release and encapsulation efficiency) 
inf luenced the nanoparticles’ properties. The ensuing 
equations represent the polynomial model, which also show 
the correlation between the response and formulation variables.

EE= 76.8324 + 2.68  + 2.65333 + 4.2875  + 4.14655  + 
-10.7534 ……(2)

DR= 96.339 + 0.203333  + 0.108333  + -3.3025  + 3.16862  + 
-5.46638 …..(3)

The preceding equation illustrates how factors (A and B) 
quantitatively impact the answers. Table 2 displays model-
level response statistics. The direction of a coefficient, which 
is presented along with all of its estimated values for each 
response, indicates the influence of a factor on a response. 
On the other hand, if the coefficient is negative, the opposite 
relationship is seen. Table 3 shows the model’s F-value of 10.89 

Figure 1: 2D contour plot (a) and 3D response surface plot (b) for EE

(a)

(b)

Figure 2: 2D contour plot (a) and 3D response surface plot (b) for DR.

(a)

(b)

suggests that it is significant for the response Y1. Only 0.01% 
of the time could noise account for an F-value. The model 
F-value of 5.49 for the response Y2 indicates that the model is 
significant. As shown in Table 4, the difference between the 
actual and predicted values is also less.
Microsphere Recovery/Yield
Microsphere recovery of all 13 batches is given in Table 5.
Drug Entrapment Efficiency
The microsphere yield for all of the experimental runs was in 
the range of 62.25 to 84.02%, as shown in Table 1.
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Table 2: Model summary statistics of responses

Source Std 
dev R² Adjusted 

R²
Predicted 
R² PRESS Remarks

Y1 Response

Linear 6.74 0.1581 -0.0103 -0.6024 864.87

2FI 6.51 0.2943 0.0591 -0.5479 835.47

Quadratic 2.96 0.8861 0.8047 0.0966 487.61 Suggested

Cubic 2.66 0.9343 0.8424 -5.8702 3708.13

Y2 Response

Linear 4.04 0.0019 -0.1977 -0.9666 321.61

2FI 3.65 0.2687 0.0250 -0.3036 213.19

Quadratic 2.18 0.7967 0.6515 -0.0361 169.43 Suggested

Cubic 2.34 0.8329 0.5991 -8.3102 1522.50

Table 3: ANOVA of the models for responses Y1 and Y2

Source Sum of 
Squares df Mean 

square F-value p-value Remarks

Y1 Response

Model 478.25 5 95.65 10.89 0.0034 Significant

43.09 1 43.09 4.91 0.0623

42.24 1 42.24 4.81 0.0644

73.53 1 73.53 8.37 0.0232

47.49 1 47.49 5.41 0.0530

319.38 1 319.38 36.36 0.0005

Y2 Response

Model 130.29 5 26.06 5.49 0.0227 Significant

0.2481 1 0.2481 0.0522 0.8258

0.0704 1 0.0704 0.0148 0.9065

43.63 1 43.63 9.19 0.0191

27.73 1 27.73 5.84 0.0463

82.53 1 82.53 17.38 0.0042

Table 4: Difference between actual and predicted values

Run Order Actual Value Predicted Value Residual Run Order Actual Value Predicted Value Residual
Y1 Response Y2 Response

1 62.25 63.43 -1.18 1 87.91 90.76 -2.85
2 65.20 65.96 -0.7647 2 99.04 97.44 1.60
3 73.25 78.30 -5.05 3 98.16 99.30 -1.14
4 78.11 76.83 1.28 4 97.99 96.34 1.65
5 84.02 83.66 0.3610 5 97.87 99.71 -1.84
6 76.99 76.83 0.1576 6 98.65 96.34 2.31
7 69.02 65.91 3.11 7 97.14 97.25 -0.1087
8 77.00 76.83 0.1676 8 95.09 96.34 -1.25
9 77.50 76.83 0.6676 9 98.28 96.34 1.94
10 65.22 68.73 -3.51 10 90.85 90.98 -0.1309
11 80.25 79.85 0.4036 11 91.29 91.05 0.2396
12 79.25 76.83 2.42 12 94.67 96.34 -1.67
13 71.12 69.18 1.94 13 91.68 90.43 1.25

Figure 3: Field emission scanning electron microscopic image of 
microspheres

Figure 4: Average particle size (d. nm) and PDI of microspheres

Surface Morphology
Figure 3 shows representative FESEM microphotographs of 
prepared microspheres with smooth surfaces and spherical 
in shapes.
Particle Size Analysis
The average particle size of obtained of optimized run 
microspheres was 789.6 (d. nm) with PDI 0.838 (Figure 4).
Swelling Index Study
Figure 5 illustrates how the prepared microspheres swell 
in different pH media. The swelling index in 0.1 N HCL 
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(acidic media) was lower than that in phosphate buffer pH-7.4 
(alkaline media). In pH-7.4, the swelling happens quickly, 
followed by erosion and dissolution.
Differential Scanning Calorimetry
Using a DSC, this was done for pure extract (A), pure polymer 
(B), and extract-loaded microspheres (C) (DSC- 60, Shimadzu). 
Figure 6 demonstrates that there was no drug-polymer 
interaction.
In-vitro Active Constituent Release Studies
The drug release profile of microspheres and pure extract are 
given in Figure 7. The %drug releases from microspheres were 
ranged from 87.91 to 99.04% for all batches.

CONCLUSION
Natural or synthetic polymers prepared microspheres shows 
sustained release behavior. In this work, we have prepared 
microspheres of extract using polycaprolactone as a polymer. 
The statistical data shows significant results with p-value less 
than 0.5. The optimized formulations were analyzed using 
FTIR, DSC, swelling behavior, particle size analysis, and drug 
release etc. DSC confirms that there was no interaction between 
drug and the polymer. In an alkaline pH, the microspheres swell 
rapidly. Cumulative %drug releases from microspheres were 
in ranges from 87.91 to 99.04% for all batches. These results 
conclude that the prepared microspheres showed delay release 
action for long duration.
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