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Andrographis paniculata (AP) is a medicinal plant commonly found in
Malaysia. However, the main challenges hindering its clinical values is its low
bioavailability and solubility in aqueous environment which can be improved
by incorporating it into a nanocarrier system. Therefore, this study was
conducted to screen the critical variables involved in the development of AP
extract-loaded chitosan microparticles. Nine formulations (coded as F1 to F9)
at varying chitosan-to-tripolyphosphate (TPP) mass ratio (2:1, 4:1, and 6:1)
and reaction time (30, 60, and 90 minutes) were tested utilizing the one-
factor-at-a-time (OFAT) technique and characterized by means of their
particle size, polydispersity index (PDI), and encapsulation efficiency (EE). The
best formulation was further characterized for its zeta potential ({-potential),
morphology, and stability. F2 was discovered as the best formulation in the
first screening with a particle size of 0.595 + 0.014 um, PDI of 0.284 + 0.011,
and EE of 81.18 + 5.53%. Further testing on the formulation revealed a -
potential of 6.4 +1.51 mV with a spherical and smooth-surface microparticles
in dispersion. The microparticles were also stable at 4 °C with minimal change
in size after 14 days. In conclusion, these results show that entrapment of AP
extract into chitosan-TPP microparticles were achievable at good
characteristics and stability and could be further studied as a form for
delivering therapeutic activities of AP at targeted site.
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INTRODUCTION

excess toxins (Chao & Lin, 2010). In Ayurvedic medicinal
systems, this herb has been used for a variety of ailments

Nature is abundant with plants that serve particular
functions, some for dietary consumption while others serve
as medicinal therapy. Medicinal plants refer to plants that
contain certain bioactive compounds that are used to cure
disease or act as relieving pain as analgesic agents (Okigbo
et al., 2008). Andrographis paniculata (AP) is a medicinal
plant that has been widely used to treat illnesses in China,
India, Thailand, and Malaysia due to its promising prospects.
This medicinal plant is commonly known as King of Bitters
(English), Fah Talai Jone (Thai), Chuanxinlian (Chinese), and
hempedu bumi (Malay) in our Malaysian communities.
According to Chinese medicine, AP has cooling
properties thatis able to relieve internal heat, inflammation,
and pain, it is also used as a detoxifier to rid the body of
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such as pre-natal and post-natal care, dysmenorrhea,
leucorrhea, and complicated diseases such as malaria,
gonorrhea, and jaundice (Okhuarobo et al., 2014). The aerial
parts of the plant were commonly used to treat the common
cold, hypertension, diabetes, cancer, malaria, and
snakebite, especially in Malaysia.

AP has been used to treat various illnesses or to
treat wounds. When extracted from the plant, it has been
reported to be capable of combatting cancer due to its anti-
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cancer activities through the stimulation of lymphocyte
proliferation and activation, through its main
phytoconstituent,  Andrographolide (NCBI, 2021).
Andrographolide is a labdane diterpenoid among other
derivatives produced by AP, which was able to suppress the
proliferation of human colon cancer cells through the Toll-
like receptor 4 / nuclear factor KB/matrix
metalloproteinase-9 signaling pathway (Zhang et al., 2014).
Andrographolide has extensive medicinal possibilities,
however, it has the drawbacks of having poor water
solubility and low bioavailability (Yan, Fang, & Du, 2018)
which results in poor therapeutic activity (Oseni et al., 2021).
Therefore, the drawbacks must be overcome with a suitable
delivery system for it to be a novel and potential
chemotherapeutic agent. Colon cancer is a cancer that
begins in the large intestine, also known as the colon. In
Malaysia, it is the second most common cancer in males and
the third most common cancer in females (Veettil et al.,
2017). Alarmingly, it was reported that colon cancer
primarily affects males in the age range of 35-75 (Hassan et
al., 2016).

As of date, none of the commercialized drugs with
AP were intended for specific target sites nor intended for
colon cancer treatment. Despite the many research-backed
evidence showing that andrographolide is capable of
inducing cancer cell apoptosis, it is not recognized as a
prescribed drug in combatting cancer, particularly, colon
cancer. This is due to the lack of clinical trials to test its drug
safety and efficacy, many of the testing done in previous
research involves mostly in vitro testing, which is
inconclusive to determine its actual effect towards humans.
The technique of nanoencapsulation is a promising
approach for the development of medicine targeting cancer
cells, which could serve as an alternative method for cancer
therapy rather than chemotherapy which causes discomfort
to the patient (Canadian Cancer Society, 2021).

Before developing a delivery system that delivers
the prepared drug-loaded microparticles to the desired
target site, it is desired to formulate a suitable microparticle
that has the optimal size and properties for better
absorption into the cells, taking advantage of the microflora
of the colon, where biodegradable enzymes are present, it
is favorable to use biodegradable polymers for colon-
specific drug delivery, has been a more site-specific
approach compared to other approaches (Philip & Philip,
2010).

Chitosan (CS) is a linear polycationic copolymer of
B (1-4) linked 2-acetamide-2-deoxy-B-D-glucopyranose and
2-amino-2-  deoxy-B-D-glucopyranose  derived  from
deacetylation of chitin, the constituent of the exoskeletons
of animals, especially crustaceans (crabs, shrimps, and
lobster), mollusks and insects. CS is widely used in the
pharmaceutical field and has been gaining increasing
importance as a potential formulation excipient, to binding,
disintegrating and tablet coating properties due to its
biocompatible, biodegradable, and non-toxic (Ruiz-Caro &
Veiga-Ochoa, 2009; Sari et al., 2019; Pantic et al., 2020).

Hence, this paper aims to encapsulate AP extract
with chitosan (AP-CS) using a microencapsulation method to
achieve particles with a small size.
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MATERIALS AND METHOD

Materials

The raw of AP was purcahed from Ethno Resources
Sdn Bhd (Sungai Buloh, Selangor, Malaysia. The raw material
was undergone pre-treatment processing stages which are
cleaning, drying, and grinding (40 mesh) for the purpose of
size reduction. Ethanol, acetic acid, sodium hydroxide
solution, hydrochloric acid, chitosan, sodium
tripolyphosphate, sodium carbonate, Folin-Ciocalteu
reagent, and gallic acid were purchased from Merck,
Germany. Distilled water has been used throughout the
experiment.

Extraction

The ultrasound-Assisted Extraction (UAE) method
has been employed for the extraction of AP. In detail, 5 g of
the AP powder was soaked in 50% ethanol with a sample-to-
solvent ratio of 1:10. The beaker was put in a bath sonicator
for 15 minutes. Then, the sample was centrifuged at 5000
rpm to retrieve the supernatant. Next, by using a rotary
evaporator the extract was concentrated. The remaining
excess moisture has been removed by oven drying at 45 °C
before being stored until further use.

Determination of total phenolic content (TPC)

The total phenolic content (TPC) was determined
according to the Folin-Ciocalteu method described by Zhang
et al. (2006) (with some modifications.) Briefly, 2 mg of AP
dry extracts were dissolved in 2 mL of 50% ethanol to give a
final concentration of 2 mg/mL. Extract solution (30 uL) was
then mixed with 15 pL Folin-Ciocalteu reagent, 60 uL of 10%
(w/v) aqueous solution of sodium carbonate, and 195 uL of
distilled water in a 96-well plate. The sample was then
incubated for 60 minutes in a dark place, and the
absorbance was measured at a wavelength of 765 nm by
using a Bio-Tek ELX808 microplate reader. A series of gallic
acid standard solutions were prepared with concentrations
ranging from 0 to 1.00 mg/mL. The results were expressed
as mg gallic acid equivalents over dry weight (mg GAE/ g
DW).

Preparation of AP-CS Microparticles

AP loaded onto chitosan microparticles were
prepared according to the ionic gelation method described
by Chen et al. (2016) with minor adjustments. An 8 mg of CS
powder was added to 4 mL of 0.2% acetic acid solution with
constant magnetic stirring for 6 hours. A 2 mg of AP extract
was then dissolved in 1 mL of 50% ethanol to make a final
concentration of 2 mg/mL. A portion of 2 mg of sodium
tripolyphosphate (TPP) was dissolved in 2 mL of distilled
water to obtain a negatively charge electrolyte. Thereafter,
2 mL of the AP solution was added to 4 mL of CS solution.
set of parameters of TPP solution was then added dropwise
into the AP-CS solution slowly over a magnetic stirrer for a
certain time at 500 rpm. The CS to TPP mass ratio of 2:1, 4:1,
6:1 (Abosabaa, EIMeshad, & Arafa, 2021), and reaction time;
30 minutes, 60 minutes, 90 minutes (Vaezifar et al., 2013)
were studied to determine the optimal parameters to
prepare desired microparticles of specific size (Table 1).
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Table 1 Formulation matrix and the varied parameters

Formulation Mass Ratio of Stirring Time
CS:TPP (minutes)
F1 2:1 30
F2 4:1 30
F3 6:1 30
F4 2:1 60
F5 4:1 60
F6 6:1 60
F7 2:1 90
F8 4:1 90
F9 6:1 90

Characterization of AP-CS Microparticles

Particle Size, Polydispersity Index, and Zeta Potential

The particle size, polydispersity index, and zeta
potential of the AP-CS microparticles has been measured
based on the dynamic light scattering (DLS) technique by
using Litesizer 500 Analyzer (Anton Paar). The parameters
for measurement and calculation were set as follows: 1.33
material refraction index, 90 °C measurement angle, 25 °C,
and water as the dispersant. The sample has been diluted
10-fold with distilled water. Each sample was analysed in
triplicate, and results have been expressed in nm + SD.

Encapsulation Efficiency (%)

For the EE%, the collected supernatant was
analyzed for its drug content by following Folin-Ciocalteu
method using a constructed calibration curve (y
4.8966x+0.0456, R2 = 0.999) of gallic acid (0-0.5 mg/mL).
Briefly, 30 uL of the sample (supernatant and pellet) solution
was mixed with 15 pL Folin reagent, 60 puL of 10% (w/v)
aqueous solution of sodium carbonate, and 195 pL of
distilled water in a 96-well plate. The 96-well plate was then
put in a dark condition to incubate for 60 minutes before
having its absorbance measured at a wavelength of 765 nm
using an Elisa microplate reader (Epoch, BioTek). The
readings were done in triplicate for the entrapment
efficiencies, and results were expressed in % % SD. The drug
EE% was calculated by using the following formula:

Encapsulation Efficiency (%) = —retatan) Wereen) o 10

Wrotal(AD)

Morphological Structure

The morphology of the AP-CS microparticles was
studied by using Transmission Electron Microscopy (TEM)
(HRTEM 120kV). This evaluation was performed on the
formulation vyielding the smallest particle size. The
microparticle dispersion was spread on a 200-mesh copper
grid coated with a carbon membrane for about 3 minutes.
Then, by using filter paper the excess droplets were
removed. The grid was then placed above a drop of
phosphotungstic acid solution (2%, w/w) for about 2
minutes. The grid was then observed under a Hitachi H-7110
electron microscope.

Stability Study

For the stability test, the selected formulation was
stored at chiller temperature (4 + 2 °C), and room
temperature (25 + 2 °C) for a duration of two weeks as
adapted from the studies of Katas, Raja, and Lam (2013). The
microparticles were measured for particle size and
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polydispersity index were determined to evaluate the
physicochemical stability after two weeks. All results were
reported as the mean value + SD.

RESULTS AND DISCUSSION

Total Yield of Extraction

The total yield of extraction highly affected by
choice of parameter since its measured to evaluate the
efficiency of an extraction technique in extracting specific
components from the plant material. The total yield is
expressed as the weight percentage of the dried crude
extract over the weight of the raw material (Zhang et al.,
2007). The value obtained for AP yield from the plants was
7%.

Total phenolic content

The gallic acid calibration curve as depicted in
Figure 1 has been used to determine the total phenolic
content (TPC) in the plant extract.

Gallic Acid Calibration Curve
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Figure 1 Gallic acid calibration curve (0-0.5 mg/mL)

The TPC was analyzed to determine the amount of
phenolic compounds in a plant that has redox properties,
which allows their antioxidant properties. TPC of the extract
was calculated based on the regression equation of the
calibration curve (y=4.8966x+0.0456, R2 = 0.999) and the
results were expressed as mg gallic acid equivalents (GAE)
per gram of sample in dry weight (mg GAE/g DW). The TPC
value was recorded to be 13.832 + 0.85 mg GAE/g DW. This
value was higher compared to the TPC value obtained in a
previous study by Salleh et al. (2014) who performed the
experiment using the same subject AP, which is 7.78 mg
GAE/ g DW, the TPC value obtained when using 50% ethanol
was two times higher than the TPC value obtained using 70%
methanol as the solvent for extraction of herbal actives.

Particle Size and Polydispersity Index of AP-CS
Microparticles

The effect of the mass ratio of CS: TPP and stirring
time (min) were varied to find the optimum parameter
yielding the stable formulation with the smallest particle size
and polydispersity index. The stirring speed was set at a
constant 500 rpm for all formulations. All AP-CS prepared in
this study exhibited milky characteristics when TPP was
added into the solution, which indicates particle formation
(Pedroso-Santana & Fleitas-Salazar, 2020). The resulting
mixture had turbidity in appearance and could flow freely
when its containers were tilted.

According to Table 2, F1, F4, and F7 showed the
particle size was consistently large even for different
reaction times (30, 60, and 90 minutes). This finding is
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similarly reported with the study done by Hussain et al.
(2016), where it was reported that the size of their
formulated microparticles was also the largest at a mass
ratio of 2:1 due to aggregation of the microparticles. It can
be explained that when the mass ratio of CS: TPP increased,
the lower concentration of TPP used could reduce the
occurrence of larger particles by minimizing aggregation
that leads to the formation of larger particles. The large
particle size of Formulation F1 (72.712 + 33.590 pm * SD)
could be attributed to the mishandling of the preparation of
the sample, and the agglomeration of particles into particles
with a large radius (Ashraf et al., 2018) which in turns affects
the data range of the sample. The high value of standard
deviation shows the range of sizes of agglomerated particles
that exist in the analyzed samples.

The PDI of a microparticle indicates the
heterogeneity of a sample based on particle size, where a
low PDI (<0.3) indicates homogeneity and uniformity of the
microparticle system and more than that (>0.3) would
indicate a heterogenous system consisting of different sizes
(Mudalige et al., 2019). The relatively low polydispersity
indices of formulation F2, F3, F4, F6, and F9 obtained from
the study reveals that the samples exhibit a consistent
average size. Formulation F5 with a polydispersity index of
0.335 + 0.025 implies that the system is heterogenous and
consists of particles with varying sizes. The particles in F5
usually exhibits a consistent average size of 13.259 um, the
smallest particle size detected was 8.149 um and the largest

to the concentration of the polymer in the system, where an
increase in polymer concentration increases the density of
the system and thus assist in the formation of crosslinks (Sari
et al., 2016). Table 3 shows the EE% of all the formulations.
It shows the EE of all the formulations were in the range of
70-88%, which is an acceptable range (Jarudilokkul, et al.,
2011). In their work encapsulating a protein by using the 1G
method, their reported EE was in similar ranges (75.39-
82.64%). In particular, the desired formulation (F3) yielding
the smallest size had an EE of 81.18 + 5.53%, which is an
acceptable EE as supported by the findings of another study
(Tepsatian & Kittigowittana, 2017), where their formulation
of oolong tea extract loaded AP-CS had an EE% of 79%. The
factors affecting the encapsulation efficiency of a
microparticulate system include concentration of the
polymer, solubility of polymer in solvent, rate of solvent
removal, and solubility of the organic solvent in water
(Jyothi et al., 2010). The high EE% and large sizes of some of
the formulation (F1, F5, F7) correlates with the magnitude
of chitosan concentration that causes the chitosan
molecules to be bound to each other thus increasing
intermolecular crosslinking bonds, which will in turn
increase the EE% and also the molecular size (Zahrani et al.,
2017). Based on screening on particle size, PDI, and EE%, F3
collectively showed the smallest particle size with a stable
PDI value and high EE%.

Table 3 EE(%) of AP-CS microparticles

was 18.369 um existing within the same sample. Formulation Encapsulation Efficiency, % + SD
F1 81.18+1.73
Table 2 Particle size and polydispersity index of AP-CS F2 70.92 +0.43
microparticles F3 81.18 £5.53
Formulation Particle Size Polydispersity Index F4 87.44+0.43
um * SD (PDI) £ SD F5 80.93 £ 0.00
F1 72.712+ 33.59 0.385+ 0.079 F6 73.17+1.56
F2 0.836+ 0.040 0.217 £ 0.084 F7 81.93+3.78
F3 0.595 + 0.284 + 0.011 F8 72.42 +3.13
0.0139 F9 84.18 + 2.17
F4 4.338 +1.850 0.298 + 0.060
F5 13.259+ 5.110 0.335+0.025 Zeta Potential of AP-CS Microparticles
F6 1.448 + 0.096 0.277 £ 0.024 The zeta potential of a microparticle system is
F7 42.203+ 2.67 0.387+0.11 important in determining its colloidal stability. It is also a
F8 1.597 £ 0.270 0.327 £ 0.011 measure of the effective electric charge on the
F9 0.711+ 0.056 0.280 + 0.022 microparticle’s surface. Zeta potential that are greater than

In terms of reaction time, the general trend in our
studies suggests that higher reaction times tend to lead to
larger sizes of particles formed. 30 minutes of reaction time
overall produces the smallest microparticles. Previous study
has shown that 30 minutes is sufficient for cross-linking of
active loaded CS and TPP solution. By extending the reaction
duration to 120 minutes, the particle size was reported to
have significantly increased in particle size, which has been
explained due to the swelling of nanospheres during the
mixing process (Tilkan & Ozdemir, 2018).

Overall, a higher CS: TPP mass ratio results in a
more homogenous particle dispersion in particles formed
using the 6:1 ratio, whereas the size is consistently large for
particles formed using higher mass concentrations of CS
(2:1, 4:1).

Encapsulation Efficiency of AP-CS Microparticles
Encapsulation Efficiency is another important

parameter to measure the amount of encapsulated active

ingredient within the microparticles. The EE% is attributed
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30 mV tends to be homogenous and display monodispersity,
while values that are near 0 and smaller than 5 mV could
lead to agglomeration of the particles (Gumustas et al.,
2017). The zeta potential of formulation F3 was observed to
be 6.4 £ 1.5, which indicates that the system may be prone
to agglomeration. The zeta potential of the system is
positive due to the amino groups present in the system from
CS.

Morphological Structure of AP-CS Microparticles

The morphology of the AP-CS microparticles was
observed by using a TEM. The micrographs of the
microparticle system of formulation F3 showed some
aggregation of the microparticles as can be inferred from
Figure 2 below. According to Ashraf et al. (2018), when the
isolated and dispersed microparticles are accumulated, it
can be assumed that a large microparticle with high radius.
As a result, the aggregation of the microparticles can be
physically assumed by the growth of particle size in the
microcomposites. From the micrographs, the AP-CS
microparticles had a round spherical shape and a smooth
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surface, implying that the actives were successfully
encapsulated using the ionic gelation method. These
findings align with the morphology that typically results
from AP-CS microparticles synthesized using the ionic
gelation technique, as can be inferred from the findings of a
previous publication (Raj et al., 2018).

Figure 2 Morphology of AP-CS microparticles ((a) x30k,
(b)x30k, (c) x100k, (d) x100k)

Stability of AP-CS Microparticles

Stability tests are important to predict the shelf
life of the product. To determine the physical stability of the
AP-CS microparticles, the formulations have been further
stored at a temperature of 4 °C, and 25 °C for two weeks.
From Table 4, it can be observed that the size of
microparticles increases over time depending on the storage
conditions. The two conditions were selected to observe the
effect of thermo-responsive and suffering a pH variation at
room temperature, which will lead to decreased stability
and the loss of other important properties (Pedroso-Santana
& Fleitas-Salazar, 2020).

Table 4 Change in particle size of AP-loaded CS
microparticles after 2 weeks at different temperature for
formulation F3

Temperature Particle size, Polydispersity
(°C) um + SD Index (PDI), + SD

Initial 0.595+0.014 0.284 +0.011

4 0.602+ 0.0054 0.2617 £ 0.019

25 0.616% 0.0262 0.2739 £ 0.056

These results are in alignment with the studies
reported by (Katas et al., 2013), where their studies show
that after conducting the stability test for a maximum of 14
days, there was a significant increase in particle size due to
degradation of the particles compared to storing at 4 °C.
Thereby suggesting that the stability test conducted for 14
days was sufficient to prove that the microparticle systems
are best stable at a temperature of 4 °C rather than ambient
temperature. Based on these results, our findings suggest
that the optimal storage temperature for microparticles
prepared by the ionic gelation method would be 4 °C.

CONCLUSION
In general, this study was carried out to extract and
encapsulate AP in a mild condition. From the data obtained,
the extract recovery was acceptable and the TPC was
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moderately high. The mass ratio of CS: TPP and the reaction
time had effects on the size of the microparticles formed.
The objective of this study was achieved, where the extract
recovered was successfully encapsulated by optimizing the
parameters to determine the smallest size, and later
characterized. Overall, the formulation having a high CS: TPP
ratio and 30 minutes of reaction time produced the smallest
size in average. The selected formulation, F3 had a positive
zeta potential as well as a spherical shape and smooth
surface. The EE% of all formulations were sufficiently high
and the stability tests conducted show that the
microparticles prepared were most stable at 4 °C over a 2-
week basis. These findings show that the chitosan
microparticles prepared were an acceptable candidate for
delivery to the colon as the size of the formulation selected
was below the human colon carcinoma pore cut-off size of
0.400-0.600 um.
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