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This study delves into the synergisti c amalgamati on of 
Coscinium fenestratum, an Ayurvedic medicinal plant, 
and chitosan biopolymer. This results in the innovati ve 
Venivel Chitosan Composite, which has established a 
pioneering drug delivery system. Subsequently, the 
composite material, Venivel Chitosan Composite, was 
formulated by integrati ng Coscinium fenestratum 
extract and chitosan biopolymer. Structural 
characteristi cs of Chitosan biopolymer and Venivel 
Chitosan Composite were determined via scanning 
electron microscopy (SEM), off ering valuable insights 
into their morphological features. Furthermore, a 
comprehensive characterizati on of the composite 
was achieved through the analysis of X-ray diff racti on 
(XRD) patt erns, elucidati ng its crystalline structure. A 
meti culous examinati on of the in vitro drug release 
profi le revealed a predominant diff usion mechanism, 
indicati ng the potenti al suitability of this system 
for applicati ons in wound healing treatments. In 
conclusion, integrati ng Coscinium fenestratum with 
chitosan biopolymer presents a versati le composite 
with promising anti bacterial, anti oxidant, and anti -
infl ammatory properti es, elevati ng its potenti al for 
targeted and controlled ayurvedic drug delivery 
applicati ons.

Keywords: Coscinium fenestratum; Drug delivery; 
Chitosan

Introducti on 

Coscinium fenestratum, a criti cally endangered me-
dicinal plant from the Menispermaceae family, grows 
in India’s moist deciduous to evergreen forests and 
Sri Lanka’s Western Ghats at 350-1200m alti tudes. 
The plant is known for its diverse medicinal proper-
ti es and is used in traditi onal medicine to treat diabe-
tes mellitus, microbial infecti ons, and other ailments. 
The plant stem has anti -microbial, anti -diabeti c, an-
ti -infl ammatory, and anti oxidant properti es, while 
the root is used for wound dressing, ulcer treatment, 
and as an anti bacterial agent. The stem extract is ef-
fecti ve against snake bites, and the bark is used to 
treat fevers, malarial fever in Sri Lanka, and herpes 
in coastal Karnataka, India. Berberine is the principal 
consti tuent of Coscinium fenestratum, known for its 
yellow crystalline alkaloid form. Other compounds in 
the stem include ceryl alcohol, hentriacontane, sitos-
terol, palmiti c acid, oleic acid, and saponin. The root 
contains terti ary alkaloids like berlambine, dihyd-
roberlambine, and noroxyhydrasti nine. Protoberber-
ine alkaloids, quaternary alkaloids, and minor alka-
loids like palmati ne and jatrorrhizine are also present. 
The stem of Coscinium fenestratum exhibits various 
medicinal uses, including anti -acne, anti -infl ammato-
ry, anti oxidant, hypotensive, anti plasmodial, anti bac-
terial, anti diabeti c, anti proliferati ve, anti hepato toxic, 
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CNS depressant, and analgesic properti es. Berberine 
shows pharmacological eff ects against hypertension, 
cancers, bacteria, infl ammati on, and HIV. The plant’s 
anti bacterial acti vity is primarily att ributed to berber-
ine. The methanolic extract of Coscinium fenestratum 
increases anti oxidant enzyme acti vity, combati ng ox-
idati ve stress caused by liver damage. Its high scav-
enging property is due to hydroxyl groups in phenolic 
compounds, aiding in natural cancer defense mech-
anisms. The anti bacterial acti vity of the plant is due 
to berberine, with extracts showing inhibitory eff ects 
on Clostridium tetani, Propionibacterium acnes, and 
Staphylococcus epidermidis. 

Chiti n, the second most abundant biopolymer aft er 
cellulose, comprises N-acetylglucosamine monomers 
linked by β-1,4 glycosidic bonds. Chitosan, derived 
from chiti n, is a polycati onic heteropolysaccharide 
with biological properti es such as anti oxidant, 
anti -infl ammatory, and anti microbial acti viti es. 
Chitosan is widely used in ti ssue engineering, drug 
delivery, and other biomedical applicati ons due to 
its biocompati bility and biodegradability. Chitosan’s 
unique properti es make it ideal for drug delivery 
applicati ons. Classifi ed as “Generally Recognized 
as Safe” (GRAS) by the FDA, chitosan is used in 
various delivery systems for targeted and prolonged 
drug release, extending to bone regenerati on, 
wound healing, and gene transfer. Copper oxide 
nanoparti cles exhibit signifi cant anti microbial 
and biocide properti es. Their opti cal, electrical, 
and magneti c properti es vary based on synthesis 
methods like the sonochemical and sol-gel methods. 
The size, morphology, and crystallinity of CuO NPs are 
crucial for their applicati on in various fi elds, including 
cosmeti cs, pharmacology, and coati ngs.

Drug release systems deliver drugs effi  ciently and 
accurately through immediate, extended, and 
triggered release mechanisms. Mathemati cal models 
help understand and predict drug release behavior, 
essenti al for tuning therapeuti c parameters. The 
Korsmeyer-Peppas model describes the exponenti al 
relati onship between drug release and ti me, the 
Peppas-Sahlin model considers diff usion and 

macromolecule relaxati on, and the Higuchi model 
describes drug release through diff usion. The Zero 
Order Model represents a linear drug release profi le 
independent of concentrati on, while the First Order 
Model correlates with the drug amount in the matrix. 
The Hixson-Crowell Model assumes drug release is 
limited by dissoluti on rate and matrix erosion.

Methodology

1.1. Chemicals and Materials

Coscinium fenestratum stems were sourced from Sri 
Lanka in June 2023. Methanol and Isopropyl Alcohol 
were purchased from Athula Laboratory Equipment. 
Shrimp shells (Penaeus vannamei) were obtained 
from Ceylon Catch (Pvt) Ltd. HCl, HNO3, and NaOH 
pellets from Sigma Aldrich and Sisco Research 
Laboratories. All chemicals were analyti cal grade.

1.2 Preparati on of the plant extract

Dried stems of Coscinium fenestratum were 
chopped, washed, and dried at 40 °C. The stems were 
ground into a fi ne powder and stored in an airti ght 
container. Coscinium fenestratum powder (10 g) was 
mixed with 50 mL of 80% methanol and sonicated 
for 3 hours at 40 °C. The supernatant was collected 
aft er centrifugati on, and a double extracti on was 
performed. The methanolic extract was stored in an 
airti ght container.

1.3 Synthesis of Chitosan from Shrimp Shells

Shrimp shells were washed, dried, and ground 
into a fi ne powder. The powder was demineralized 
using 10% HCl and deproteinizati on with 3% NaOH. 
Deacetylati on was achieved by refl uxing in 50% 
NaOH, yielding chitosan, which was then dried and 
stored.

1.4 Preparati on of Coscinium fenestratum and 
Chitosan Composite

The methanolic extract was evaporated to 25 mL and 
mixed with 1g of chitosan at 40°C. The composite was 
sti rred overnight, dried, and stored as a fi ne powder.
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1.5 Determining the anti microbial, anti -
infl ammatory and anti oxidant properti es of 
Coscinium fenestratum and Chitosan Composite

The anti microbial, anti -infl ammatory and anti oxidant 
properti es of Coscinium fenestratum and Chitosan 
Composite was determined through agar well 
diff usion method, egg albumin denaturati on assay 
and DPPH free radical scavenging method.

Results and Discussion

 2.1 XRD Analysis

X-ray diff racti on patt erns were gathered to understand 
the crystal nature of the synthesized composites. The 
XRD patt ern of Chitosan is depicted in Figure 35. The 
XRD patt ern showed a broad peak at 19.47°. XRD 
patt erns of Chitosan showed peaks at 2θ, 12.9, 19.47, 
20.91,23.18, 26.48, 28.7, 34.84, 39.13 and 48.25°. 
The XRD patt ern of the Venivel Chitosan Composite 
is depicted in Figure 34. The XRD patt ern showed 
broad peaks at 19.34, 35.5 and 38.76°. XRD patt erns 
of VCC showed peaks at 2θ, 19.34, 23.48, 32.38, 35.5, 
38.76, 48.76, 53.68, 58.46, 61.42, 66.22, 68.12, 72.3 
and 75.08°. 

Figure 1. The XRD patt erns of (a) chitosan (b) Venivel/
chitosan composite

The interlayer distance and crystallite size were 
calculated using the equati ons below.

Where λ—wavelength of the X-ray source; θ—
diff racti on angle; L—crystallite size; β—half maximum 
of the peak in radians; K—Scherer’s constant (0.9). 
Chitosan showed an interlayer distance of 4.244 nm 
with a crystallite size of 0.6481 nm, whereas the 
composite showed an interlayer distance of 2.321 
nm and a crystallite size of 13.44 nm.

3. 2 SEM Analysis
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Figure 2. SEM images of (a) chitosan (b) venivel-
chitosan composite

The SEM image of Chitosan reveals a surface 
structure with macropores on the surface. The image 
also depicts the presence of a slight fi brous structure. 
SEM images of Venivel Chitosan Composite showed a 
thread-like structure.

3.3 I n vitro release of Venivel Chitosan Composite 
and kineti c study

The release behavior of VCC was evaluated by 

suspending the composite in a series of pH soluti ons 
and NaCl soluti ons and was measured by a UV-Vis 
spectrometer. According to a study conducted by 
(Asadian-Ardakani et al., 2016a), the cumulati ve drug 
release was calculated using the following equati on:

Cumul ati ve drug release     (%) =                         X 100 

Cr and Vr are the soluti on’s concentrati on and volume 
aft er the drug’s release. In additi on, C0V0-CtVt is the 
weight of the loaded drug in the system (Asadian-
Ardakani et al., 2016b). 

The mathemati cal modeling of drug release kineti cs 
was employed to observe and analyze the mass 
transport mechanisms responsible for controlling 
drug release. (Asadian-Ardakani et al., 2016a). The 
mechanism of drug release was investi gated using six 
kineti c models: Korsmeyer–Peppas, Peppas – Sahlin, 
Higuchi model, Zero Order, First Order, and Hixson–
Crowell model, and calculated parameters varying 
the pH, ionic strength, and diff erent weights of the 
drug are tabulated in table 1, 2 and 3, respecti vely.

Tab le 1. Parameters of Korsmeyer–Peppas, Peppas – Sahlin, Higuchi model, Zero Order, First Order, and 
Hixson–Crowell model of VCC drug release in pH soluti ons.

Model / Param-
eters

pH 1 pH 2.5 pH 4 pH 5.5 pH 7 pH 7.4
pH 
8.5

pH 10

Korsmeyer–
Peppas

 

K 39.581314 35.11567 34.651 19.79 37.7724 39.24 18.92 27.91
N 0.0129498 0.017224 0.023 0.038 0.01263 0.012 0.064 0.048
R2 0.9743094 0.988714 0.9909 0.974 0.9694 0.988 0.993 0.974
Peppas - Sahlin  
Kd 0 27.79243 27.052 14.79 29.0125 17.5 14.63 0
Kr 39.581225 7.326703 7.6054 5.003 8.76122 21.74 4.327 27.91
M 0.0064753 0.014165 0.0187 0.03 0.01021 0.007 0.05 0.024
R2 0.9743093 0.988744 0.9909 0.975 0.96959 0.988 0.993 0.974
Higuchi model  
Kh 3.3811594 3.064702 3.1114 1.921 3.22314 3.522 2.078 2.834
R2 0.8633742 0.917562 0.9182 0.971 0.93868 0.865 0.933 0.949
Zero Order  
K0 0.2285651 0.207395 0.2107 0.131 0.218007 0.252 0.142 0.02
R2 0.7297606 0.805164 0.8045 0.901 0.83904 0.735 0.828 0.854

CrVr

CoVo-CtVt
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Model / Parameters 0.1 M NaCl 0.2 M NaCl 0.3 M NaCl 0.4 M NaCl 0.5 M NaCl
Korsmeyer–Peppas      
K 33.9384881 34.0301709 30.742002 31.0107946 26.2623005
N 0.02431205 0.0303515 0.0165293 0.02428237 0.04469735
R2 0.98026689 0.97213951 0.98755471 0.96061366 0.99051288
Peppas - Sahlin      
Kd 26.7610999 26.1005276 26.5299714 26.7439836 22.6463449
Kr 7.18886596 7.94244558 4.21377446 4.26833738 3.63287824
M 0.01986711 0.02432876 0.01447193 0.0212177 0.03874289
R2 0.97976983 0.97212801 0.98770182 0.96113565 0.99064607
Higuchi model      
Kh 3.06557435 3.16926353 2.67473544 2.80555293 2.62730873
R2 0.84394438 0.89391629 0.96134055 0.97622983 0.93466669
Zero Order      
K0 0.20751587 0.21482081 0.18111144 0.19031647 0.17860173
R2 0.71101283 0.76816738 0.88836367 0.90698189 0.82743861
First Order      
K1 0.47485155 0.49167484 0.41404217 0.43524133 0.40826229
R2 0.71101283 0.76816738 0.88836367 0.90698189 0.82743861
Hixson–Crowell model      
Khc 0.13168718 0.13649882 0.11489708 0.12079771 0.11393479
R2 0.72841021 0.78576105 0.95232493 0.91318658 0.84587053

First Order  
K1 0.5233279 0.474572 0.4823 0.298 0.044143 0.577 0.323 0.441
R2 0.7297606 0.805164 0.8045 0.901 0.83904 0.735 0.828 0.854
Hixson–Crowell 
model

        

Khc 0.1444254 0.142058 0.13359 0.083 0.138322 0.154 0.023 0.123
R2 0.738928 0.8199032 0.816 0.91 0.844673 0.743 0.979 0.871

Table 2. Parameters of Korsmeyer–Peppas, Peppas – Sahlin, Higuchi model, Zero Order, First Order, and 
Hixson–Crowell model of VCC drug release in NaCl soluti ons.



105

Table 3. Parameters of Korsmeyer–Peppas, Peppas – Sahlin, Higuchi model, Zero Order, First Order, and 
Hixson–Crowell model of VCC drug release in diff erent drug weights at pH 7.4 and 0.5 M NaCl.

Model / Parameters 2.5mg 5mg 7.5mg 10mg

Korsmeyer–Peppas     
K 45.63244552 34.2797548 25.29977 20.20187
N 0.046912615 0.02072459 0.007966 0.005924452
R2 0.993357729 0.98192742    0.99255 0.960492486
Peppas - Sahlin     
Kd 0 27.2606959 17.70139897 13.55928499
Kr 45.6324455 7.02332425 7.598558846 6.634990677
M 0.023456307 0.01708044 0.006110065 0.004516449
R2 0.993357729 0.98208676 0.992633908 0.960696162
Higuchi model     
Kh 4.614900391 3.04467407 2.109294474 1.667667289
R2 0.929001602 0.93042834 0.953885414 0.984016133
Zero Order     
K0 0.313769265 0.20618662 0.142554008 0.112690168
R2 0.819238132 0.82214508 0.862546813 0.920456438
First Order     
K1 0.71955313 0.47179029 0.325244395 0.256467972
R2 0.819238132 0.82214508 0.862546813 0.920456438
Hixson–Crowell model     
Khc 0.2001646 0.13105413 0.090263088 0.071339008
R2 0.839251957 0.83183222 0.865612099 0.921889779

 The Korsmeyer-Peppas model, a semiempirical 
approach, elucidates the exponenti al correlati on 
between drug release and ti me. As the Korsmeyer-
Peppas model inspects the release of the drug from 
a hydrophilic polymer-based system (Rostamitabar 
et al., 2021), This model ideally depicts the VCC drug 
release as chitosan serves as a hydrophilic polymer-
based system according to literature. The calculated 
values of the Venivel Chitosan Composite release 
amount in pH 1, pH 2.5, pH 4, pH 5.5, pH 7, pH 7.4, pH 
8.5, pH 10, 0.1M NaCl, 0.2M NaCl, 0.3M NaCl, 0.4M 
NaCl, 0.5M NaCl, pH 7.4 and 0.5M NaCl in 2.5mg, 
pH 7.4 and 0.5M NaCl in 5mg, pH 7.4 and 0.5M NaCl 
in 7.5mg and, pH 7.4 and 0.5M NaCl in 10 mg using 
the Korsmeyer-Peppas Peppas - Sahlin models align 
with the experimental cumulati ve release values, 
exhibiti ng a strong correlati on coeffi  cient (R2). A study 

conducted by (Abdul Hameed et al., 2020) stated, “In 
the Korsmeyer-Peppas model, the value of n < 0.5, 
which indicated the dependent of the drug release 
mechanism on Fickian diff usion or quasi-Fickian 
diff usion and the transport of the drug occurred via 
polymer frameworks not via penetrati on of solvent’’. 
Similarly, in the Peppas-Sahlin model, K1 values were 
more signifi cant than K2, which implies a release 
mechanism enti rely based on Fickian diff usion. In 
the present study in the Korsmeyer-Peppas model, 
as menti oned in Table, the value of n is lower than 
0.5 for all samples. Therefore, it is indicated that the 
Venivel Chitosan Composite drug release mechanism 
depends on Fickian diff usion. Moreover, the 
investi gati on substanti ated that the transportati on of 
the VCC drug occurred through polymer frameworks. 
Among the six models used in this study, the best-
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fi t model was the Korsmeyer-Peppas Model, which 
provided the highest R2 value. 

Conclusion 

This study highlights the potenti al of Venivel 
Chitosan Composite (VCC) in Ayurvedic drug delivery, 
parti cularly for wound healing applicati ons. The drug 
release profi le of VCC exhibited a gradual release over 
4.5 hours, predominantly through diff usion, making 
it a promising candidate for further development 
in targeted and controlled Ayurvedic drug delivery 
systems.
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