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ABSTRACT
Background: This research was conducted to create a treatment for osteoporosis (bone 
degenerating disorder) with hormone replacement therapy using Hydroxyapatites and chitosan 
as a composite. The research aims to develop bio-composite hydroxyapatite/chitosan-drug 
composites that will improve the absorption of calcium and phosphorus ions into the bone by 
acting as an extra source of these nutrients. Hydroxyapatite which resembles to bone minerals 
composition was prepared using chemical reaction method later incorporating it with chitosan 
using co-precipitation method forming hydroxyapatite-chitosan composites. Materials and 
Methods: Finally synthesizing Hydroxyapatite/Chitosan-Drug composite using homogenous 
mixture kept for 12 hr for incorporation. The prepared Hydroxyapatite and hydroxyapatite/ 
chitosan composites underwent XRD, FTIR and TGA studies giving us sharp diffraction peaks, 
functional group characteristic peaks and percentage weight loss respectively. Results and 
Discussion: Micrometrics measurements of the composites of hydroxyapatite and chitosan 
reveal good, Carr's index, percentage porosity and Hausner’s ratio in batch F5 and F6 out of all 
six batches. HA/CS composites were also evaluated for water absorption study, water loss study, 
estimation of calcium and phosphorous ion. Estimation of phytogenic steroid and in-vitro drug 
release study was done on HA/CS-drug composites. Conclusion: As a conclusion, AFM study of 
batch F5 with drug revealed there was an improvement in uniformity of composite size and shape. 
The X drug was able to homogeneously incorporate in HA/CS composites giving good release of 
drug up to 12 hr. The study produced nano-composites, an innovative bone regeneration and 
tissue creation approach.
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INTRODUCTION

The Bone is renowned for its tenacity, adaptability, mechanisms for 
promoting growth, and capacity for self-repair and remodeling. 
Because of its distinct structure and mechanical qualities, it has 
even received significant attention from the materials engineering 
community.1 The skeleton is made up of a complex network of 
bones that serves as a framework for the musculoskeletal system's 
movement as well as a means of protecting the body's important 
organs.2 The bone itself is made up of three levels of hierarchical 
architecture:1 the nanostructure, which is made up of fibrillary 
collagen, non-collagenous organic proteins, and embedded 
mineral crystals;2 the microstructure, which is made up of the 
Haversian system, lamella, and osteon;3 the macrostructure, 
which consists of cortical and cancellous bone.3 The ability to 

endure physiological demands without breaking depends on 
both the form of individual bones and the tissue qualities of the 
bone as a whole. Additionally, bone serves as a storehouse for a 
variety of vital minerals, including calcium and phosphate, and 
it is crucial in the control of ion concentrations in extracellular 
fluid.2 Various methods are available to overcome  bone defects 
when undergoing medical operations for damage related to the 
bones. 10% of the bone grafting are done by using synthetic 
graft substitutes. Autografts are the next method; in this case, 
tissues are obtained from the same patient, although there are 
drawbacks, such as donor site morbidity and pain after grafting. 
On the other hand, allografts are bone graft replacements  
obtained from another patient, which carry a risk of infection 
during the transplantation process along with an inflammatory 
response that could result in graft rejection.4,5 The transplanting 
of cells from various species is another type of xenograft. Now 
let's talk about biomaterials, which include synthetic graft 
replacements made of polymers, ceramics, metals, bioactive 
glasses, and composite materials. Metals used as grafts provide 
stress shielding, which weakens the host tissue and makes 
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it more brittle. There are several solutions, but they all have 
problems, necessitating the creation of a substrate that improves 
rebuilding while restoring the function of damaged tissue.6 
The advantage of avoiding repeated surgery at the donor site 
is undoubtedly a draw for the tissue engineering strategy. The 
designed scaffold will deliver three-dimensional tissue, offering 
the best vascularization and growing conditions.6 A desirable 
scaffold would be biocompatible, non-immunogenic, have a 
linked porous network to allow cell penetration and the transfer 
of nutrients, oxygen, and waste products, have enough surface 
area, and have a variety of end terminals to encourage the 
movement of cells, association, distinctions, and proliferation.7,8 
Our scaffolds must meet important criteria for bone tissue 
engineering, including biological compatibility, suitable 
mechanical properties, regulated degradation rate, suitable 
pore dimension and morphology, suitable surface chemistry, 
porousness, osteoconductivity, and osteoinductivity.9 The ceramic 
phosphate of calcium substance hydroxyapatite continues to 
hold the most potential for bone tissue engineering. It has 
demonstrated significant osteoconductivity, biocompatibility, 
and bone-bonding properties, and both its chemical structure 
and content match those of the mineral that makes up genuine 
bone.10 In contrast to other calcium phosphates, hydroxyapatite 
is thermodynamically stable at physiological pH and does not 
solubilize under physiological conditions. Already, bone tissue 
damage is filled, extended, and repaired with it.11 Chitosan is a 
promising candidate for the repair of cartilage abnormalities as 
it is also biocompatible with the GAG that is naturally present in 
cartilage. Chitosan has been investigated for use in a variety of 
biomedical applications, such as space-filling implants, systems to 
deliver drugs, and dressings for wounds, it has received Food and 
Drug Administration approval for use in these applications. With 
minimal or no fibrous encapsulation, this substance causes the 
least amount of foreign body reaction. This unique biopolymer, 
which shares a number of chemical and structural similarities 
with collagen, degrades more quickly than bio-ceramics. As a 
result, adding hydroxyapatite to the chitosan polymer matrix 
will improve osteoconductivity and biodegradability while also 
substantially improving its mechanical strength.12,13

The aim of this research was to create a HA/CS composite that 
included a formulation that increased the absorption of calcium 
and phosphorus ions into bone as an extra source.

A great deal of focus is currently focused to plants that are 
traditionally used as botanical remedies as potential therapeutic 
agents for bone tissue engineering. The powerful medicinal plant 
Cissus quadrangularis Linn. (CQ) is well-known for its own 
osteogenic capabilities. A popular perennial succulent climber 
plant in the Vitaceae family is called Cissus quadrangularis. The 
plant is known as "Hadjod" or "Asthisamharaka" in India and is 
well-known as a treatment for problems with the bones, muscles, 
and ligaments. The stem is the most often used portion, while 

nearly every aerial and subsurface part has therapeutic potential. 
Numerous compounds, including carbohydrates, proteins, 
phenol carboxylic acids,  triterpenoids, phytosterols, glycosides, 
saponins, vitamin C, and alkaloids have been identified in studies 
on the phytochemical makeup of the plant. These plants also have 
plenty of calcium in them.

MATERIALS AND METHODS

Calcium hydroxide, Orthophosphoric acid, Ammonium 
hydroxide, Sodium chloride, Dipotassium hydrogen phosphate, 
Calcium chlorides were received from SDFCL. Chitosan was 
provided from Himedia, Potassium chloride, Sodium bicarbonate 
Magnesium chloride, Hydrochloric acid, Sodium sulfate, Sulfuric 
acid, Ammonium molybdate was received from Sulab and 
Calcium Kit was received from Aspen lab.

Preparation of Hydroxyapatites
Hydroxyapatites were prepared using chemical reaction method. 
18 g of ​​Ca​(​​OH​)​​​ 2​​​ dissolved in 130 mL of distilled water (solution 
150 mL of distilled water with 10 mL of H3PO4 dissolved in it 
(solution 2). Drop by drop, solution 2 was incorporated with 
solution 1. After applying NH4OH to sustain the mixture's pH at 
10.5 for 48 hr, the finished product was allowed to ripen. The pure 
form of Hydroxyapatite (HA) is obtained by filtering the solution 
and drying it at 110ºC in a hot air oven.14-16

Preparation of Hydroxyapatite (HA)/ Chitosan (CS) 
composites via co-precipitation method
Co-precipitation was used to create HA/CA composites100 mL of 
acetic acid was required to dissolve 1 g of chitosan at a 1% ratio 
(solution 1). 100 mL of distilled water was used to dissolve 1 g of 
1% hydroxyapatites in order to make solution 2. Drop by drop, 
the other 2 solution was combined with solution 1. The mixture 
was stirred at 45ºC for 15 min. In order to keep the mixture's 
pH at 11, an ammonia solution was used. HA/CS composites are 
produced when the solution turns opalescent.17,18

Preparation of HA/CS-Drug composites
HA/CS-Drug composites was prepared using homogeneous 
mixture and the formulation composition of the composites 
were depicted in Table 1. In distilled water (solution 1), HA/CS 
composite was dispersed. In (solution 2), the drug was dissolved 
in distilled water. Solution 2 was drop wise added in to solution 1. 
The combination was kept for 12 hr for incorporation of drug in 
to HA/CS composites. Filter the solution and dry at 50˚ C, which 
give the HA/CS- Drug composites.19

Preparation of stimulated body fluid (SBF)
SBF was prepared following Kokubo's technique. The following 
are the ion concentrations (in g): NaCl (8.035 g), ​​NaHCO​ 3​​​ 
(0.335 g), KCl (0.255 g), ​.   3 ​H​ 2​​ O​ (0.231 g), ​​MgCl​ 2​​ .6 ​H​ 2​​ O​ (0.311 
g), 1M HCL (38 mL), ​​CaCl​ 2​​ .2 ​H​ 2​​ O​ (0.3675 g), ​​NaSO​ 4​​ .10   ​H​ 2​​ O​ 
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(0.071 g), and ​​​NH​ 2​​ C​(​​​​ (Tris buffer, 6.118 g). In accordance with 
the prescribed procedure, the reagents were attenuated in 800 
mL of distilled water at 36.58ºC with continuous stirring. With 
distilled water, the total amount was increased to 890 mL, and the 
temperature was then raised to 36.58ºC and 1M HCl was used to 
balance the pH to 7.4. 1 L of water that was distilled was added 
along with the solution's final volume. SBF must be consumed 
within 30 days of preparation and kept in the refrigerator (5-10 
C).20

Estimation of Phytogenic Steroid in Herbal Extract

Estimation of phytogenic steroid was done by using UV double 
beam spectrometry. A 10 mg medication that had been precisely 
measured was transferred to a 10 mL volumetric glass flask and 
dissolved with Stimulated Body Fluid (SBF) to obtain a standard 
stock solution (1 mg/mL). Different dilutions to stock solution 
were made to obtain at various concentrations of 50, 100, 150, 
200, and 250 μg/mL.21

Characterization and Evaluation of HA/CS-Drug 
composites
Fourier-transform infrared spectroscopy (FTIR)

Batch F1, F2, F3 hydroxyapatite and chitosan were analyzed using 
FTIR. The Grams, Buck scientific model-500 with KBr as the 
background was used to acquire the data. The samples are put 
within the sample holder, and the diffuse reflectance technique is 
used to examine the characteristic peaks.22,23

X-ray Diffraction (XRD)

Amorphous medication dosage and physical state changes are also 
investigated using XRD. The XRD studies of bulk hydroxyapatites, 
chitosan composites F1 to F6 and HA/CS- Drug were carried out 
using XRD (Bruker AXS GmbH, Karlsruhe, Germany).24,25

Thermo Gravimetric Analysis (TGA)

A technique for examining modifications to a material's 
mass that occur in accordance with predefined temperature 
variations is called Thermo-Gravimetric Analysis (TGA). A few 
of the processes that could change the mass are decomposition, 
sublimation, vaporization, adsorption, degradation, desorption, 

oxidation, and reduction. Utilizing TGA (Mettler), research on 
F1, F3, F5, and hydroxyapatites was conducted.26

Atomic Force Microscopy
The measurement was taken with a NT-MDT integrated 
solution for nanotechnology. The corresponding relative altitude 
maps were measured using silicon probes (NT-MDT) with a 
nominal spring constant while tapping in the air. Using the Root 
Mean Square (RMS) of the height distribution, the roughness 
was assessed from the AFM images to determine the lowest 
indentation depth that could be used in the tests.27

Composite size
The typical microscope should be able to measure particle 
sizes between 0.2 and roughly 100 m using optical microscopy. 
Composites are placed on a slide or riled cell and set on a 
mechanical stage in accordance with the microscopic approach. 
A micrometer that can be used to measure particle size is attached 
to the microscopic eyepiece. A photograph from which a slide 
is made and displayed on a screen for assessment which can be 
used, or the field can be projected onto a screen to make it easier 
to measure the particles.28

Angle of Repose
The flow attribute of solids has been described in terms of angle of 
repose. An aspect of interparticulate friction or the resistance to 
movement in composites is called angle of repose. The cone-like 
pile of material created by this process assumes a constant, 
three-dimensional angle as its angle of response. The funnel's 
height, which determines how composites move through it, can 
either be set in relation to the base or it can change as the pile 
grows.27

tan (​α​)=height/0.5base

Where, α is Angle of Response.

Bulk Density
Bulk density, which is measured in g/mL, is the composites' ratio 
to the bulk volume it fills. The volume of the composites, which 
weighs 5 g, was measured by pouring it into a 100 mL measuring 
cylinder and weighing it again.29

Mass of composites/volume of packing equals bulk density.

Batch HA (Weight %) CS (Weight %)
F1 30 70
F2 40 60
F3 50 50
F4 60 40
F5 70 30
F6 80 20

Table 1:  Formulation of HA/CS composites.
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Tapped Density27,29 

To calculate the tapped density, 5 g of the composites were 
precisely weighed, placed in a 100 mL measuring cylinder, and 
the volume of it was recorded. Mechanical tapping was used to 
generate a bulk volume of 100 times the constant volume of the 
real volume of the composites and the void space between the 
composites.

Tapped density=Mass of composites/Tapped volume of packing

Hausner Ratio

The Hausner ratio of beads can be calculated through comparing 
the tapped density to the bulk density by employing the equation.30

Hausner’s ratio=Tapped density/Bulk density

Carr’s Index

The % compressibility of the beads was determined using Carr's 
compressibility index.27-30

Carr’s index (%)=tapped density-Bulk density/Tapped 
density*100

Percentage Porosity

The porosity and density were determined using a liquid 
displacement method by employing ethanol as the displacement 
liquid, which can easily flow across the pores of the composite 
materials and does not lead to shrinkage or swelling as a 
non-solvent of the polymers. A sample weighing W was placed 
within a graduated cylinder that held a predetermined amount 
(V1) of ethanol. Forcing the ethanol into the pores of the composite, 
the sample was held in the ethanol for 5 min before going through 
a series of quick evacuation-depressurization cycles. The cycle 
was repeated until no more air bubbles were visible coming 
from the composites. Then, V2 was calculated as the sum of the 
ethanol and ethanol-impregnated scaffold volumes. The volume 
of the skeleton of the HA/CS composites made up the volume 
difference (V2-V1). The ethanol-impregnated composites were 
taken out of the cylinder, and V3 was measured as the volume of 
remaining ethanol. The composites' porosity of the open pores, 
was determined using.27-30

ϵ=(V1-V3)/(V2-V3)

Percentage Water Absorption

To assess water absorption, each sample was weighed before 
being dipped into distilled water at 37ºC. After being immersed 
in the medium for varying durations of time, the samples were 
carefully removed, gently squeezed between two filter papers to 
eliminate any remaining water, and weighed on an exact scale. 
The following equation is used to compute the water absorption 
capacity (%).30,31

Water absorption (%) = Wf-Wi/Wi*100

Where, the sample's starting weight is wi​​​, and its final weight, wf, 
is determined by immersion. To ensure the data, the test was run 
on three samples, and the average result was obtained.

Percentage Weight Loss/ Biodegradation

The weight of the composites was reduced in vitro by incubating 
them in SBF for a variety of times-1, 3, 7, 15, 21, and 28 days-at pH 
7.4 and 37ºC. The composites were periodically taken from the 
mixture and overnight at 50ºC dried. The subsequent equation 
was used to compute the weight loss:29,31

Weight loss (%) = W0-Wt/W0*100

The sample's starting weight is w_o, and its weight at time (t) is 
wt. Three samples were used in each experiment, and the average 
value was taken to ensure the results.

Calcium and Phosphorus Ions Estimation

The SBF solution and solid composites were assessed prior to and 
following varied immersion times. Notations and composition 
of the HA/CS composites. In order to test the bioactivity, the 
composites were submerged in SBF for varied lengths of time 
up to 8 days at pH 7.4 and body temperature (37ºC). The SBF 
has a composition similar to that of human blood plasma and 
is frequently used for in vitro studies. Following the immersion 
time, the solutions were measured for phosphorus and calcium 
ion concentrations at 318 and 437 nm, respectively, using a 
spectrophotometer. The tests were carried out three times for 
each, and the results were verified using the average value.31,32

RESULTS

X-ray Diffraction (XRD) Study of Prepared HA

XRD spectra of prepared hydroxyapatite were presented in Figure 
1(a). It indicated that the sharp diffraction characteristic peaks 
that appeared at around 31.8˚ and 25.9˚ correspond to the speaks 
of HA (31.773˚ and 25.879˚). Figure 1 showed XRD spectra of 
pure hydroxyapatite, XRD spectra of prepared hydroxyapatite 
was as identical as pure hydroxyapatite. This indicated prepared 
hydroxyapatite in pure form.

Fourier-transform Infrared Spectroscopy (FTIR) 
study of Prepared Hydroxyapatites

FTIR of hydroxyapatite is presented in Figure 2(a). Characteristic 
peaks of water molecules, amine I, carbonate, and phosphate was 
detected in spectra of HA. The absorption band at 3540 and 3487 ​​​ 
cm-1 correspond to the stretching of the lattice OH- ions, whereas 
the absorbed water band appeared at 3287, 3163 and 1648 cm-1. 
The characteristic band of ​​​ was assigned at 1133 and 
1064 cm-1​​​. An FTIR spectrum of pure HA is presented in Figure 
2(b). Figure 2 (a) and (b) depicts the Fourier transform infrared 
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spectrum of prepared and pure HA. Hence, prepared HA was in 
pure form.

Fourier-transform infrared spectroscopy (FTIR) study 
of prepared HA/CS composites

Figure 3 depicts a summary of the FTIR spectrum of the HA/
CS composites. All of the HA and CS characteristic peaks were 
seen in the HA/CS composites. The peaks at 3570, 3420, 2920, 
1720, 1640, 1280, 1030-960, 630, 602-560 cm-1​​​ were tasked with 
stretching OH, OH of water, OH and CH, C=O, absorbed water/
amide I, CCO, stretching ​​​, liberational OH and bending ​​​

group, respectively. This indicated that the interaction 
between HA and CS was missing in HA/CS composites.

X-ray diffraction (XRD) study of prepared HA/CS 
composites

Figure 4 depicts the XRD patterns of HA/CS composites, chitosan, 
and HA. While HA was recognized by the acute diffraction 
characteristic peaks that appeared at around 31.8° and 25.9° 
(31.773°, 25.879°), chitosan was recognized by the broad peak 
that arose at 20° (20.305°, 21.290°). The characteristics of the peak 
for HA/CS composites with varied HA: CS ratios (30:70, 50:50, 
and 70:30) are shown in Figures 4(c), (d), and (e), respectively. 
This indicated the formation of composites.

 Thermo Gravimetric Analysis (TGA) study

Figure 5 showed % weight loss of HA and HA/CS composites 
using TGA. % weight loss of Batch F1, F3, F5 and prepared HA 

Figure 1: XRD study of (a) prepared HA and (b) pure HA.
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was 54.72 %, 53.00%, 34.38% and 41.93%, respectively. Batch F5 
had low weight loss compared with other Batch F1 and F3. Hence, 
it had high binding affinity of HA toward the chitosan.

Physicochemical Characteristics of HA/CS 
composites

Results of micrometrics properties of HA/CS composites were 
showed in Table 2. It showed Mean composites size of batch F5 
(3.892) and F6 (3.891) have a smallest composite size compared to 
other batches. Batches F1-F6's flow properties included angle of 
repose, Carr's index, and Hausner's ratio. Batches F5 and F6 had 
the lowest repose values of 22.06% and 22.08%, respectively. The 
Hausner's ratio and Carr's index of F5 and F6 revealed a strong 
association across all six batches. Results of % porosity indicated 
Batch F5 had high % porosity (26.53) compared to all 6 Batches.

Atomic Force Microscopy (AFM) study

Figure 6 showed the AFM of HA/CS composites (Batch F5). 
Which showed the minimum and maximum composite size was 
0 and 101.834 nm, respectively. Mean composite size was 26 nm, 
Average roughness was 9.412 nm and Root Mean Square was 
12.322 nm.

Percentage Water Absorption Study

The hydrophilicity of the chitosan polymer matrix is one among 
the most important features to examine when assessing the 
biomaterial for bone tissue engineering since it is essential for 
physiological fluid absorption and the transfer of cell nutrients 
and metabolites. With an increase in chitosan content, the ratio 
of water absorption ability rose continuously. According to the 
study, the HA/CS composites absorbed % of the water after 1, 3, 
7, 15, 21, and 28 days. Chitosan's capacity to create reversible gel 
is what caused the findings that were seen. A higher CS content 

Figure 2: FTIR spectra of (a) prepared HA and (b) pure HA.
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in the HA/CS mixture reduces the weight fraction of HA. As a 
result, the batch F5% F6 had smaller amounts of CS 30% and 
20%, respectively, and as a result, had greater water absorption 
ability. As a result, the addition of CS increased the OH group 
in the composite, increasing the hydrophilicity of the HA/CS 
composites. Chitosan integration enhanced the hydrophilic 
surface, which is good for cell attachment and proliferation. In 
comparison to other batches, batch F5 has a high capacity to 
absorb water, as shown in Figure 7.

Percentage Weight Loss/Biodegradation Study

Figure 8 displayed how the HA/CS composites fared in terms of 
weight reduction when compared to HA. Weight loss for batches 
F1 to F6 was lower than it was for other composites due to the 
composites' gradually declining chitosan concentration. Batch F1 
contained a high level of CS (70%) and a low content of HA,30 
which caused the composite to degrade rapidly. The fact that 
the weight loss of batches F5 and F6 was lower than that of HA 
suggests that chitosan and HA interacted through their functional 
groups, resulting in the composites' high stability and reduced 
degradation.

Estimation of Calcium Ion

Figure 9 illustrated the concentration of calcium ions in batches 
F1 to F6 of HA/CS composites, control samples, and HA. after 
1, 3, 5, and 8 days in SBF, respectively. After 8 days, all produced 
composites had lower calcium ion concentrations than pure 

HA and the control (SBF). This demonstrated the deposition 
of calcium Ca2+ ions on composite surfaces. This may be the 
result of Ca2+ interacting with the functional group of the 
chitosan polymer. Due to the rapid hydrolysis of the chitosan 
macromolecule chain in the presence of water, the composites 
with a high chitosan content in Stimulated Body Fluid (SBF) 
degraded more quickly. The findings also indicated that adding CS 
to the HA/CS composites improved the calcium ion absorption. 
This demonstrated the creation of a chitosan gel that is insoluble 
in water when calcium ions are present. As a result, it helps the CS 
polymer's osteogenic activity pharmacologically.

Estimation of Phosphorus Ion

Figure 10 showed that the concentration of  ions in SBF  
after immersion of pure HA and HA/CS composites. The 
estimation of  was compared with SBF as control. The 
results indicated the lower value of PO4

3-ion in post immersion 
of HA/CS composites (F1 to F6) in SBF after 1, 3, 5 and 8 days 
(Table 3). This could be because chitosan has a strong affinity for 
phosphorus ions. In contrast to the control deposition of PO4

3- 
ions the batch on the material's surface F5's lower values for PO4

3- 
ion concentration. If sufficient chitosan is present, the amino 
groups that hydrogen bind with phosphorous ions in SBF might 
increase. Lower values were found for the PO4

3- ion concentration 
after HA immersion.

By comparing the concentrations of Ca2+ and PO4
3- ions in SBF 

for post immersing of Batches F1-F6.

Figure 3: FTIR spectra of HA/CS composites.
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Estimation of Phytogenic Steroid
Phytogenic steroid concentration was estimated in the extract of 
drug using UV- visible spectrophotometry at 268 nm λ max in 
Stimulated Body Fluid (Figure 10).Figure 4:  XRD of (a) Chitosan (b) HA (c) Batch F1 (d) Batch F3 and (e) Batch F5.

Figure 5: TGA of (a) prepared HA (b) Batch F1 (c) Batch F3 and (d) Batch F5.
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In vitro Drug Release Study of HA/CS-Drug 
Composites

Figure 11 depicts the in vitro drug release results from the HA/CS 
combination (Batch F1 to F6). A 12 hr drug release was visible in 
every composite. Also assessed was the amount of drug released 

from the HA-Drug and CS-Drug composites. After 12 hr, it 
revealed a medication release of over 70%. Within 6 hr, the pure 
drug released virtually all of its whole amount. The results of the 
study showed that drug release might be prolonged for up to 12 
hr. HA/CS composites that include Drugs (Figure 11). After 12 
hr, Batch F5 had a nearly 92.32% drug release. across all batches. 
In order to better characterize HA/CS-Drug composites, Batch 
F5 was chosen.

Fourier-transform infrared spectroscopy (FTIR) study 
of HA/CS-Drug optimized batch

Figure 12 showed the FTIR spectra of pure Drug and HA/
CS-Drug (Batch F5) composite. All characteristic peaks of pure 

Max 101.834 nm.
Min 0 nm.
Peak-to-peak, Sy101.834 nm.
Ten-point height, Sz51.3636 nm.
Mean composite size: 26 nm.
Average 32.0837 nm.
Average Roughness, Sa9.41255 nm.
Root Mean Square, Sq 12.3228 nm.

Figure 6: AFM study of (a) 2D image of Batch F5 (b) 3D image of Batch F5 and 
(c) Histogram of Batch F5.

Figure 7:  %Water absorption study of HA/CS composites.

Figure 8: % Weight loss study of HA/CS composites.

Figure 9: Estimation of calcium ions (mg/dl) in SBF.
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Drug were observed in spectra of Batch F5. Which proved the 
Drug has properly incorporated in the HA/CS and there was no 
drug interaction between HA/CS and Drug.

Atomic force microscopy (AFM) study of Optimized 
batch

Figure 13 showed the AFM data of Batch F5 with drug composite. 
Which showed the minimum and maximum composite size was 
0 and 137.71 nm, respectively. Mean composite size was 29.4 nm, 
Average roughness was 8.273 nm and Root Mean Square was 
12.147 nm.

The results of AFM study revealed that the after incorporation 
of drug in HA/CS composite the uniformity of composite size 
and shape was improved and had uniform shape of HA/CS-Drug 
composite (Batch F5).

The results of AFM study revealed that the after incorporation 
of drug in HA/CS composite the uniformity of composite size 
and shape was improved and had uniform shape of HA/CS-Drug 
composite (Batch F5).

Figure 10: Estimation of λ max of phytogenic steroid.

Figure 11: In vitro drug release study (% CDR).

Figure 12: FTIR spectra of drug and batch 5.

Max 137.714 nm.
Min 0 nm. 
Eak-to-peak, Sy 137.714 nm.
Ten-point height, Sz 68.9463 nm. 
Mean composite size: 29.4 nm. 
Average 31.4881 nm. 
Average roughness, Sa 8.27393 nm. 
Root mean square, Sq 12.1479 nm 

Figure 13: AFM study of (a) 2D image batch F5-Drug (b) 3D image of batch 
F5-drug and (c) Histogram of batch F5-drug.
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DISCUSSION

The whole plant T. cordifolia is reported to possess antioxidant, 
antiarthritic, antidiabetic, anti- inflammatory, antiulcer, 
weakness, dyspepsia, fever, inflammation, jaundice, urinary, 
skin. Fascinatingly that the annual consumption of T. cordifolia 
in the Indian System of Medicines is 1,000 tonnes.17-19 Initially we 
conducted simple extraction procedure to confirm the presence 
of berberine a biomarker compound of T. cordifolia. Further, we 
have determined the cytotoxicity of Amruth Mune a standardized 
extract of T. cordifolia on the RAW264.7 macrophages, the results 
ascertained that Amruth Mune did not show toxic effects on 
macrophages. Based on this, successive studies were conducted 
by choosing the safe medication dose of Amruth Mune i.e., 50 
and 100 μg/mL.

NO was found to be a critical component of the immune system. 
There is evidence to support the secretion of NO by macrophages 
exhibited antipathogen and anti-tumor activity.20,21 Therefore; 
NO measurement can reflect the effects of Amruth Mune on 
immune stimuli, which could be used as a quantitative marker of 
macrophage activation. Previous studies have reported that the 
various types of extracts of T. cordifolia are proved to enhance 
the phagocytic activity of macrophages, and it also increases 
the activation rate of macrophages.22,23 The enhancement of 
phagocytosis is the distinctive feature of macrophage activation, 

the stimulation of macrophages enables the production of a 
variety of immunomodulatory

Substances involving cytokines, such as TNF-α and IL-6  
triggering an array of innate immune responses to invading 
pathogens.24

In this study, Amruth Mune demonstrated macrophages 
stimulation and the effect was comparable with LPS, Amruth 
Mune enhanced the production of IL-1β and IL-6 in murine 
macrophages at the concentration of 100 µg/mL. These findings 
suggest that Amruth Mune had a strong immunomodulation 
effect on macrophages in vitro. Our results were coherent with 
the earlier published studies showing macrophage activation 
by LPS.25 Understand the mechanism behind the activation 
of pro-inflammatory cytokines and increased production of 
NO. We evaluated effect of Amruth Mune on activation of 
MAPK signalling pathway. It has been reported that Mitogen 
Activated Protein Kinase (MAPK) plays a key role in innate 
and adoptive immune response.26,27 Studies in connection 
with the immunomodulating materials reported they trigger 
macrophages via MAPK pathways.28,29 In our investigation we 
also found that the phosphorylation of ERK, JNK and p38 upon 
treatment with Amruth Mune a standardized extract of Tinospora 
cordifolia which is almost equal to LPS, the above results revealed 
the molecular mechanisms of Amruth Mune in the activation of 
MAPK pathways in murine macrophages. Results were in line 
with previously published studies.30,31

Batch Mean composite 
size (μm)

Angle of repose 
(θ)

Hausner’s ratio Carr’s index
(%)

Porosity
(%)

F1 35.06 33.54 1.36 26.53 20.48
F2 20.572 32.78 1.30 25.15 18.7
F3 11.765 26.18 1.28 24.92 19.02
F4 9.721 25.26 1.28 22.0 22.44
F5 3.892 22.06 1.21 17.99 26.53
F6 3.891 22.08 1.20 17.78 25.04

Table 2: Results of Micrometrics Properties of HA/CS composites.

Batch Phosphorus ions concentration (mg/dL) in time (days)

1 3 5 8
F1 6.58 6 5.41 2.5
F2 7.35 7.33 6.08 5.08
F3 6.58 6.75 6.91 4.91
F4 14.6 14.08 14.33 11.91
F5 3.18 3.08 2.89 2.85
F5 6.58 6.33 5.75 2.5
Pure HA 9.33 8.5 8.08 8
SBF 5.37 5.34 5.33 5.33

Table 3: Results of phosphorus ion concentration of Ha/CS composites.
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CONCLUSION

While there are a number of approaches available as remedies 
for bone defects each with its own drawbacks, our formulation 
bypasses the majority of it making its more acceptable approach 
as treatment. Synthesized composites underwent to all required 
evaluation and characterization at every stage of formulation. 
Hence, assuring purity, absence of HA/CA interaction, F5 and 
F6 batch showing good correlation among all 6 batches, AFM 
reveling uniformity in composites size and shape and at last in 
vitro drug release study extending up to 12 hr where 92.32% 
release of drug was seen fulfilling all the checklist. To overcome 
the limitations of present medical procedures the research led 
to formation of nano-composites a novel approach for bone 
regeneration and bone tissue engineering.
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