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INTRODUCTION
D. elliptica (Wall.) Benth. is the evergreen shrub 
and climbing plant with the woody stem in 
Leguminosae family. This East Asian plant is 
called “Lotin or Hang Lai Daeng” in Thai and is 
world-famous for being used as organic piscicide, 
acaricide and insecticide in veterinary medicine.1 
Rotenone (also known as nicouline, dactinol or 
tubatoxin) is an isoflavonoid primarily found in 
Leguminosae family, especially in Derris plants 
(Figure 1). The toxicity of rotenone was classified 
as a medium hazardous class II pesticide by 
World Health Organization (WHO), indicating 
LD50 at the range of 132-1500 mg/kg.2 Since this 
botanical compound has been used widely as 
the fish killer, the United States Environmental 
Protection Agency (USEPA) also reported the 
very low bioaccumulation of rotenone-treated fish, 
for example, consuming approximately 274,000 
rotenone-treated fish would develop acute toxicity 
in human.3 Thus, it is claimed to be safe compound 
for human with properly use. On the other hands, 
its neurotoxicity has been evaluated as the potential 
substance to induce Parkinsonism in animal 
models which are beneficial to evaluate numerous 
compounds to treat Parkinson’s disease.4,5 

Currently, WHO established the protocols to 
standardize the herbal plants which are the 
important source of beneficial compounds. Such 
processes include macroscopic, microscopic and 
physicochemical evaluations are required in the 

manners of identification and quality control of the 
plants.6 Moreover, the European Medicine Agency 
(EMEA) defines the constituents in the plant as 
the chemical marker which can be used in order to 
indicate the quality of the beneficial compounds in 
the plants as well as in the botanical products.7 Taken 
together, the aforementioned parameters from WHO 
and EMEA are essential for quality control of herbal 
plants. 

Despite the usefulness of rotenone in D. elliptica 
stems, there is no reports on its pharmacognostic 
parameters as well as the simple method to quantify 
rotenone content in D. elliptica stems. Thin layer 
chromatography (TLC) is one of the practical 
procedures for both quantitative and qualitative 
analyses to identify and isolate active compounds in 
the medicinal plants due to its rapidness, easiness and 
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inexpensiveness.8,9 Therefore, this study aimed to develop and validate 
the techniques to quantify rotenone content using TLC-densitometry 
and TLC-image analysis as well as to evaluate the pharmacognostic 
parameters for identification of D. elliptica stems collected throughout 
different locations in Thailand.

MATERIALS AND METHODS

Plant Materials 
D. elliptica stems were collected from 15 sources throughout Thailand. 
All sample were authenticated by Assoc. Prof. Dr. Nijsiri Ruangrungsi. 
The voucher specimens were deposited at the College of Public Health 
Sciences, Chulalongkorn University, Thailand. After the removal of 
foreign matters, each authentic sample was air-dried and pulverized 
into powders.

Plant extraction 
Five grams of D. ellitica powder were exhaustively extracted with 95% 
ethanol by Soxhlet apparatus, filtered and evaporated to dryness. The 
extract was dissolved with ethanol to get the concentration of 50 mg/
ml. This extract was stored in refrigerator at 4 °C and further used for 
TLC densitometry and TLC image analysis.

Preparation of standard solution of rotenone
One milligram of standard rotenone was dissolved in 1 ml of ethanol. 
The stock solution was diluted to obtain the series of standard solution 
range from 0.2 to 1 mg/ml.

Determination of pharmacognostic specification 
According to the World Health Organization, the pharmacognostic 
parameters conducted in the study were macroscopic and microscopic 
examinations, determinations of loss on drying, total ash, acid-
insoluble ash, water content, solvent extractive values, as well as TLC 
fingerprinting.6 For macroscopic examination, D. ellitica aerial part 
and stem were observed for their morphological characteristics. For 
microscopic examination, the transversely-cut D. ellitica stem and D. 
ellitica powder were demonstrated under microscope (the objective 
lens with magnification of 10X, 20X, or 40X, and the eyepiece lens 
with magnification of 10X) for their histological characteristics and 
illustrated by hand proportionally. Regarding the determination of 
loss on drying, 3 g of ground sample was dried at 105 °C for 6 h until 
constant weight. To determine the total ash, 3 g of ground sample was 
incinerated at 500 °C for 5 h to obtain white-grayish ash. The obtained 
ash was boiled with 25 ml of HCl (70 g/l) to get the insoluble matter 
that was then incinerated at 500 °C for 5 h to obtain the acid-insoluble 
ash. To determine the water content, 50 g of the ground sample was 
distilled with water-saturated toluene using azeotropic distillation. 
For the determination of solvent extractive values, 5 g of the ground 
sample was extracted with 70 ml of 95% ethanol or water by maceration 
with shaking for 6 h, allowed to stand still for 18 h then filtered. The 
marc was washed and the filtrate was adjusted to 100 ml with ethanol 
or water, and 20 ml of the filtrate was evaporated to dryness and then 
dried in oven at 105 °C for 6 hours to determine the solvent extractive 
values. All samples were performed in triplicate and calculated in 
percentage of dry weight of crude drug. The results were displayed as 
grand mean ± pooled standard deviation. To demonstrate the TLC 
fingerprinting, the ethanolic extract of D. elliptica was examined using 
silica gel 60 GF254 TLC plate as stationary phase and a mixture of 
toluene: chloroform: acetone: formic acid (5: 4: 1: 0.2) as mobile phase. 
The plate was detected under ultraviolet (UV) light (254, 365 nm), and 
observed under daylight with TLC visualization reagent (10% H2SO4 
in methanol). 

Quantitative analysis of rotenone by TLC densitometry
Three microliters of D. ellitica stem ethanolic extract (from 15 different 
sources) and standard solutions of rotenone were applied onto the silica 
gel 60 GF254 TLC plate. The plate was developed in a solvent system of 
toluene: chloroform: acetone: formic acid (5: 4: 1: 0.2). After that, the 
plate was scanned with CAMAG TLC Scanner 4 (CAMAG, Switzerland) 
under the wavelength of 301 nm. The rotenone content was calculated 
from the peak area of each chromatographic band against the standard 
calibration curve using winCATS software (Camag, Switzerland).

Quantitative analysis of rotenone by TLC image analysis 
Rotenone spots on the developed TLC plate were photographed under 
short UV light (254 nm) by a digital camera attached to the UV cabinet 
(Spectroline, USA). Peak area of each spot was quantitated using ImageJ 
free software which developed from Department of Health and Human 
Services, National Institutes of Health (NIH) in the United State.10 The 
content of rotenone was determined by comparing peak area to the 
standard calibration curve obtained from the same TLC plate.

Method validation
This part was investigated by following ICH guideline.11 LOD and LOQ 
were estimated based on the residual standard deviation of a regression 
line (σ) and the slope (S) with the equation of: 3.3Sσ/S and 10σ/S 
respectively. Accuracy was carried out as the percentage recovery of the 
sample spiked with the known amounts of standard. The precision was 
performed using 3 concentrations (3 replicate each) in the same day 
(repeatability) and other 3 different days (intermediate precision) and 
were expressed as the percentage of relative standard deviation (RSD). 
Specificity was evaluated according to the similarity of the absorbance 
spectra at the peak apex among all samples and standard rotenone as 
well as the similarity of the absorbance spectra at up-slope, apex, and 
down-slope of the peak. The robustness was performed by varying the 
ratio of the solvent system and expressed as % RSD of peak area.

Data analysis
Grand mean ± pooled standard deviation was used for the analysis of 
physicochemical parameters. Rotenone content was evaluated according 
to the percent yield. The results obtained from TLC-densitometry and 
TLC image analysis were statistically compared by paired student t-test 
(P ≤ 0.05).

RESULTS AND DISCUSSION

Pharmacognostic specification 
Macroscopic and microscopic examinations are preliminary techniques 
for plant material identification. The dried stem of crude drug was light 
yellow with dark grayish-brown bark (Figure 2). The macroscopic 
and microscopic characteristics of D. elliptica were illustrated by hand 
drawing (Figure 3). The illustrated characteristics were considered to be 
the simplest and the most inexpensive tools to identify this crude drug. 
The histological characteristics of D. elliptica stem powder included 
fragments of spiral vessels, sclereids, groups of fibers, bordered pitted, 
starch granules, prisms (Figure 4). The transverse section of D. elliptica 
dried stem revealed the anatomical characteristics including epidermis, 
cork cambium, parenchyma, vascular cambium, xylem vessel, phloem 
vascular bundle and pith (Figure 5). 

The results of physicochemical parameters of D. elliptica stems were 
shown in Table 1. The loss on drying, total ash, acid-insoluble ash, water 
content, ethanol, and water-soluble extractive values were found to be 
5.77 ± 0.92, 7.35 ± 0.63, 1.22 ± 0.20, 8.81 ± 1.30, 4.07 ± 1.23 and 11.31 
± 1.68 g/100 g of dry weight, respectively. The total ash (7.35 ± 0.63 
g of dry weight) represented inorganic substances in the crude drugs, 
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Figure 2: Derris elliptica dried stem crude drugs.

Figure 3: Branch of Derris elliptica.

Parameter
Content (g/100g)

Mean±SD* Min - Max
Acid-insoluble ash 1.22 ± 0.20 0.92 - 1.67

Total ash 7.35 ± 0.63 6.06 - 8.44
Ethanol-soluble extractive matter 4.07 ± 1.23 1.34 - 6.06
Water-soluble extractive matter 11.31 ± 1.68 8.46 - 13.73

Loss on drying 5.77 ± 0.92 4.15 - 7.50
Water content 8.81 ± 1.30 7.22 - 11.89

*The parameters were shown as grand mean ± pooled SD. Samples were collected from 15 sources in Thailand. Each sample 
was tested in triplicate.

Table 1: Physiochemical characteristics of D. elliptica dried stems.
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such as calcium, sodium, potassium, etc. The acid-insoluble ash (1.22 ± 
0.20 g of dry weight) was mostly aluminum and silicon. The ash values 
can be used to specify the purity of the crude drugs by determining 
adulteration, contamination or substitution of plant materials.

Loss on drying and water content define water present in the crude 
drugs. Excessive amount of water in herbal plant materials which might 
be due to the surrounding humidity during storage can promote the 
growth of bacteria or fungi, causing the degradation. Therefore, the 
values of loss on drying and water content could be used as indicators 
to discourage the microbial growth. 

The quality control is required to determine the phytochemical 
constituents in herbal plants to ensure the stability of natural products 

obtained from plant sources.12 Chemical compounds extracted 
from particular solvents can be estimated from the extractive values. 
Nonetheless, the amounts of active compounds present in herbal plant 
materials can be varied, due to the extraction methodology. To extract 
Thai medicinal plants, extraction using alcohol or water as a solvent 
is commonly used. The water-soluble extractive value (11.31 ± 1.68 
g/100 g of dry weight) that was higher than ethanol-extractive value 
(4.07 ± 1.23 g/100 g of dry weight) indicated that D. elliptica stems 
contained great amount of polar active compounds. Apart from that, 
the phytochemical fingerprinting is considered to be a reliable tool in 
primary identifying the herbal materials. TLC fingerprinting (Figure 6) 
displayed the characteristics of active compounds found in D. elliptica 
stems, which could be used as a reference for further plant identification.

Figure 4: Histological characteristics of D. elliptica (1.sclereids vessel, 2.cork cell, 3.prism 
crystal, 4.part of group fiber, 5.wood fiber, 6.starch granules, 7.bordered pitted, 8.fiber, 
9.sclereids 10.spiral vessel).

Figure 5: The transverse section of D. elliptica dried stem 
(1.epidermis, 2.cork cambium, 3.parenchyma, 4. xylem vessel, 5. 
xylem ray 6. pith, 7. vascular cambium, 8. vascular bundle).
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Figure 6: TLC fingerprint of the ethanolic extract of D. 
elliptica stems; I) detection under UV light 254 nm; II) 
detection under UV light 365 nm; III) detection with with 
10% sulfuric acid staining reagent and heat.

Quantitative analysis of rotenone content in D. elliptica 
stems 
The content of active compounds in herbal plants can be varied due to 
geographical areas, harvesting seasons, drying processes or extraction 
procedures. Therefore, the quantitation of the active constituents can 
indicate the quality of the plant materials.7 In the present study, the thin 
layer chromatographic (TLC) technique was developed because of its 
rapidness and easiness.13 Based on the findings, the percent yield of 
ethanolic extracts of D. elliptica stems was 13.93 ± 2.82 g/100 g by dry 

weight. The rotenone content in D. elliptica stem ethanolic extract was 
determined using TLC-densitometry and TLC-image analysis, with 
the solvent system of toluene: chloroform: acetone: formic acid (5: 4: 1: 
0.2). The results were found to be 0.29 ± 0.12 and 0.28 ± 0.12 g/100 of 
dry stems for TLC-densitometry and TLC-image analysis, respectively. 
TLC chromatogram under UV 254 nm is shown in Figure 7, and TLC 
densitogram scanned in the range of 200–700 nm is shown in Figure 
8. Densitometry is the measurement of a reflection in absorbance or 
fluorescence mode with the maximal wavelength, both quantitatively 
and qualitatively, the amount of chemical constituents determined 

Source
Rotenone content (g/100g)

TLC-densitometry method TLC-image analysis 
1 0.0992 0.1035
2 0.1784 0.1773
3 0.1903 0.1945
4 0.1875 0.1812
5 0.1428 0.1448
6 0.3440 0.3308
7 0.2157 0.2127
8 0.1756 0.1814
9 0.3224 0.3245

10 0.4582 0.4506
11 0.4710 0.4777
12 0.3710 0.3695
13 0.4410 0.4279
14 0.3994 0.3808
15 0.3084 0.3080

Mean ± SD 0.2870 ± 0.1242 0.2844 ± 0.1209

Table 2: Rotenone content (g/100g) in D. elliptica from 15 sources throughout Thailand (each source 
was done in triplicate).
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by TLC-densitometry analysis is highly reliable.14 Alternatively, 
TLC-image analysis can be used for cost-effective purpose as ImageJ 
software, developed by the National Institutes of Health, provides free 
access for all users. ImageJ is able to detect the pixel intensity in the 
image of TLC spots taken by digital camera, and then transform that 
intensity to chromatographic peaks.8 Statistically using paired t-test, the 
rotenone content obtained from both methods was not significantly 
different (P > 0.05). The results highlighted that TLC image analysis 
was affordable and simple that it could be used as an alternative method 
to measure the rotenone contents in D. elliptica stems.

The optimized TLC-densitometry and TLC-image analysis were 
validated for the determination of rotenone content in D. elliptica stem 
extracts. The specificity was established by comparing UV spectrum of 
the peak among standard rotenone with all samples at three positions of 
the peak (apex, upslope, and down-slope). The maximum wavelength 
(λmax) of rotenone was at 301 nm. The validity of TLC-densitometry and 
TLC image analysis were displayed in Table 3. 

The polynomial calibration curves ranged from 0.9 to 6.0 μg/spot 
(Figure 9). The values of accuracy represented by % recovery of both 
methods were within acceptable limits (96.23–105.71% recovery); the 
percent recovery has to be in between 80-120%.11 The repeatability 
precision and the intermediate precision of both methods were less 
than 5% RSD. The limit of detection and limit of quantitation were 
calculated by the residual standard deviation of a regression line and 
displayed as 0.27 and 0.81 µg/spot for TLC-densitometry, and 0.16 and 
0.47 µg/spot for TCL-image analysis, respectively. These values revealed 
satisfactory sensitivity of both methods. The robustness expressed the 
values of 0.97% RSD for TLC-densitometry and 0.51% RSD for TLC 
image analysis. This implied that the changes in the mobile phase 
ratio did not affect both methods. The results from method validation 
confirmed that TLC-densitometry and TLC-image analysis techniques 
were trustworthy and effective for the quantitative analysis of rotenone 
in D. elliptica stems. 

Validity Parameter TLC-densitometry TLC-image analysis
Accuracy (%Recovery) 96.23-105.09 96.57-105.71

Precision:Repeatabillity (%RSD) 1.67-2.19 1.51-2.21
Precision:Intermediate precision (%RSD) 3.28-4.18 3.43-4.16

Robustness (%RSD) 0.97-4.33 0.51-3.27
Limit of detection (µg/spot) 0.13 0.27

Limit of quantitation (µg/spot) 0.81 0.83

Table 3: Method validity of thin-layer chromatography-densitometry and thin-layer chromatography image analysis of 
rotenone in D. elliptica stems.

Figure 7: TLC chromatogram of rotenone in D. elliptica track 1-5 (rotenone) and track 
6-20 (samples) at 254 nm.

Figure 8: The absorption spectra of rotenone in standard and all sample bands.
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Figure 9: Calibration curve of rotenone in D. elliptica stem.

CONCLUSION 
Pharmacognostic specification with reference to rotenone content 
of the D. elliptica stem was established for quality assessment of this 
crude drug. Developed TLC-densitometry and TLC-image analysis 
were valid for quantitative determination of rotenone in ethanolic 
extracts of D. elliptica stem. TLC-image analysis using a free analytical 
software, ImageJ could be used as an alternative method for rotenone 
quantification in D. elliptica stem as its simplicity and inexpensive 
instruments.
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GRAPHICAL ABSTRACT

SUMMARY
• Derris elliptica (Wall.) Benth. (Leguminosae) is the tropical plant which has been used as natural poison as well as veterinary 

medicine due to its best-known phytochemical compound, rotenone to kill invertebrates and fish.

• This study provided macroscopical and microscopical characteristics as well as chemical fingerprinting which could be 
beneficial for correct identification, collection and investigation of the plant. 

• In addition, the physicochemical parameters; loss on drying, water content, total ash, acid-insoluble ash, and extractive 
value, were evaluated for controlling the D. elliptica stems quality. 

• The contents of rotenone in D. elliptica stem ethanolic extract evaluated by TLC-densitometry and TLC-image analysis were 
found to be 0.2870 ± 0.1242 and 0.2844 ± 0.1209% by dried weight, respectively. The result between these two analytical 
methods were shown no significant difference.
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