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The Effect of Temperature
on the Dispersion of a-Mangostin

in PNIPAM Microgel System
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Universiti Kebangsaan Malaysia
2Email: bohari@ukm.my

ABSTRACT

u-Mangostin was extracted from the pericarp of the Malaysian local
Garcinia mangostana linn., The structure was characterised by Infrared
red, UV-Visible and Nuclear Magnetic Resonance spectroscopic data .
The fluorescence peak at 500nm in ethanol was not observed in PNIPAM
microgel solution. The increase of colloidal size of the gel in the presence
ofu-mangostin was studied by Dynamic Light Scattering and Transmission
Electron Microscope. The size ofthe particle also increases with increasing
temperature up to 45°C after which it began to shrink. The TEM micrograph
at 45°C showed a uniformly structured pattern ofthe gel occurs in the range
of the lowest solution critical temperature.

Keywords: a-mangostin, PNIPAM microgel, Dynamic Light Scattering
(DLS) and Transmission Electron Microscope (TEM).Lowest solution
critical temperature (LSeT) .

INTRODUCTION

u-Mangostin from the pericarp of Garcinia mangostana linn., has been
subjected to many studies since it discovery in 1855[1] not only on the
isolation and structural elucidation but also its biological and medical
properties. It was found to exhibit a wide spectrums ofbiological activities
such as antioxidant [2], antimicrobial [3], anti-inflammatory [4], antifungal
[5] and antibacterial [6]. It is also being used as a supplement in food
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products and natural dyes in fabric industries [7]. In fact, a patented juice
containing a-mangostin [8] are now available in the market. Surprisingly,
even the general method involving the normal laboratory extraction and
separation ofthe a-mangostin has also been patented [9]. The fluorescence
spectrum exhibited by n-mangostin is certainly has potential in radiation
therapy as well as photo imaging.

A major interest in microgels lies in their potential as novel drug
delivery systems, incorporating drug molecules into the polymer network
then releasing them at a targeted site within the body. The drug may be
encapsulated in a polymeric capsule or into a matrix tablet form. Another
approach is making used ofmicrogel systems in which the active ingredients
bind to these micro-sized polymers. For example, PNIPAM (Poly-N
isopropylacrylamide) is one of the polymers which have been studied as a
drug carrier [10]. This paper, is a continuation of our preliminary study
on a-mangostin dispersions in PNIPAM microgel systems.

EXPERIMENTAL

Material and Instrumentation

All chemicals and solvents used were of reagent grade and used without
further purification. Infra-red spectra were recorded on a Perkin Elmer
GX Spectrometer by using potassium bromide pellet. Ultra violet spectra
were determined on a Shimadzu UV-VIS Spectrophotometer (UV 2400PC
series). A Perkin Elmer LS-55 flouresence spectrophotometer was used
for the excitation and fluoresence spectra. 'H and 13C NMR spectra were
measured on Jeol JNM-ECP 400 NMR Spectrometer. Microgel particle
sizes and polydispersities were determined by dynamic light scattering
(DLS) using a Zetasizer Nano-S (Malvern, PA). The size and morphology
ofthe sample was investigated by using Transmission Electron Microscope
(TEM) Philips CM12 model.

Extraction of a-Mangostin

Sampel of dried mangosteen rind were collected from Kuala Berang,
Terengganu. Extraction of u-mangostin was carried out by following the
normal procedure of isolating natural products as previously reported [11] .

22
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The grinded mangosteen rind was extracted with methanol for three weeks
and then separated by column chromatography eluted with the mixture of
dichloromethane-hexane (6:4) giving a fine yellow powder.

Synthesis of PNIPAM Microgel

The PNIPAMmicrogels were synthesized by a surfactant free polymerization
technique as previously reported [12].

Addition of a-Mangostin on the PNIPAM Microgel

About 0.08 g u-mangostin was dissolved in 10 ml ethanol and diluted to
the concentration Sxl O? M. Four solutions containing different ratio of
PNIPAM and u-mangostin were prepared. For 1:1 ratio, 3ml ofthe PNIPAM
was mixed with 3 ml (5xlO,sM) of o-mangostin. The solution was stirred
with magnetic stirer for 10 minutes. Three solutions of different ratios,
were prepared by adding the desired amount of n-mangostin solution into
PNIPAM solution by keeping the total volume of 3 mL.

RESULTS AND DISCUSSION

n-Mangostin (Figure 1) was obtained as a yellow crystalline solid with
melting point 175-178°C. The infra red spectrum showed the presence
of stretching frequency of OR and C=O groups at 3421 and 1639 em"
respectively.
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Figure 1: Structure of a-Mangostin

23



ScIENTlFIC RESEARCH JOURNAL

The NMR results for the aromatic, olefinic and methoxy proton ofthe
xanthone compound are shown in Table 1.As expected, all the I3C chemical
shifts of the xanthone were observed.

Table 1: 'H NMR and 13C Chemical Shifts of a-Mangostin

C-position 13C NMR 'HNMR C-position "c 'HNMRNMR

1 160.1 13.69 10a 157.2

2 109.9 11 18.3 3.98 (2H)

3 162.6 - 12 122.6 5.13 (1H)

4 92.5
6.33(1H,

13 130.9
s)

4a 154.5 14 26.0 1.59(3H,s)

5 102.0 6.77
15 17.9 1.59(3H,s)

(1H,s)
6 157.2 - 16 25.7 3.98 (2H)

7 143.6 17 123.9 5.13 (1H)

8 136.7 18 130.8

8a 110.2 19 25.7 1.69(3H,s)

9 181.6 20 17.9 1.69(3H,s)

The UV-Vis spectra of n-mangostin (Figure 2) shows maximum
absorption peak at wavelength of 243, 317 and 352 nm are in agreement
with the reported values [12].

24
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Figure 2: UV-Vis Spectrum of a-Mangostin in Ethanol

Aqueous PNIPAM solution showed no UV-visible absorption peak
at wavelengths above 210 nm. No significant changes for u-mangostin
spectrum in the microgel system were observed except the peak at
wavelength of 243 nm became less symmetrical due to overlapping of
absorbance with the PNIPAM solution (Figure 3). The peaks at wavelength
of 352 nm also widen and became less obvious. Therefore some kind of
interaction must have taken placed in the microgel systems. Moreover, the
fluorescence peak (A,=500 nm) was no longer observed in the mixture which
also indicate the presence of an interaction between the c-mangostin and
microgel structure.

25
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Figure 3: UV-Vis Spectra of a-Mangostln
in Ethanol (a) and in Aqueous PNIPAM Solution (b)

Dynamic Light Scattering (DLS) measurement ofPNIPAM solutions
gave the average size of 1133 nm. The size became larger when the
concentration of mangostin was increased (Table 2). This is in consistent
with the literature reports on the interaction of charged additives with
PNIPAM microge1s [14,15]. The increase of n-mangostin concentration
may contribute to the hydrophobic interactions of sulfate charged groups
of PNIPAM that caused swelling of the microgel through electrostatic
repulsion. It is also indicate a partially negative nature of the n-mangostin
probably due to the carbonyl and hydroxyl groups. This also suggested
that u-mangostin could have penetrated into the microgel core colloid.
The mutual repulsion of respective charges consequently caused the size
to increase.

26
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Table 2: Dispersion Size of PNIPAM in the Presence
of a-Mangostin Measured by DLS

Ratio PNIPAM: Mangostin
PNIPAM

1:1
1:3
1:4

Dispersion size (nm)
1133
1153
1556
1641

The transmission electron microscope (TEM) image of the PNIPAM
and a-mangostin solution showed a well dispersion of a-mangostin in
microgel (Figure 4). The average diameter is approximately 4 nm.

Figure 4: TEM Images of PNIPAM with a-Mangostin in 1:1 Ratio

However, at high concentrations, the a-mangostin particles tend to
form aggregation or cluster (Figure 5). The crystal like-particles also indicate
the role of microgel as a medium for crystallization and under controlled
conditions can be a method leading to the formation of nanocrystals.

27
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. lOOnm

Figure 5: TEM Images of PNIPAM with a-Mangostin in 1:4 Ratio

THE EFFECT OF TEMPERATURE

PNIPAM is a temperature responsive microgel. Since the 1:1 mixture of
a-mangostin and PNIPAM showed good dispersion therefore this ratio
was chosen for the temperature effect study. At room temperature DLS
measurements gave particle size about 153 nm. The size increased to 1235
at 45°C (Table 3). It is known that aggregation of polymer occurs up to a
critical value . For the PNIPAM , the lowest critical temperature (LCST)
is reported between 30°C and 45°C [16]. The hydrogen bonds formation
with the water and intramolecular hydrophobic force also play important
role. However, when the temperature reached around 55°C, the particle size
started to decrease. At temperatures above the LCST the microgel particle
will shrink. PNIPAM is a charged particle and at high temperature the
particle diameter will decrease and consequently increase the surface charge
density [12]. The solvent molecules will escape through the polymer and
causes it more hydrophobic. As a result, the a-mangostin will be trapped
in the colloidal structure.

28
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Table 3: DLS Size Distribution of PNIPAM in the Presence
of a-Mangostin (1:1) at Different Temperatures

Temperature (DC) Disribution size

25 1153

30 1180

35 1206

40 1221

45 1200

50 800

55 263

The changes in particle size were also recorded by TEM micrographs.
Figure 6 shows the distribution of particles at room temperature before
heating.

Figure 6: Distribution of a-Mangostin/PNIPAM
at 25°C Before Heating at 11500 Magnification

As the temperature reached near the LeST, the microgel particles
restructured to a nice regular pattern as shown in Fig.8. Due to the increment
of the temperature, these particles de-swelled and totally released all the
solvent in their networks. As shown in Figure 9 the microgel particles shrunk
and the result was in agreement with the DLS data (Table 3)

29
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Figure 7: Distribution of a-Mangostin/PNIPAM at 45°C
Close to LSCT Temperature. At 11500 Magnification
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Figure 8: Distribution of a-Mangostin/PNIPAM at 55°C

Above the LSCT. At 11500 Magnification

CONCLUSION

Fluorescence peak ofu-mangostin at 500 nm was not observed in PNIPAM
microgel solution. The increase of colloidal size indicating a possible
inclusion of the a-mangostin into the partially negative polymer shell and
caused it to swell. Both LDS measurement TEM micrograph showed a well
dispersed a-mangostin and the low solution critical temperature is about
45°C and above this temperature the particle begin to shrink.
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