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Abstract
Background: Andrographolide is a phytoconstituent with anti-inflammatory activity, 
however, the compound’s poor oral bioavailability has hindered its effective formulation 
for oral administration. This study, therefore, aims to develop an ethosome for improving 
andrographolide penetration through the transdermal delivery system. 
Methods: This study developed 3 ethosome formulas with different andrographolide-
phospholipid weight ratios (1:8, 1:9 and 1:10), using the thin-layer dispersion-sonication 
method. Subsequently, the ethosomes were evaluated for particle size, polydispersity index, zeta 
potential, morphology, as well as entrapment efficiency, and incorporated into a gel dosage form. 
Subsequently, an in vitro penetration study was performed using Franz diffusion cells for 24 
hours and the stability of the gels at 5 ± 2°C, 30 ± 2°C, and 40 ± 2°C, were studied for 3 months.   
Results: The results showed the optimal formula was E2, a 1:9 weight ratio formula of 
andrographolide and phospholipid. Based on the transmission electron micrograph, 
E2 possessed unilamellar, as well as spherical-shaped vesicles, and exhibited superior 
characteristics for transdermal delivery, with a particle size of 89.95 ± 0.75 nm, polydispersity 
index of 0.254 ± 0.020, a zeta potential of -39.3 ± 0.82 mV, and entrapment efficiency of 97.89 
± 0.02%. Furthermore, the cumulative andrographolide penetration and transdermal flux 
for the ethosomal gel of E2 (EG2) were 129.25 ± 4.66 µg/cm2 and 5.16 ± 0.10 µg/cm2/hours, 
respectively. All the ethosomal gel formulations exhibited improved penetration enhancement 
of andrographolide, compared to the nonethosomal formulations. Also, the andrographolide 
levels in the ethosomal and nonethosomal gels after 3 months ranged from 98.13 to 104.19%, 
97.93 to 104.01%, and 97.23 to 102.26%  at storage temperatures of 5 ± 2°C, 30 ± 2°C/RH 65% ± 
5%, and 40 ± 2°C/RH 75% ± 5%, respectively.
Conclusion:  This study concluded that encapsulation into ethosome enhances andrographolide 
delivery through the skin. 
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Introduction
Andrographolide, a labdane diterpenoid, is the major 
active constituent of Andrographis paniculata (Burm.f) 
Wall ex Nees and exhibits therapeutic activity, including 
activity against rheumatoid arthritis and other chronic 
inflammatory diseases.1-3 A study by Li et al.,4 showed 
oral suspension of andrographolide reduced the arthritis 
severity and joint damage in mice with collagen-induced 
arthritis. The anti-inflammatory activity of this compound 
has also been proven by the antiproliferation and pro-
apoptotic effects on rheumatoid arthritis fibroblast-like 
synoviocyte cells (RAFLS).5

Andrographolide has low oral bioavailability (1.19 
%) mainly due to the compound’s rapid metabolism 
in the duodenum and jejunum, forming hydrophilic 

and impermeable sulfate metabolites.6,7 This low oral 
bioavailability is also caused by other factors, including 
poor water solubility (3.29 ± 0.73 µg / mL) and the presence 
of efflux transporters that tend to pump andrographolide 
back into the gut lumen.7,8

Transdermal drug delivery is an alternative strategy 
developed to improve andrographolide bioavailability 
by avoiding the hepatic first-pass metabolism, drug 
degradation, and efflux pumps in the digestive tract.9,10 
This route also reduces patient discomfort by eliminating 
the need for oral administration, considering the bitter 
taste of andrographolide. However, this method is also 
constrained by limited bioavailability due to the stratum 
corneum which is the major barrier in the drug penetration 
through the skin.11
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For this reason, lipid vesicles, for instance, ethosomes, 
have been used in transdermal drug delivery. Ethosomes 
are more elastic, as well as flexible, compared to liposomes, 
and therefore, enable drugs to penetrate the skin into 
the systemic circulation more easily.12,13  The high alcohol 
content of the ethosome tends to disorganize and alter 
the permeability of the stratum corneum’s lipid bilayer 
structure, and consequently, enhance transdermal drug 
penetration.14,15 This study, then, aims to formulate 
andrographolide into ethosome vesicles to improve skin 
permeation.

Materials and Methods
Materials
Andrographolide was purchased from Sunrise Nutrachem 
Group Co. (Qingdao, China), while the reference standard 
of andrographolide was procured from Sigma Aldrich, 
Singapore. Furthermore, a gift sample of Phospholipon 90 
G was obtained from Lipoid (Nattermannallee, Germany), 
while laboratory-grade ethanol, methanol,  propylene 
glycol, potassium hydrogen phosphate, sodium hydroxide 
were purchased from Merck (Darmstadt, Germany). 
Sprague Dawley rats were also obtained from Bogor 
Agricultural University (Bogor, Indonesia). 

Formulation of andrographolide-loaded ethosome
Table 1 shows the composition of the andrographolide-
loaded ethosomes formulated using three different 
andrographolide-phospholipid weight ratios (1:8; 1:9; 
1:10), as well as a hydration medium comprising ethanol 
(20%), propylene glycol (5%), and phosphate buffer pH 7.4 
(75%).

The ethosomal suspension was prepared using the thin-
layer dispersion method followed by sonication.16 For this 
preparation, andrographolide and phospholipon 90G were 
dissolved in methanol inside a round-bottom flask, and a 
thin lipid film was formed by removing the organic solvent 
using a rotary evaporator Buchi V-100 (Buchi, Switzerland) 
under vacuum at  54°C and 50-150 rpm. Subsequently, the 
flask was streamed with nitrogen and stored overnight at 
4°C to remove any traces of solvent. The thin lipid film 
on the wall of the flask was then hydrated at 40°C for 1 
hour using 30 mL of hydroethanolic solution which was 
a 20:5:75 ratio mixture of ethanol-propylene glycol-
phosphate buffer pH 7.4. This was followed by subjecting 
the ethosome to sonication for two minutes using a probe 
sonicator Qsonica CL-334 (Cole Parmer, USA) at 20% 

Table 1. The formulation of andrographolide-loaded ethosomes. 

Material E1 E2 E3
Andrographolide (g) 0.5 0.5 0.5
Phospholipon 90 G (g) 4.0 4.5 5.0
Ethanol (mL) 6.0 6.0 6.0
Propylene glycol (mL) 1.5 1.5 1.5
Phosphate buffer pH 7,4 (mL) 22.5 22.5 22.5

E1: ethosome formula 1; E2: ethosome formula 2; E3: ethosome 
formula 3

amplitude, to reduce the vesicle size. 

Characterization of andrographolide-loaded ethosome
Vesicle size distribution and zeta potential measurement
The ethosomes obtained were diluted in distilled water, 
then the particle size and zeta potential were evaluated 
using a computerized particle size analyzer (PSA) Zetasizer 
ZS90 (Malvern, UK).  All the formulas were analyzed in 
triplicates at a scattering angle of 90°.17,18

Morphology
The morphology of andrographolide-loaded ethosomes 
was visualized using Transmission Electron Microscopy 
(TEM) FEI Tecnai G2 20 S-Twin  with LaB6 filament 
operating at 200 kV acceleration voltage (Thermo Fisher 
Scientific, USA). This was performed by placing diluted 
ethosome onto a carbon-coated copper grid and leaving 
the grid to dry before placing it on a slide and conducting 
a TEM evaluation. 

Determination of entrapment efficiency
The ethosomes’ entrapment efficiency was evaluated 
using the centrifugation indirect method, where the 
ethosomes were centrifuged at 14,000 rpm and 4°C, for 
1 hour.  Subsequently, the supernatant containing free 
(unentrapped) andrographolide was collected, diluted with 
methanol, and subjected to HPLC analysis to determine 
the drug concentration. The entrapment efficiency of 
andrographolide in the ethosome was then calculated 
using the following formula.16,19 

 -    (%)   100
 

Total drug Free drugEntrapment efficiency
Total drug

= ×
Eq.(1)

Formulation and evaluation of andrographolide-loaded 
Ethosomal gel
Each andrographolide-loaded ethosome was incorporated 
into a gel in a dose of about 10 mg andrographolide/gram 
gel. Meanwhile, andrographolide gel was also formulated 
without ethosome to serve as a comparison. Table 2 shows 
the composition of the gels which were formulated using 
HPMC with a concentration of 1.5% (w/w) as a gelling 
agent. HPMC was dispersed in water at 70 - 90°C for 10 
minutes and stirred until a homogeneous dispersion was 
formed. Meanwhile, methylparaben and propylparaben 
were dissolved in propylene glycol and mixed with HPMC 
dispersion to form a homogeneous gel base. Subsequently, 
andrographolide-loaded ethosome was added to the 
gel base in the homogenizer and stirred at 100 rpm for 
15 minutes. The organoleptic, homogeneity, pH value, 
viscosity, and rheology properties of the gels obtained were 
then evaluated. 

In vitro penetration study 
The in vitro penetration of the ethosomal and nonethosomal 
gels through the abdominal skin of male Sprague-Dawley 
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rats were evaluated using the Franz diffusion cells with a 
permeation area of 1.77 cm2 and receptor cell volume of 
15 mL. The receptor compartment medium comprised 
phosphate buffer pH 7.4 and methanol (90:10) maintained 
at 37 ± 0.5°C and constantly stirred by a magnetic stirrer at 
300 rpm throughout the experiment. For this evaluation, 
the rat skin was placed in a Franz diffusion cell with the 
stratum corneum positioned upside toward the donor 
compartment and the dermis downside against the receptor 
compartment. Subsequently, a sample of gel equivalent to 
10 mg andrographolide was applied to the skin surface 
and each experiment was performed in triplicate. Samples 
of 1.0 mL were collected from the receptor compartment 
through the sampling port at various time intervals and 
analyzed by HPLC to determine the concentration of 
andrographolide. The graph of the cumulative amount of 
andrographolide penetrated against time was then plotted 
and the steady-state flux was calculated from the slope of 
the linear portion.
 
Stability study
Ethosomes and gel preparations were sealed and stored 
for 3 months at 5°C ± 2°C, 30 ± 2°C/RH 65% ± 5%, and 
40 ± 2°C/RH 75% ± 5%. Subsequently, the ethosome 
and gel samples were withdrawn each month at a 
predetermined time and the ethosomes were analyzed for 
vesicle size and polydispersity index, while the ethosomal 
and nonethosomal gels were subjected to organoleptic, 
homogeneity, pH, viscosity, and the andrographolide 
content evaluations.

Chromatographic condition for determination of 
andrographolide content
Andrographolide was analyzed using an HPLC instrument 
(Shimadzu, Japan) equipped with a UV detector set at 225 
nm. Separation was performed using the Zorbax Eclipse 
Plus C18 column (250 x 4.6 mm, 5 µm particle), and the 
mobile phase composition was methanol-water (52:48, 
v/v) at an isocratic flow rate of 0.8 mL/min.20

Statistical Analysis
All results were presented as mean ± standard deviation. 
The statistically significant differences in the result of 
in vitro penetration study was determined by a T test 

performed with Microsoft Office Excel, using a P< 0.05.

Results
Characterization of andrographolide-loaded ethosome
Vesicle size distribution and zeta potential measurement
The ethosome vesicle sizes were determined using 
dynamic light scattering (DLS) and expressed as the mean 
hydrodynamic diameter (Z-average). Figure 1 illustrates 
the vesicle size distribution of the ethosomes obtained, 
while Table 3 shows a summary of the vesicle sizes and 
zeta potentials of the andrographolide-loaded ethosomes. 
The results indicated the ethosomes ranged from 87.40 to 
100.25 nm in size, with E3 having the largest vesicle size. 
Furthermore, the PDI of all the formulas was below 0.3. 
Using the same tool, the values of zeta potential were also 
determined in triplicate. The zeta potentials of  E1, E2, and 
E3 ethosomes were -29.67 ± 1.03 mV, -39.30 ± 0.82 mV, 
and -33.43 ± 0.97 mV, respectively. 

Morphology
The ethosomes’ morphology was visualized using TEM and 
all the formulas were discovered to possess unilamellar and 
spherical vesicles. Figure 2 shows the transmission electron 
micrographs for E1, E2, and E3.

The entrapment efficiency
Table 4 lists a summary of the Entrapment efficiency (EE) 
of the ethosomes obtained, which were discovered to range 
from 97.10% to 97.93%., with E1 having the least EE value, 
followed by E2, and E3.

Evaluation of andrographolide-loaded ethosomal gel
Table 5 shows a summary of the evaluation of the gels, which 
discovered that all the ethosomal gel colors were white, 
while the nonethosomal counterparts were pale white. In 
addition, all the formulas appeared homogenous when 
spread on a glass slide, and no visible coarse particles were 
observed. The pH of the ethosomal gels was discovered to 
fall within the acceptable pH range of the skin (4.5 – 6.5). 
Also, the ethosomal gels had higher viscosity, compared 
to the nonethosomal counterparts, due to the presence 
of phospholipid components in the formulation. Figure 
3 illustrates the rheology evaluation which showed all 
formulas had a thixotropy plastic flow.

Table 2. Formulation andrographolide-loaded ethosomal gel.

Material
Formula (% w/w)

EG1 EG2 EG3 NEG
Andrographolide 
loaded ethosome

Equal to 1 gram 
andrographolide

Equal to 1 gram 
andrographolide

Equal to 1 gram 
andrographolide -

Andrographolide - - - 1
HPMC 1.5 1.5 1.5 1.5
Propylene glycol 5 5 5 5
Methylparaben 0.06 0.06 0.06 0.06
Propylparaben 0.03 0.03 0.03 0.03
Demineralized water Ad 100 Ad 100 Ad 100 Ad 100

EG: andrographolide-loaded ethosomal gel, NEG: andrographolide-loaded nonethosomal gel
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Figure 1. The Particle size distribution of andrographolide-loaded ethosome. (A) E1; (B) E2; and (C) E3.

Table 3. Characteristics of the andrographolide-loaded ethosomes. 

Formula Dv90  (nm) Z-Average  (nm) Polydispersity Index Zeta Potential (mV)
E1 92.27 ± 5.23 87.40 ± 0.54 0.253 ± 0.008 -29.67 ± 1.03
E2 107.10 ± 11.25 89.95 ± 0.75 0.254 ± 0.020 -39.30 ± 0.82
E3 123.00 ± 11.36 100.25 ± 2.06 0.275 ± 0.011 -33.43 ± 0.97

 All values are represented as mean ± SD.

Figure 2. Morphology of andrographolide-loaded ethosome. (A) E1, x100 000 magnification; (B) E2, x70 000 magnification; (C) E3, x70 
000 magnification.
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In vitro penetration study
Figure 4 and Table 6 illustrate the skin penetration profile 
of the andrographolide-loaded ethosomal gels across 
rat abdominal skin after over 24 hours. According to the 
results, the cumulative andrographolide penetration for 
EG1, EG2, EG3, and NEG were 118.90 ± 3.29 µg/cm2, 
129.25 ± 4.66 µg/cm2, 86. 16 ± 8.22 µg/cm2, and 40.08 ± 
0.90 µg/cm2, respectively. Table 6 also shows the rates of 
permeation expressed as the flux value at steady state of 
andrographolide ethosomal gels were higher, compared 
to the nonethosomal counterparts. EG2 had the highest 
cumulative and flux of andrographolide penetration into 
the skin, compared to the other gels. Based on Table 6, 

Table 4. The entrapment efficiency of andrographolide-loaded 
ethosomes.

Formula Entrapment Efficiency (%)
E1 97.10 ± 0.05
E2 97.89 ± 0.02
E3 97.93 ± 0.00

All values are represented as mean ± SD.

Table 5. Evaluation of andrographolide-loaded ethosomal and nonethosomal gel.

Parameter EG1 EG2 EG3 NEG
Organoleptic White, homogeneous White, homogeneous White, homogeneous Pale white, homogeneous
pH 6.01 6.06 6.02 7.37
Viscosity 62878 cPs 64357 cPs 68496 cPs 49889 cPs
Rheology Thixotropy plastic flow Thixotropy plastic flow Thixotropy plastic flow Thixotropy plastic flow

Figure 3. Rheogram of andrographolide ethosomal and nonethosomal gel.

Figure 4. The cumulative andrographolide penetration from gel 
preparations.

the lag time of andrographolide for EG1, EG2, EG3, and 
NEG were 27.59 ± 6.65 min, 3.75 ± 3.07 min, 52.49 ± 
5.51 min, and 73.38 ± 12.54 min, respectively. Also, the 
andrographolide penetration from all ethosomal gels 
had a shorter lag time, compared to the nonethosomal 
counterparts.



Martihandini, et al.

475   | Pharmaceutical Sciences, 2022, 28(3), 470-480

Table 6. The cumulative andrographolide penetration, in vitro flux, lag time, and enhancement ratios of ethosomal and nonethosomal gel.

Formula Cumulative amount of andrographolide 
(µg/cm2)

Flux 
(µg/cm2/hour)

Lag time 
(minutes)

Enhancement 
ratio

EG1 118.90 ± 3.29 4.74 ± 0.07 27.59 ± 6.65 2.68
EG2 129.25 ± 4.66 5.16 ± 0.10 3.75 ± 3.07 2.92
EG3 86. 16 ± 8.22 3.66 ± 0.27 52.49 ± 5.51 2.07
NEG 40.08 ± 0.90 1.77 ± 0.03 73.38 ± 12.54 1.00

All values are represented as mean ± SD.

Stability study
Figures 5 and 6 illustrate the stability studies of the 
ethosomes, where an increase in the particle size and 
polydispersity index was observed during 3 months of 
storage. The particle size of E1, E2, and E3 after 3 months 
ranged from 145.00 to 210.67 nm, 274.33 to 286.67 nm, 
and 386.33 to 647.33 nm at storage temperatures of 5°C, 
30°C, and 40°C, respectively.

Stability studies were also carried out to evaluate the 
physical and chemical properties of the ethosomal and 
nonethosomal gels. The results showed the physical 
appearance of all gel formulations stored at 5°C did not 

change during storage for 3 months. However,  yellowish-
white discoloration was observed in the ethosomal gel 
stored at 30°C and 40°C. Higher temperature also led to 
the conversion of the constituent phospholipid into liquid 
state, consequently, reducing the ethosomal gels’ viscosities.

Figure 7 shows the stability profile of ethosomal and 
non-ethosomal gel, in terms of pH, where the pH of all 
formulations was discovered to decrease during storage for  
months. After 3 months of storage, the pH value of EG1, 
EG2, EG3 dan NEG at 30 ± 2°C were discovered to be 4.85, 
4.72, 4.69, and 6.17, respectively. However, these pH values 
are also in the acceptable range of the skin’s pH balance.

Figure 5. The particle size of andrographolide ethosome during 3 
months at (a) 5 ± 2°C; (b) 30 ± 2°C; and (c) 40 ± 2°C.

Figure 6. The polidispersity index of andrographolide ethosome 
during 3 months at (a) 5 ± 2°C; (b) 30 ± 2°C; and (c) 40 ± 2°C.
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Figure 7. The pH of andrographolide-loaded ethosomal and nonethosomal gel during storage for 3 months at (a) 5 ± 2°C; (b) 30 ± 2°C; 
and (c) 40 ± 2°C.

Figure 8. The stability profile of andrographolide-loaded ethosomal and nonethosomal gel showing the total drug content (%) during stor-
age for 3 months at (a) 5 ± 2°C; (b) 30 ± 2°C; and (c) 40 ± 2°C.
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In addition, the andrographolide content of all the gels 
decreased during storage for 3 months, however, the 
new values obtained met the specification (90-110%). 
According to Figure 8, gel preparations stored at 40°C 
undergo higher decomposition and, therefore, experience 
a greater reduction in andrographolide content. In this 
study, the andrographolide content of EG1, EG2, EG3, and 
NEG, ranged from 98.13 to 104.19%, 97.93 to 104.01%, 
and 97.23 to 102.26%, after storage for 3 months at 5 °C, 30 
°C, and 40, respectively.

Discussion
Vesicle size plays a crucial role in transdermal drug delivery. 
Table 3 shows the vesicle size measurements obtained using 
dynamic light scattering method, which were below 300 
nm for all the andrographolide-loaded ethosomes, with E1 
having the least vesicle size, followed by E2 and E3. Based 
on these results, the vesicle size increased with an increase 
in the phospholipid content, and this is probably due to 
the enhancement of the vesicle membrane’s thickness. A 
study by Pathan et al.,16 reported an increase in the vesicle 
size of curcumin-loaded ethosomes, with an increase in 
the soybean lecithin content. Similarly, Chourasia et al.,21 
discovered the soy phosphatidylcholine concentration had 
a linear relationship with the vesicle size of ketoprofen 
ethosome.

The determination of vesicle size using DLS also generates 
the polydispersity index (PDI) value, which shows the 
degree of heterogeneity in a dispersed system based on 
particle sizes. A low PDI value (< 0.5) implies the particle 
in suspension are more homogeneously dispersed.22 Table 3 
indicates the PDI of all the ethosome formulas were below 
0.3, indicating homogeneous size distribution of vesicles.  

Using the same tool, the value of zeta potential was 
also determined in triplicate. Particles with higher zeta 
potential have greater electrical repulsion which avoids 
particle aggregation, leading to a disperse system with good 
stability.23 The zeta potentials of the ethosomes obtained 
were close to or above -30 mV, with E2 having the highest 
value of -39.3 ± 0.82 mV.  These zeta potential values 
indicate a disperse system with good stability, and show 
E2 is the most stable formula. The ethosomes produced 
had negative zeta potential triggered by the pH value of 
the hydration medium. Phosphatidylcholine is a zwitterion 
with an isoelectric point of pH 6-7, which acquired a 
negative charge due to the use of phosphate pH 7.4 buffer. 
Furthermore, ethanol imparts a negative surface charge 
which prevents vesicle aggregation.16,22 This was proven in 
the study by Touitou et al.,14 where liposome containing 2% 
of phospholipid and no ethanol was observed to possess 
a positive zeta potential. However, the incorporation of 
ethanol into vesicle formulation induced a transition 
from positive to negative charge. Similarly, Jain et al.,24 
discovered an increase in ethanol content produced more 
negative zeta potential in diclofenac-loaded ethosomes. 

The surface charge of lipid vesicle influences drug 
permeation across the skin. Negatively charged vesicles 

tend to demonstrate a higher penetration rate through the 
skin, compared to their positively charged counterparts, 
leading to increased drug accumulation.25 A study by 
Gillet et al.,26 showed the presence of a negative charge in 
a vesicle significantly enhances percutaneous permeation 
of betamethasone and betamethasone dipropionate, 
compared to ethanolic solution, neutral and positively 
charged liposome. 

Figure 2 shows the evaluation of vesicle morphology using 
TEM, where the ethosomes were discovered to possess 
unilamellar and spherical shapes. Spherical-shaped vesicles 
are formed in cases where phospholipids are hydrated 
within an aqueous medium and undergo self-assembly 
into a closed bilayer structure entrapping the aqueous 
phase within. The hydrophilic groups of phospholipids are 
oriented toward the interior and exterior aqueous phases.27 
Furthermore, the TEM image also confirmed the particle 
size which was initially observed with the dynamic light 
scattering method. According to Figure 2, the vesicle size 
was followed the DLS results’ findings, which showed E1 
was below 100 nm, while E2 and E3 were above 100 nm.

Table 4 shows the EE values of all the ethosomes 
produced were above 97%, with the highest value 
recorded for E3 which contained the highest phospholipid 
concentration. An increase in the phospholipid content 
tends to increase vesicle membrane’s size and strength, 
consequently, increasing the amount of entrapped drugs.16,21 

Andrographolide is a lipophilic drug entrapped primarily 
in the lipid bilayer of the vesicle, therefore, an increase in 
the phospholipid improves the entrapment efficiency. Shen 
et al.,28 reported an increase in the entrapment efficiency of 
apigenin ethosome with an increase in the concentration of 
soybean lecithin. An increase in the phospholipid content 
increases the volume of vesicular space and consequently, 
tends to improve the drug entrapment. This was proven in 
a study by Chourasia et al.,21  where a positive relationship 
was discovered between the concentration of soybean 
phosphatidylcholine and the entrapment of ketoprofen 
inside the ethosome. 

In this study, the ethosomes obtained were incorporated 
into gel preparations to make the system more suitable for 
transdermal application, using HPMC as a gelling agent. 
HPMC is a nonionic, non-irritating, synthetic polymer, 
which is stable in a wide pH range (3-11), generally 
recognized as safe (GRAS-listed), and consequently, widely 
used in topical formulations.29 Also, the viscosity of a gel 
preparation is important to facilitate application on the 
skin more easily and control the release profile of drugs.30

The in vitro penetration study of andrographolide 
ethosomal gels was conducted for 24 hours with 18 
sampling time points. The results indicated the least 
cumulative andrographolide penetration was recorded for 
NEG, followed by EG3, EG1, and EG2. All the ethosomal 
gels were discovered to possess significantly higher 
cumulative andrographolide penetration, compared 
to the nonethosomal counterparts (P < 0.05). Table 6 
shows the highest flux was recorded for EG2. The rate 
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of drug penetration is probably due to the advantageous 
combination of the entrapment efficiency, as well as the 
vesicle size, which is inversely related to the skin permeation 
of the drug. Vesicles size ≤ 300 nm can penetrate the 
stratum corneum into the deeper layer of the skin, while 
vesicles ≥ 600 nm remain in the stratum corneum.31 The 
ethosomes developed in this study had vesicles below 300 
nm, and were, therefore, able to penetrate easily through 
the skin and generate higher transdermal flux.32,33 EG2 
had the highest cumulative andrographolide penetrated 
and flux, most likely because the vesicle size was smaller, 
compared to E3, while the entrapment efficiency was 
higher, compared to E1. Among the 3 ethosomal gel 
preparations, EG3 had the lowest flux because E3 had 
the biggest vesicle size and, therefore, had the slowest 
skin penetration rate. Also, the presence of ethanol in the 
ethosomal gels increased the transdermal flux by about 2-3 
folds, compared to the nonethosomal counterparts. 

Andrographolide takes time to penetrate across rat 
skin and diffuse into the receptor compartment until a 
steady-state condition is attained, as indicated by the lag 
time parameter. The results showed the ethosomal gel had 
a shorter lag time, compared to the NEG, indicating the 
ethosomes reduce the time required to reach steady-state 
for penetration of andrographolide across the rat skin. This 
is probably due to the presence of phospholipid, as well as 
ethanol which enhanced the flexibility of vesicle membrane. 
The high concentration of ethanol also disordered the lipid 
domain structure of the stratum corneum and increased the 
skin permeability.22 Subsequently, the andrographolide was 
encapsulated in phospholipid vesicles which had a similar 
coefficient partition with the lipid of stratum corneum. 
These properties allow ethosomes to easily deliver 
andrographolide through the skin.19 Table 6 indicates EG2 
had the shortest lag time, compared to EG1, as well as EG3, 
and this is probably due to the rapid diffusion of EG2 which 
had a smaller vesicle size, compared to EG3 and higher 
phospholipid content, compared to EG1, consequently, 
enabling easy penetration. 

Based on the results of in vitro penetration study, 
the andrographolide-loaded ethosomes developed in 
this study were concluded to enhance andrographolide 
penetration through the skin. This proves encapsulation 
into the ethosome improves the transdermal delivery of 
drugs. Several studies have also reported similar findings, 
for instance, Yan et al.,34 reported increased sinomenine 
deposition and permeation using ethosomes. A separate 
study also reported a higher cumulative penetration and 
flux with indomethacine ethosome, compared to other 
formulations.35

There are several mechanisms by which ethosome 
could increase the delivery of drugs across the skin. A 
combination of phospholipid and ethanol component 
in the ethosomes has been suggested to increase skin 
penetration and distribution.36 The ethanol content in the 
ethosome is bound to fluidize and decrease the structural 
density of the lipid bilayer which reduces the stratum 

corneum’s barrier property. Ethanol also interacts with the 
hydrophilic head group of a phospholipid, consequently, 
generating a more flexible vesicle structure that penetrates 
more easily through the stratum corneum’s disorganized 
lipid bilayer. These effects increase the percutaneous 
permeation of the drug.37 

The stability of the ethosomes developed was studied for 
3 months and the vesicle sizes of ethosomes stored at 5°C 
and 30°C were discovered to tend to increase during storage 
but remained below 300 nm. This showed the ethosomes 
retained their ability to permeate into the deeper layer of 
the skin and the increase in vesicle sizes was suggested to 
be due to vesicle aggregation. The polydispersity index of 
ethosomes was found to increase after storage for 3 months, 
however, the values remained below 0.5, indicating all 
ethosomes retained their homogeneous size distribution. 

Furthermore, the pH of the andrographolide ethosomal 
and nonethosomal gels were discovered to reduce during 
storage for 3 months at 5°C, 30°C, and 40°C, due to 
the hydrolysis of phosphatidylcholine. In an aqueous 
medium, phosphatidylcholines undergo hydrolysis to 
generate lysophospholipid and fatty acid, which provides 
free proton, leading to a reduction in pH.38 Based on 
the stability results, EG3 had the lowest pH, compared 
to EG1, as well as EG2, and this is because EG3 had the 
highest amount of phospholipid content. The hydrolysis 
rate of phospholipid is temperature dependent, thus, an 
elevation in temperature increases the hydrolysis rate and 
produces more fatty acid.39 Therefore, the ethosomal gels 
stored at 30°C and 40°C, had lower pH, compared to the 
counterparts stored at low temperature. 

The andrographolide content of the gels was reduced 
after 3 months of storage. However, this is in line with the 
specification of the andrographolide content (90 to 110%). 
Andrographolide containing ester-linked hydrocarbon 
chain is susceptible to hydrolysis in aqueous dispersion. This 
chemical reaction degrades andrographolide by opening the 
lactone ring structure and forming deoxyandrographolide, 
leading to a reduction in the andrographolide content. At 
higher temperatures, andrographolide is less stable,39,40 

therefore, greater reductions in the andrographolide 
content were observed at 30°C and 40°C.

Conclusion
This study successfully developed andrographolide-loaded 
ethosomes using the thin layer hydration method. The 
3 ethosome formulas had vesicle sizes below 300 nm, 
polydispersity index below 0.3, good zeta potential, and 
high entrapment efficiency, with EG2 having the highest 
cumulative andrographolide penetration,  as well as the 
highest penetration flux through the skin. Therefore, 
ethosomal gel is a potentially useful carrier for increasing 
andrographolide skin penetration.
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