
O

V
d
f

C
a

M
b

c

d

a

A
R
A
A

K
A
F
H
M

I

n
i
e
i
c
i
F

0
c

Revista Brasileira de Farmacognosia 28 (2018) 289–293

ww w.elsev ier .com/ locate /b jp

riginal  Article

alidated  high  performance  liquid  chromatography  for  simultaneous
etermination  of  stability  of  madecassoside  and  asiaticoside  in  film
orming  polymeric  dispersions

haowalit  Montona,∗,  Chitradee  Luprasongb,∗, Jirapornchai  Suksaereec, Thanapat  Songsakd

The Herbal Medicinal Products Research and Development Center (Cooperation between Rangsit University Harbin Institute of Technology and Heilongjiang University of Chinese
edicine), Faculty of Pharmacy, Rangsit University, Pathum Thani, Thailand
Sun Herb Thai-Chinese Manufacturing, Faculty of Pharmacy, Rangsit University, Pathum Thani, Thailand
Department of Pharmaceutical Chemistry, Faculty of Pharmacy, Rangsit University, Pathum Thani, Thailand
Department of Pharmacognosy, Faculty of Pharmacy, Rangsit University, Pathum Thani, Thailand

 r  t i  c  l  e  i  n  f  o

rticle history:
eceived 8 February 2018
ccepted 6 April 2018
vailable online 1 May  2018

eywords:
siaticoside
ilm forming polymeric dispersions
igh performance liquid chromatography
adecassoside

a  b  s  t  r  a  c  t

The  objective  of  the  work  was  to  validate  the  high  performance  liquid  chromatography  for  simultane-
ous  determination  of  stability  of madecassoside  and  asiaticoside  in Centella  asiatica  (L.)  Urb.,  Apiaceae,
extract-loaded  film  forming  polymeric  dispersions.  High  performance  liquid  chromatography  method
was validated  in  five  topics:  linearity  and  range,  limit  of  detection  and  limit  of  quantitation,  specificity,
precision,  and  accuracy.  Results  showed  the  method  had  a good  linearity  (R2 >  0.9990)  in  the  range  of
5–150  �g/ml  and  specific.  The  limit of  detection  and  limit  of  quantitation  of  madecassoside  were  81
and  245  ng/ml  and  asiaticoside  were  21  and  64 ng/ml,  respectively.  The  percent  relative  standard  devi-
ation  of  intraday  and  interday  precision  were  less  than  1 and  3%,  respectively.  The  accuracy  presented
as  percent  recovery  was  101.54–103.29%  for madecassoside  and  100.39–102.58%  for asiaticoside.  This
validated  high  performance  liquid  chromatography  method  was  used  to determine  the  stability  of  the
formulation  containing  Centella  asiatica  extract.  Centella  asiatica  extract-loaded  film  forming  polymeric
dispersions  used  Eudragit® RS  30D  and  Eudragit® RL  30D  as  film  former,  glycerin  as  plasticizer,  and  abso-

®
lute  ethanol  as solvent  and penetration  enhancer.  Three  formulations  with  different  ratio  of Eudragit RS
30D and Eudragit® RL  30D  were  prepared  and  stored  for 90 days  at  4 ◦C,  25 ◦C,  and  40 ◦C. Stability  results
showed  that  almost  all  of  the  formulations  were  unstable  at 25 ◦C  and 40 ◦C. Except,  two  of three  formu-
lations  were  stable  at 4 ◦C. However,  the  formulation  was  further  developed  to improve  the  stability  of
madecassoside  and  asiaticoside  in  the  formulation.

©  2018  Sociedade  Brasileira  de Farmacognosia.  Published  by Elsevier  Editora  Ltda.  This  is  an open
access  article  under  the  CC  BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/4.0/).
ntroduction

Centella asiatica (L.) Urb. is a well-known herbal medici-
al plant in the family of Apiaceae. In Thailand, it is listed

n National Essential Drug List; topical cream containing 70%
thanol extract of dried C. asiatica in a concentration of 7%w/w
s used for wound healing purpose. Currently, C. asiatica is

ommonly used for the treatment of dermatological diseases
ncluding bacterial infection, psoriasis, scleroderma, and wound.
urthermore, antioxidant activity is reported as well (Bylka et al.,
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102-695X/© 2018 Sociedade Brasileira de Farmacognosia. Published by Elsevier Edit
reativecommons.org/licenses/by-nc-nd/4.0/).
2014). Other biological and pharmacological effects are also
reported. It is used as an adaptogen, antibiotic, blood-purifier,
central nervous system relaxant, detoxifier, diuretic, emmena-
gogue, laxative, peripheral vasodilator, and sedative (Khare, 2007).
It contains various chemical compounds including pentacyclic
triterpenoids called centelloids such as madecassic acid, asi-
atic acid, and its glycosides; madecassoside and asiaticoside
is a main chemical compound that exhibits wound healing
property. The chemical structures of madecassoside (1) and asi-
aticoside (2). Centella asiatica also contains other compounds

e.g., asiaticoside C, asiaticoside D, asiaticoside E, asiaticoside
F, centellasaponin B, centellasaponin C, isothankunic acid and
oleanane-type saponins (e.g. terminolic acid and centellasaponin
D) (Bylka et al., 2014).
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The film forming polymeric dispersions (FFPD) is a new drug
elivery systems. It is composed of active ingredient and inac-
ive pharmaceutical additives including film former, plasticizer and
ther additives. When applying FFPD on the skin, a drug in the liq-
id form can permeate into the skin immediately. Subsequently,
he solvent evaporates and the film is in situ formed on the skin and
ontrols the drug permeation (Zurdo Schroeder et al., 2007). There
re several publications which reported that FFPD can deliver some
rugs such as betamethasone-17-valerate (Frederiksen et al., 2015;
arvie-Cook et al., 2015), ethinylestradiol (Zurdo Schroeder et al.,
007), and nicotine (Pichayakorn et al., 2013; Pichayakorn et al.,
015).

Stability study of herbal products is an important step in the
rug approval process to assess the quality of the product at vari-
us time under the effect of environmental issues. So, the objective
f the work was to validate the high performance liquid chro-
atography (HPLC) for simultaneous determination of stability of
adecassoside and asiaticoside in C. asiatica extract-loaded film

orming polymeric dispersions. HPLC method was validated in five
opics including linearity and range, limit of detection (LOD) and
imit of quantitation (LOQ), specificity, precision, and accuracy. The
0-day stability of the formulations stored at different tempera-
ures was also investigated.

aterials and methods

hemicals and reagents

Madecassoside (purity 95.0%, HPLC) was purchased from
igma–Aldrich Inc., Missouri, USA. Asiaticoside (purity 99.81%,
PLC) was purchased from Chengdu Biopurify Phytochemicals
td., Sichuan, China. Eudragit

®
RS 30D and Eudragit

®
RL 30D

Evonik Nutrition & Care GmbH, Darmstadt, Germany) were
ifted from Jebsen & Jessen Ingredients, Bangkok, Thailand.
ommercial, standardized C. asiatica extract (Centella asiatica
osmélène

®
containing madecassoside and asiaticoside (1%) in

utylene glycol) was purchased from Greentech Biotechnologies,
aint Beauzire, France. Glycerin was purchased from Namsiang
o., Ltd., Bangkok, Thailand. Absolute ethanol was purchased
rom QRëC, New Zealand. Methanol and acetonitrile (HPLC grade)
ere purchased from Honeywell-Burdick & Jackson, Michigan,
SA. Orthophosphoric acid (85%) was purchased from Carlo Erba,
al de Reuil, France. Reverse-osmosis water and ultrapure water
rmacognosia 28 (2018) 289–293

were produced by water purifier (Mirae ST Co., Ltd., Gyeonggido,
Korea).

Preparation of Centella asiatica extract-loaded FFPD solution

Three formulations of Centella asiatica (L.) Urb., Apiaceae,
extract-loaded FFPD were prepared. Eudragit

®
RS 30D and

Eudragit
®

RL 30D were used as film forming agent. Glycerin was
used as plasticizer. Absolute ethanol was used as solvent and
penetration enhancer. C. asiatica extract was used as an active
ingredient. The 50 g of Eudragit

®
was used; F1, F2, and F3 composed

of Eudragit
®

RS 30D and Eudragit
®

RL 30D in a ratio of 35:15 g,
25:25 g, and 15:35 g, respectively. Glycerin (20 g) was  added and
mixed using magnetic stirrer (CMAG HS7, Ika, North Carolina, USA).
Absolute ethanol (20 g) was  then added. Finally, C. asiatica extract
(10 g) was  added and mixed.

Stability test of Centella asiatica extract-loaded FFPD

Three formulations of C. asiatica extract-loaded FFPD were
stored at 4 ◦C, 25 ◦C, and 40 ◦C. The formulations were sampled
every 30 days for 90 days to analyze madecassoside and asiatico-
side remaining in the formulations. The remaining madecassoside
and asiaticoside were compared to an initial time. The formulation
was diluted in water, sonicated, and adjusted to 100 mg/ml before
analysis.

HPLC condition

Madecassoside (1) and asiaticoside (2) analysis was performed
by reversed-phase HPLC (Agilent 1260 infinity, Agilent, Califor-
nia, USA). It was equipped with autosampler and photodiode array
detector. The ACE 5 C18-PFP column (250 × 4.6 mm internal diam-
eter, 5 �m)  was  used as stationary phase. It was  controlled at 25 ◦C.
Mobile phase composed of acetonitrile (A) and 0.01% orthophos-
phoric acid (B) was  used. The gradient elution system holding 80%
B for 2.5 min, decreased to 50% B in 4 min  and holding for 2.5 min.
Then, increased to 80% B in 1 min  and holding for 2 min  to equi-
librate before the next injection. The flow rate of mobile phase
was 1 ml/min. The injection volume was  10 �l. The detection wave-
length was 210 nm.

Method validation

Linearity and range
The 1 mg/ml  of stock solution of madecassoside and asiaticoside

was prepared using methanol as solvent. The seven concen-
trations of the mixed standard were prepared: 5, 10, 25, 50,
75, 100, and 150 �g/ml. The standard solutions were filtered
through 0.45 �m-pore size nylon syringe filter. They were then
analyzed by the HPLC instrument (n = 3). The calibration curves
of madecassoside and asiaticoside were constructed. The linear
equation, coefficient of determination (R2), and test range were
reported.

LOD and LOQ
The blank sample was  analyzed by HPLC instrument (n = 6). LOD

and LOQ were calculated from the standard deviation of the peak
area of the blank sample (�) and the slope of the calibration curve
(S) as showed below.

LOD = 3.3 × �

S

LOQ = 10 × �

S
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Table  1
Linearity parameters and limit of detection and limit of quantitation of madecasso-
side and asiaticoside analysis.

Topics Madecassoside Asiaticoside

Linear equation y = 192,231x − 389,939 y = 238,253x − 56,632
R2 0.9991 0.9998
Test range (�g/ml) 5–150 5–150

S

u
i
a
M
c
p
s

P

2
0

F
e

LOD (ng/ml) 81 21
LOQ (ng/ml) 245 64

pecificity

The specificity was achieved when the UV spectrum at the
pslope, center, and downslope of the peak of the formulations

n the same retention time of standard madecassoside and asi-
ticoside were similar to the UV spectrum of the two standards.
oreover, the specificity was also confirmed by a consideration of

hromatogram of blank FFPD. The method was specific when no
eak was found in the formulation at the same retention time of
tandard madecassoside and asiaticoside.

recision
The three concentrations of the mixed standard were prepared;
5, 50, and 75 �g/ml. The standard solutions were filtered through
.45 �m-pore size nylon syringe filter. They were then analyzed by

A

B

C

D

40

20

0

40

20

0

40

20

0

40

20

0

0 2 4 6 

0 2 4 6 

0 2 4 6 

0 2 4 6 

m
A

U
m

A
U

m
A

U
m

A
U

Minutes

Minutes

Minutes

Minutes

ig. 1. HPLC chromatograms of (A) standard madecassoside (75 �g/ml) and asiaticoside (7
xtract-loaded FFPD (100 mg/ml). M and A stand for madecassoside and asiaticoside whic
rmacognosia 28 (2018) 289–293 291

the HPLC instrument (n = 3). The intraday and interday precisions
were reported as the percent relative standard deviation (%RSD) of
the analysis on the same day and the three different days, respec-
tively.

Accuracy

Spike method was  used for determination of accuracy. The three
concentrations (25, 50, and 75 �g/ml) of each standard were added
to C. asiatica extract-loaded FFPD with a known concentration of
madecassoside (1) and asiaticoside (2). The concentration of made-
cassoside and asiaticoside in the formulation was  10 �g/ml based
on final concentration. The samples were filtered through 0.45 �m-
pore size nylon syringe filter. They were then analyzed by the HPLC
instrument (n = 3). The percent recovery was  reported.

Results and discussion

Stability testing result could estimate and also indicate the shelf
life of the drug products. HPLC technique was used to determina-
tion of madecassoside (1) and asiaticoside (2) content remaining in
the formulations. So, the HPLC method was  validated in the work to

assure the reliability of the analysis. The HPLC analysis in this work
required short analysis time compared to other publications since
we investigated only two active compounds (madecassoside and
asiaticoside). Several peak and longer analysis times were found in
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5 �g/ml), (B) Centella asiatica extract (10 mg/ml), (C) blank FFPD, and (D) C. asiatica
h were eluted at retention time of 7.9 and 8.2 min, respectively.
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Table 2
Precision and accuracy of madecassoside and asiaticoside analysis.

Standards Conc.
(�g/ml)

Precision (%RSD) Spike conc.
(�g/ml)

Accuracy

Intraday Interday Recovery (%)

Madecassoside 25 0.38 1.04 25 101.72 ± 2.62
50 0.41 2.95 50 101.54 ± 4.44
75 0.36 0.56 75 103.29 ± 4.03

Asiaticoside 25 0.40 0.32 25 102.51 ± 0.27
92 C. Monton et al. / Revista Brasileira

he analysis of active compounds in crude extract (Puttarak et al.,
016). Furthermore, HPLC method might be develop for simul-
aneous determination of madecassoside and asiaticoside in the
ormulation because some pharmaceutical ingredients interfered
ith the analysis. In addition, the peak of some ingredients was

ound in the chromatogram that might overlap with the peak of
adecassoside and asiaticoside.
Table 1 shows the linearity, range, and LOD and LOQ of the

nalysis. HPLC method for simultaneous determination of made-
assoside and asiaticoside showed a good linearity in the range
f 5–150 �g/ml; R2 of madecassoside and asiaticoside analysis
ere 0.9991 and 0.9998, respectively. LOD and LOQ were 81 and

45 ng/ml for madecassoside and 21 and 64 ng/ml for asiaticoside,
espectively.

Fig. S1 (supplementary material) shows the UV spectra of stan-
ard madecassoside and madecassoside in the formulation. The
V spectra of madecassoside in the formulation at upslope, cen-

er, and downslope of peak had the same pattern compared to the
tandard madecassoside peak. The result was similar to the UV
pectra of asiaticoside (Fig. S2, supplementary material). Further-
ore, specificity was also confirmed by the HPLC chromatogram

f the blank formulation of FFPD (Fig. 1C). No peak was  found at
he same retention time of standard madecassoside and asiatico-
ide. The result indicated that HPLC method was specific. Fig. 1A
hows HPLC chromatogram of standard madecassoside and asiati-
oside. They were eluted at retention time of approximately 7.9
nd 8.2 min, respectively. The HPLC chromatograms in Fig. 1B and D
howed madecassoside (1) and asiaticoside (2) in C. asiatica extract

nd in the formulation had the same retention time to the standard
adecassoside and asiaticoside in Fig. 1A.
The HPLC method was precise and accurate, which is shown

n Table 2. According to madecassoside, the %RSD of intraday and
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Fig. 2. Percentage remaining of madecassoside and asiaticoside in C. asiatica
50 0.82 0.52 50 100.39 ± 2.45
75 0.05 0.40 75 102.58 ± 1.05

interday precision was less than 0.5% and 3%, respectively. In case
of asiaticoside, the %RSD of intraday and interday precision was
less than 1% and 0.6%, respectively. Moreover, the accuracy of the
analysis was close to 100%. The percent recoveries of madecasso-
side and asiaticoside were 101.54–103.29% and 100.39–102.58%,
respectively.

The contents of madecassoside and asiaticoside remaining in the
formulations are shown in Fig. 2. Centella asiatica extract-loaded
FFPD formulations were stored at different temperatures: 4 ◦C,
25 ◦C, and 40 ◦C for 90 days. Stability results showed that asiati-
coside in the formulation was more stable than madecassoside;
it was  more stable at 4 ◦C and 25 ◦C than 40 ◦C. The high fluctu-
ations of madecassoside and asiaticoside content were observed
in the formulations stored at 40 ◦C. The result could be a result of
the volatile property of absolute ethanol and water contained in
the formulations. When temperature increased, ethanol and water

evaporated, and the formulations were concentrated. So, the con-
tents of madecassoside and asiaticoside from the HPLC analysis
were high, especially at 30 days storage time, then it decreased
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 extract-loaded FFPD stored for 90 days at (A) 4 ◦C, (B) 25 ◦C, and 40 ◦C.
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ue to its degradation. Our findings are similar to the result of pre-
ious work. Puttarak et al. investigated the stability of standardized
entelloids-enriched C. asiatica extract. They found that the glyco-
ides madecassoside and asiaticoside degraded approximately 20%
ithin twelve weeks under light-protected condition. Increasing

torage temperature accelerated the degradation of madecassoside
nd asiaticoside. Furthermore, they decomposed under basic pH
ather than acidic and neutral pH (Puttarak et al., 2016).

According to the stability of the formulation under different
emperature conditions, all formulations were unstable for 90 days,
xcept F1 and F2 stored at 4 ◦C. The content of madecassoside and
siaticoside was higher than 90%. The result indicated that the shelf
ife of F1 and F2 when stored at 4 ◦C was more than 90 days. Never-
heless, all formulations stored at any temperatures had shelf life

ore than 60 days but less than 90 days. High degradation of cen-
elloids in the formulation was also reported by Inamdar et al. They
nvestigated the stability of C. asiatica cream under different condi-
ions. Results showed that when cream stored at room temperature
nd 40 ◦C for 3 months, the remaining of madecassoside in the
ream was 73–100% and 65–100%, respectively, and the remain-
ng asiaticoside was 85–91% and 73–87.5%, respectively (Inamdar
t al., 1996). Glycoside compounds might be decomposed by the
ydrolysis by chemical in the formulation and environmental con-
ition or degradation naturely. The formulation will be developed

n our future work to prevent the decomposition of madecassoside
nd asiaticoside.

onclusions

The gradient HPLC method for simultaneous determination of
adecassoside (1) and asiaticoside (2) in C. asiatica extract-loaded

FPD was validated. The method had a good linearity in the range
f 5–150 �g/ml. HPLC method was also specific, precise, and accu-
ate. The validated HPLC method was used to determine the 90-day
tability of three formulations of C. asiatica extract-loaded FFPD
tored at different temperatures. Almost all of the formulations
ere unstable. Nevertheless, two of three formulations stable at
◦C. The formulation was further developed to improve the stabil-

ty of madecassoside and asiaticoside in the formulation.
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