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Abstract: Lagerstroemia speciosa extracts and their active ingredient, corosolic acid exhibits
significant anti-diabetic activity in humans. A reliable and reproducible high performance liquid
chromatography (HPLC) and high performance thin layer chromatography (HPTLC) methods
have been developed for the quantitative determination of corosolic acid in Lagerstroemia spe-
ciosa leaves and extracts. The methods developed have demonstrated good precision and recov-
ery with % RSD less than 2%. The contents of corosolic acid determined by HPLC and HPTLC
methods are in good agreement. The methods developed have also been employed for quantita-
tive determination of corosolic acid in Lagerstroemia speciosa leaves and extracts. HPLC
method has been found suitable for the quantitative determination of corosolic acid in dosage

forms also.
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1. Introduction

Diabetes mellitus is a chronic condition as-
sociated with abnormally high levels of glu-
cose in the blood. The global incidence of
diabetes is increasing at an alarming rate and
the studies indicate that there will be about
300 million people suffering from diabetes by
the year 2010. Non — insulin dependent dia-
betes mellitus (Type — 2) is the common form
of diabetes.

Lagerstroemia speciosa L. (Family Ly-
thraceae), popularly known as Banaba, is an
ornamental plant grows widely in the Philip-
pines, India and South East Asian Countries.
The tea from the leaves of Banaba has tradi-
tionally been used in the Philippines, as a folk

medicine for the prevention and treatment of
diabetes [1]. In addition Banaba extracts also
known to possess weight loss [2] and anti-
oxidant effects [3] . Corosolic acid, the active
ingredient of Banaba extracts displayed po-
tential anti-diabetic activity [4 - 7]. Banaba
extracts standardized to 3% corosolic acid

have  shown  statistically  significant
anti-diabetic activity in a human clinical
study.

Corosolic acid has attracted much attention
for its beneficial health effects, particularly
with respect to its potential anti diabetic ac-
tivity. In view of the therapeutic importance
of corosolic acid, development of analytical
methods for the determination of corosolic
acid in plant materials is required. A high
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performance liquid chromatographic (HPLC)
method was [8] reported for estimation of
corosolic acid.

In the present study, accurate, simple and
reproducible HPLC and HPTLC methods
have been developed and validated [9]  for
the determination of corosolic acid in Lager-
stroemia speciosa leaves, extracts and dosage
forms.

2. Experimental
2.1. Materials:

Standard corosolic acid was provided by the
phytochemistry division of Laila Research
Centre, Vijayawada, India. Identity and purity
(>95%) of isolated compound was confirmed
by chromatographic (TLC, HPLC) and the
spectral (IR, Mass & NMR) methods.
Methanol, acetonitrile were of HPLC grade,
analytical grade phosphoric acid, chloroform
and diethyl ether were purchased from M/s
Qualigens (Mumbai, India). Ultra pure water
generated by the Barnstead Nanopure System
(Model 3750, USA) was used. Methanol was
used as a solvent for the preparation of stan-
dards and samples, Acetonitrile and 0.1% (v/v)
phosphoric acid in water (75:25, v/v) were
used as mobile phase for HPLC analysis.
Acetonitrile, methanol and diethyl ether
(1:1:1) mixed solvent used as a solvent for
preparation of standards and samples, chloro-
form and methanol (9:1) used as a mobile
phase for HPTLC analysis. All solutions used
for HPLC analysis were filtered through
0.45um membrane filter using Millipore
Swinnex type filtration unit. Lagerstroemia
speciosa leaves and extracts were provided by
M/s Laila Impex, Vijayawada, India and dos-
age forms capsules and tablets containing
corosolic acid were procured from U.S.A.

2.2. Sample preparation for HPLC analysis

2.2.1. Lagerstroemia speciosa leaves
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Weighed about 5 g of dried leaf powder of
Lagerstroemia speciosa in to a round bottom
flask, added about 30 ml of methanol and re-
fluxed on boiling water bath for about 30 min.
Filtered and repeated the same operation (2 x
30 ml) with methanol. Combined all the al-
coholic extracts and made up to 100 ml with
methanol and filtered through 0.45 pum mem-
brane filter.

2.2.2. Lagerstroemia speciosa leaf extracts

Weighed accurately about 500 mg of extract,
dissolved in methanol and made up to 50ml
with methanol and filtered through 0.45 um
membrane filter.

2.3. Dosage forms

The average weights were determined by
weighing 20 capsules / tablets. In case of
capsules, hard gelatin capsules were removed
and the contents were finely powdered.1-5 g
of powdered samples were weighed and dis-
solved in methanol, added 10.0 ml of standard
corosolic acid stock solution (Img/ ml) and
made up to 100 ml with methanol and filtered
through 0.45 um membrane filter.

2.4. Sample preparation for HPTLC analy-
sis

2.4.1. Lagerstroemia speciosa leaves

Weighed about 8 g of dried powder of
Lagerstroemia speciosa in to a round bottom
flask, added about 30ml of methanol and re-
fluxed on a boiling water bath for 30 min.
Filtered and repeated the same operation (2 x
30 ml) with methanol. Combined all the
methanolic extracts and concentrated under
reduced pressure. The obtained residue was
dissolved in 100ml of mixed solvent, acetoni-
trile : methanol : diethyl ether (1:1:1) and fil-
tered through Whatman no. 1 filter paper.
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2.4.2. Lagerstroemia speciosa leaf extracts

Weighed about 1 g of extract, dissolved in
mixed solvent, made up to 50 ml with mixed
solvent and filtered through Whatman no.1
filter paper.

2.5. Calibration curve of standard corosolic
acid - HPLC method

1 mg/ml corosolic acid standard solution
was prepared in methanol (stock solution).
Standard working solutions were prepared by
diluting standard stock solutions with metha-
nol in the concentration range 100 — 600
pg/ml. 20 pl from each working standard so-
lution was injected in six replicates. Calibra-
tion curve was generated by linear regression
based on peak areas.

2.6. Calibration curve of standard corosolic
acid - HPTLC method

1 mg/ml corosolic acid standard solution
was prepared in a mixed solvent (stock solu-
tion). Standard working solutions were pre-
pared by diluting standard stock solution with
mixed solvent in the concentration range
200 — 1200 pg/ ml. 10ul from each working
standard solution was spotted on the TLC
plate to obtain final concentration range 2.0 —
12.0 pg / spot. Each concentration was spot-
ted six times on TLC plates. Calibration curve
was generated by linear regression based on
the peak areas.

2.7. HPLC instrumentation

The HPLC system, supplied by M/s Shima-
dzu comprising LC-10AT VP pumps,
SCL-10A VP auto injector and Phenomenex
Luna Cyg, 5 1, (250 X 4.6 mm) column was
used at ambient temperature. Isocratic elution
was carried out with acetonitrile : 0.1% (v/v)
phosphoric acid in water (75 : 25, v/v) at a
flow rate of 1ml / min, detection was at 210
nm using SPD — M10 AVP photodiode array

Speciosa Leaves, Extracts and Dosage Forms

detector. Class VP software was used for in-
tegration and calibration. Evaluation was via
peak areas with linear regression.

2.8. HPTLC instrumentation

The samples were spotted with a Camag mi-
crolitre syringe on a pre-coated silicagel alu-
minum plates 60 F — 254 (20 nm x 10nm)
with 250 um thickness,( E. Merck, Darm stadt,
Germany) using a Camag Linimat 1V (Mult-
tenz, Switzerland) applicator. Linear ascend-
ing development was carried out in 20 cm X
10 cm twin trough glass chamber (Camag
Muttenz, Switzerland) using mobile phase
consisting of chloroform: methanol (9 : 1).
The length of the chromatogram run was 8 cm.
After air drying, the TLC plates were scanned
with a Camag TLC scanner-I11 in absorbance
mode at 210 nm, controlled by Cats software
4.03 version. Evaluation was via peak areas
with linear regression.

2.9. Estimation of corosolic acid

To estimate the content of corosolic acid in
Lagerstroemia speciosa leaves and extracts
samples, aliquots of 10 pl were subjected to
HPTLC and aliquots of 20 pl were injected in
to HPLC. The HPTLC plates were developed
to a distance of 8 cm from the point of appli-
cation, dried and scanned at 210 nm. The
HPLC analysis was continued for 20 min,
since the retention time of the corosolic acid
was 9.4 + 0.4 min. The content of corosolic
acid was calculated by linear regression and
mean percentages were calculated from six
replicate experiments. In case of dosage forms,
mean mg / capsule or tablet calculated from
six replicate experiments.

3. Results and discussion
Because of the complexity of the chemical
composition of herbal extracts, quality of the

herbal extracts can only be assured by the use
of validated analytical methods for identifica-
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tion and quantification of the active ingredi-
ents. The HPLC and HPTLC methods for the
quantitative estimation of corosolic acid were
validated with regard to their specificity, pre-
cision, accuracy and linearity.

3.1. HPLC method validation

The development of suitable mobile phase is
an important step in devising an analytical
procedure. The composition of the HPLC
mobile phase was optimized to achieve good
resolution. The best resolution and peak shape
were obtained by acetonitrile: 0.1% (v/v)
phosphoric acid in water (75:25, v/v) as mo-
bile phase. The compound with a retention
time 9.4 £ 0.4 min was identified as corosolic
acid (Figure 1). Specificity was ascertained by
comparing the standard and sample peak pu-
rity. The peak corresponding to corosolic acid
in the sample was confirmed by comparing
the spectrum obtained by photodiode array
detector, which was completely in agreement
with the standard (Figure 2)

Precision is a measure of either reproducibil-
ity or repeatability of the analytical method.
Intermediate precision express the laboratory
variations, by intra- and inter-day variation.
Six determinations of three concentrations of
standard corosolic acid on the same day (in-
tra-day) and on different days (inter-day) were
carried out and expressed as percent relative
standard deviation (% RSD). The results
noted in Table 1, reveal that no significant in-
tra- and inter-day variations. The % RSD for
intra- and inter-day analysis was found to be
in the range of 0.02 — 0.08 which are less than
2%.

The accuracy of the method was determined
from recovery studies. The pre-analyzed sam-
ple was spiked with three different concentra-
tions of standard corosolic acid and the mix-
tures were analyzed by the proposed method.
The recoveries are in the range of 95.98 —
100.16% reported in the Table 2. The average
recovery percentage value was found to be
98.58 + 1.85%.
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The linearity of the standard curve was
evaluated by determining six standard work-
ing solutions containing 100 — 600 pg/mi
corosolic acid. Peak area and concentrations
were subjected to least square linear regres-
sion analysis to calculate the calibration equa-
tion and correlation coefficient. Linearity was
obtained over a concentration range of
2.0 =12.0 pg per injection with a correlation
coefficient of 0.9981 = 0.0004. The linearity
of calibration graph and adherence of the sys-
tem to Beer’s law was validated by high value
of correlation coefficient.

The limit of detection (LOD) and limit of
quantification (LOQ) were estimated to check
the sensitivity of the method. The signal to
noise ratio for LOD was considered as 3 : 1
and 10 : 1 for LOQ. LOD and LOQ were ex-
perimentally verified by diluting the known
concentration of corosolic acid until the av-
erage responses were approximately three or
ten times the standard deviation of the re-
sponses for six replicates determinations. The
LOD and LOQ were found to be 0.016 and
0.048 pg per injection, respectively.

3.2. HPTLC method validation

The composition of the mobile phase for
TLC was optimized by testing different sol-
vent mixtures of varying polarity. The best
results were obtained using chloroform
methanol (9:1).The selected mobile phase
produced highly symmetrical peaks showing
good resolution (Figure 3). The compound
with a R¢ value of 0.40 + 0.03 was identified
as corosolic acid.

The specificity of the method was ascer-
tained by analyzing standards and samples.
The spot for corosolic acid in the sample was
confirmed by comparing the R value. Spec-
tral studies revealed that the peaks obtained
from both standard corosolic acid and test
samples were identical, because they had
similar pattern as shown in Figure 4.

The precision of the method was studied by
applying six replicates of the three different
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concentration of the standard. The results in  Inter - day analysis was found to be in the
Table 1 showed that the % RSD for intra- and range 1.16 — 1.78, that is less than 2%.
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Figure 1. HPLC chromatograms of A) Corosolic acid standard B) Lagerstroemia speciosa leaf extract

Int. J. Appl. Sci. Eng., 2006. 4, 2 107



Katta Vijaykumar, Papolu B. Murthy, Sukala Kannababu, B. Syamasundar,
and Gottumukkala V. Subbaraju

i
AL 20 20 T At a0 ol A D
1
10 H. i
n g

Figure 2. Spectra of Corosolic acid obtained by photodiode array detector.A) Corosolic acid standard.B)
Lagerstroemia speciosa extract

108 Int. J. Appl. Sci. Eng., 2006. 4,2



Quantitatve Determination of Corosolic acid in Lagerstroemia
Speciosa Leaves, Extracts and Dosage Forms

tiethod fpan TIRCTORCSIEON colibeation Seecirun Date End  HELP

finalysis !
1 A

ALl oo

450 -
408 -
st
i
258 4
200

158 -

58 4 £

B - T T T T T T T T T T T
p@e 9, B2 A3 84 B5 BHE BT B.E BY |.A
Chr )

 Hgthod  Scan MTIESTERINTITN Colibealion  Spagivun  Pata  Eod HELF
U 508 - Fnmalysie #: 1

450 -
qRe -

350

1504

1 5684

56

B8 B, 1 @2 A3 B4 86 BE& By @8 B9 1.9
CRf' )

Figure 3. HPTLC chromatograms of A) Corosolic acid standard B) Lagerstroemia speciosa leaf extract
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Figure 4. Over lay spectra of A) Corosolic acid standard B) Sample at peak start, peak maximum and
peak end in absorbance mode in the UV range, taken on the Camag TLC scanner |lI
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Table 1. Intra- and Inter-day precision of HPLC and HPTLC methods (n=6)

HPLC method
Corosolic Intra-day Inter-day
acid (pg) Corosolic acid % RSD Corosolic acid % RSD
(19) (hg)
4.0000 4.0255 + 0.0006 0.02 4.0326 + 0.0241 0.59
8.0000 7.7160 £ 0.0677 0.88 8.0246 = 0.0027 0.03
12.0000 12.1031+00334 0.28 11.9322+0.0196 0.16
HPTLC method
4.0000 3.9568 + 0.0531 1.34 3.8975 £ 0.0451 1.16
8.0000 7.8320 £ 0.1062 1.36 7.9050 * 0.0965 1.22
12.0000 11.9560+ 0.2020 1.69 12.0155 + 0.2150 1.78

Table 2. Recovery study (n = 6)

HPLC method
Amount of coroso- Amount of corosolic % Recovery
lic acid added (ug) acid recovered (ug)
2.8450 2.7309 95.98
5.6900 5.6992 100.16
9.4832 9.4440 99.59
HPTLC Method
2.0231 2.0178 99.73
4.0462 4.0840 100.93
8.0923 8.0040 98.91
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The accuracy of the method was determined
from recovery studies. A known but varying
amounts of standards of corosolic acid was
added to the pre-analyzed sample and ana-
lyzed according to the procedure. The results
reported in Table 2. The average recovery
percentage value was found to be 99.86 +
0.831%.

Linearity was evaluated by determining six
standard working concentrations containing
200 — 1200 pg/ml of corosolic acid. Peak area
and concentration were subjected to least
square linear regression analysis to calculate
the calibration equation and correlation coef-
ficient. Linearity was found over the concen-
tration range 2 — 12 pg / spot with a correla-
tion coefficient of 0.9735 + 0.0014. The line-
arity of the calibration curve and adherence to
the system to Beer’s law was validated by a
high value correlation coefficient.

In order to estimate the limit of detection
(LOD) and limit of quantification (LOQ),
blank, mixed solvent (acetonitrile: methanol :
diethyl ether, 1:1:1) was spotted six times.
LOD and LOQ were determined based on the
standard deviation of the response of the

blank and slope estimated from the calibration
curve of the corosolic acid. The LOD and
LOQ were found to be 0.004 and 0.013 ug per
spot for corosolic acid.

3.3. Application of HPLC and HPTLC
methods

The HPLC method developed was applied
for the estimation of corosolic acid in two
different Lagerstroemia speciosa leaves, ex-
tracts and dosage forms, three different cap-
sules and one tablet. Apart from Lagerstroe-
mia speciosa extract, the dosage forms con-
tain vitamins, minerals, other herbal extracts
and excipients. Since the content of corosolic
acid is very minute, we adopted a standard
addition method for estimation of corosolic
acid in the dosage forms. The results obtained
are presented in Table 3. The % RSD values
were found to be less than 2%, which shows
that the precision of the method is reasonably
good. Analysis of the dosage forms revealed
that the presence of vitamins, minerals, herbal
extracts and excipients does not interfere in
the estimation of corosolic acid.

Table 3. Estimation of Corosolic acid by HPLC and HPTLC methods (n = 6)

Sample HPLC method HPTLC method
Estimated amount | % RSD |Estimated amount | % RSD
RM-1 0.3150% 1.74 0.30872 1.90
RM-2 0.38002 1.95 0.37542 1.85
EM-1 1.7880% 0.65 1.7815°% 1.67
EM-2 11.34002 1.01 11.1780% 1.50
FM-1 0.0480° 1.95 -
FM-2 0.1350"° 1.80 -
FM-3 0.1800"° 1.95 -
FM-4 0.0200"° 1.75 -
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RM: Lagerstroemia speciosa leaf
EM: Lagerstroemia speciosa leaf extract

Speciosa Leaves, Extracts and Dosage Forms

FM-1: Fat Burner Extreme capsules — High Power Nutrition, Idaho 83704.

FM-2: Cortisol capsules — Advanced Nutrient Science Institute, Largo,FL 33777.
FM-3: Cortislim capsules — Window Rock Enterprises Inc. Brea,CA82823.

FM-4: Suvaril Tablets — Berkeley Premium Nutraceuticals Inc. Cincinnati, Ohio 45242.

a: Expressed as mg/100mg
b: Expressed as mg/Capsule or Tablet

The HPTLC method developed was applied
for the estimation of corosolic acid in two
different Lagerstroemia speciosa leaves and
extracts. The results obtained were presented
in Table 3. The % RSD values were found to
be less than 2%. Corosolic acid in dosage
forms cannot be estimated, because of the in-
terference of the other matrices. However this
method can be utilized for corosolic acid es-
timation in Lagerstroemia speciosa leaves
and extracts.

4. Conclusions

The developed HPLC method can be utilized
for the quantitative determination of corosolic
acid in Lagerstroemia speciosa leaves, ex-
tracts and dosage forms. HPTLC method also
can be utilized for quantitative determination
of corosolic acid in Lagerstroemia speciosa
leaves and extracts. The methods developed
are simple, sensitive and statistically validated
for linearity, accuracy and precision.

Acknowledgements

The authors thank Sri G. Ganga Raju,
Chairman, Laila group, Vijayawada, India for
encouragement.

References

[ 1] Quisumbing, E. 1978. “Medicinal plants
of the Philippines”, Katha Publishing,
Quenzoncity.

[ 2] Suzuki, Y., Unno, T., Ushitani, M., Ha-
yasi, K. and Kakuda, T. 1999. Anti obe-
sity activity of extracts from Lager-

[3]

[4]

[ 5]

[ 6]

[7]

[8]

stroemia speciosa L. leaves on female
kk-Ay mice. Journal of Nutritional Sci-
ence and Vitaminology, 45: 791 — 795.
Unno, T., Sakane, l., Masumizu, T.,
Kohno, M. and Kakuda, T. 1997. Anti-
oxidative activity of water extracts of
Lagerstroemia speciosa leaves. Biosci-
ence, Biotechnology, and Biochemistry,
61: 1772 - 1774.

Murakami, C., Myoga, K., Kasai, R.,
Ohtani, K., Kurokawa, T., Ishibashi, S.,
Dayrit, F., Padolina, W.G. and Yamasaki,
K. 1993. Screening of plant constituents
for effect on glucose transport activity in
Ehrlich ascites tumor cells. Chemical &
Pharmaceutical Bulletin, 41: 2129 -
2131.

Kakuda, T., Sakane, l., Takihara, T,
Ozaki, Y., Takeuchi, H. and Kuroyanagi,
M. 1996.Hypoglycemic effect of extracts
from Lagerstroemia speciosa L. leaves
in genitically diabetic kk-Ay mice. Bio-
science, Biotechnology, and Biochemis-
try, 60 : 204 — 208.

Judy, W. V., Hari, S. P., Stogsdilla, W. W.,
Judy, J. S., Naguib, Y. M. A. and Pass-
water R. 2003. Antidiabetic activity of a
standardized extract (Glucosol) from
Lagerstroemia speciosa leaves in Type Il
diabetics. Journal of Ethnopharmacol-
ogy, 87: 115 - 117.

Kazama, M. 2002. Influence of Banaba-
Kuwa extracted powder on plasma glu-
cose level in rat. Food style 21: 98 — 102.
(Through CA 137: 337150C).

Takayama, H., Kitajima, M., Ishizuka, T.,
and Seo, S. 2005. Process for producing
corosolic acid, U.S. Patent application

Int. J. Appl. Sci. Eng., 2006. 4, 2 113



Katta Vijaykumar, Papolu B. Murthy, Sukala Kannababu, B. Syamasundar,
and Gottumukkala V. Subbaraju

number 20050020681.

[9] ICH TOPIC Q2B 1996. Validation of

Analytical Procedures: Methodology,
London.

114 Int. J. Appl. Sci. Eng., 2006. 4,2



