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Synopsis

Glutathione reduced (GSH) is the mother of all the antioxidants and has an antimelanogenic effect. It is 
extremely vulnerable to oxidation in the solution form which limits its use. The GSH in nano-oil droplets present 
a potential solution to this problem. The aim of this study was to formulate glutathione-loaded nanoemulsion 
and assess its stability studies over a 90-day testing period. To formulate GSH-loaded nanoemulsion pseudo-
ternary phase diagram, it was built with various concentrations of water, liquid paraffi n oil, and surfactant mixture 
(Tween 80 and Span 80). The oily phase was prepared by dissolving the GSH (450 mg) in liquid paraffi n oil 
through stirring. High-energy homogenization was used to prepare the nanoemulsion. From preformulation 
stability studies of the 28-day testing period, nanoemulsion (NE-19) with oil and surfactant mixture ratio (1:1) 
of hydrophilic lipophilic balance (HLB) value 10 was selected. The samples of NE-19 and its respective 
base (B-19) were kept at four different storage conditions for a period of 90 days and evaluated for physical 
characteristics, droplet size and distribution analysis, zeta potential analysis, electrical conductivity, mobility, 
polydispersity, pH, phase separation, and fl ow analysis at different time intervals. Glutathione in nano-oil 
droplets with nonionic surfactants produced oil-in-water nanoemulsions that were thermodynamically stable 
over the 90-day testing period at different storage conditions. NE-19 was formulated having non-Newtonian 
fl ow and pseudo-plastic behavior. pH was found in the range of 5–6. Polydispersity was less than 0.3. The droplet 
size of fresh nanoemulsion was 96.05 nm, whereas the zeta potential was −37.1. Mobility and electrical 
conductivity were −2.726 µm cm/Vs and 0.0141 mS/cm, respectively. Glutathione-loaded nanoemulsions 
have excellent stability, promising the solution in nano-oil droplets and are suggested for in-vivo release studies 
for oxidative skin related diseases.

INTRODUCTION

In contemporary eras, extensive and continuous development in consumer claim in the 
fi eld of cosmetics has spurred the development of sophisticated formulations, aiming at high 
performance, attractive appearance, sensorial benefi t, and safety. Although with increasing 
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demand from consumers, the formulators have certain problems regarding the optimum 
equilibrium between active compound concentration and the formulation base for skin 
structure regarding the ideal penetration of the active compound into the natural skin 
barrier (1).

Glutathione is a resilient antioxidant often called the mother of all the antioxidants. It is 
a tripeptide antioxidant based on three amino acids; cysteine, glycine, and glutamine (2,3). 
Glutathione transpires in both reduced (GSH) and oxidized (GSSG) states. The GSH 
is a biologically active sulfhydryl group which allows for interactions with a variety of 
biochemical systems. It is the most crucial molecule needed to stay healthy and prevents 
diseases. Apart from its several natural purposes, it is thought to be a contributory in 
generating skin lightening because of its tyrosinase-inhibitory activity (2).

Many lightening compounds are melanocyte-toxic (2). These melanocyte-toxic compounds 
are oxidized in the cell to harvest extremely deleterious intermediates such as quinones. 
These quinones retract melanocytes, ultimately triggering spanking of pigment. But 
GSH is purported to shield the melanocytes from oxidation through its antioxidant pro-
tective effects (4,5). GSH is extremely exposed to oxidation in the solution form. GSH is 
hydrolyzed by intestinal and hepatic gamma-glutamyl transferase, resulting in abridged 
bioavailability when directed orally. Most of the absorbed GSH sustains within the gut 
luminal cells and could be found in the general circulation (6). So, it produces pronounced 
stability and absorption complications (7) which restrain their persistence for new formu-
lations. The submicron or nano-size of active molecules is enough to cross the skin barriers 
during penetration into the skin (8,9). The drug molecules sized in nanometer range offer 
some exclusive features which can lead to sustained circulation, upgraded drug localiza-
tion, enhanced drug effi cacy, etc., and by means of the variety of dosage forms these better 
performances can be accomplished. Chemically unstable drugs can be supplied to the skin 
by means of nanosystems (10). A nanoemulsion can resolve these issues because it has the 
ability to protect GSH as the GSH will be in the oil globule of a O/W nanoemulsion. It 
has been shown that the smaller the particle size the greater the absorption into skin 
Stratum corneum (1). The S. corneum is the fi rst-line barrier of the skin because of its lipo-
philicity and high cohesion between cells (11). Hence, good stability and penetration 
effi cacy could be attained. That is why a GSH-loaded nanoemulsion was formulated to 
achieve the desired stability.

MATERIALS AND METHODS

MATERIALS

Glutathione reduced 98% (GSH) was purchased from Acros organics (Fair Lawn, NJ). 
Liquid paraffi n oil was purchased from Merck (KGaA, Darmstadt, Germany). Polyethyl-
ene glycol sorbitan monooleate (Tween 80) and sorbitan monooleate (Span 80) were pur-
chased from Merck. All other chemicals were of analytical grades.

METHODS

A modifi ed method was adopted to prepare the GSH-loaded nanoemulsion (1). Surfactant 
mixture (Smix) was dissolved in distilled water with continuous agitation to prepare a 
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homogeneous aqueous phase. Oily phase was prepared by the dissolving GSH in liquid 
paraffi n oil through stirring. The oil phase was added to the aqueous phase drop-by-drop 
with constant stirring by a magnetic stirrer at the rate of 1,100 rpm (12). The homogenized 
mixture (coarse emulsion) was left stirring for 2 h, at 1,100 rpm at room temperature, and 
then, it was homogenized with a high-pressure homogenizer at 15,000 rpm for 10 min 
(13). The concentration of GSH (450 mg) was kept constant by adjusting each formula-
tion (14). The pseudo-ternary phase diagram is very signifi cant in fi nding the optimum 
concentrations of the ingredients while preparing a nanoemulsion (15). Different concen-
trations of liquid paraffi n oil, water, and Smix were mixed and nanoemulsion regions were 
determined (Figure 1) by constructing the pseudo-ternary phase diagram using the soft-
ware Chemix School 3.60 (Arne Standes, Burgen, Norway).

To develop a stable o/w nanoemulsion, several preliminary stability studies were performed. 
These nanoemulsions were made from pseudo-ternary phase diagrams having HLB values 
9, 10, 11, and 12. The HLB value was kept greater than eight. Three PTPDs (Pseudo 
Ternary Phase Diagrams) were constructed by keeping constant the oil concentration and 
Smix. Thirty-three nanoemulsions (w/w) were made in which the HLB values of NE-1 to 
NE-6, NE-7 to NE-12, NE-19 to NE-23, NE-13 to NE-18, NE-24 to NE-28, and NE-
29 to NE-33 were 9, 10, 11, and 12, respectively. These formulations were subjected to 
preliminary stability studies over a 28-d testing period at 25°C in an incubator. Two 
nanoemulsions, NE-18 and NE-19 were stable during this preliminary stability study. 
The nanoemulsions NE-18 and NE-19 were again tested for a 90 days at 25°C to fi nd the 
most stable nanoemulsion (Table I).

NE-19 was stable, whereas phase separation was found at the end of the 90-d testing 
period in NE-18. During this preformulation stability study factors such as color, phase 
separation, and liquefaction were observed. The NE-19 having a HLB value of 10 was 
selected and eight samples of nanoemulsions (B-19 and NE-19, four samples each) were 

Figure 1. Pseu do-ternary phase diagram.
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repeated and prepared to evaluate the stability studies according to ICH (International 
Council for Harmonisation) guidelines (16). B-19 was without GSH. Four samples each 
of B-19 and NE-19 were kept at four different storage conditions which were 4, 25, 40, 
and 40°C ± 75% RH (Relative humidity) (16) and observed at intervals of 0 h, 24 h, 48 
h, 72 h, 7 d, 14 d, 21 d, 28 d, 45 d, 60 d, and 90 d. Color, odor, and liquefaction of B-19 
and NE-19 were clarifi ed by means of visual appearance (17). The pH measurements 
were taken by means of a pH meter (model Zubehorbox pH; InoLab, Weilheim, Ger-
many). Phase separation analysis was performed by centrifugation of B-19 and NE-19 
at 5,000 rpm for 10 min in a centrifugation machine (model: 5810R; Eppendorf, 
Hamburg, Germany). The turbidity of NE-19 and B-19 was noted visually.

Flow characteristics were measured with a cone-plate rheometer, using CP41 spindle and 
operated with the software Rheocalc 1.01 (Brookfi eld Digital Rheometer, Model DV-III, 
Brookfi eld Engineering Laboratories, Middleborough, MA). The viscosities of fresh NE-
19 and B-19 were measured at 100–200 rpm speed (with 50 increments). All the measure-
ments (n = 3) were taken at 25°C on a rheometer For evaluation of fl ow characteristics 
(16), Power’s Law was applied as follows:

 = ,nkD

where, τ = shear stress, D = yield stress (stress at zero shear rate), k = plastic viscosity, and 
n = shear rate.

Analysis of the average diameter is very signifi cant for the confi rmation of nanoemulsion 
droplet size. The NE-19 was evaluated for mean droplet size, zeta potential, mobility, elec-
trical conductivity, and polydispersity by using dynamic light scattering (Zetasizer, model 
ZS; Malvern Instruments, Worcestershire, UK). Measurements were performed at 25°C 
using a scattering angle of 90° (10). The average droplet size, zeta potential, mobility, 
electrical conductivity, and polydispersity were recorded for samples of NE-19 (0 d, 30 d, 
60 d, and 90 d).

STATISTICAL ANALYSIS

Statistical analysis was performed using SPSS software by applying two-way ANOVA 
(Analysis of variance) (16).

RESULTS

The two nanoemulsions NE-18 and NE-19 were stable after the 28-d testing period, 
whereas other formulations showed instability at different time intervals (Table I), which 

Table I
Preliminary Stability Study of NE-18 and NE-19 for the 90-d Testing Period

Formulations S/No Nanoemulsion code

Effects at 25°C, after

30 d 60 d 90 d

1 NE-18 Stable Stable Phase separation
2 NE-19 Stable Stable Stable
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were subjected further to a 90-d testing period. The results showed that NE-19 was the most 
stable formulation for the fabrication of GSH stability. NE-18 showed phase separation 
at the end of the testing period. Freshly prepared B-19 and NE-19 were milky white, had 
pleasant odor, and had no phase separation after accelerated centrifugation test at the start 
of the testing period and remained stable at the end of the 90-d period (Figure 2). No phase 
separation was found in samples of B-19 and NE-19 kept at 4 and 25°C after each subse-
quent time interval, but at 90 d, phase separation was observed in samples of B-19 and 
NE-19 kept 40 and 40°C ± 75 RH. There was no turbidity seen. The pH values mea-
sured at various storage conditions are shown in Table II. The average droplet size and 
zeta potential, mobility, and electrical conductivity of freshly prepared B-19 recorded 
were 184.25 nm, −30.85 mV, −2.911 µm cm/Vs, 0.254, and 0.0236 mS/cm, respec-
tively. The average droplet size and zeta potential, mobility, polydispersity, and electrical 
conductivity of NE-19 recorded are shown in Table III. The droplet size distribution and 
intensity distribution of NE-19 are shown in Figure 3.

The Power’s law math model provided the analysis of the behavior of data sets. The vis-
cosities of freshly prepared B-19 and NE-19 were found to be 3,363.492 and 4,425.712 cP, 
respectively. Flow index of B-19 and NE-19 were 0.28 and 0.21, respectively. Confi dence 
of fi t of the base and NE-19 were found to be 99.6 and 99.8, respectively. Rheograms for 
B-19 and NE-19 have been shown in Figure 4.

DISCUSSION

Nanoemulsions are appealing delivery systems because of their high stability, low amount 
of surfactants, low viscosity, and good development. They are signifi cant because of their 
small droplet size and close contact with the S. corneum, so the active molecules easily reach 
the site of action (1).

In topical formulations, GSH is at risk of degradation as it oxidizes quickly in water. In 
GSH-loaded (o/w) nanoemulsion, GSH can be prevented from degradation as it remains 
inside oil globules dispersed in the aqueous phase. That is why a GSH-loaded o/w nano-
emulsion was fabricated to increase the stability of GSH.

The modifi ed method was adopted to fabricate a GSH-loaded nanoemulsion to achieve the 
smallest globule size because the smaller the droplet size, the more stable the nanoemulsion 

Figure 2. (A) B -19 and (B) NE-19.
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will be (1,15). Construction of pseudo-ternary phase diagrams is the best way to study all 
kinds of formulations that can be derived from the mixing of surfactants, water, and oil 
because the diagrams can cover all probabilities of mixing ratios and possible areas of 
fi nding nanoemulsion. All kinds of formulations derived from mixing of oil, water, and 
surfactants can be studied with the help of a ternary phase diagram for nanoemulsion 
formulations of liquid paraffi n oil, water, and Smix (tween 80 + span 80) with different 
HLB values 9, 10, 11, and 12. Smix was preferred because a single surfactant was not enough 
to form the layer at the interface while developing a nanoemulsion. Thirty-three nano-
emulsion formulations were derived from pseudo-ternary phase diagrams and subjected 
to a stability study of 90 days to select the most stable nanoemulsion system. Formula-
tion NE-19 was found to be the most stable formulation having a HLB value of 10. The 
formulation NE-19 was stable because there was an optimum concentration available to 
make the interfacial fi lm around the oil globules dispersed in the aqueous phase. This 
ratio of Smix (T80 = 4.26%: S80 = 3.74%) increased the interfacial tension of the interfacial 
fi lm and developed a stable nanoemulsion (18).

Centrifugation involves the application of centripetal force to separate two immiscible 
liquids and is performed to check whether a nanoemulsion is stable or not. The ability of 
a formulation to resist change in its physical and chemical characteristics is called its 
stability (16). NE-19 and B-19 were centrifuged at 5,000 rpm for 10 min. However, no 
phase separation occurred in the NE-19 and B-19 after centrifugation. The formulations 
were tested for kinetic stability by centrifugation, and only the formulations that exhibited 

Table II
pH Values for B-19 and NE-19 Kept at 4, 25, 40, and 40°C + 75% RH

Storage time

4°C 25°C 40°C 40°C + 75% RH

B-19 NE-19 B-19 NE-19 B-19 NE-19 B-19 NE-19

Fresh 5.92 5.79 5.92 5.79 5.92 5.79 5.92 5.79
24 h 5.72 5.53 5.61 5.59 5.64 5.53 5.43 5.49
48 h 5.43 5.39 5.28 5.48 5.35 5.11 4.98 5.38
72 h 5.31 5.28 5.12 5.33 5.21 4.95 4.92 5.24
7 d 5.14 5.16 5.04 5.21 5.09 4.87 4.87 5.09
14 d 4.98 5.03 4.91 4.98 4.93 4.84 4.81 4.92
21 d 4.82 4.92 4.68 4.72 4.82 4.72 4.77 4.81
28 d 4.69 4.78 4.49 4.67 4.71 4.68 4.64 4.73
45 d 4.54 4.76 4.41 4.63 4.63 4.65 4.51 4.69
60 d 4.49 4.61 4.39 4.60 4.54 4.61 4.39 4.67
90 d 4.41 4.53 4.35 4.47 4.48 4.43 4.31 4.37

Table III
Average Droplet Size and Zeta Potential, Polydispersity, Mobility, and Electrical Conductivity 

of NE-19 after Different Time Intervals at 25°C

Sample name
Droplet size 

(nm)
Zeta potential 

(mV)
Polydispersity 

index
Mobility 

(µm cm/Vs)
Electrical 

conductivity (mS/cm)

Fresh NE-19 96.05 −37.1 0.189 −2.726 0.0141
NE-19 after 30 d 155.0 −34.2 0.208 −2.911 0.0236
NE-19 after 60 d 181.3 −34.8 0.286 −2.684 0.0269
NE-19 after 90 d 190.09 −34.0 0.277 −2.459 0.0289
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no phase separation or inversion, cracking, creaming, or coalescence after these stress tests 
were selected for further storage stability studies.

Physical characteristics based on visual observations confi rm that whether the formula-
tion is physically stable or not (16). The color of the nanoemulsion was milky white, this 
was because of preparation temperature change, i.e., emulsifi cation at 25°C. With the 
increase of preparation temperature from 20 to 70°C, the nanoemulsion tends to develop 
transparency because of the emulsion droplet diameter decreasing from 10.3 µm to 51 nm, 
proving the formation of nanoemulsions (19). There was no change in the milky white 
color, no liquefaction, and no phase separation in NE-19 and B-19 on storage at 4, 25, 
40, and 40°C + 75% RH over the 90-d testing period. This shows the stability of NE-19. 
The stability against Ostwald ripening is outstanding because of the extremely low solu-
bility of the paraffi n oil in the continuous (19,20), whereas absence of liquefaction pro-
vides strong evidence of nanoemulsion stability (21). The absence of liquefaction might 
be because of the adopted method of high-pressure homogenization. Homogenization 
decreases liquefaction (22). There was no phase separation in any NE-19 and B-19 samples 

Figure 4. Rheogra m of B-19 and NE-19 at 25°C.

Figure 3. Drople t size distribution and intensity distribution data of freshly prepared NE-19.
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at intervals 0 h, 24 h, 48 h, and 72 h, and on days 7, 14, 21, 28, 45, 60, and 90. There 
was no phase separation in any NE-19 and B-19. However, phase separation occurred in 
the NE-19 and base stored at 40 and 40°C + 75% RH at the 90th day. This may have 
occurred because of Ostwald ripening in which molecules move as a monomer, and the 
formation of larger droplets occurred because of the coalescence of small droplets by dif-
fusion processes driven by the gain in surface free energy (6).

In most colloidal dispersions, the sizes of dispersed structures and the density difference 
between the continuous and dispersed phase are small enough that thermal energy can 
keep the colloids from sedimentation under gravity for an extended period of time (21).

Turbidity is haziness or cloudiness or disturbance of a liquid caused by a large number of 
factors (droplet size, etc.) and the measurement of turbidity is a key test for stability (23). 
The turbidity of NE-19 and B-19 was checked visually at 4, 25, 40, and 40°C + 75% RH and 
there was no turbidity seen in them. The variation of the turbidity of a sample as a function 
of time depends on the fl occulation rate. The turbidity of a nanoemulsion results from the 
contributions of conventional aggregates, bigger drops, and mixed aggregates (24).

pH is the count of total ions present in a formulation. Stable formulations afford very 
little change in pH. The pH of the skin is normally considered 3–7 (25). The pH of NE-19 
tallies with skin pH and there is a little decrease in the pH of NE-19. At the start of the 
stability study, the pH of fresh samples of NE-19 and B-19 were 5.79 and 5.92. At the 
end of 90 days of the stability studies, the pH were 4.53, 4.47, 4.43, and 4.37 and 4.41, 
4.35, 4.48, and 4.31 at 4, 25, 40, and 40°C + 75% RH, respectively. By applying two-way 
ANOVA, the change in pH of NE-19 and B-19 was found to be insignifi cant with respect 
to time. The pH values of both nanoemulsions, which were unchanged could be because 
of the stability of the ingredients in the formulation. Thus, this indicated that there was 
no degradation or ionization of chemicals in the formulation at storage conditions during 
the testing period. However, because the particle size and the pH value did not signifi -
cantly change across different conditions, we considered our nanoemulsion to be stable.

Changes in the electrical conductivity can imply nanoemulsion variability and may fl uc-
tuate the nanoemulsion droplet size (26). In these studies, the increase in electrical conduc-
tivity was minor and prediction of emulsion stability in this way was diffi cult because the 
relationship between an increase in electrical conductivity and emulsion instability is not 
linear. Thus, we could not conclusively determine the nanoemulsion’s stability by this 
parameter. Similar results are reported by Bernardi et al. (27).

Physical stability of nanoemulsions throughout their life is very important, and no or min-
imal changes in the particle size distribution are necessary. The nanoemulsion stability is 
strictly related to the nanodroplet size distribution. A large droplet size may enhance 
Ostwald ripening which causes the increase in droplet size and can lead to creaming and 
coalescence. A fast droplet size increase indicates low system stability (24). The mean 
droplet sizes recorded for fresh NE-19, after 30, 60, and 90 days were 96.05 nm, 155, 
181.3, and 190, respectively. The range of the droplet size of all formulations should be 
between 30 and 500 nm (28). There was no large increase in the droplet size of NE-19. 
The nanoemulsions had polydispersity index values less than 0.3 throughout the 90-d 
testing period, indicating the high fi delity of the system (low polydispersity), which may 
refl ect the overall stability of this formulation and synthesis method. Polydispersity val-
ues near 1.0 are indicative of a polydisperse system (27). The long-term stability of nano-
emulsions was evaluated and was also verifi ed by stability studies conducted over 3 mo. 
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The W/O nanoemulsion produced by high-energy homogenization showed no difference 
in droplet size over the study period at both 25 and 4°C. The NE-19 demonstrated high 
physical stability, verifying our results for storage conditions of 4 and 25°C. High-energy 
homogenization is better at producing stable nanoemulsions than its other preparation 
methods. When nanoemulsions were prepared using a high-pressure homogenizer, the 
droplet size was initially around 100 nm; however, the particles increased in size after 30 d 
at 25°C. This phenomenon was attributed to the preparation method. The high-energy 
emulsifi cation method used in our study showed high stability with respect to the droplet 
size and polydispersity index (29).

Zeta potential is a measurement of charge on the nanodroplets; when it is high, nanodroplets 
repel each other because of similar charges. The zeta potential is very signifi cant in deter-
mining the stability of nanoemulsions, all the nanoemulsions which have zeta potential 
greater than ±30 mV are considered more stable (30). The zeta potential of all NE-19 
formulations was found to be negative and more stable as zeta potential is greater than 
±30 mV. The zeta potential of fresh NE-19 was −37.1 mV; after 30 days, it was −34.2 mV; 
and after 60 days, it was −34.8 mV. The mobility of fresh NE-19 was −2.726 µm cm/Vs; 
after 30 days, it was −2.911; and after 60 days, it was −2.59. When the zeta potential is 
high (>−30 mV), the nanodroplets repel each other because of similar charges and there 
is no coalescence and aggregation. The charge on the droplet surface causes the transpor-
tation of drug molecules through various physiological barriers (31).

Rheological properties characterize the spreadability features of the nanoemulsion (32). 
There is a decrease in viscosity as the shear rate and shear stress increases. NE-19 and 
B-19 have shown non-Newtonian fl ow and shear-thinning pseudo-plastic behavior on 
varying shear rates, which occurs in cosmetics (33). The decrease in viscosity may be due 
to surfactants (span 80 and tween 80), which play an important role in nanoemulsion 
stability and prevent coalescence and aggregation (34).

CONCLUSION

In this study, a thermodynamically stable nanoemulsion was successfully prepared. The 
droplet sizes were less than 200 nm with good rheology and stability of GSH. It main-
tained normal skin pH values throughout the 90-d testing period. The zeta potential of 
−34 mV, which could impede the coalescence and deposit of the oil nanodroplets, generated 
the stable nanoemulsion formulation. The nanoemulsion was most stable at room tem-
perature compared with the higher temperature (40°C/75 RH) and could be evaluated for 
treatment of oxidative skin related diseases.
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