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Type II diabetes mellitus (T2DM) has caused an adverse impact on the health of more than a tenth of the
Malaysian population. Saponin is a traditional herbal extract found to be effective in treating T2DM with milder
toxicity, which makes it a good alternative to conventional anti-diabetic drugs with side effects. This research
develops an effective drug delivery vehicle to transport the saponin extract via chitosan milli-particles (CPs) for
targeted release in the digestive system. Saponin was loaded onto the CPs via electrostatic interaction following
the surface charge alteration of the CPs. Swelling tests and an in vitro study based on simulated gastrointestinal

conditions were conducted on the saponin-immobilized CPs (SICPs). The release of saponin from its carrier is
attributed to Fickian diffusion and swelling of the chitosan milli-particle matrix at pH 1.2 and 6.8.

1. Introduction

An estimated 463 million people (approximately 9.3% of the global
adult population) are living with diabetes globally in 2019. The number
of diabetic patients is expected to increase to 578 million by 2030 and
700 million in 2045 [1]. In Malaysia alone, more than one-tenth of its
population are plagued by Type II diabetes mellitus (T2DM). Conven-
tional treatment for T2DM such as insulin injections and oral adminis-
tration of anti-diabetic drugs, may result in complications including
hypoglycaemia and increased risk of heart failure. With an increasing
number of potential diabetic patients, there is therefore the need for
more alternating treatments, especially less aggressive methods that
may reduce side effects and complications in patients.

Saponin, an extract from plants such as bitter gourd, offers a natural
way to reduce blood sugar levels for patients with mild diabetes [2]. The
antihyperglycemic and antihyperlipidemic functions of saponins have
been validated in many published literatures to date [3]. Pure saponin,
however, should not be ingested excessively as it may cause hypo-
glycaemia and irritation to the skin and respiratory tract. Moreover,
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direct ingestion may cause its anti-diabetic properties to be damaged by
the intense gastrointestinal metabolism during digestion [4]. To control
the dosage and preserve the structure of saponin effectively during
ingestion, antacid carriers such as chitosan are needed to ensure the
drug enters the gastrointestinal tract for maximal drug effect [5].
Chitosan is a natural polymer, derivable from chitin found in fungi
cell walls and exoskeletons of crustaceans and insects [6]. Since the
2000 s, due to its biodegradability and non-toxic properties, it has been
widely used in medicinal applications, for instance drug and vaccine
delivery, and tissue engineering [7,8]. Chitosan has successfully
encapsulated many different drugs in the lab scale including anti-
diabetic agents i.e., Metformin hydrochloride [9]. By regulating the
size of the chitosan particles at sub-milli and -micron size, the surface
area to volume ratio increases drastically, thus improving the diffusivity
of drugs, reducing drug loading and accelerating drug release [10].
Despite chitosan’s frequent use as carrier for various active ingredients,
there has not been any reported work on its combination with saponin
for T2DM treatment. Thus, the purpose of this research is to immobilize
saponin on chitosan carriers as potential diabetic remedy, via a milli-
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Fig. 1. Measurement of Feret diameter of SICPs before and after immersion in (a) distilled water, (b) buffer solution of pH 6.8, and (c) pH 1.2. (d) The maximum
swelling percentage for SICPs was 18.6% for distilled water, 72.9% for buffer at pH 1.2, and 15.6% at pH 6.8. (e) A plot of In F vs In t, the slope and intercept

correspond to the diffusion exponent and swelling constant.

fluidic approach. The chitosan milli-particles (CPs) coated with saponin
biomolecules were within a size range of 1.1 to 1.5 mm. The effective-
ness of the milli-particles in transporting and releasing saponin was
evaluated by studying the polymer swelling characteristics in a simu-
lated gastrointestinal system.

2. Materials and methods

CPs and SICPs were synthesized based on our previous method [11]
with an off-the-shelf milli-fluidic device. The CPs were formed from the
dripping of 2 wt% chitosan solution off a needle tip into sodium hy-
droxide (NaOH) solution which induced instantaneous precipitation.
The CPs were then soaked in phosphate buffer solution (PBS) for surface
electrostatic charges modification prior to the immobilization of nega-
tively charged saponin onto the cationic CPs. The dried CPs were left to
soak in 0.5 wt% saponin in ethanol solution for 6 h under continuous
agitation to allow saponin immobilization. The swelling behaviour of
the SICPs was assessed by determining the Feret diameter and change in
weight after soaking them in deionized water (control), buffer solutions
of pH 1.2 and 6.8. An in vitro digestion study was conducted to study the
release of saponin by subjecting the SICPs in simulated gastrointestinal
system at pH 1.2 and 6.8 respectively.

3. Results and discussion
Chitosan particles of 1.1 to 1.5 mm were obtained through free fall

off a dispensing needle in this study. The CPs were collected and solid-
ified in NaOH solution bath. FESEM-EDX elemental analysis validated

the adsorption of saponin onto the chitosan surface as the amount of
oxygen in SICPs increased to 34% while in blank CPs, carbon and oxygen
were approximately 85 and 15 wt%.

4. Swelling of chitosan matrix

The changes in Feret diameters and weight of SICPs were determined
and tabulated as swelling ratios, as shown in Fig. 1. The swelling
behaviour of SICPs agrees well with reported work, as SICPs immersed
in a buffer solution of pH 1.2 exhibited the highest swelling percentage.
It is reported that chitosan hydrogels have higher swelling rate at low
pH, attributed to a higher rate of protonation of the amine group of
chitosan under acidic condition, and consequently higher rate of
dissociation of hydrogen bonding between polymer chains [12]. At
higher pH conditions, faster percolation is observed in chitosan hydrogel
[13]. Thus, due to a greater number of crosslinked bonds at higher pH of
6.8, swelling was impeded in SICPs. In retrospect, corresponding to a
lower number of cross-linked bonds, the chitosan particles have lower
elastic moduli and mechanical strength at pH of 1.2 and consequently,
higher equilibrium swelling ratio [13].

The diffusion mechanism of SICPs in media of different pH levels was
investigated using the natural logarithm form of Fick’s law (inF = nint +
Ink) to describe water diffusion into dried polymer [14]. The swelling
and diffusion exponent, n and the swelling constant, k were evaluated
from the plot in Fig. 1e. Result shows n for SICPs in water, pH 1.2 and pH
6.8 was 0.64, 0.45 and 0.63 respectively, thus suggesting the transport
across SICPs was anomalous (non-Fickian), where n is typically > 0.43
and < 1 [15].
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Fig. 2. A comparison of SICPs weight in buffers with and without enzymes.

5. In vitro digestion study

A realistic model of the ingestion of SICPs into the gastrointestinal
system was developed by consecutively immersing the saponin immo-
bilized particles in simulated gastric fluid (SGF, pH 1.2) and simulated
intestinal fluid (SIF, pH 6.8) containing gastrointestinal enzymes and
steroids of pepsin, pancreatic lipase, and bile salt, for 2 h each. The
experiment was repeated without the enzymes. The saponin digestion
analysis was briefly categorized into 4 regions of Al, All, BI and BII as
depicted in Fig. 2. An initial increase in SICP weight was noted in Al
followed by a 30-minute plateau which corresponded to the swelling of
the polymer until it achieved equilibrium. In AII, chitosan weight
declined progressively into BI as the SICP was removed from the SGF
and transferred to the SIF, inferred as the effect of enzymic degradation
as SICP reached its maximum swelling capacity. According to the
percolation theory, the SICP shrank when the transfer took place into the
SIF at higher pH condition [13]. In region BII, no weight change was
recorded, and SICP was deemed to have gained sufficient mechanical
strength from the re-emergence of cross-linked bonds and stronger
bonding, at reduced enzymic degradation activity.

Generally, both curves exhibited similar trend in SICPs weight
change, except a steeper gradient was noted for the experiment without
enzymes, especially in region Al and A2. These results suggested that
enzymic degradation occurred simultaneously with the swelling of the
polymer, with the degradation being more apparent in region AIl In
comparison, SICPs in buffer containing enzymes would undergo higher
rate of degradation due to the enzymic activities, as reflected in the
greater weight loss shown in Fig. 2.

6. Conclusion

For the first time saponin immobilized chitosan milli-particles were

produced and investigated as an alternative T2DM remedy. The syn-
thesis of the SICPs was straightforward, and a preliminary study simu-
lating the human gastrointestinal system confirmed the degradation and
release of saponin from the chitosan carriers due to intrinsic polymer
swelling pattern which has been shown to be non-Fickian in nature.
More extensive future study should be conducted in view of the great
medicinal benefits of plant extracted saponin, especially in treating
diabetes mellitus.
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