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ABSTRACT

This study was aimed to develop and validate HPTLC densitometric and image analysis method 
for the quantification of crebanine and dicentrine in S. venosa tuber and their commercial 
products in Thailand. HPTLC analysis was performed on an aluminum sheet of silica gel using 
dichloromethane:ethyl acetate:methanol (21:6:3, v/v/v) as a mobile phase. The densitometric 
scanning was performed at the wavelength 290 nm, while image analysis was visualized after 
post-derivatization with Dragendorff’s reagent and processed by the ImageJ processing software. 
The proposed methods showed acceptable validation parameters. The content of crebanine and 
dicentrine in S. venosa tuber and their commercial product was in the ranges of <0.31–1.64 ± 
0.18 % and <0.25–1.31 ± 0.11 % w/w for HPTLC densitometric and <0.17–1.61 ± 0.07 % and 
<0.17–1.64 ± 0.03 % w/w for TLC image analysis method, respectively. The result suggested no 
significant differences (P > 0.05) between the mean contents analyzed by HPTLC densitometric 
and TLC image analysis method. HPTLC and image analysis method showed several advantages 
such as simple, fast data acquisition, and cost efficiency. Both methods are considered as alternative 
method for product quality assurance and can be used in the routine quality control analysis.
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INTRODUCTION

Stephania venosa (Blume) Spreng. (Menispermaceae) is an 
indigenous herb distributed in South East Asian countries. 
It is locally known in Thai as “Sa-Bu-Leud” or blood soap 

due to its prominent characteristic red sap in the stem.[1,2] In Thai 
traditional medicine, S. venosa tuber has been widely used for the 
treatment of diabetes mellitus, cancer, and used as tonic drug.[3] 
Various biological activities of the tuber have been reported such 
as antimalarial, cytotoxic, antimicrobial, and acetylcholinesterase 
inhibitory activities.[4-7] The previous phytochemical studies on 
this plant have revealed the presence of isoquinoline alkaloids 
as major active compound. The tuber has been isolated 
and reported to contain crebanine, dicentrine, stephanine, 
tetrahydropalmatine, sukhodianine, dehydrostephanine, 
dehydrocrebanine, jatrorrhizine, and stepharine.[5,8]

The variation of chemical constituents in herbal extract 
possesses a great challenge to control the quality of herbal 
products. The qualitative and quantitative analyses are useful 
techniques to assess the safety and efficacy of plant material 
which mostly related to the content of marker compounds 
present in the plant. In general, the foremost characteristic 
red sap is absent where it provides in dry form or powdered 

drug. Thus, the analytical of active chemical markers is crucial 
for quality assessment of this plant. Crebanine and dicentrine 
are major characteristic components of this plant that also 
possesses various pharmacological activities[4-7] related to 
traditional uses. Thus, they were considered as chemical 
markers for quality assessment of S. venosa.

Various analytical methods were previously reported to 
isolate and determine alkaloid content in S. venosa tuber. 
TLC-densitometric method was developed to quantification 
of crebanine in S. venosa tuber.[9] Recently, HPLC-diode 
array detector (HPLC-DAD) was successfully developed for 
determination of crebanine, dicentrine, stephanine, and 
tetrahydropalmatine content in S. venosa tuber.[8] HPLC 
method is the most widely used to isolate, identify, and 
quantify the compounds from plant extracts and biological 
samples. Although HPLC provides rapid, reliable result, high 
sensitivity, and high reproducibility, HPLC seems to have 
some disadvantages over other analytical methods such as 
complexity, large quantities of solvents, and high cost. An 
alternative method is required to facilitate and reduces time of 
analysis with relatively few costs for routine analysis.

High-performance thin-layer chromatography (HPTLC) 
is a widely used technique for qualitative and quantitative 
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analysis of active compound in herbal products. It is also 
an ideal tool for identification of herbal materials. HPTLC 
which is simple, fast data acquisition, and cost efficiency, 
is considered as an alternative method for product quality 
assurance.[10] HPTLC can be couple with densitometric 
scanner or visualizing with optical scanner. The quantity of 
each analytes will be determined through their density using 
the processing software. Therefore, this study was aimed to 
develop and validate HPTLC densitometric and image analysis 
method for the quantification of crebanine and dicentrine in 
S. venosa tuber and their commercial products in Thailand.

MATERIALS AND METHODS

Chemicals and Reagents

Regents used in this study were of analytical grade. 
Dichloromethane, ethyl acetate, methanol, and ethanol were 
purchased from Labscan (Thailand). Deionized water was 
purified by Ultra ClearTM system (Siemens Water Technologies 
Corp.).

Standard crebanine and dicentrine were isolated in our 
previous study.[7,8] As described, the sample was macerated 
with methanol for 3 × 72 h with occasional shaking. The 
combined extract was filtered and concentrated using a rotary 
evaporator. The methanol crude extract was then partitioned 
with dichloromethane and water. The lipophilic layer, 
which contains alkaloids, was roughly separated by column 
chromatography (CC) (Merck silica gel 60, 70–230 mesh) 
with dichlomethane:ethyl acetate:methanol (70:25:5, v/v/v) 
as mobile phase. Fractions were monitored using TLC (silica 
get 60 F254) sprayed with Dragendorff’s reagent. Further, 
purification was made by CC (Merck silica gel 60, 230–400 
mesh). The final cleaning up was carried out using a Sephadex 
LH-20 column eluted with methanol. The purity was assessed 
by TLC and HPLC.

Plant Materials

The tubers of S. venosa were collected from different provinces 
in Thailand as follows: (1) Kanchanaburi; (2) Nakhon 
Ratchasima; (3) Prachuap Khirikhan; (4) Roi Et; (5) Lampang; 
(6) Phen district, Udon Thani; (7) Nong Wua So district, Udon 
Thani; and (8) Uttaradit. Identification was done based on 
the key to species described in Flora of Thailand.[2] Voucher 
specimens (Voucher no. SK-SV001-008) were deposited 
at Drug Discovery and Development Center, Thammasat 
University, Thailand. Each sample was washed with tap water, 
cut into small pieces, and dried in a hot air oven (Memmert, 
Germany) at 50 °C for 72 h. The dried samples were ground 
into fine powder and kept at −20°C for further studies.

For commercial products, six samples of S. venosa tuber 
capsule were purchased from local herbal drug stores in 
Bangkok in September, 2018. 
Brand I: S. venosa capsule: Each capsule contained 350 mg of 

S. venosa. (Mfg date: 05/01/2018 Exp date: 05/01/2021)
Brand II: S. venosa capsule: Each capsule contained 500 mg of 

S. venosa. (Exp date: July 1, 2019)
Brand III: S. venosa capsule: Each capsule contained 500 mg of 

S. venosa. (Mfg date: July, 7 2018)

Brand IV: S. venosa capsule: Each capsule contained 350 mg of 
S. venosa. (Exp date: February 25, 2019)

Brand V: S. venosa capsule: Each capsule contained 300 mg 
of S. venosa. (Mfg date: February 17, 2017 Exp date: 
February 17, 2019)

Brand VI: S. venosa capsule: Each capsule contained 350 mg of 
S. venosa. (Exp date: January 19, 2020).

Preparation of Sample Solution

Optimization the extracting solvent for the highest alkaloids 
recovery from the plant matrix was done in our previous 
study.[8] The mixture of water-methanol at ratio of 30:70 (v/v) 
yielded the highest alkaloids was chosen as a suitable solvent 
for extraction. Sonication was used as an extraction method 
due to its simplicity and rapidly.

For HPTLC densitometric and TLC image analysis method, 
two portions of each sample were accurately weighed 0.1 g and 
0.2 g, respectively, and then extracted by sonication for 30 min 
with 70% methanol and adjusted to 10 ml in volumetric flask. 
Each solution was filtered through a 0.45 µm nylon membrane 
filter before being applied to the HPTLC plate, respectively. For 
commercial products, each sample was ground to pass through 
a 0.5 mm sieve, and then extracted with 70% methanol as 
described above.

Preparation of Standard Solution

Standards of crebanine and dicentrine were accurately 
weighed and dissolved in methanol in a volumetric flask for the 
preparation of stock solutions (1 mg/ml). Working standard 
solutions of crebanine and dicentrine were prepared to obtain 
final concentration of 100 µg/ml for HPTLC densitometric and 
500 µg/ml for TLC image analysis method, respectively.

Instrument and Chromatographic 
Condition

HPTLC was performed on an aluminum sheet of silica gel 60 
F254 (20 cm x 10 cm, Cat. No. 1.05548.0001, Merck). Sample 
and standard solutions were applied to the plate as 7 mm 
bands with a Linomat V automatic sample spotter (Camag, 
Switzerland) under nitrogen flow, positioned at 10 mm from 
the bottom of the plate. The constant application rate was 
150 nl/s. The mobile phase consisted of dichloromethane:ethyl 
acetate:methanol (21: 6: 3, v/v/v). The Camag twin through 
chamber was saturated with mobile phase about 30 min before 
development, then the plate was developed to a distance of 
8 cm. Densitometric scanning was performed using a TLC 
scanner-3 (Camag, Switzerland) with WinCATs software. The 
wavelength of detection was set at 290 nm. The dimension of 
the slit was set at 6.0 × 0.45 mm.

For image analysis method, the thin-layer chromatogram 
was performed on an aluminum sheet of silica gel 60 F254 
(20 cm × 10 cm, Cat. No. 1.05554.0001, Merck). TLC 
plate was carried out under the chromatographic condition 
described above. The developed TLC plate was dipped into 
Dragendorff’s reagent and heat-dried on the plate heater 
(Camag, Switzerland) at 110°C for 5 min. Then, the TLC plate 
was optical scanned by a flatbed scanner (EPSON ME OFFICE 
620F) at a resolution of 300 dpi. The image was saved as a 
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joint photographic expert group (JPEG) file for further image 
processing with ImageJ 1.52h image processing program 
(National Institutes of Health, USA). After preprocessing step, 
manual region of interest (ROI) of an image was selected, 
then followed by gel analyze option to create line profile plots. 
The area of the peak corresponding to the concentration of 
crebanine and dicentrine standard was integrated and used 
for quantification.

Method Validation

The method was validated by evaluation of linearity, precision, 
accuracy, limit of detection (LOD), and limit of quantitation 
(LOQ) according to the International Conference on 
Harmonization guideline.[11]

Linearity

From working standard solutions of crebanine and dicentrine 
(100 and 500 µg/ml), 1–5 µl of each solution was applied to 
the HPTLC and TLC plate, corresponding to concentrations 
of 100–500 and 500–2500 ng/band for HPTLC densitometric 
and TLC image analysis method. Calibration curves were 
obtained by plotting the peak area versus the concentration 
of each standard.

Precision

The precision of the analytical method for each compound 
was determined by analyzing 6 replicates of sample from Phen 
district, Udonthani province after applying to HPTLC and TLC 
plate on the same day for repeatability and on three different 
days for intermediate precision. The precision was expressed 
as percent relative standard deviation (% RSD).

Accuracy

The accuracy of the method for each compound was evaluated 
by determination of recovery. The recovery of crebanine and 
dicentrine was performed on a sample spiked with three 
concentration levels of standards (approximately 50%, 100%, 
and 150% of the determined content of sample) (n = 3). The 
recovery was calculated as recovery (%) = 100 x (amount 
found–original amount)/amount spiked.

Limit of detection (LOD) and limit of quantitation (LOQ)

For HPTLC densitometric method, LOD and LOQ were 
determined based on the standard deviation of y-intercepts of 
regression lines (SD) and the slope of the calibration curve 
(S) of the sample in the range of LOD, LOQ according to the 
formula: LOD = 3.3(SD/S) and LOQ = 10(SD/S). For TLC 
image analysis method, LOD and LOQ were determined based 
on visual evaluation of the orange spot on the TLC plate after 
dipped into Dragendorff’s reagent.

Quantitative Analysis of Crebanine and 
Dicentrine Content in S. venosa Tuber

Two microliters of each HPTLC samples (10 mg/ml) and 15 µl of 
each image analysis method samples (20 mg/ml) were applied 
to a HPTLC and TLC plate, respectively. In order to obtain 
approximately 20 µg/b and and 300 µg/band of the sample, 
two microliters of each HPTLC samples (10 mg/ml) and 15 µl of 
each image analysis method samples (20 mg/ml) were applied 

to a HPTLC and TLC plate, respectively, solution. The samples 
were analyzed by the proposed HPTLC densitometric and TLC 
image analysis method as described above. The sample was 
analyzed in triplicate and expressed as mean ± SD (n = 3).

Statistical Evaluation

The mean value of crebanine and dicentrine content in 
S. venosa tuber determined by HPTLC and image analysis 
method was tested by paired t-test at 95% confident level.

RESULTS AND DISCUSSION

A HPTLC densitometric and TLC image analysis were 
developed for analysis the major alkaloids, crebanine, and 
dicentrine in S. venosa roots. In our previous paper,[8] we 
reported the quantitative analysis of dicentrine, crebanine, 
tetrahydropalmatine, and stephanine using HPLC technique. 
However, tetrahydropalmatine and stephanine were presented 
in small amounts and could not simultaneously quantify 
together with their major compounds using TLC technique. 
Therefore, in this study, only the major alkaloids, crebanine 
and dicentrine in S. venosa tubers were demonstrated.

HPTLC was performed on an aluminum sheet of silica 
gel 60 F254 (20 cm × 10 cm, Cat. No. 1.05548.0001, 
Merck). Optimization of the mobile phase compositions was 
done. The mobile phase consisted of dichloromethane:ethyl 
acetate:methanol (21:6:3, v/v/v) gave the best peak resolution. 
The band of crebanine (Rf = 0.36) and dicentrine (Rf = 0.29) 
were found in the HPTLC chromatogram and separated from 
other components. The specificity of the bands of crebanine 
and dicentrine in S. venosa tuber was confirmed by overlaying 
the absorption spectra of the samples with crebanine and 
dicentrine reference standards [Figure 1]. The specificity of 
the analyzed peaks was checked at three different peak levels, 
that is, start, apex, and end positions of the peak corresponding 
to crebanine and dicentrine. The maximum absorbance of 
crebanine and dicentrine was 290 and 315 nm, respectively. 
Thus, the wavelength at 290 nm was chosen for the analysis.

Quantification of crebanine and dicentrine was done 
using UV-densitometric scanner and image analysis after post-
derivatization with Dragendorff’s reagent. UV-densitometric 
scanning was performed using a TLC scanner 3 (Camag, 
Switzerland) with WinCATs software, while image analysis was 
performed using ImageJ software which is a public domain 
Java image processing software that was developed by the 
National Institutes of Health, USA. This software can be freely 
downloaded through http://rsb.info.nih.gov/ij/. Numerous 
studies using image processing software as an application to 
determine the content of marker compound of herbal and 
pharmaceutical products have been reported.[12-16] This method 
is simple, inexpensive, and convenient quantitation method 
with good accuracy and precision for bioactive components in 
herbal and crude drugs.[17]

Linearity, precision, accuracy, LOD, and LOQ were analyzed 
for method validation parameters.[11] The proposed HPTLC and 
image analysis method showed acceptable validation parameters 
[Table 1]. Comparing the validation parameters of HPTLC and 
image analysis methods, both methods showed good linear 
relationship, high accuracy, and acceptable % RSD values of 
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repeatability and intermediate precisions. The sensitivity of 
measurement was estimated in terms of LOD and LOQ. For HPTLC 
method, LOD and LOQ were determined based on the standard 
deviation of y-intercepts of regression lines (SD) and the slope of 
the calibration curve (S) of the sample in the range of LOD and 
LOQ and found to be 20.77 and 62.93 ng/band for crebanine and 
16.82 and 50.96 ng/band for dicentrine, respectively. For image 
analysis method, LOD and LOQ were determined based on visual 
evaluation of the orange spot on the TLC plate after dipped into 
Dragendorff’s reagent, which the lowest concentration of 500 
ng/band could be detected with the naked eye. LOD and LOQ of 
image analysis method were about 25 and 10 times higher than 
those of HPTLC parameters. Thus, it revealed lower sensitivity of 
image analysis method than HPTLC method. 

HPTLC chromatograms of S. venosa tuber from different 
provenances and crebanine and dicentrine standard are shown 
in Figure 2. The content of crebanine and dicentrine of S. venosa 

tuber from different provinces was in the ranges of <0.31 to 
1.64 ± 0.18% and <0.25 to 1.31 ± 0.11 % w/w, respectively 
[Table 2]. From the results, S. venosa tuber from Udon Thani 
Province contained both crebanine and dicentrine, while the 
others contained crebanine as a major compound. The result 
was in accordance with our previous HPLC study,[8] there 
was a remarkable variation in the accumulation of alkaloids 
in each population and the between individual in the same 
population. From the results, HPTLC has much lower plate 
counts and therefore separation power than that of HPLC. 
Particularly for complex sample like herbal product which is 
difficult to achieve sufficient resolution for all components.[18]

HPTLC chromatograms of S. venosa commercial products 
are shown in Figure 3. For S. venosa commercial products, 
the contents of crebanine and dicentrine were in the ranges 
of <0.31–1.20±0.21 %w/w, and <0.25 %w/w, respectively 
[Table 2]. From the results, Brand I and V showed identical 

Table 1: Validation parameters by the proposed HPTLC and image analysis method

Parameter HPTLC Image analysis

Crebanine Dicentrine Crebanine Dicentrine

Range of linearity 100–500 ng/band 100–500 ng/band 500–2500 ng/band 500–2500 ng/band

Regression equation (n=5) Y = 17.48X+1359.41 Y = 11.40X + 907.46 Y = 8.03X - 1063.34 Y = 8.51X - 1462.39

Coefficient of Determination (r2) 0.9960±0.0010 0.9964±0.0019 0.9985±0.0009 0.9985±0.0008

% Recovery 100.27%±2.65 
–101.30% ± 0.91

98.37%±2.28 
– 101.33%±3.86

101.34%±1.57 
– 101.92%±1.00 

99.87%±0.65 
– 102.83%±2.38

Repeatability  (% RSD) 1.89% 1.35% 3.83% 3.55%

Intermediate precision (%RSD) 3.89% 3.44% 7.09% 8.45%

Limit of detection (LOD) 20.77 ng/band 16.82 ng/band 500 ng/band 500 ng/band

Limit of quantitation (LOQ) 62.93 ng/band 50.96 ng/band 500 ng/band 500 ng/band

X = concentration of crebanine and dicentrine in ng/µL, Y = peak area

Figure 1: Overlay UV spectra scanning from 200 to 700 nm by HPTLC method of A) crebanine reference standard and sample and B) dicentrine 
reference standard and sample

ba



Figure 2: HPTLC chromatograms of S. venosa tuber from different provinces, A) crebanine and dicentrine reference standard, B) Kanchanaburi, 
C) Nakhon Ratchasima, D) Prachuap Khirikhan, E) Roi Et, F) Lampang, G) Phen district, Udon Thani, H) Nong Wua So district, Udon Thani, and 
I) Uttaradit
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Table 2: The content of crebanine and dicentrine in S. venosa samples determined by validated HPTLC and image analysis method

Sample HPTLC (% w/w)* Image analysis (% w/w)*

Crebanine Dicentrine Crebanine Dicentrine

Kanchanaburi 0.92±0.04 <0.25 0.87±0.01 -

Nakhon Ratchasima 1.61±0.09 - 1.61±0.07 -

Prachuap Khirikhan 0.53±0.01 <0.25 0.57±0.01 -

Roi Et 1.64±0.18 - 1.28±0.03 -

Lampang 0.80±0.01 - 0.77±0.02 -

Udon Thani (Phen) 0.71±0.01 0.48±0.01 0.70±0.02 0.45±0.01

Udon Thani (Nong Wua So) <0.31 1.31±0.11 <0.17 1.64±0.03

Uttaradit 1.37±0.08 - 1.38±0.06 -

Brand I <0.31 <0.25 - -

Brand II - - - -

Brand III - - - -

Brand IV - - - -

Brand V 1.20±0.21 - 0.93±0.01 -

Brand VI - - - -

*Expressed as mean±SD (n=3)
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Figure 4: HPTLC fingerprints of S. venosa tuber from different provinces 
and commercial products (mobile phase:dichloromethane:ethyl 
acetate:methanol, 21:6:3 v/v/v); track 1 Kanchanaburi, track 2 
Nakhon Ratchasima, track 3 Prachuap Khirikhan, track 4 Roi Et, 
track 5 Lampang, track 6 Phen district, Udon Thani, track 7 Nong 
Wua So district, Udon Thani, track 8 Uttaradit, track 9 crebanine, 
track 10 dicentrine, and track 11-16 commercial products Brand I-VI, 
A) detected under UV 254 nm, B) detected under UV 366 nm

Figure 3: HPTLC chromatograms of S. venosa commercial products
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HPTLC chromatogram with major spot of crebanine, while the 
chromatogram of Brand II, III, IV, and VI did not show the 
peak of crebanine and dicentrine. Figure 4 showed the HPTLC 
fingerprints of S. venosa tuber and their commercial products. 
HPTLC fingerprints provide the characteristic chromatographic 
pattern of chemical constituents present in the plant samples. 
Visual comparison of HPTLC fingerprint is a convenient 
method of initial screening and can be generated primarily 
for identification.[19] Moreover, after derivatization the plate 
with Dragendorff’s reagent, the orange spot confirmed the 
presence of alkaloids in the samples. In Thailand, S. venosa 
has many vernacular names in various regions of the country. 
This may lead to wrong plant identification. This HPTLC 
fingerprint identified S. venosa tuber and discriminates the 
tuber of Stephania pierrei Diels and Jatropha gossypifolia L. 
(Euphorbiaceae) which have similar vernacular name in Thai. 
The HPTLC fingerprint could ensure the quality and prevent 
adulteration of its raw material. Other possible reasons of 
wrong plant identification may due to lack of authentic raw 
plant material or similarity of the characteristic of the plants.[20]

In the closure look of TLC image analysis method, the 
TLC chromatogram of S. venosa tuber exhibited an orange 
spot with similar Rf and color as crebanine standard spot after 
derivatization with Dragendorff’s reagent. A minor orange spot, 
just below crebanine spot, was correspond to dicentrine standard 
[Figure 5]. The content of crebanine and dicentrine of S. 
venosa tuber from different provinces and commercial products 
analyzed by image analysis method is shown in Table 2. The 
results of paired t test suggested that there were no significant 
differences (P > 0.05) between the mean contents of crebanine 
and dicentrine analyzed by HPTLC and image analysis method.

The safety, efficacy, and quality of herbal products also 
depend on the quality of the raw materials used. Requirements and 
analytical methods for quality control of finished herbal products 

are still in need. Due to simplicity and low operation cost of both 
analytical methods, they provide product quality assessment 
capability for small herbal product manufacturers. Both HPTLC 
and image analysis methods have specificity and suitable to 
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discriminate right from wrong plant. It has sufficient sensitivity 
for detecting small amounts of adulterant. HPTLC is a simple, 
rapid, high sample throughput, and cost-effective analytical 
techniques. Image analysis method takes an advantage of using 
visual evaluation and low-cost equipment for quantification. 

CONCLUSION

High-performance thin-layer chromatography (HPTLC) 
densitometric and thin-layer chromatography (TLC) image 
analysis method have been developed and validated for the 
quantification of crebanine and dicentrine in Stephania venosa 
tuber and their commercial products. Both HPTLC and image 
analysis method have specificity and suitable to discriminate 
right from wrong plant and can be used as an alternative 
analytical method in the routine quality control analysis of S. 
venosa tuber commercial products and its raw material.
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Figure 5: A) HPTLC fingerprints of S. venosa tuber from Phen 
district, Udon Thani (mobile phase: dichloromethane : ethyl 
acetate : methanol, 21 : 6 : 3 v/v/v) after derivatization with 
Dragendorff’s reagent. Track 1-3: sample # 1, track 4-8: crebanine and 
dicentrine reference standard, track 9-11: sample #2, track 12-14: 
sample #3, and track 15-17: sample #4. B) ImageJ processing method 
by Image J 1.52h software
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