
Bacopa monnieri (Family: Scrophulariaceae) is a medici-
nal herb, found throughout the Indian subcontinent in wet,
damp and marshy areas.2) It is used in traditional Indian med-
icine, the Ayurveda, for the treatment of anxiety, and in im-
proving intellect and memory for several centuries.3) In addi-
tion to memory boosting activity, it is also claimed to be use-
ful in the treatment of cardiac, respiratory4) and neurophar-
macological5) disorders like insomnia, insanity, depression,
psychosis, epilepsy and stress. It was reported to possess
anti-inflammatory, analgesic, antipyretic, sedative6) free radi-
cal scavenging and anti-lipid peroxidative activities7) also.

The pharmacological properties8) of Bacopa monnieri
were studied extensively and the activities were attributed
mainly due to the presence of characteristic saponins called
as “bacosides.” Bacosides are complex mixture of struc-
turally closely related compounds, glycosides of either ju-
jubogenin or pseudojujubogenin (Fig. 1). Bacosides have
been found to offer protective role in the synaptic functions
of the nerves in hippocampus.6)

There are few methods reported in the literature for quan-
tification of bacosides in plant extracts and formulations.
Spectrophotometric methods9,10) developed based on the hy-
drolysis of bacosides to an aglycone that has an absorption
maximum at 278 nm. The major limitation of this method is
that it lacks specificity and has interference from other hy-
drolyzed compounds. A high performance thin-layer chro-
matographic (HPTLC)11) method was developed for the esti-
mation of bacoside A in Bacopa monnieri plant and its for-
mulations. A few high performance liquid chromatographic
(HPLC)12—16) methods were also developed for the quantifi-
cation of bacosides in Bacopa monnieri extracts and formu-
lations. Ganzera et al.15) reported the method for quantifica-
tion of six saponins using gradient HPLC with PDA detector,
but one of the major peaks was not completely characterized.
Deepak et al.16) determined bacoside A which contains 4
compounds by HPLC, but did not consider bacoside B. In

another report, bacosides were estimated by HPLC, coupled
NMR, MS and bioassay methods described.14)

As the number of aged people suffering from cognitive
problems increases the memory boosters have gained im-
mense importance and there is an urgent need to develop
sensitive and reliable quality control techniques to establish
the authenticity and purity of memory boosting formulations.
The value of the method increases with the estimation of all
the characteristic compounds present in the extracts because
the major components could be present in several closely re-
lated species. In the present study, a simple reversed phase
HPLC method was developed and validated for separation
and simultaneous quantification of all the 12 bacopa
saponins in Bacopa monnieri plant, extracts and commercial
formulations.

Experimental
Materials Compounds 1—12 were kindly provided by phytochemistry

division of Laila Research Centre Vijayawada, India. Identity and purity
(�95%) of the isolated compounds were confirmed by chromatographic
(TLC, HPLC) and spectral (IR, Mass and NMR) data.17—24) Bacopa mon-
nieri plant materials, extracts analyzed in this study were supplied by M/s
Laila Impex, Vijayawada, India and commercial formulations containing Ba-
copa monnieri were procured from the local market and Australia. Methanol
and acetonitrile (HPLC grade), sodium sulphate and sulphuric acid (analyti-
cal grade) were purchased from Qualigens (Mumbai, India). Ultrapure water
generated by the Barnstead nanopure system (Model D3750, U.S.A.) was
used. Seventy percent (v/v) methanol in water was used as solvent for ex-
traction of Bacopa monnieri plant materials. Sodium sulphate (0.05 M) pre-
pared in water and adjusted to pH 2.3 with dilute sulphuric acid using Elico
pH meter (model LI 120). Sulphate buffer (pH 2.3) and acetonitrile
(68.5 : 31.5, v/v) was used as mobile phase. Sulphate buffer (pH 2.3) and
acetonitrile (50 : 50, v/v) were used as a medium for preparation of extracts
and commercial formulations. All solutions were filtered through 0.45 mm
pore size membrane filter using a Millipore Swinnex type filtration unit.

Sample Preparation. Bacopa monnieri Plant Material One to five
grams of Bacopa monnieri powdered plant material was weighed into a
100 ml round bottom flask, added about 30 ml of 70% (v/v) methanol and re-
fluxed on a water bath for 30 min. Filtered and the extraction was repeated
twice (2�30 ml) with 70% (v/v) methanol, combined all the alcoholic frac-
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tions and made up to 100 ml with 70% (v/v) methanol and filtered through
0.45 mm membrane filter.

Bacopa monnieri Extracts Five hundred milligrams of the sample was
dissolved in a medium of sodium sulphate (0.05 M) buffer pH 2.3 and ace-
tonitrile (50 : 50, v/v), sonicated for 10 min, diluted to 100 ml with the same
medium and filtered through 0.45 mm membrane filter.

Commercial Formulations The average weight of the capsule/tablet
was determined by weighing 20 capsules/tablets. In case of capsules, hard
gelatin shells were removed and finely powdered. Fifty milligrams of the
finely powdered samples were dissolved in a medium of sodium sulphate
(0.05 M) buffer pH 2.3 and acetonitrile (50 : 50, v/v), sonicated for 10 min
and made up to 10 ml with the same medium and filtered through 0.45 mm
membrane filter.

Calibration Standard solutions containing 10 mg/ml of the standards,
1—12, in a medium of sodium sulphate (0.05 M) buffer pH 2.3 and acetoni-
trile (50 : 50, v/v) (Stock solution). Six additional calibration levels were pre-
pared by diluting stock solutions with the same medium in the range of
1.0—60.0 mg/20 m l (Table 1). The standard curves were obtained using the
peak areas of six different concentrations in six replicate assays and were ex-
pressed by the linear least square regression equation.

HPLC Instrumentation HPLC experiments were performed on a 
Shimadzu HPLC system equipped with Phenomenex Luna C18, 5 mm
(4.6�250 mm) column, LC10AT VP pumps, SCL-10AVP system controller,
SIL-10 AD VP auto injector, SPD-M10 AVP photodiode array detector and
class VP software was used.

Analytical Method In this method, the mobile phase was a mixture of
0.05 M sodium sulphate buffer pH 2.3 and acetonitrile (68.5 : 31.5, v/v) at
flow rate of 1 ml/min and the column temperature was maintained at 30 °C.
The detection wave length was set at 205 nm. The injection volume was
20 m l. The chromatography system was equilibrated by the mobile phase.
The separation and quantification of the samples was conducted when the
same retention time and peak areas of the repetitive injection of the standard
solutions were obtained. The total run time was 75 min.

Method Validation The specificity of the method was ascertained by
analyzing the standards and the samples. The peaks for compounds 1—12 in
the samples were confirmed by comparing the retention times of the peak
with that of standards.

The linearity of the method was checked with standards 1—12 with the
calibration curves in the range 1.0—60.0 mg/20 m l, using six different con-
centrations in six replicate assays. Limit of detection (LOD) and limit of
quantification (LOQ) were obtained from the standard deviation (s) of the
blank response (n�6) and slope (S) of the calibration curve using the formu-
lae 3.3s /S and 10s /S, respectively.

Accuracy was determined by spiking pre-analyzed sample with low,
medium and high concentrations in the calibration range of the standard
compounds 1—12 and analyzed by the proposed method. The experiment

was conducted six times to check the recovery of the analyte at different lev-
els in the formulations.

Precision (intra- and inter-day) of the assay was verified by analyzing
samples PM-1, PM-2 and PM-3. Six assays were carried out on each sample
on the same day and on different days. Repeatability was confirmed by rela-
tive standard deviation (RSD%) of compounds (1—12), estimated in three
samples.

Results and Discussion
A simple method was developed for the estimation of ba-

copasaponins 1—12 based on reversed phase HPLC separa-
tion combined with UV detection. An isocratic system was
chosen to minimize the variations of the base line and also
considering simplicity, precision and accuracy. The stability
of the sample and standards 1—12 were checked and found
to be stable for 48 h. An extraction procedure for plant mate-
rials was evaluated by extracting the plant material (PM-1)
with 3�30 ml of 70% methanol, which is sufficient for com-
plete extraction of bacopa saponins 1—12.

Major saponins found in Bacopa monnieri are derivatives
of two aglycones, jujubogenin and pseudojujubogenin (Fig.
1). The saponins, in two groups, differ only in their sugar
moieties. Bacopasaponins possess a weak chromophore. Sep-
aration of compounds 1—12 was difficult and required a
careful assessment of all separation parameters like station-
ary phase and elution conditions.

HPLC columns differing in stationary phase, pore size
were initially screened for their potential to resolve the com-
pounds 1—12. Special attention was paid to separation effi-
ciency, peak shape and separation time. Best results were ob-
tained with Luna C18 column 5 mm particle size, 250 mm
length and 4.6 mm i.d (Phenomenex) sodium sulphate
(0.05 M) buffer pH 2.3 and acetonitrile (68.5 : 31.5, v/v) was
used as mobile phase with 1 ml/min flow rate enabling the
base line separation of all compounds within 75 min. All the
separations were performed at 30 °C. Absorption measure-
ment at 205 nm was selected and the compounds 1—12 were
effectively detected (Fig. 2).

Validation of the Assay Method Method for the quanti-
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Fig. 1. Structures of Compounds 1—12



tative analysis of compounds 1—12 was validated with re-
gard to its specificity, linearity, accuracy and precision by uti-
lizing the ICH guidelines.25) The specificity of the method
was confirmed by reliability of compound peaks correspond-
ing to compounds 1—12 in the sample. Bacopa monnieri
sample was spiked with the compounds 1—12, individually,
were separated by mobile phase sodium sulphate (0.05 M)
buffer pH 2.3 and acetonitrile (68.5 : 31.5, v/v). The peak
areas of the compounds 1—12 in the sample were changed
consistently with their corresponding standards. The study
confirmed the stable retention times of the compounds 1—12
in the samples were comparable with retention times of stan-
dard compounds 1—12 with �0.2 to �0.3 min variation

(Table 1).
The linearity of the method was checked with standards

corresponding to 1—12 with the calibration curves in the
concentration range 1.0—60.0 mg/20 m l. The regression
equation and correlation coefficients were obtained with six
replicate analyses for each concentration. The results of lin-
earity data was reported in Table 1 shows that the correlation
coefficient of the equations were �0.99 and the 12 calibra-
tion curves yielded straight lines in a wide range.

The limit of detection (LOD) of compounds 1—12 were in
the range of 0.010—0.040 mg per injection and the limit of
quantification (LOQ) of 1—12 were in the range 0.030—
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Table 1. Calibration, Linearity, LOD and LOQ Data for the Standard Compounds 1—12

Compound
Retention time Linearity range 

Regression equation
Correlation Limit of detection Limit of quantification

(min) (mg/20 m l) coefficient (LOD) (mg/20 m l) (LOQ) (mg/20 m l)

1 6.2�0.3 20.0—60.0 y�147.10x�72.46�104 0.9973 0.022 0.068
2 7.9�0.4 20.0—60.0 y�152.32x�50.29�104 0.9984 0.022 0.066
3 32.9�0.4 2.5—15.0 y�80.87x�10.99�103 0.9995 0.040 0.124
4 35.4�0.3 2.0—12.0 y�249.09x�35.14�103 0.9989 0.013 0.040
5 38.4�0.4 2.0—12.0 y�253.08x�17.65�103 0.9997 0.013 0.039
6 42.0�0.3 1.0—4.0 y�120.84x�19.31�103 0.9939 0.027 0.083
7 46.8�0.3 2.5—15.0 y�280.81x�60.20�103 0.9997 0.012 0.036
8 51.2�0.3 2.0—12.0 y�239.65x�35.87�103 0.9999 0.014 0.042
9 52.6�0.4 2.5—25.0 y�236.71x�62.52�103 0.9998 0.014 0.042

10 57.5�0.3 1.5—6.5 y�149.91x�53.89�103 0.9961 0.022 0.067
11 61.9�0.4 1.0—4.0 y�209.53x�35.28�103 0.9944 0.016 0.048
12 67.3�0.2 1.5—5.0 y�346.22x�33.97�103 0.9980 0.010 0.030

Where y� peak area, x�concentration of the compound mg/20 m l.

Table 2. Recovery Studies (n�6)

Amount of Amount of 
Compound compound compound recovered % Recovery

added (mg) (mg�S.D.)

Bacopasaponin F (1) 0.8240 0.8096�0.0029 98.25
1.6480 1.6220�0.0089 98.42
2.4720 2.4446�0.0079 98.89

Bacopasaponin E (2) 0.9025 0.8994�0.0026 99.65
1.8050 1.8031�0.0049 99.89
2.7075 2.7156�0.0120 100.29

Bacoside A3 (3) 1.2151 1.1940�0.0170 98.26
2.4303 2.4372�0.0081 100.28
3.6455 3.6768�0.0260 100.86

Bacopaside II (4) 1.2075 1.2100�0.0053 100.20
2.4150 2.4284�0.0076 100.55
3.6225 3.6319�0.0096 100.25

Bacopaside I (5) 1.5023 1.4800�0.0035 98.52
3.0046 2.9836�0.0074 99.30
4.5068 4.5271�0.0075 100.45

Bacopaside X (6) 2.7150 2.6756�0.0051 98.55
Bacopasaponin C (7) 0.9876 0.9847�0.0052 99.70

1.9751 1.9523�0.0039 98.84
2.9627 2.8766�0.0760 97.10

Bacopaside N1 (8) 0.9591 0.9049�0.0061 94.35
1.9182 1.8043�0.0102 94.06
2.8773 2.7075�0.0310 94.10

Bacopaside N2 (9) 1.0189 1.0193�0.0032 100.04
2.0378 1.9979�0.0180 98.04
3.0568 3.0244�0.0150 98.94

Bacopaside III (10) 3.5250 3.4879�0.0105 98.95
Bacopaside IV (11) 2.0150 1.9743�0.0208 97.98
Bacopaside V (12) 0.1846 0.1842�0.0010 99.78

0.3691 0.3662�0.0010 99.21
0.5537 0.5503�0.0071 99.38

Fig. 2. HPLC Chromatograms: (A) Bacopa monnieri Extract (EM-1), (B)
Ginko Brahmi Tablets (FM-6 Contains Bacopa monnieri and Ginko biloba
Extracts)

Peak assignment according to Fig. 1.



0.124 mg per injection (Table 1).
Accuracy of the analytical method was determined by

spiking sample with known amounts of 1—12 at three con-
centration levels. Due to the low amounts of standard com-
pounds 6, 10 and 11 available, recovery was determined at
middle concentration level only. The samples were analyzed
under optimized conditions and the recovery rates were ob-
served in the range 94.06 to 100.86% (Table 2).

The precision of the method was validated by both intra-
and inter-day variations. To determine intra-day variation six
assays were carried out on same sample at different times
during the day and inter-day variation was determined by an-
alyzing on next day. Precision of the assay was verified by
analyzing samples PM-1, PM-2 and PM-3 and found the per-
cent relative standard deviation (RSD%) of intra- and inter-

day variation was in the range of 0.11—8.50% for all com-
pounds (Table 3).

Application of the Method The method developed was
applied to analyze three different Bacopa monnieri plant ma-
terials (PM), two different extracts (EM) and six different
commercial formulations (FM), which were procured from
domestic market and Australia. The results presented in
Table 4 reveal that the compounds Bacoside A3 (3), Bacopa-
side II (4), Bacopaside I (5), Bacopaside X (6) and Bacopa-
saponin C (7) were major components and the remaining
were minor, but, in quantifiable amounts in Bacopa monnieri
plant materials (PM) and total saponins are in the range
5.1—6.0%. Compounds 3—12 were the major peaks
whereas Bacopasaponin F (1) and Bacopasaponin E (2) have
been detected as minor components in Bacopa monnieri ex-
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Table 3. Intra- and Inter-day Precision of Samples (PM-1, PM-2 and PM-3)

Compound
Intra-day (n�6) Inter-day (n�6)

PM-1 PM-2 PM-3 PM-1 PM-2 PM-3

1 0.018 (3.51) 0.040 (1.58) 0.035 (2.72) 0.019 (2.63) 0.044 (2.62) 0.037 (1.46)
2 0.007 (8.50) 0.010 (7.66) 0.015 (5.44) 0.006 (6.62) 0.011 (5.17) 0.016 (5.21)
3 1.857 (1.35) 1.756 (0.13) 2.619 (0.59) 1.823 (0.62) 1.783 (0.44) 2.620 (0.35)
4 1.545 (0.78) 0.777 (0.29) 0.834 (0.15) 1.551 (0.24) 0.783 (0.35) 0.827 (0.50)
5 0.736 (0.46) 0.656 (0.40) 0.625 (0.40) 0.733 (0.60) 0.659 (0.21) 0.627 (0.46)
6 0.978 (2.29) 1.015 (0.14) 1.016 (0.11) 0.988 (0.68) 1.021 (0.52) 1.532 (0.21)
7 0.727 (1.04) 0.687 (0.11) 0.735 (0.40) 0.725 (0.57) 0.687 (0.24) 0.730 (0.66)
8 0.004 (0.00) 0.034 (1.63) 0.008 (0.00) 0.004 (10.65) 0.036 (1.96) 0.008 (5.00)
9 0.039 (4.60) 0.029 (2.78) 0.017 (2.99) 0.036 (5.56) 0.030 (1.85) 0.017 (3.72)

10 0.047 (2.56) 0.040 (2.93) 0.061 (3.39) 0.052 (4.30) 0.038 (0.00) 0.061 (3.02)
11 0.048 (3.85) 0.033 (3.63) 0.031 (0.00) 0.048 (4.27) 0.034 (0.00) 0.030 (5.58)
12 0.007 (7.04) 0.020 (5.00) 0.014 (4.28) 0.007 (8.50) 0.021 (2.66) 0.012 (3.36)

Total 6.013 5.097 6.010 5.992 5.147 6.517

Values in % (g/100 g): relative standard deviations are given in parentheses.

Table 4. Estimation of Bacopa saponins 1—12 in Samples

Sample
Bacopasaponins

1 2 3 4 5 6 7 8 9 10 11 12 Total

PM-1 0.018 0.007 1.857 1.545 0.736 0.978 0.727 0.004 0.039 0.047 0.048 0.007 6.013a)

(3.51) (8.50) (1.35) (0.78) (2.29) (2.29) (1.04) (0.00) (4.60) (2.56) (3.85) (7.04)
PM-2 0.040 0.010 1.756 0.777 0.656 1.015 0.687 0.034 0.029 0.040 0.033 0.020 5.097a)

(1.58) (7.66) (0.13) (0.29) (0.40) (0.14) (0.11) (1.63) (2.78) (2.93) (3.63) (5.00)
PM-3 0.035 0.015 2.619 0.834 0.625 1.016 0.735 0.008 0.017 0.061 0.031 0.014 6.010a)

(2.72) (5.44) (0.59) (0.15) (0.40) (0.11) (0.40) (0.00) (2.99) (3.39) (0.00) (4.28)
EM-1 0.227 0.073 5.163 1.620 1.757 3.300 2.133 0.753 2.177 1.847 1.617 1.500 22.167a)

(8.19) (7.83) (1.18) (0.62) (1.74) (1.60) (1.08) (4.06) (3.91) (0.83) (3.41) (5.81)
EM-2 0.093 0.027 2.693 1.647 2.293 3.360 2.467 0.243 0.777 0.670 0.410 0.667 15.347a)

(6.19) (6.21) (6.18) (0.75) (1.33) (1.81) (1.87) (4.23) (1.49) (5.17) (8.19) (3.53)
FM-1 Nil Nil Nil 0.250 0.412 0.282 0.181 0.038 0.106 0.200 Nil Nil 1.469b)

(2.40) (0.17) (2.46) (1.65) (1.50) (5.71) (3.07)
FM-2 0.380 0.104 1.830 0.273 0.603 0.691 0.684 0.353 0.046 0.273 Nil Nil 5.237b)

(1.22) (0.91) (1.23) (1.54) (1.64) (7.91) (0.96) (0.54) (6.63) (5.18)
FM-3 0.626 0.337 20.508 9.318 8.387 14.595 8.709 0.345 1.081 0.696 0.495 0.703 65.800b)

(0.79) (0.60) (0.06) (0.80) (0.86) (0.07) (0.61) (0.17) (0.61) (0.82) (0.95) (0.11)
FM-4 0.797 0.367 8.524 4.282 5.561 5.699 4.680 0.644 2.220 1.877 1.102 0.635 36.388b)

(0.54) (1.45) (0.15) (0.38) (0.25) (1.38) (0.42) (0.72) (0.76) (1.01) (0.69) (2.75)
FM-5 0.986 0.186 20.864 7.843 8.851 14.647 8.790 0.467 0.810 1.039 0.498 0.786 65.767b)

(2.47) (0.96) (0.25) (0.29) (1.28) (0.34) (1.60) (0.60) (1.98) (1.76) (1.24) (2.34)
FM-6 3.617 0.069 20.775 8.119 7.976 14.080 8.548 0.060 0.721 0.581 0.517 0.964 66.027b)

(1.02) (2.83) (0.17) (1.05) (0.50) (0.55) (1.07) (3.51) (0.24) (1.36) (1.82) (1.61)

PM: Bacopa monnieri plant materials; EM: Bacopa monnieri extracts; FM-1: Brahmi capsules, Himalaya Pure Herbs, India; FM-2: Stresswin capsules, Siddhayu Ayurvedic
Research Foundation (P) Ltd., India; FM-3: Super Brahmi�Ginko capsules, Nutrilife Health and Fitness (NZ) Ltd., Newzealand; FM-4: Brahmi 6000 plus capsules, Carlson
Health, Australia; FM-5: Mega Memory 3000 tablets, Totally Natural Products, Australia; FM-6: Ginko Brahmi Tablets, Blackmores Limited, Australia. Data represent the mean of
six determinations; relative standard deviations are given in parentheses; a) expressed in g/100 g; b) expressed in mg/capsule or tablet.



tracts (EM). Major part of the saponin content was con-
tributed by compounds 3—10 in all commercial formulations
analyzed. Bacopaside IV (11) and Bacopaside V (12) were
not present in commercial formulations (FM-1 and FM-2)
procured in the domestic market. The total saponin content
of the formulations are in the range 1.47—66.03 mg per cap-
sule or tablet. The total saponin content was relatively less in
formulations procured from domestic market (FM-1 and FM-
2) in comparison with formulations procured from Australia.

The presence of the herbal extracts of Withania somnifera,
Nardostachys jatamansi, Ginko biloba, Panax ginseng and
Capsicum annum, Vitamin B-Complex viz. thiamine HCl, ri-
boflavine, pyridoxine HCl, niacinamide does not interfere in
the estimation of bacosides 1—12 in commercial formula-
tions. As such, the method may be applicable for polyherbal
formulations also.

Conclusions
It was established from the pharmacological studies that

bacosaponins were responsible for the biological activity of
Bacopa monnieri. A simple reversed phase HPLC method
has been developed for the simultaneous determination of all
12 bacopa saponins. The results demonstrate that the method
developed was highly specific, accurate and precise and it
could be used in the quality control of Bacopa monnieri ex-
tracts and formulations like tablets and capsules.
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