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ABSTRACT

A range of biological activities has been found from Plantago lanceolata L. extracts showing anti-
inflammatory, analgesic and antioxidant activities. It is in this perspective that the plant was the
target of our investigations in order to develop a standardized phytomedicine. Batankor syrup
formulated from P. lanceolata L. is used to treat cough and other infections of the respiratory tract.
Various active compounds such as flavonoids, glycosides and terpenoids have been identified
from Plantago species. The present study was performed to estimate the acteoside content in
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formulated Bantakor syrup and P. lanceolata leaves collected from four different region of Rwanda.
During this investigation, both UV-Vis Spectrophotometric and HPLC methods were developed and
validated for determination the content of acteoside in analysts. The chromatographic fingerprints
of P. lanceolata extracts represent phyto-equivalence even thought, there are, some differences in
their profiles. The retention time of acteoside in the samples was at 6.9 minutes compared to the
peak of standard. The plant sample from Rwabuye showed highest yield of acteoside (1.837%)
while sample from Ngoma showed less acteoside content (0.594%). The content of acteoside in
1ml of Batankor syrup was found to be 142.19 pug #0.83. The intraday precision (% RSD) on the
basis of content of acteoside was found to be 0.09-0.45 whereas interday precision (% RSD) on
the basis of the content were found to be 0.35-0.83, showing the stability of the sample within five
days. Also, LOD and LOQ values were 4.26 and 12.90 respectively.
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1. INTRODUCTION

Since ancient times humanity has used medicinal
plants to treat and prevent diseases. It was
proved that herbal drug given with right doses
and formulations serve a number of therapeutic
purposes [1-3]. The current demand for herbal
drugs is rising, in both developed and developing
countries. WHO reports 80% of world population
relies on the herbal medicines due to various
reasons [4-6]. The herbal medicines were proven
to be less toxicity, better therapeutic effect, good
patient compliance and cost effectiveness than
synthetic drugs.

P. lanceolata extracts have showed potential

inhibitory effects against pathogenic
microorganism [2,3,7]. It is assumed that
aucubigenin, acteoside and aucubin were

responsible for the in vitro antibacterial activities
of this plant. In other study, catalpol showed the
activity against hepatitis B virus antigens

(HBsAg) in HBsAg positive serum [7-9].
Acteoside (Fig. 1) was reported to have
antioxidant, antihypertension and anti-
inflammatory activities [10-14]. P. lanceolata
methanolic extract showed growth inhibitory
and cytotoxic effects in vitro on breast
adenocarcinoma and melanoma tumoral cell

lines and the luteolin-7-O-B-glucoside was
attributed this activity [3]. The hepatoprotective
effects were observed for aucubin, acteoside and
catalpol compounds [3,7,15,16].

It was reported that P. lanceolata contains about
2-3% of iridoid glycosides (aucubin and catalpol)
as well as phenylpropanoid glycoside especially
acteoside and plantamajoside [3,7,16]. The total
iridoid content in young leaves may reach up to

syrup;

acteoside; quantification; chromatographic

9%, while in the older ones iridoids are present
only in traces [3,6,16]. Several research works
have been conducted on the plant material
containing acteoside manly for its isolation and
purified [13,17,18]. Combination of HPLC
fingerprint and quantitative analysis by HPLC-
DAD-ESI-MS was also used to identify and
guantify acteoside compound in different
medicinal plants [19-21]. Li-hou X et al. [22]
developed a Micellar electrokinetic
chromatography method for evaluation of
variation of acteoside content in wild and
cultivated Scutellaria baicalensis roots. However,
on our best on our knowledge, there is no paper
has reported the simultaneous quantification of
acteoside in raw P. lanceolata plant and its
formulated herbal drug. In this paper, we report a
simple HPLC and UV-Vis Spectrophotometric
method for identification and quantification of
acteoside in both P. lanceolata and Batankor
syrup formulated on base of this plant.
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Fig. 1. Chemical structure of acteoside



2. EXPERIMENT PART
2.1 Equipment

An Agilent 1200 Series HPLC system equipped
with a quaternary pump, a degasser, and a
thermostatic auto-sampler and a photodiode
array detector (DAD) with an Agilent extend-C18
column (150 mm x 4.6 mm, 5 ym) with C18
guard column, and UV-Vis Spectrophotometer,
UV-1700 pharmaspec ShimaDzu, were the main
equipment used in this study. Other equipment
used, including ultrasound cleaner, electronic
balance and Ultra-Water Purifier.

2.2 Chemicals and Reagents

HPLC grade acetonitrile was purchased from
Aladdin  Chemistry Inc. (Shanghai, China).
Deionized water was obtained using a Milli-Q
Water purification system (Millifore, MA, USA).
Acteoiside reference was obtained from Chinese
Food Medicine Identification Institute # 111530-
201007. All other organic solvents used in this
study were of analytical grade and purchased
from Shanghai Chemical Co. (Shanghai, China).

2.3 Plant Material

Four samples of P. lanceolata leaves were
collected from three Provinces of Rwanda,
Northern at Musanze District, Eastern at Ngoma
District and Southern at Huye District (two
samples from Mukoni and Rwabuye). The plant
was authenticated as raw P. lanceolata by
Professor Elias BIZURU from University of
Rwanda and the sample was deposited in
National Herbarium of National Industrial
Research and Development Agency (NIRDA).
Each plant sample was washed under running
tap water to remove dust, dried at room
temperature and then crushed into fine powder
using electrical grinder. The obtained powdered
samples were separately kept into polythene
bags for the future use.

3. METHODS
3.1 Preparation of Crude Extract

200 g of powder of sample from Rwabuye were
macerated two times with aqueous ethanol (2L,
70% v/v) at room temperature for 72 hours each
time. The extraction mixture was filtered,
combined and evaporated under reduced
pressure at a temperature of 40°C until total
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evaporation of the ethanol. The aqueous fraction
was then used to formulate Batankor syrup.

3.2 UV-Vis Spectrophotometer Analysis

3.2.1 Preparation of sample

The samples were reparation according to the
British Pharmacopoeia 2013. The amount of
each plant sample (10 gr) was added in 90ml| of
ethanol (50% v/v) separately followed by
macerating the solution to boil in water-bath
under a reflux condenser for 30 minutes. The
solution was allowed to cool and filtered. In
100 ml volumetric flask the filtered solution was
completed to 100 ml with the same solvent.
Then, in 10 ml volumetric flask, add 1 ml of the
above obtained solution, 2 ml of 0.5M
hydrochlolic acid, 2 ml of a solution prepared by
dissolving 10 g of sodium nitrite and 10 g of
sodium molybdate in 100 ml of water, and 2 ml of
dilute sodium hydroxide solution. The obtained
solution was completed to 10 ml with distilled
water. The blank solution was prepared by
adding in 10 ml volumetric flask, 2 ml of a
solution prepared by dissolving 10 g of sodium
nitrite and 10 g of sodium molybdate in 100 ml of
water, 2 ml of 0.5 M hydrochlolic acid and 2 ml of
dilute sodium hydroxide solution. The obtained
solution was completed to 10 ml with distilled
water.

3.2.2 Method

UV-Vis  Spectrophotometric  analysis  was
conducted by the measurement of the
absorbance of analysts using a test solution at
525 nm using a blank solution. During this
investigation the assay was done in triplicate.
Taking the specific absorbance to be 185 for
acteoside at 525 nm, the percentage content of
total acteoside in each sample was calculated
using the following expression:

Ax1000

%= "185xm

A: Absorbance of the test solution at 525 nm
m: masse of the substance to be examined (g)

3.3 HPLC Analysis

3.3.1 Preparation of sample

The powder (1 gr) for each sample was
accurately weighed, placed separately into a
conical flask with stopper and soaked with 50 ml



of 70% methanol (v/v) for 30 min followed by
ultrasonic extraction for another 30 min. The
resultant mixture was adjusted to the original
weight with extraction solvent, and the
supernatant was removed through a 0.45 pm
membrane filter. The standard solution was
prepared by dissolving 5 mg of acteoside into
1ml of DMSO to obtain a stock solution. A serial
of diluting ranging from 100 ng/ml to 900 ng/ml
using methanol were prepared in order to obtain
test solution used for calibration curve. Sample of
Batankor syrup was prepared by diluting 1ml of
formulated Batankor syrup into 20 ml of
methanol. All samples used were sonicated,
degassed and filtrated through a 0.45 pm
membrane filter before HPLC injection.

3.3.2 Methods

The binary mobile phase consisted of acetonitrile
(solvent A) and water containing 1% acetic acid
(solvent B). The flow-rate was kept constant at
1.0 mL/min for a total run time of 16 min. The
system was run with a gradient program: 0-11.5
min: 90% B to 60% B; 11.5-12.7 min: 60% B to
0% B; and 12.7-16min, 0% B to 90%B. The
sample injection volume was 10 pL. Peak of
interest was monitored at 320 nm by a DAD
detector. The qualitative identification of
acteoside in different crude extracts and
Batankor syrup was achieved by comparing the
retention times (RT) of characteristic peaks in
different samples with those of the authentic
acteoside standard. The quantitative analysis of
acteoside in different samples was conducted
using calibration curve method with external
standard. This method is consisting of injecting
an aliquot of the calibration (standard) solution of
known concentration and measuring the peak
area obtained. During this investigation the
analysis was conducted in ftriplicate and the
results were presented as mean * Standard of
Deviation.

3.3.2.1 Accuracy and precision

The repeatability of the concentration and
measurement of peak area were carried out
using three replicates of three different
concentration of acteoside (200, 500 and
700ng/ml) which were expressed in terms of
percentage relative standard deviation (% RSD)
and standard error (SE). The intraday precision
was determined at three different concentration
levels of acteoside (200, 500, 700 ng/ml, six
times on the same day, and the interday
precision was determined at same the
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concentrations of marker, four times on five
different interval days.

3.3.2.2 Limits of detection and quantification

The limit of detection (LOD) and limit of
guantification (LOQ) were calculated based on
the standard deviation (SD) of the response and
the slope (S) of the calibration curve at levels
approaching the LOD according to the formulas:
LOD= 3.3 (SD/S) and LOQ = 10 (SD/S). The SD
of the response was determined based on the
SD of y-intercepts of regression lines.

4. RESULTS AND DISCUSSION

4.1 UV-Vis Spectrophotometric

The precision test was investigated by analyzing
sample from Ngoma 6 consecutive times. The
result indicated that there was no obvious
change of absorbance values obtained. The
measured %RSD was smaller than 8%, showing
the good precision of UV-Vis Spectrophotometer
equipment. The stability test was conducted on
sample from Ngoma at time points of 0, 2, 4, 8,
and 10 hour. After UV-Vis spectrophotometer
measurement, we got comparable values of
absorbance. The measured RSD% was smaller
than 8%, showing the stability of the sample
within 10 hours.

The percentage of acteoside in each sample was
calculated using the above mentioned formula.
Results are presented as mean values =
standard deviation values (n=3). The measured
absorbance was 0.034; 0,019; 0.017, and 0.011
respectively for samples from Rwabuye, Mukoni,
Musanze and Ngoma. The measured %RSB
values were smaller than 8% (Table 1). There is
a high percentage of acteoside (1.84%) in the
sample from Rwabuye, followed by Mukoni
(1.01%) and Musanze (0.92%). The sample from
Ngoma was found to have least percentage of
acteoside (0.59%).

4.2 HPLC Analysis

The qualitative identification of acteoside in
different crude extracts and Batankor was
performed by comparing the retention times of
characteristic peaks in different samples with
those of the authentic acteoside standard. The
crude extracts of P. lanceolata from 4 different
locations and Batankor syrup were analyzed
under the same HPLC conditions. The system
was run with a gradient program: 0-11.5 min:



90% B to 60% B; 11.5-12.7 min: 60% B to 0% B;
and 12.7-16 min, 0% B to 90% B. A volume of 2
pL of each crude extract and 10 pL of Bantankor
syrup were injected for analysis and the peak of
interest was monitored at 320 nm by a DAD
detector for a total run time of 16 min. The Fig. 2
presents HPLC chromatograms of P. lanceolata
samples and acteoside standard analyzed using
same HPLC conditions.

The results given at Fig. 2 showed that the
HPLC chromatograms of P. lanceolata extracts
represent phyto-equivalence even thought, there
are, some differences in the profiles taking into
consideration the signal intensity, retention time ,
peak area and peak height of different peaks.
The peaks with retention time of 6.97 min; 6.96
min; 6.97 min; 6.97 min and 6.89 min
respectively for sample namely Mukoni,
Rwabuye, Musanze, Ngoma and Batankor syrup
were tentatively identified as the peak of
acteoside compare to the one of standard which
was obtained at 6.86 min. However, the peak
height of acteoside standard was higher than
those of crud extracts and Batankor syrup. The
different concentrations of acteoside in the range
100-900 ng were used for calibration. At each
concentration of acteoside and plant sample, the
peak area was recorded. The calibration plots
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were linear within this range of acteoside, and
the correlation coefficient (r) was 0.999 which
indicate a good linear dependence of peak area
on concentration. The repeatability of sample
analyzed and measurement of peak area was
expressed in terms of RSD % and the % RSD for
intra- and interday analysis. As shown at Table 2,
intraday precision (% RSD) on the basis of
content of acteoside was found to be 0.09-0.45
whereas interday precision (% RSD) on the basis
of the content were found to be 0.35-0.83,
showing the stability of the sample within five
days. Also, LOD and LOQ values were 4.26 and
12.90 respectively.

The quantitative analysis of acteoside in different
samples was conducted using calibration curve
method with external standard. The calibration
curve was represented by the linear equation y=
1.1917 x - 0.7273, where “y” is the response as
peak area and “x” is the concentration.
According to the peak area obtained for each
sample and above linear equation, the content of
acteoside was calculated. Table 3 shows the
content of acteoside in P. lanceolata samples
and Batankor Syrup. As shown at Table 3, the
content of acteoside varied from 145.4 to 453.80
pg/g of dried plant sample according to the
sample location. The content of acteoside in

Table 1. The % of acteoside in P. lanceolata samples (mean values n=3)

Sample name Absorbance Acteoside SD %RSD SE
(mAU) content (%)

Ngoma 0.011 0.594 0.004 7.231 0.0126

Mukoni 0.019 1.846 0.003 1.654 0.042

Rwabuye 0.034 1.009 0.003 3.354 0.0173

Musanze 0.017 0.918 0.005 5.448 0.0194
Table 2. Intra- and Interday precision of HPLC (n=  6)

Acteoside Intraday precision Interday precision

(ng/ml) Mean area SD % RSD SE Mean area SD % RSD SE

200 238.10 0.23 0.09 0.09 234.23 1.96 0.83 0.80

500 605.69 275 045 1.12  527.79 1.871 0.35 0.76

700 833.37 156 0.19 0.63  643.89 2.87 0.44 1.17

Table 3. Acteoside content in different

P. lanceolat a samples and Batankor syrup

Sample area Absorbance Content of acteoside SD % RSD SE
(mAU) (ug/g of plant sample)

Rwabuye 541.52 453.80 3.44 0.759 1.989

Mukoni 346.57 290.208 1.73 0.595 0.997

Musanze 304.14 254.603 0.834 0.329 0.483

Ngoma 174.03 145.432 0.852 0.586 0.492

Batankor 170.18 142.192 pg/ml 0.836 0.588 0.482
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Fig. 2. Superposed HPLC chromatograms of

P. lanceolata crude extracts and acteoside

standard
(From the top to down: Acteoside standard, sample from Mukoni; sample from Rwabuye; sample from Musanze,
sample from Ngoma and Batankor syrup)

Batankor syrup was found to be 142.192 pg/ml.
The analytical results showed that the contents
of the five analytes including acteoside in twenty-
one commercial Rehmannia glutinosa samples
from different markets in Korea and China vary
significantly with sources [23].

5. CONCLUSION

Both obtained results by HPLC and UV-Vis
Spectrophotometric methods proven that the
amount of acteoside differed depending to the
plant samples location. The obtained results from
two quantification methods showed that sample
from Rwabuye has a high amount of acteoside
compound while sample from Ngoma showed
less acteoside content. These findings are
helpful for industrial scale production since are
showed that samples from Southern Province
contain a high content of acteoside. However,
other factors such as use of fertilizers, climates
etc could also be studied. These results indicated

that it could be a great important to control the
quality of P. lanceolata to ensure the therapeutic
effects of Batankor syrup in clinical use.
Therefore, setting a minimum limit on acteoside
content could be useful to have standardized
Batankor syrup and to ensure the quality and its
clinical efficacy. The obtained results to this
study suggested that the established and
validated HPLC method could be used for the
quality control of the plant materials containing
P. lanceolata and other medicinal plants where
acteoside related compounds are the dominant
phytochemicals.
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