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Size and Stability of Curcumin Niosomes from Combinations

of Tween 80 and Span 80
(Saiz dan Kestabilan Niosom Kurkumin daripada Gabungan Tween 80 dan Span 80)
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ABSTRACT

The ratios of Tween 80 to Span 80 are important in controlling the physicochemical characteristics of curcumin
niosomes. Thus, in this study the correlations of combination of Tween 80 and Span 80 at different ratios with the size
and stability of curcumin niosomes were investigated. Initially curcumin was dissolved in chloroform and methanol (v/
v=3:1), followed by the preparation of niosomes by thin-film hydration method with the mole ratio of mixture of Tiween
80 and Span 80 to cholesterol of 2:1. The ratios of Tween 80 to Span 80 in the mixture were setat 1:1, 1:9,9:1, 2:3 and
3:2 with Hydrophilic-Lipophilic Balance (HLB) values of 9.65, 5.37, 13.93, 8.58 and 10.72, respectively. As expected,
niosome barely formed at HLB value 13.93. This might be due to the molecule being hydrophilic and well hydrated which
inhibits the formation of a stable bilayer in solution. It was found that the formulation which has higher Span 80 and
lower HLB value leads to larger niosome before sonication. The largest niosome size achieved from Tween 80 to Span 80
ratio of 1:9 and 2:3 was 77.36 and 59.85 um, respectively. On the other hand, for the ratio of 3:2, the largest niosome
formed before sonication was less than 50.00 um. After sonication, the niosome size reduced to less than 35.00 ym for all
formulations. It was showed that formulation with Tween 80 to Span 80 ratio of 1:9 has superior curcumin entrapment
efficiency and best stability during storage. The results demonstrated that appropriate ratio of Tween 80 to Span 80 was
necessary for forming small and stable curcumin niosomes.
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ABSTRAK

Nisbah Tween 80 kepada Span 80 adalah penting dalam mengawal ciri fizikokimia niosom kurkumin. Oleh itu, dalam
kajian ini korelasi gabungan Tween 80 dan Span 80 pada nisbah-nisbah yang berbeza dengan saiz dan kestabilan niosom
kurkumin telah dikaji. Sebagai permulaan, kurkumin telah dilarutkan dalam kloroform dan metanol (v/v = 3:1), diikuti
dengan penyediaan niosom-niosom melalui kaedah penghidratan filem nipis dengan nisbah mol campuran Tiwveen 80
dan Span 80 kepada kolesterol bernilai 2:1. Nisbah Tween 80 kepada Span 80 dalam campuran ditetapkan pada 1:1,
1:9,9:1,2:3 dan 3:2, dengan nilai Imbangan Hidrofilik-Lipofilik (HLB) masing-masing 9.65,5.37, 13.93,8.58 dan 10.72.
Seperti yang dijangka, niosom hampir tidak terbentuk pada formulasi dengan nilai HLB pada 13 .93. Ini mungkin kerana
molekul adalah hidrofilik dan terhidrat, oleh itu menghalang pembentukan dwilapisan yang stabil dalam larutan. Didapati
bahawa formulasi yang mempunyai kandungan Span 80 yang lebih tinggi dan nilai HLB yang lebih rendah membawa
kepada niosom lebih besar sebelum sonikasi. Saiz niosom terbesar yang dicapai daripada nisbah Tween 80 kepada Span
80 bernilai 1: 9 dan 2: 3 masing-masing adalah 77.36 um dan 59.85 um. Sebaliknya, bagi nisbah 3:2, niosom terbesar
dibentuk sebelum sonikasi adalah kurang daripada 50.00 um. Selepas sonikasi, saiz niosom dikurangkan kepada kurang
daripada 35.00 um untuk semua formulasi. Didedahkan bahawa formulasi dengan nisbah Tween 80 kepada Span 80
bernilai 1:9 mempunyai kecekapan pemerangkapan kurkumin yang unggul dan kestabilan terbaik semasa penyimpanan.
Keputusan menunjukkan bahawa nisbah Tween 80 kepada Span 80 yang sesuai adalah perlu bagi membentuk niosom
kurkumin yang kecil dan stabil.

Kata kunci: Kurkumin; niosom, pencirian; surfaktan bukan ionik

INTRODUCTION water solubility at physiological pH and bioavailability.

Curcumin is the major component of naturally occurring
yellow-orange pigment in Curcuma longa. This polyphenol
is widely research for its anti-tumour, anti-inflammatory,
anti-oxidant and wound healing properties (Hussain
et al. 2017; Joung et al. 2016; Nagahama et al. 2016;
Ratanavaraporn et al. 2017). The administration of
curcumin to patients has severe limitations in terms of

Drug delivery system (DDS) plays a very important role in
overcoming these challenges. Vesicular system with bilayer
membrane and hollow space is one of the most attractive
DDS because of having longer entrapment storage time,
receptive surface for treating various targeting agents, and
suitable for delivery of hydrophobic and hydrophilic drugs.
Liposome and niosome stand out as the vesicle carrier
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for drugs. However, compared to liposome, niosomes
are osmotically active, chemically stable and have long
storage time (Marianecci et al. 2014). The two major
components used for the preparation of niosomes are
cholesterol and non-ionic surfactant. Niosomes prepared
with non-ionic surfactant, Tween 20 in combination with
cholesterol was reported to suppress the degradation
of curcumin better than micelles (Mandal et al. 2013).
Tween 80 and Span 80 have been tested in pharmaceutical
field as drug delivery system and in particular they can
be used to prepare highly stable niosomes (Ruckmani
et al. 2000; Yoshioka et al. 1994). There are studies that
showed that the combination of Tween and Span type of
non-ionic surfactant will actually increase the entrapment
efficiency of the niosome (Lv et al. 2014). The niosomes
obtained from the mixture of Tween 80 and Span 80 were
reported to be an effective carrier for topical delivery of
capsaicin (Tavano et al. 2011). Furthermore, curcumin
encapsulated in niosomes composed of Tween 80, Span
80 and Poloxamer 188 exhibited enhanced cytotoxic
activity against ovarian cancer A2780 cells compared with
freely dispersed curcumin (Xu et al. 2016). However, to
our knowledge, no studies have reported the correlation
of Tween 80 to Span 80 ratios on the size and stability of
curcumin niosomes.

In this study curcumin niosomes were synthesized
using various combinations of Tween 80 and Span 80.
The physicochemical properties in terms of niosome
size, curcumin entrapment efficiency and stability during
storage were investigated.

MATERIALS AND METHODS

CURCUMIN NIOSOMES PREPARATION
AND SIZE DETERMINATION

Curcumin (= 65% pure), Span 80 and Tween 80 were
purchased from Sigma-Aldrich, USA, and used as received.
Niosomes were prepared by thin-film hydration method
as reported in the literature (Mandal et al. 2013) with
some modifications. Initially, non-ionic surfactants and
cholesterol (molar ratio = 2:1) and 0.04 g curcumin were
dissolved in mixture of chloroform and methanol (3:1
v/v) in a round bottomed flask. The organic solvent was
removed by using rotary vacuum evaporator (BUCHI,
Switzerland) to form a thin film on the inside wall of the
flask. The dried film was then hydrated by addition of 10
mL of distilled water and vortexed. This was followed by
sonication of the dispersion at 60°C to reduce the size of
niosomes. Finally, the solution was centrifuged at 11,000
rpm and at 4°C to remove free surfactants and larger
vesicles. The Tween 80 to Span 80 ratios were set to be 1:1
(Formulation 1), 1:9 (Formulation 2),9:1 (Formulation 3),
2:3 (Formulation 4) and 3:2 (Formulation 5).

Curcumin niosomes were observed under microscope
(Olympus BX53, Japan) before and after sonication using
100x objective lens. Captured images were analyzed using
NIH Imagel] to determine the size of niosomes.

CALCULATION OF HYDROPHILIC-LIPOPHILIC BALANCE
The hydrophilic-lipophilic balance (HLB) values for the
formulations were calculated using:
(HLB,-HLB,)xR

(R, +R})

HLB value = +HLB, @))

where HLB, HLB,, R, and R denote the HLB value of
Tween 80, HLB value of Span 80, ratio of Tween 80 and
ratio of Span 80, respectively.

DRUG ENTRAPMENT EFFICIENCY

The entrapment efficiency (EE%) of curcumin in niosomes
was determined by centrifuging niosomal dispersion at
11,000 rpm for 60 min at 4°C to remove free curcumin.
Niosomes were then re-dispersed in distilled water and
centrifuged at the aforementioned conditions. Collected
pellets were diluted in 5 mL distilled water followed by
the addition of 5 mL ethanol. Sample was then vortexed
and centrifuged. The supernatant was quantified by UV-Vis
spectrophotometer (Thermo Scientific GENESYS 20, USA)
at 500 nm. The EE% was determined using the following
formula:

Amount of entrapped curcumin

EE% =

x100% (2)

Total curcumin

STABILITY AND SOLUBILITY TEST

The stability of niosomes was determined by storing
it at room temperature, 4°C and —4°C. Evaluation was
conducted on day 3 and day 7 of storage by observation
of changes in the structure of niosomes under microscope
(Olympus Bx53, Japan) and by determining the percentage
of remaining entrapped curcumin. The entrapped curcumin
(% Entrapment) was evaluated by initially centrifuging
dispersion of niosomes at 11,000 rpm for 60 min at 4°C to
remove free curcumin. This was followed by re-dispersing
niosomes in 5 mL distilled water and the addition of 5 mL
ethanol. Sample was then vortexed and centrifuged. The
supernatant was quantified by UV-Vis spectrophotometer
(Thermo Scientific GENESYS 20, USA) at 500 nm. The %
Entrapment was determined using the following formula:

Amount of entrapped curcumin

9 Entrapment = -
Amount of entrapped curcumin on day 0
x 100% 3)
RESULTS AND DISCUSSION

It is clearly shown in Figure 1 that large curcumin
niosomes could be formed prior to sonication for all
of the formulations, with the exception of Formulation
3. The sonication process resulted in the reduction of
niosomes size. Only a few intact niosomes were observed
in sample from Formulation 5, indicating that niosomes
synthesized using this formulation easily disintegrate when
sonicated. The calculated HLB value for Formulations
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FIGURE 1. Niosomes before sonication for Formulation 1 (al), Formulation 2 (b1), Formulation 3 (c1), Formulation 4 (d1)
and Formulation 5 (e1). The images of niosomes after sonication process are (a2), (b2), (c2), (d2) and (e2) for Formulation 1,
Formulation 2, Formulation 3, Formulation 4 and Formulation 5, respectively

1,2,3,4 and 5 was 9.65, 5.37, 13.93, 8.58 and 10.72,
respectively. The inability to form niosome when using
Formulation 3 is consistent with what has been reported
previously (Biswal et al. 2008; Shahiwala & Misra 2002),
where niosomes did not form at HLB values 14 to 17. It is
known that molecules are hydrophilic and well hydrated
at high HLB value. This low hydrophobicity inhibited the
formation of stable bilayer in solution. The disintegration
of niosomes from Formulation 5 upon sonication shows
that the amount of added cholesterol depends on the HLB
value and synthesizing process. In this case, increasing the
cholesterol concentration in Formulation 5 could result in
more rigid niosomes which could withstand the sonication
process.

Many large niosomes could be observed in samples
from Formulations 2 and 4 (Figures 1 (b1) and (d1)) prior to
sonication, indicating that the formulation which have high

Span 80 and lower HLB value could lead to larger niosomes.
This is supported by the broad size distribution in Figures
2 (al-c2), where diameter of niosomes from Formulation
2 before sonication reached 77.36 um. Similar results
were reported for ellagic acid niosomes (Junyaprasert
et al. 2012) and paclitaxel niosomes (Bayindir & Yuksel
2010), where the sizes of niosomes increased when the
HLB values of the surfactant decreased. The higher amount
of Span 80 in Formulation 2 and 4 caused the increase in
hydrophobicity which in turn decreases the surface free
energy (Akhilesh et al. 2012). Although, Tween 80 and
Span 80 typically consist of same length of alkyl chain
(C18), the hydrophilic head size for Span 80 is smaller
compared to Tween 80. Thus, larger aggregation number
was required. In Formulation 2, the composition of Span 80
was dominant hence more small hydrophilic head existed.
The smaller hydrophilic to hydrophobic area leads to a
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FIGURE 2. Size distribution of niosomes before sonication for Formulation 1 (al), Formulation 2 (b1) and Formulation 4 (c1). The
size distribution of niosome after sonication process are (a2), (b2) and (c2) for Formulation 1, Formulation 2 and Formulation 4,
respectively. The drug entrapment efficiency is shown in (d)
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thicker bilayer and larger size of vesicle. After sonication,
the size of niosomes for all formulations was reduced to
more than 50% with narrow size distribution. Majority of
niosomes was found to be in the size range of 5-10 um.

The entrapment efficiency of curcumin niosomes
varied between Formulations 1,2, and 4 (Figure 2d) with
Formulation 2 having the highest entrapment efficiency,
19.51%. The particle size correlated with the entrapment
efficiency since the entrapment of curcumin increased
with the increase in vesicle size. In this study, Formulation
4 has an entrapment efficiency of 15.68% which was the
second highest followed by Formulation 1 which has
EE% of 9.42%. It has been suggested that lower drug
entrapment is caused by the presence of unsaturated
alkyl chain in Span 80 and Tween 80 (Dharashivkar et al.
2014). Although, the EE% in this study was lower than
the 89.65% efficiency of curcumin entrapment reported
by Rungpanichkul et al. (2011), only Span 80 was used
in that study. It is possible that the significant difference
in EE% between these two studies was due to the loading
amount. In the study conducted by Rungpanichkul et
al. (2011), it was found that the EE% increased with
increased in loading amount from 4.29 to 8.60 umol. In
the current study, loading amount of curcumin was set at

108.58 pmol. It is possible that niosomes were already
saturated with curcumin at lower loading amount and
the excess curcumin precipitated due to poor aqueous
solubility.

The changes of % Entrapment were observed to
investigate the possibility of curcumin leaching from the
niosomes during storage at three different temperatures as
shown in Figure 3. Niosomes from Formulations 2 and 4
were found to be more stable compared to Formulation 1.
Storage temperatures did not have any significant effect
on the stability of niosomes of these two formulations
as only slight difference in reduction of entrapped
curcumin could be observed for samples stored at the
different temperatures. On the other hand, the stability
of niosomes from Formulation 1 was influenced by the
storage temperatures, where the decrease of entrapped
curcumin was the highest for samples stored at room
temperature, indicating leaching. The curcumin leakage
at high temperature might be due to the higher fluidity of
lipid bilayers at high temperature (Hofland et al. 1992).
In addition, disrupted or aggregated niosomes were
observed in samples stored at room temperature and 4°C
(Figure 4). This disruptions or aggregations of vesicles
resulted in loss of vesicles could be due to the hydrated
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FIGURE 4. Curcumin-loaded niosome for Formulation 1 stored for 3 days at room temperature (al), 4°C
(bl),-4°C (c1), and for 7 days at room temperature (a2), 14°C (b2), and -4°C (c2)



bilayer vesicles being thermodynamically unstable and
undergone chemical degradation such as oxidation and
hydrolysis (Bansal et al. 2013). At -4°C, no disrupted
vesicles was observed (Figure 4(cl) and 4(c2)), which
might be attributed to the rigidization of the vesicles
at low temperature. However, this did not reduce the
permeability of the drug through the membrane resulting
in the decrease of entrapped curcumin similar to niosomes
stored at other conditions.

CONCLUSION

This study showed that niosomes prepared from
Formulation 2 with Tween 80 to Span 80 ratio of 1:9
and HLB value 5.37 has superior curcumin EE% to other
formulations. Niosomes synthesized using this formulation
also exhibit best stability when stored at room temperature.
The results demonstrated that appropriate ratio of Tween
80 to Span 80 was necessary for forming small and stable
curcumin niosomes.
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