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Abstract
Background: These days, the production and utilization of natural biodegradable polymers have a wide application in pharmaceu-

tical and biological fields. Chitin is natural polymer mainly present in crustaceans and also is the main cell wall component of chitin
is a non-toxic, biodegradable, biocompatible and is a mucoadhesive natural polymer.

Objectives: The aim of the present study was to isolate and identify chitin polymer from Aspergillus japonicus and to study their
role in pharmaceutical applications.

Methods: The Aspergillus japonicus was isolated from Phyllanthus niruri plant leaf from Palakkad, Kerala and it was identified by

fungal universal primers ITS4 and ITS5 at ITS (Internal transcribed spacer) region of rDNA (NCBI Accession numbers MG833000,
MG833001). The chitin was isolated from A. japonicus by submerged culture using potato dextrose broth. 200 mg/g-1 (milligrams

of chitin polymer/gram of dry biomass) polymer was extracted from 15-days mycelia by alkali - acid treatment. The isolated chitin
was subjected to FTIR (Fourier transform infrared spectroscopy) and XRD (X-Ray Diffraction). Using water in-oil-in–oil double

emulsion method, chitin-almotriptan malate microspheres were prepared and subjected for FTIR and SEM (scanning electronic
microscope).

Results: The pharmaceutical application of chitin was explored by preparing water-in-oil-in–oil double emulsion method, used for
migraine treatment. Infrared spectroscopy analysis confirmed the absence of drug and polymer interaction.

Conclusion: Chitin-almotriptan malate microspheres produced after chitin obtained from A. japonicus. In-vitro release studies of

formulation F2 with polymer is the best formulation as no interaction was observed between drug and polymer. Chitin can be used

as the choice of polymer for pharmaceutical formulations.
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Introduction

With respect to their natural origin and high level of chemical

Aspergillus species are saprophytic, ubiquitous fungi that can

and physical predictability, the characteristic of chitin may have a

ving β-1-4 glycosidic linkage that is most copious renewable natu-

ture and food is directly related to their physicochemical proper-

be found globally, mainly present in plants, water, soil, air and food.
Chitin is a polymer of N-acetyl-D-glucosamine monomer units ha-

ral resource. Chitin is mainly present in crustaceans and also in the
main cell wall component of fungi. Chitin is a non-toxic, biodegra-

dable, biocompatible and mucoadhesive natural polymer. Chitin

polysaccharide functions against inflammation and cancer and is

an anti-inflammatory molecule by activating tumor necrosis factor
(TNFα) alpha [1,2].

direct impact on their use for therapeutic purposes. The successful
utilization of chitin in different fields such as biomedicine, agricul-

ties. Commercially, chitin is produced by the chemical deacetylati-

on of crustacean chitin by its treatment with alkali [3]. It is widely
distributed in marine invertebrates, insects, fungi and yeasts. The-

refore chitin has now turned into the focus of research due to its
beneficial biological properties, like biodegradability, biocompatibility, non-antigenicity, non-toxigenicity, adsorption, and capability
to form films and to chelate metal ions [4].
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Development of a better drug delivery system can presumably

decrease pharmacological toxicity and enhance sensitivity and

specificity of the drug. Microspheres are carrier-mediated drug
delivery formulation that plays an important role in a novel drug

delivery system. Microspheres are free-flowing, spherical and monolithic matrix type component. Microspheres have gained great

importance due to their free-flowing powder characteristics and

biodegradable nature. Microspheres are made up of natural or

chemically synthetic polymers having particle size in the range of
1–200μm. Microspheres can be categorized into two types based

on the encapsulation of drug molecules (micro matrices and microcapsules). Microcapsules are multiple unit dosage forms where
the active molecule is encapsulated by using polymer and micro

matrices, consequently the active molecules is equally discrete
in the polymer matrix. Microspheres are classified into different
types based on the functional properties (like bioadhesive, magne-

tic, floating, radioactive, mucoadhesive, polymeric and biodegradable microspheres) [5,6].

Almotriptan is a second-generation 5-HT 1B/1D agonist that

exhibits vascular selectivity for meningeal arteries and has an

efficacy for the treatment of acute migraine. Almotriptan notably
reduces blood flow through extra-cerebral cranial vessels and in-

creases cerebral blood flow. This study was focused on identifica-

tion and isolation of chitin polymer from Aspergillus japonicus and
makes its microsphere with almotriptan and finally assessing microsphere so formed for pharmaceutical applications.

Materials and Methods

Isolation and characterization of fungus
The A. japonicus were isolated form phyllanthus niruri plant leaf

surface which is collected from Palakkad, Kerala. Fungal culture
was separated and purified by streaking method using PDA media
at 27°C. It was then identified by fungal universal primers ITS4 and

ITS5 at ITS region of rDNA (NCBI Accession numbers MG833000,
MG833001). Fungal culture was deposited at national fungal culture collection of India (NFCCI accession no: 4232).
Microscopic study

Fungal colonies were observed using scanning electronic mi-

croscope (SEM) and the morpho-taxonomy was used to identify
desired colonies, conidial heads, chlamydospores, conidiophores,
sterigmata, and vesicles.
Fermentation

A. japonicus mycelium was obtained from a slant culture. The

inoculum was prepared by transferring mycelia into 250 ml conical flask containing 100 ml potato dextrose broth (PDB). The flask
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was kept for incubation for 12 days at 27ºC at pH 6. Subsequently,
100 ml A. japonicus inoculums were transferred into the 5000 ml

Erlenmeyer flask containing 1000 ml of PDB pH 6. The culture incubated at 27°C in an orbital shaker at 100 rpm for eight days.
Fungal growth kinetics

Growth kinetics was calculated during the fermentation period.

Each day, 50 ml of culture samples were taken from the fermenter
and the obtained specimens were filtered by what man filter pa-

per washed with distilled water. Fungal biomass was subsequently
dehydrated by lyophilization and dried biomass was weighed. Optimum growth conditions were monitored during the entire fermentation period and all experiments were conducted in duplicate.
Isolation of chitin from fungal culture

Chitin isolation from A. japonicus was performed using the me-

thod described by Paola. (7, 8) The fungal biomass was deproteinated using 2% v/w NaOH solution at the ratio of 30:1 v/w for
two hours at 90ºC. The insoluble compounds were subsequently

separated by centrifugation at 5000 rpm for 10 minutes at 27°C.

Chitin was isolated from insoluble matter by refluxing it with 10%
acetic acid in the 40:1 v/w ratio at 6oC for 6 hours after which crude chitin was separated by centrifugation. Finally, the potassium

permanganate solution (10 g L-1) was employed for 1 h to remove

the colour and the sample was treated with oxalic acid (10 g L-1) for

1 hr [9,10].

Characterization of chitin
Chitin polymer was characterized by using Fourier Transform

Infrared spectroscopy (FT-IR). Two mg of fungal chitin and commercial chitin were dried for 24 hrs at 60ºC under reduced pressure. The samples were properly crushed with 100 mg of potassium

bromide (KBr) to produce 0.5 mm thick KBr – chitin disks. Disks
were dried for one day at 110ºC under reduced pressure. IR infra-

red spectrum was recorded with a Bruker 66 Spectrometer. The absorbance was determined by the baseline method. (Sandra Patricia
et al. 2014).

X-ray diffraction (XRD) analysis was conducted to detect the

crystalline nature of dried chitins and their patterns were recorded
using an X’Pert PRO MPD diffractometer from PANalytical with Cu

K𝛼  radiation  of  1.5406˚  A  at  the  power  of  1.8KW  (40mA,  and  45KV). 
Data was collected at a scan rate of 2º/ min with the scan angle
from 3 to 50º.

Preparation and characterization of chitin microspheres
loaded with almotriptan maleate drug
Chitin polymer solution was prepared by stirring 1 g of chitin

with 100 ml of water on magnetic stirrer at room temperature for
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4 hours. Subsequently it was subject to ultrasonication for 5 min.

buffer with pH 6.8 was used. The temperature was maintained at

15 min. additionally, 40 ml of light paraffin and 0.4 ml of tween 80

with pH 6.8 as a medium. At predefined time intervals, 5ml of the

Next day 1g of almotriptan maleate was added to the chitin polymer solution and the mixture was stirred continuously for about

(as an emulsifying agent) was mixed by heating at 70ºC to dissol-

ve the mixture that was allowed to cool to room temperature. The
drug-chitin polymer solution was slowly added to liquid paraffin

under constant stirring until a white W/O emulsion was formed.
Next, 100ml of liquid paraffin was transferred to another beaker,

which was placed in a magnetic stirrer and heated to 70- 80oC.
This temperature was maintained throughout the experiment. The

37 ± 0.5ºC at the agitation speed of 50 rpm. Next, 100 mg of mi-

crospheres were placed in a vessel containing a phosphate buffer
solution was withdrawn and was replaced with 5ml of phosphate buffer with pH 6.8. After collecting the samples, the absorbance
was measured spectrophotometrically at λ = 227 nm.

Results

Morphological and molecular identification
Fungal colonies on Czapek medium (CZA) at 25°C fast growing,

hot liquid paraffin emulsion was added drop wise using a syringe

velvety, mid floccose, blackish, margin regular, reverse olivaceous

res. Stirring continued until the microspheres were completely

bose, solitary or in pairs, hyaline, variable in shape and size 18 x

and was stirred at 660rpm for 5min before increasing temperature to 95ºC to the ensure formation of small spherical microsphedehydrated. The resulting microspheres were separated by decantation and washed three times with 20ml of n-hexane until all

oil content was removed. Finally, they were washed with 20 ml of
distilled water and left to dry at room temperature for 24 hours.

In-vitro study of chitin microspheres for almotriptan maleate
drug delivery
For the in-vitro study of almotriptan maleate loaded chitin

buff. Conidial heads radiating, up to 50 µm wide, carbon black,

spitted into definite columns. Chlamydospores globose to subglo-

17.68 µm. Conidiophores colourless, smooth walled 1795 x 15.75
µm long. Sterigmata Primaries-olivaceous from to subhyaline, 3.95

x 1.8 µm, Secondary-ampulliform, hyaline, 6.15 x 1.90 µm. Conidia
globose, olivaceous form, rough-walled, 2.5-4.75 µm. Vesicles glo-

bose to subglobose, olivaceous from, fertile all over, 81.15 x 82.3
µm

microspheres, USP Paddle type apparatus employing phosphate

Figure 1: Morphological analysis of A. japonicus (a) fungal growth, (b) vesicle, conidial head, (c) conidia,
(d) hyphe, stipe, vesicle, conidial head and conidia.
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Molecular identification
The tested fungal strain showed 100 % sequence similarity

with A. japonicus. Alignment statistics: Query Length - 517, Score

- 933 bits (1034), Expect - 0.0, Identities – 517/517 (100 %), Gaps
- 0/517 (0%), Strand - Plus/Plus

Figure a

Fungal growth kinetics
Biomass and substrate quantification from A. japonicus shows

the growth kinetics for substrate uptake and biomass production
(Figure 2). During the culture growth, different phases were obser-

ved. Initial adaptation period, lag phase (0-3 days), log phase (3-6
days), stationary phase (6-9 days) and decline phase (9-12) were

observed. Maximum production of biomass was observed on 7th
day with the amount of 30 ± 5 g L−1.

Figure 2: Growth kinetics of A. japonicus.

Isolation and characterization of chitin
Chitin polymer was obtained from dried biomass of A. japonicus

by alkaline treatment, acid treatment and decolourization with po-

tassium permanganate and oxalic acid. Amount of chitin polymer

isolated was between 30 and 300 mg g-1. An IR spectrum of the fun-

gal chitin was compared with the IR spectrum of commercial chitin

(Figure 3, 4). Isolated chitin samples showed similarity with the

commercially obtained chitin by exhibiting similar bands at 3473
cm-1, 3429 cm-1, 1653 cm-1, 1560 cm-1.

Figure 3: FTIR spectrum of commercial chitin.
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analyzed by FTIR to find out the compatibility between the drug
and polymer. The IR spectra of almotriptan-malate along with the

physical mixture of almotriptan -malate with chitin polymers are

shown in the graph 2-5, which showed that the drug and excipients
are chemically compatible, as there were no abnormal peaks (Table
1,2 and Figure 5,6).
Figure 4: FTIR spectrum of chitin extracted from
Aspergillus japonicas.
XRD Analysis
Diffractogram of the fungal chitin peak located at 2𝜃  =  18º-21º 

and commercial chitin peak located at 2𝜃=19º  and.  The  results  of 

Figure 5: FTIR interpretation of almotriptan maleate.

XRD analysis confirms that the polymer obtained from the fungi
has the characteristic peak of chitin.

Calibration curve of almotriptan-malate
In the validation studies, it was found that the estimation of

almotriptan-malate by the spectrophotometric method at 227
nm has good reproducibility, at the concentration between 2 and
10µg/ml. Correlation between concentration and absorbance was
found to be 0.999845 which is closer to 1.

Compatibility studies of drug and excipients
In the present study, a physical mixture of almotriptan-ma-

late in solid form along with chitin polymers was prepared and
Description

Max score

Query cover

Query coverage

E value

Identity
(%)

Aspergillus japonicus isolate SF1

933

933

100%

0.0

100%

Aspergillus japonicus isolate V42-355

933

933

100%

0.0

100%

Gene Bank
Accession No.

KY848666.1

KY086235.1

KX011594.1
KJ439214.1

KJ192202.1

Figure 6: FTIR of almotryptan maleate + chitin (polymer).

Aspergillus sp. isolate JSM 06261661

S.NO

Culture

1

A1

Aspergillus aculeatus strain IM31
Aspergillus cf. japonicus C15-68

933

933

933

933
933

933

100%
100%

100%

0.0
0.0

0.0

100%
100%

100%

NFCCI accession no.

NCBI accession no.

Identification Remarks

Family

4232

MG833001

Aspergillus japonicus

Trichocomaceae

Samples
Almotriptan
Malate

Table 1: Top five hits upon BLASTn analysis.
Functional group

Characteristic absorption
(cm-1)

Test absorption
(cm-1)

CH

2840-3000

2976.59

NH

3400-3500

3429.78

1433.82

1350-1480

COOH

C=C

S=O

OH

C-O

1400-1600

1030-1060
2500-3300
1210-1320

Table 2: FTIR interpretation of almotriptan maleate.

1433.82

1038.45
2563.21
1229.12
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Microspheres
Figure 7 show the size and morphology of the microspheres

(almotryptan maleate + chitin). From figure 7, we can see the mi-

crospheres are uniform and the particle size is about 0.472 µm. the

result indicating that the almotryptan-maleate + chitin microspheres are successfully prepared.

Figure 7: Almotryptan maleate + chitin microspheres
(FE-SEM).
In-vitro study of chitin microspheres for almotriptan maleate
drug delivery
Figure 11 show the F2 was found to be the best formulation

when compared with F1, F3, F4 and F5. The drug release studies

from F2 indicated the suitability of Aspergillus japonicus chitin for
the drug release almotriptan malate in the microsphere dosage

33

leased in 12 hours from formulation F2. The obtained release data

from the in-vitro dissolution study from Microsphere formulation

was fitted to the mathematical models. The kinetic models included
Korsmeyer –Peppas, first order and zero order models. The overall

curve fitting showed that the drug release from the microsphere

followed either zero order or Korsmeyer –Peppas model (Figure 9).

Figure 9: Korsmeyer peppas model drug release kinetics.
Drug release kinetics information obtained from in-vitro disso-

lution study is plotted against log % of drug cumulative release vs.

time taken for drug dissolution and the slope of the plot gives the
order of rate constant. Correlation coefficient of the above plot will

provide the information whether the drug release will obey the first-order kinetics or not (Figure 10).

form. The drug release from the formulation F2 was compared with

marketed sustained release formulation and conventional release
formulations (Figure 8).

Figure 10: First order drug release kinetics.
Zero-order kinetics will explain the constant drug release from

Figure 8: In-vitro studies of chitin microspheres for
almotriptan maleate.

F1= marketed formulation, F2 =Formulation (chitin,
almotriptan maleate microspheres).

a drug delivery system and drug level in the blood remains constant throughout the delivery. The plotted against cumulative drug
release vs. time (Figure 11).

Drug release kinetics of microspheres formulation
The in-vitro drug release studies were carried out for the for-

mulations F1 to F5. It was found that less than 5% of the drug was
released within 2 hours in 0.1 N HCl. Higher amount of drug was
released in phosphate buffer of pH 6.8. 69% of the drug was re-

Figure 11: Zero-order kinetics (constant drug release).
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Discussion
Chitin can be produced in large amount by culturing the fungi

by employing large-scale fermentation. Since supplies of seafood
waste are timely and variable, the use of alternative sources for chitin, mainly fungi, is of major benefit. Moreover, it is an eco-friendly

and cost-effective technique as compared to the chemical methods used for extraction of chitin from crustaceans. Chitin polymer

decreases the side effects caused by antimicrobial agents. Chitin

polymer reduced the antibiotics dose and antibiotics-caused side
effects in patients by increasing antioxidant and anti-inflamma-

tory activities. Chitin polymer can be used as a natural polymer for
Pharmaceutical formulations. Chitin polymer also used as a metal

ion sensor evaluation [11]. Chitosan-silver nanocomposite medi-

ated cell wall damage, loss of cell membrane integrity, elevated
reactive oxygen species level, and connected oxidative stress has
been recognized as the major causative factors for the anticandidal
activity [12,13].

Almotriptan malate is atypical second-generation 5-HT
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late, chitin microspheres. Based on in-vitro release studies formu-

lation F2 with polymer was considered as best formulation. There
was no interaction observed between drug and polymers and also

stable during the stability studies. Chitin can be used as the choice
of polymer for pharmaceutical formulation to reduced side effects
and toxicity. Further these finding may help the industry to scale up
for the commercial production.
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