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ABSTRACT
Background: There is limited data about the anti-breast cancer activity of 
noni fruit ethanolic extract. Topical route is gaining interest as an alternative 
route for breast cancer treatment. Objectives: The aims of this study 
were to investigate the effect of noni fruit extract on cytotoxicity and cell 
migration suppression in Michigan Cancer Foundation-7  (MCF-7) human 
breast cancer cells and to develop topical microemulsions (MEs). Materials 
and Methods: The noni fruit ethanolic extract was prepared. Rutin content, 
a marker, in the extract was analyzed, and the antioxidant activity of the 
extract was determined. Cytotoxicity and cell migration suppression, 
indicating anti-breast cancer activity, were also assessed in MCF-7  cells 
by SRB assay and wound-healing assay. The MEs were developed by 
titration method. The developed noni MEs were evaluated regarding their 
physical appearance, viscosity, and pH before and after stability test. 
Results: Results showed that the rutin content in the noni extract was 
4.02 ± 0.34 mg/g. The extract possessed antioxidant activity with inhibitory 
concentration (IC50) of 1.03 ± 0.01 mg/ml. It also showed cytotoxicity with IC50 
values of 158.4 ± 12.5 µg/ml and cell migration suppression on MCF-7 cells 
with significant effect at 100 µg/ml. Eight ME systems were selected to 
incorporate the extract. Conclusion: Noni extract had potential anti-breast 
cancer activity. The ME, named noni ME-3, consisting of 0.7% w/w noni 
extract, 56% w/w olive oil, 20% w/w polysorbate 80, 20% w/w sorbitan 
oleate, and 4% w/w water phase, was shown to be the most attractive noni 
ME for the topical treatment of breast cancer.
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SUMMARY
•  The noni fruit extract had antioxidant activity and could also potentially inhibit 

Michigan Cancer Foundation-7 human breast cancer cell viability and cell 
migration

•  The topical microemulsion containing the noni fruit extract was successfully 
developed. The best system consisted of 0.7% w/w noni extract, 56% w/w 

olive oil, 20% w/w polysorbate 80, 20% w/w sorbitan oleate, and 4% w/w 

water phase.

Abbreviations used: HPLC: High-performance liquid chromatography; 
SRB: Sulforhodamine B assay; RT: Room temperature.
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INTRODUCTION
Morinda citrifolia L., commonly known as noni, belongs to the Rubiaceae 
family. Noni is a small plant native to Southeast Asia. It has attained 
cross‑cultural relevance as an alternative herbal treatment for indications 
such as cancer, inflammation, hypertension, and diabetes.[1‑4] Currently, 
noni fruits have been widely studied for anti‑breast cancer activity.[5‑7] 
Wang et al.[6] have reported that noni fruit juice, under the commercial 
name Tahitian fruit juice  (TNJ), could prevent breast cancer at the 
initiation stage on 7,12‑dimethylbenz(a)anthracene‑induced mammary 
tumorigenesis in female Sprague–Dawley rats. Clafshenkel et al.[7] also 
reported that TNJ could prevent mammary breast cancer at the initiation 
stage of chemical carcinogenesis in female mammary tumor virus‑neu 
mice. The in vitro cytotoxicity of the methanolic extracts of noni fruit 
and the polysaccharide fraction isolated from noni fruit extracts against 

Michigan Cancer Foundation‑7  (MCF‑7) breast cancer cell has also 
been reported.[8,9] Based on these results, noni fruits are considered 
as an alternative source of chemopreventive agent for breast cancer. 
Besides noni juice, an ethanolic crude extract of noni fruits has also 
been reported to inhibit the proliferation of breast cancer cells.[10] Many 
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research studies have shown that noni fruit contains several phenolic 
compounds including ursolic acid, kaempferol, quercetin, and rutin.[11‑13] 
Rutin is a glycoside of the flavonoid quercetin which exhibits significant 
oxygen radical‑scavenging properties both in vitro and in vivo studies.[14] 
It has been reported to decrease both the risk and progression of cancer 
with their decrease in the production of reactive oxygen species.[15,16] In 
addition, rutin has been documented as a marker of antioxidant activity 
of noni.[17] For anti‑breast cancer activity, rutin was reported to display 
antiproliferative activity against MCF‑7 cancer cells.[18,19] Moreover, rutin 
has been reported as an adjuvant agent of tamoxifen by overcoming the 
drug efflux from the cancer cells.[18] Because of the previously mentioned 
reasons, the rutin content can be represented for the antiproliferative 
activity of the noni extract against breast cancer cells. Currently, breast 
cancer chemopreventive activity of noni juice has been reported when 
noni juice was given to animals only via the oral route.[6,7] Topical route 
is gaining interest in this study as an alternative route for breast cancer 
treatment because it is safe, easy to administer, and pain free. However, 
topical application of the extract is difficult to obtain dose effective 
because the extract is generally low solubility and poor skin permeation. 
Hence, a drug delivery system is needed.
Microemulsions (MEs) can preferably be used as the delivery system for 
enhancing skin permeation of noni fruit extract because they have been 
documented to enhance transdermal drug delivery by improving the 
solubility of an active compound, resulting in increasing concentration 
gradients, as well as by altering the stratum corneum structure.[20‑22] MEs 
are isotropic clear and thermodynamically stable colloidal dispersions. 
They consist of oil, water, and surfactant, frequently in combination with 
a co‑surfactant. Recently, MEs have been shown to successfully deliver 
α‑santalol via topical route to breast skin, resulting in the reduction of the 
percentage incidence of breast tumor and the number of tumors per rat.[23] 
Therefore, the aims of this study were to investigate the effect of noni fruit 
extract on cytotoxicity and cell migration suppression in MCF‑7 human 
breast cancer cells and to develop topical MEs for the extract.

MATERIALS AND METHODS
Materials
Acetonitrile, ethanol, and methanol were purchased from RCI 
Labscan (Bangkok, Thailand). Acetic acid was purchased from Prolabo 
(Briare, France). Rutin was purchased from Sigma‑Aldrich  (Buchs, 
Switzerland). 2,2‑diphenyl‑1‑picrylhydrazyl  (DPPH) was purchased 
from Sigma‑Aldrich (Steinheim, Germany). Ascorbic acid was obtained 
from Sigma‑Aldrich  (Shanghai, China). A  human breast cancer 
cell line  (MCF‑7) was obtained from the American Type  Culture 
Collection  (ATCC #HTB‑22; Manassas, Virginia, USA). Dulbecco’s 
modified Eagle’s medium  (DMEM), fetal bovine serum  (FBS), and 
other cell culture reagents were purchased from Gibco‑Thermo Fisher 
Scientific, Inc., Waltham, MA, USA. Trichloroacetic acid  (TCA), 
sulforhodamine B  (SRB), and crystal violet were obtained from 
Sigma‑Aldrich  (Merck KGaA, Darmstadt, Germany). Olive oil was 
obtained from Giralda  (Madrid, Spain). Isopropyl myristate  (IPM) 
was obtained from TTK science  (Bangkok, Thailand). Polyethylene 
glycol  (PEG40) hydrogenated castor oil  (Cremophor® RH40) and 
Sorbitan oleate  (Span® 80) were obtained from Namsiang Co., Ltd., 
Bangkok, Thailand. Polysorbate 80  (Tween® 80) was purchased from 
Srichand United Dispensary (Bangkok, Thailand).

Preparation of noni fruit extract
The fruits of M citrifolia L. were collected from Phayao province, Thailand, 
during April–November, 2014. Plant identification was performed and 
deposited by the Applied Thai Traditional Medicine, Faculty of Medicine, 
Mahasarakham University (specimen no. MSUT_7225), and the Faculty 

of Sciences, Mahasarakham University, Thailand. The fresh fruits were 
washed, chopped, and air dried. They were further dried at 50°C using a 
hot‑air oven (Memmert, Schwabach, Germany) for 48 h. After grounding 
into powder, they were macerated using 95% ethanol. The filtrate was 
then filtered and concentrated using a rotary evaporator  (Heidolph, 
Germany), with controlled temperature at 50°C. Percentage yield of the 
crude extract was calculated by the following equation:
% Yield = (weight of dried crude extract [g]/weight of dried noni fruit 
powder [g]) × 100.

Determination of rutin content in noni fruit extract
The rutin content, a marker, in the extract was analyzed using 
high‑performance liquid chromatography (HPLC) (LC‑20AD, Shimadzu, 
Japan) equipped with a ultraviolet‑visible (UV‑Vis) detector (SPD‑20A, 
Shimadzu, Japan). Chromatography was performed on phenomenex 
luna C18 column  (5 µm, 150  mm  ×  4.60  mm) with a mobile phase 
consisting of 0.01 M acetic acid: methanol: acetonitrile (50:45:5) and a 
flow rate of 1.0 ml/min. The volume injected was 20 µl with detection at 
254 nm. The ruin content was calculated based on the peak area of HPLC 
chromatogram.
Sample preparation was made by dissolving the extract  (125  mg) in 
25 ml of methanol. The sample was then sonicated by using a sonication 
bath  (S100H, Elma, Singen, Germany) until completely dissolved. The 
sample was filtrated through 0.45‑µm nylon membrane filters (Vertical 
Chromatography Co., Ltd., Bangkok, Thailand) and analyzed for rutin 
content by HPLC analysis.

Determination of antioxidant activity of noni fruit 
extract
The antioxidant activity of the extract was determined using DPPH 
radical scavenging assay. Briefly, the stock solution of the extract was 
prepared in 95% ethanol at the concentration of 2.5 mg/ml. Then, 2 ml 
of the solutions at various concentrations  (0.1–2.5  mg/ml) was mixed 
with 2  ml of 0.2 mM DPPH in a test tube. After incubation at room 
temperature (RT) for 60 min, the optical density at 515 nm (OD515) of 
the samples was measured using UV‑Vis spectrophotometer  (V‑630, 
Jasco, Tokyo, Japan). Ascorbic acid was used as a positive control. The 
experiments were carried out in triplicate. The ability to scavenge the 
DPPH radical was calculated by the following equation:
% Radical scavenging = (1 − [sample OD515/blank OD515]) × 100
where the sample OD515 is the absorbance of the test sample and the blank 
OD515 is the absorbance of the blank (without test sample) at 515 nm.

Determination of effects of noni fruit extract on 
cytotoxicity and cell migration in Michigan Cancer 
Foundation-7 cancer cells
Cell culture and cell cytotoxicity assay
The MCF‑7 cells were cultured according to ATCC’s recommendations 
at 37°C and 5% CO2 in DMEM medium supplemented with 10% FBS, 
100 U/ml penicillin G, and 100 µg/ml streptomycin. The DMEM media 
was replaced every 3  days, trypsinized with 0.25% trypsin‑EDTA, 
and subcultured in the same medium. To determine the effect of the 
extract on MCF‑7 cell cytotoxicity, the SRB assay was used.[24] In brief, 
1  ×  104  cells/well of the MCF‑7 cell line were cultured for 24  h in a 
96‑well culture plate. After that, the new medium (200 µl) containing 
various concentrations of noni extract  (0–1000 µg/ml) was added and 
further incubated for 48 h. The MCF‑7 cells were then fixed with 10% 
TCA for 60 min, stained with 0.4% SRB for 30 min, washed of excess 
SRB dye, and dissolved with 200 µl of 10 mM Tris base solution (pH 7.4). 
The absorbance values were measured at a wavelength of 540  nm by 
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using a microplate reader (Opsys MR™, Dynex Technologies, USA). Cell 
cytotoxicity was expressed as the percentage of the cell viability when the 
cells were treated with samples compared with the cell viability of the 
control group.

Cell migration suppression
To determine the effects of the extract on cell migration suppression, 
wound‑healing assay was used to determine the metastasis of cancer 
cells.[25,26] In brief, 2.5  ×  105 MCF‑7  cells were seeded into 24‑well 
plates and cultured for 24  h. Then, MCF‑7  cells were scratched to 
make wound with a sterile 0.2‑ml pipette tip, and the cells were 
washed with phosphate‑buffered saline buffer  (pH  7.4). The new 
complete medium  (1  ml) containing various concentrations of noni 
extract (0–100 µg/ml) was added, and images were taken from 0 to 48 h 
by an inverted microscope (×10) (TS100, Nikon, Japan). Cell migration 
suppression was expressed as the percentage of the relative closure of the 
scratched wound to the distant of uncovered region.

Construction of pseudoternary phase diagrams
The systems consisted of olive oil or IPM as an oil phase. PEG40 hydrogenated 
castor oil or polysorbate 80 served as a surfactant. Sorbitan oleate and water 
were used as a co‑surfactant and an aqueous phase, respectively. The weight 
ratios of surfactant and co‑surfactant (Km) were varied at 1:1, 2:1, and 3:1 
for the development of pseudoternary phase diagrams. The pseudoternary 
phase diagrams were constructed using water titration method at ambient 
temperature. For each phase diagram, the weight ratio of oil and surfactant 
mixed with co‑surfactant (Smix) were varied from 1:9, 2:8, 3:7, 4:6, 5:5, 6:4, 
7:3, 8:2, and 9:1. These mixtures were tittered drop by drop with de‑ionized 
water under magnetic stirring. After each mixing, the sample was allowed 
to equilibrate for 24 h. The samples were visually observed and classified 
as MEs when clear liquids were obtained. The formation of MEs was 
confirmed using a polarized light microscope (BA300, Motic, Hong Kong). 
The percentage area of the phase diagram that covered ME regions was 
determined by a cut‑and‑weight method.[27]

Preparation of blank microemulsions and noni microemulsions
After the identification of ME region in the pseudoternary phase 
diagrams, the MEs were selected from the diagrams. The extract was 
incorporated into the selected MEs by dissolving the extract in water 
phase before mixing with other ingredients.

Characterization of blank microemulsions and noni 
microemulsions
The characteristics of the blank and noni MEs were studied as follows:

Physical appearance
Physical appearance of MEs was determined by visual examination in 
terms of phase separation, clarity, and transparency.

Viscosity
The viscosity of MEs was measured at 25°C by using a Brookfield 
DV‑II programmable rheometer equipped with a CP52 cone and plate 
spindle (Brookfield Engineering laboratories Inc., Massachusetts, USA).

pH
The pH value for MEs was determined at 25°C by using a pH 
meter (SevenEasy, Mettler Toledo, USA).

Stability study
The stability of the noni MEs was performed at RT and 45°C for 2 months. 
The physical appearance, viscosity, and pH of the noni MEs were 
evaluated as described above. In addition, the rutin content, indicating 
the chemical stability of noni MEs, was analyzed before and after the 

stability test. Briefly, the MEs were thoroughly mixed with methanol at a 
ratio of 1:1. The samples were then centrifuged at 5000 rpm for 30 min. 
The supernatant was further filtered through 0.45‑µm nylon membrane 
filter, and the filtrate was analyzed for rutin content by using HPLC as 
previously described. The percentage of remaining rutin content was 
calculated.

Statistical methods
All experiments were repeated three times, and the data were expressed as 
the mean value ± standard deviation. Statistical data were analyzed using 
one‑way analysis of variance, followed by Turkey’s post hoc test. The analyses 
were conducted using Sigma Stat software version 3.5 (Systat Software Inc., 
San Jose, CA, USA). P < 0.05 was considered statistically significant.

RESULTS AND DISCUSSION
Rutin content and antioxidant activity of the noni 
fruit extract
Appearance of the extract was a viscous yellowish‑brown resin. The 
percentage yield of the extract obtained was approximately 9.83% (w/w) 
[Table  1]. With HPLC technique, the rutin peaks were well resolved 
under isocratic elution with retention times of 4.3  min, and the rutin 
content in the extract was 4.02 ± 0.34 mg/g.
According to the decreasing risk and progression of cancer associated 
with antioxidant activity of rutin, antioxidant activity of the noni fruit 
extract was determined. The noni fruit extract has antioxidant activity 
with IC50 of 1.03 ± 0.01 mg/ml.

Table 1: Percentage yield, rutin content, and antioxidant activity of the 
extract

Sample Yield 
(% w/w)

Rutin content 
(mg/g)

IC50 of DPPH radical 
scavenging activity

Noni fruit extract 9.83 4.02±0.34 1.03±0.01 mg/ml
Ascorbic acid ‑ 8.66±0.26 µg/ml

DPPH: 2, 2‑Diphenyl‑1‑picrylhydrazyl; IC50: Half maximal inhibitory 
concentration

Figure  1: Effect of noni fruit extract on Michigan Cancer Foundation-7 
cell viability. The cells were treated with various concentrations of 
0–250 µg/ml extract for 48  h, and the cell viability was determined by 
sulforhodamine B assay. The results are presented as percentage of 
control and represented as mean  ±  standard error of the mean values 
from three independent experiments. *P  <  0.05 as compared with the 
control group
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work of Moongkarndi et al.,[10] in which the ethanolic noni fruit extract 
showed cytotoxic activity on human breast cancer cells.

Effects of noni fruit extract on cell migration in 
Michigan cancer foundation-7 cancer cells
In general, metastasis is the process of tumor cell migration from 
the primary site to distant organs via the circulatory system and 

Figure  2: Effect of noni fruit extract on Michigan Cancer Foundation-7 cell migration. The cell monolayers were scratched by a 0.2-ml pipette tip, and 
then the cells were treated with the extract at 50, 100, and 250 µg/ml for 48 h. (a) The results are presented as percentage of control and represented as 
mean ± standard error of the mean values from three independent experiments. *P < 0.05 as compared with the control group. (b) Pictures of Michigan 
Cancer Foundation-7 cell migration which were monitored and captured by an inverted microscope (×10)

b

a

Effects of noni fruit extract on cytotoxicity in 
Michigan cancer foundation-7 cancer cells
The results showed that the extract had cytotoxicity on MCF‑7  cells. 
Compared with the control group, the extract reduced the number 
of MCF‑7  cells in a dose‑dependent manner with IC50 value of 
158.4  ±  12.5 µg/ml  [Figure  1]. The results are in agreement with the 

Table 2: Composition of the surfactant blends and their final HLB values

Type of oil Surfactant Co‑surfactant Weight ratio Final HLB Microemulsions area (%)
Olive oil
HLB=7.0

PEG40 hydrogenated castor oil Sorbitan oleate 1:1 9.15 9.65
2:1 10.80 9.08
3:1 11.58 7.88

Polysorbate 80 1:1 9.65 9.99
2:1 11.47 7.70
3:1 12.33 5.11

Isopropyl myristate
HLB=11.1

PEG40 hydrogenated castor oil Sorbitan oleate 1:1 9.15 0.39
2:1 10.80 3.69
3:1 11.58 9.48

Polysorbate 80 1:1 9.65 7.86
2:1 11.47 3.40
3:1 12.33 1.97

HLB: Hydrophilic‑lipophilic balance
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the scratched wound closer was inhibited. The results demonstrated that 
the extract could inhibit the migration of MCF‑7 breast cancer cells in 
a dose‑dependent manner and showed significant effect at 100 μg/ml 
[Figure 2a]. At this concentration, the extract inhibited MCF‑7 cancer 
cell migration by approximately 40% when compared with the control 
group [Figure 2b].

Table 3: Compositions of the selected blank microemulsions

Formulation Oil Smix km Oil (%) Smix (%) Water (%)
Blank ME‑1 Olive oil PEG40 hydrogenated castor oil: sorbitan oleate 1:1 52.0 40.0 8.0
Blank ME‑2 Olive oil 1:1 44.0 48.0 8.0
Blank ME‑3 Olive oil Polysorbate 80:sorbitan oleate 1:1 56.0 40.0 4.0
Blank ME‑4 Olive oil 1:1 36.0 56.0 8.0
Blank ME‑5 IPM PEG40 hydrogenated castor oil: sorbitan oleate 3:1 56.0 36.0 8.0
Blank ME‑6 IPM 3:1 48.0 44.0 8.0
Blank ME‑7 IPM Polysorbate 80:sorbitan oleate 1:1 36.0 52.0 12.0
Blank ME‑8 IPM 1:1 32.0 56.0 12.0

IPM: Isopropyl myristate; Smix: Surfactant mixed with co‑surfactant

Figure  4: Pseudoternary phase diagrams of olive oil, water, Smix 
(Polysorbate 80: sorbitan oleate) at Km ratio of (a) 1:1, (b) 2:1 and (c) 3:1

c

b

a

Figure  3: Pseudoternary phase diagrams of olive oil, water, Smix 
(polyethylene glycol hydrogenated castor oil: sorbitan oleate) at Km ratio 
of (a) 1:1, (b) 2:1 and (c) 3:1

c

b

a

establishes a secondary tumor. Such metastases are the majority cause of 
cancer‑associated mortalities.[26] In this study, wound‑healing assay was 
used to determine cell migration suppression of the extract on MCF‑7 
cancer cells. If the extract could suppress migration of the MCF‑7 cells, 
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From the results, ethanolic noni fruit extract has a major effect on cell 
migration suppression compared with cytotoxicity and antioxidant 
effects. This study demonstrated that noni fruit extract can be 
potentially used as an anticancer agent for breast cancer treatment 
with its cytotoxic activity and suppression of breast cancer cell 
metastasis.

Construction of pseudoternary phase diagrams
In this study, olive oil and IPM were selected as an oil phase. PEG40 
hydrogenated castor oil and polysorbate 80 were used as a surfactant, 
and sorbitan oleate was used as a co‑surfactant because all components 
are particularly accepted as safe and nontoxic agents for use in a number 
of pharmaceutical and cosmetic product.[28,29] The pseudoternary phase 
diagrams  using olive oil or IPM as an oil phase are shown in Figures 
3‑6. The results showed that the percentage area of ME regions in the 
pseudoternary phase diagrams decreased following increasing in the Km 
value [Figures 3, 4 and 6]. However, the pseudoternary phase diagrams 
of IPM with Smix of PEG40 hydrogenated castor oil and sorbitan oleate 
showed different results [Figure 5]. These results could be explained by 
the hydrophilic–lipophilic balance  (HLB) value of the used surfactant 
blends that matches the HLB value of the used oil which provided the 

lowest interfacial tension between the oil and water phase.[27] However, 
the pseudoternary phase diagrams of IPM with Smix of polysorbate 80 
and sorbitan oleate showed unexpected results. This might be due to not 
only the HLB value, but also the component of formulation which plays 
a major role in the formation of ME. The percentage area of ME regions 
from each pseudoternary phase diagram and the final HLB value of each 
surfactant blends are shown in Table 2.
Two representative MEs of each pseudoternary phase diagram were 
selected. The compositions of the eight MEs, named blank ME‑1–blank 
ME‑8, are given in Table 3. The extract was added to MEs at 0.7% w/w.

Characterization of blank and noni microemulsions
The physical appearance of blank ME prepared from olive oil was light 
yellow in color, while that prepared from IPM was clear colorless. Using 
polysorbate 80 and sorbitan oleate as a surfactant blend, the color the 

c

b

a

Figure 5: Pseudoternary phase diagrams isopropyl myristate (IPM), water, 
Smix (polyethylene glycol hydrogenated castor oil: sorbitan oleate) at Km 
ratio of (a) 1:1, (b) 2:1 and (c) 3:1

c

b

a

Figure 6: Pseudoternary phase diagrams isopropyl myristate (IPM), water, 
Smix (Polysorbate 80: sorbitan oleate) at Km ratio of (a) 1:1, (b) 2:1 and (c) 3:1
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b

a

Figure  7: Percentage remaining of unformulated noni fruit extract 
and the extract formulated in ME2  (noni ME-2) and ME3  (noni ME-3) 
formulations after storing at different temperatures:  (a) RT and (b) 45°C 
for 2  months. The results are presented as mean  ±  standard deviation 
values (n = 3). *P < 0.05 as compared with day 0 and #P < 0.05 as compared 
with unformulated extract

MEs obtained was more yellow than that of MEs prepared with PEG40 
hydrogenated castor oil and sorbitan oleate. According to the color of 
the extract, the noni MEs prepared were dark yellow in color than that 
the blank ME prepared. Eight MEs containing the extract were given 
product code as noni ME‑1–noni ME‑8  [Tables  4 and 5]. The mean 
viscosity and pH of the blank and noni ME are shown in Tables 4 and 5. 
The viscosities of the blank ME and the noni ME prepared were in the 
range of 140–700 cps in all formulations. Incorporation of the extract 
slightly decreased the viscosity of MEs. However, the extract did not 
change the general characteristics of the prepared MEs. The pH of all 
blank ME prepared was in the range of 7.0–7.9, whereas that of noni ME 
prepared was in the range of 6.2–6.8, which was an appropriate pH range 
for topical formulation. The lower pH of the prepared noni ME was due 
to the acidic properties of the extract.

Stability study
Following the stability test, the viscosity and pH of all formulations were 
slightly decreased. Using olive oil as an oil phase, only the noni ME‑2 and 
noni ME‑3 were still clear and transparent without any phase separation 
after storing at RT and 45°C [Tables 4 and 5]. However, using IPM as 
an oil phase, phase separation was found in all formulations  (noni 
ME‑5–noni ME‑8) after storing at both conditions. Therefore, the noni 
ME‑2 and noni ME‑3 were further determined for the rutin content. 
As shown in Figure 7, it was found that the unformulated noni extract 
significantly degraded much faster than the noni extract formulated in 

ME‑2 and ME‑3. High temperature, i.e., at 45°C, has a slight effect on the 
degradation of noni extract compared to RT [Figure 7]. The noni ME‑3 
was found to be the most stable formulation.

CONCLUSION
This study demonstrated that noni fruit extract possesses antioxidant 
activity and could also inhibit MCF‑7 cell viability and cell migration. 
The topical ME containing the noni fruit extract was successfully 
developed. The system consisted of 0.7%  w/w noni extract, 56%  w/w 
olive oil, 20% w/w polysorbate 80, 20% w/w sorbitan oleate, and 4% w/w 
water phase. The developed noni ME shows potential to be used for the 
topical treatment of breast cancer.
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Table 4: The physical appearance, viscosity, and pH of blank and noni 
microemulsions prepared (ME1–ME4) before and after the stability test

Formulation 
code

Conditions Phase separation Viscosity (cps) pH

Blank ME‑1 ‑ No 543.7±0.7 7.06±0.18
Noni ME‑1 Before No 529.9±14.7 6.30±0.14

RT Yes 612.5±16.3 6.05±0.09
45°C No 534.8±5.2 5.88±0.10

Blank ME‑2 ‑ No 703.5±0.5 7.13±0.04
Noni ME‑2 Before No 716.7±14.0 6.24±0.13
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45°C No 422.0±15.8 6.10±0.08

RT: Room temperature

Table 5: The physical appearance, viscosity, and pH of blank and noni 
microemulsions prepared (ME5-ME8) before and after the stability test

Formulation 
code

Conditions Phase separation Viscosity (cps) pH

Blank ME‑5 ‑ No 148.8±0.7 7.98±0.05
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RT Yes 120.1±2.0 5.68±0.29
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45°C Yes 461.4±12.0 5.65±0.08

Blank ME‑7 ‑ No 140.9±0.2 7.39±0.15
Noni ME‑7 Before No 141.2±2.1 6.78±0.10

RT Yes 126.0±1.0 6.12±0.20
45°C Yes 126.3±1.2 5.76±0.21

Blank ME‑8 ‑ No 187.5±0.0 7.03±0.03
Noni ME‑8 Before No 193.1±7.5 6.71±0.18

RT Yes 168.0±4.6 6.44±0.06
45°C Yes 161.1±5.5 6.00±0.03

RT: Room temperature
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