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A simple, precise, specific, accurate high performance thin layer chromatography method was developed for 
simultaneous estimation of aloe emodin and emodin from medicinal plants like Rheum emodi (Rhubarb), Barbados 
aloes (dried juice of Aloe barbadensis leaf) and Cassia alata (Candle bush). Thin layer chromatographic aluminum 
plates pre-coated with silica gel 60 F

254
 was used as the stationary phase for chromatographic separation of the 

drugs. Toluene:ethyl acetate:formic acid (10:2:1 v/v/v) was selected as mobile phase and analysis was carried out in 
absorbance mode at iso-absorptive wavelength of 263 nm. This method shows good resolution for both drugs with 
retention factor 0.37±0.03 and 0.55±0.03 for aloe emodin and emodin, respectively. The regression analysis data 
indicated good linear relationship for the calibration plots for aloe emodin and emodin in the range of 300 - 800 ng/
spot and 150 - 400 ng/spot and regression coefficient was 0.9993 and 0.9994, respectively. Validation of the method 
was performed according to International Conference on Harmonisation guidelines for following parameters: 
Accuracy, precision, limit of detection, linearity, limit of quantification, robustness and specificity. In conclusion, 
the developed method was found to be rapid, simple, reliable and specific for the identification and quantitation 
of these anthraquinones in medicinal plants and marketed formulations.

Key words: High performance thin layer chromatography, aloe emodin, emodin, quantification, anthraquinones

Anthraquinones are class of naturally occurring 
phenolic compounds based on the 9, 10-anthraquinone 
skeleton. They are found in plants usually in minute 
amounts, especially in family of Polygonaceae, 
Fabaceae, and Liliaceae. Aloe emodin and emodin 
are major anthraquinones present in rhubarb, cascara, 
aloes, candle bush[1]. They have been reported to have 
laxative, anticancer, anti-inflammatory, anti-aging, 
antioxidant and antitumor activities[2,3]. Literature 
survey revealed numerous studies, which have been 
carried out on the quantitative estimation of aloe 
emodin and emodin individually by HPTLC, GC/MS 
and in combination by HPLC[4-6]. They have gained 
considerable interest because of the increasing use 
of herbal drugs as alternatives to modern medicine 
and their potential beneficial effects on human health 
(fig. 1a and b). Animal studies reveal that aloe 
emodin and emodin show anti proliferative activity 
by producing cytotoxic effects, cell cycle arrest 
and apoptosis in human tongue and breast cancer 
cells. There are many marketed formulations, which 
contain aloe emodin and emodin as constituents. The 
marketed formulations with more than one chemical 
constituent showing a good therapeutic activity needs 
to be validated as per standard analytical procedures. 

The critical factors needed to be considered while 
developing a new method are physicochemical 
properties of analyte (pH, solubility), extraction 
method, sample preparation, selection of mobile phase 
and stationary phase, solution stability, etc. The high 
performance thin layer chromatography (HPTLC) 
method developed is accurate, robust, precise and 
specific for the determination of aloe emodin and 
emodin in plants like rhubarb, barbados aloes, candle 
bush and in marketed formulations. The developed 
method is superior to previously reported methods 
as it is less time consuming, less solvent required 
for mobile phase as compared to HPLC and GC/MS, 
sample preparation is easy, low analytical requirement, 
visual detection is possible, less chances of cross 
contamination and low cost required. The proposed 
method was validated as per International Conference 
on Harmonisation (ICH) guidelines.
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Reference standard of aloe emodin and emodin 
were procured from Total Herb Solutions, Mumbai. 
Aloe emodin and emodin are anthraquinones with 
empirical formula C15H10O5 and molecular weight 
270.24 g/mol. Melting point of aloe emodin and 
emodin was found to be 224° and 257°, respectively. 
Solublity of aloe emodin and emodin was observed 
in alcohol. Analytical grade reagents used were 
toluene, ethyl acetate, formic acid and methanol 
(S. D. Fine-Chem Limited, Mumbai, India). Rhubarb 
rhizome and aloes were purchased from Yucca 
Enterprises and fresh leaves of candle bush were 
collected from Seawoods-Darave, Navi Mumbai. All 
plant materials were dried and authenticated for their 
correct botanical identity. The marketed formulations 
Amlycure D.S. capsules (Aimil Pharmaceuticals (I) 
Ltd.) and Divya Udarkalp Churna (Swami Baba 
Ramdev Medicals) were purchased from local retail 
pharmacy. The HPTLC system consist of a Camag 
Linomat V sample applicator equipped with a 100 µl 
Hamilton syringe. Merck TLC aluminium plates 
(10×10 cm) pre-coated with silica gel 60 F254 was 
used for spotting. Standard solutions of markers and 
samples were applied as bands by use of a Camag 
Linomat V sample applicator from the bottom edge 
of same chromatographic plate. Analysis was carried 
out utilizing Camag TLC scanner-3 for scanning at 
263 nm with Camag WinCATS software. Camag 
glass twin-trough chamber (10×10 cm) was used[7]. 
Aloe emodin and emodin stock solutions (1000 
µg/ml) were prepared by dissolving accurately 
weighed 10 mg of each standard in 10 ml methanol. 
The dried rhubarb rhizome, aloes and dried candle 
bush leaves were powdered using domestic mixer. 
10 g of powdered aloes was extracted using 100 
ml methanol. To facilitate extraction, magnetic 
stirrer was used for 48 h. 130 g of rhubarb rhizome 
powder and 45 g of candle bush leaves powder were 
extracted separately with chloroform till complete 
exhaustion using soxhlet extractor. Extracts were 
concentrated using rotary vacuum evaporator at 

40° and stored in the vacuum desiccator until its 
use in analysis. Test solutions were prepared by 
weighing 100 mg of each dried extract and aloes 
were dissolved in 80 ml of methanol and final 
volume was made up to 100 ml with methanol to get 
1 mg/ ml stock solution. 10 g and 20 g of Amlycure 
D. S. capsules were extracted separately with 
50 ml methanol by magnetic stirrer for 24 h, filtered 
through Whatmann filter paper and this procedure 
was repeated again using fresh 50 ml methanol for 
next 24 h and these solutions were used for emodin 
and aloe emodin quantification, respectively. The final 
volume was made upto 100 ml with methanol. 10 g 
of Divya Udarkalp Churna was extracted with 25 ml 
methanol by sonication for 30 min, filtered through 
Whatmann filter paper and this procedure was 
consecutively repeated using fresh 25 ml methanol 
for three times. The final volume was made upto 100 
ml with methanol and this solution was used for aloe 
emodin quantification. Then 5 ml of this solution is 
further diluted to 10 ml with methanol and was used 
for emodin quantification.

Merck silica gel 60 F254 plates (10×10 cm) were 
used for HPTLC analysis. The mobile phase toluene: 
ethyl acetate: formic acid (10:2:1 v/v/v) was used for 
chromatographic ascending development to migration 
distance of 80 mm. The chamber was previously 
saturated for 30 min at temperature 25±2°. Bands 
of 6 mm wide of standard and sample solutions 
were applied at bottom of the chromatographic 
plate at 10 mm distance[8]. The plates were dried 
after development and quantification of aloe emodin 
and emodin was performed at absorbance mode by 
scanning at iso-absorptive wavelength of 263 nm 
using deuterium lamp with Camag TLC scanner-3.

Validation of developed method was carried out as 
per ICH guidelines[9]. Accuracy is also known as 
percent recovery. Samples of known concentrations 
were applied and then spiked further by 80, 100, and 
120% w/w amount of analyte in triplicate and the 
accuracy is then calculated as percentage of analyte 
recovered from assay. Precision provides an indication 
of random error. Determination of repeatability and 
intermediate precision was carried out by measuring 
intraday variation and interday variation, respectively 
in triplicate. The precision performed three times on 
same day was termed as intraday precision while 
the precision performed over three different days 

Fig. 1: Structures of analytes.
(a) Aloe emodin and (b) emodin.
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was known as interday precision. Determination of 
aloe emodin and emodin simultaneously for three 
different days at three concentration levels 400, 
600, 700 ng/spot and 200, 300, 350 ng/spot was 
performed, respectively and the results were expressed 
as percent relative standard deviation. The system 
precision was carried out with 6 replicates of same 
concentration of 600 ng/spot for aloe emodin and 
300 ng/spot for emodin and % RSD of the replicate 
injections was calculated. Limit of detection (LOD) 
and limit of quantification (LOQ) were defined 
as k*SD/s (k is constant, s is slope of calibration 
curve and SD is standard deviation). The amount 
for which signal to noise ratios (S/N) were 3 and 
10, respectively is defined as LOD and LOQ. The 
linearity of an analytical procedure is its ability to 
obtain test results, which are directly proportional to 
the concentration of analyte in the sample Linearity 
was observed by plotting drug concentration against 
peak area for each standard and was validated by 
the correlation coefficients. Aloe emodin and emodin 
showed linear relationship in the concentration range 
of 300-800 ng/spot and 150-400 ng/spot, respectively. 
The robustness of the method was studied in triplicate 
at 500 ng/spot and 700 ng/spot for aloe emodin 
and 250 ng/spot and 350 ng/spot for emodin by 
deliberately making small changes such as chamber 
saturation time variation (±5 min), variation in mobile 
phase volume (±5%) and in mobile phase composition 
(10.2:9.8:1 v/v/v) and (9.8:2.2:1 v/v/v). Specificity of 
the method was performed by applying standard and 
test solutions and by confirming their Rf values and 
differentiating standards from other closely related 
compounds, showing that the method was specific. 
The peak purity was evaluated by comparing the 
spectrum of standard aloe emodin and emodin with 
sample.

In this study, HPTLC method was developed for 
the simultaneous quantification of aloe emodin 
and emodin in medicinal plants and marketed 
formulations. The solvent system toluene: ethyl 
acetate: formic acid (10:2:1 v/v/v) showed good 
separation and resolution of aloe emodin and 
emodin peaks without interference from the other 
compounds present in extracts. TLC chamber was 
saturated for 30 min with mobile phase to show good 
resolution with reproducible retention factors (Rf). For 
quantitative determination, peak area was used. The 
Rf value of aloe emodin and emodin was found to be 
0.37±0.03 and 0.55±0.03, respectively (fig. 2).

The recovery was found to be 99.75, 100.49, 99.26, 
98.83 and 100.04%, and 98.80, 99.25, 100.45, 
99.22 and 99.545% for aloe-emondin and emodin in 
rhubarb rhizome, barbados aloes, candle bush leaves, 
Amlycure D. S. capsules and Divya Udarkalp Churna, 
respectively as shown in Tables 1 and 2, respectively. 
Aloe emodin showed good linear relationship over 
concentrations range of 300-800 ng/spot (regression 
equation is, y=9.427x+906.14 and r2=0.9993) 
and emodin showed good linear response in 
range of 150-400 ng/spot (regression equation is, 
y=13.031x–115.96 and r2=0.9996). The percentage 
coefficient of variation (%RSD) of intraday precision 
and interday precision of aloe emodin and emodin was 
found to be less than 2%, which was within the limits 
as shown in Table 3. The system precision results 
showed that the repeatability of measurement of the 
area is precise with RSD 1.41% for aloe emodin and 
1.99% for emodin since their coefficient of variation 
is less than 2.0% it is possible to conclude that the 
instrument has good precision (n=6). The LOD and 
LOQ were found to be 62.66, 189.89 ng/spot and 
9.26, 28.08 ng/spot for aloe emodin and emodin, 
respectively. There was no change in Rf values by 
varying mobile phase volume by +5% (0.545% RSD 
for aloe emodin and 1.176% RSD for emodin) and 
-5% (0.787% RSD for aloe emodin and 0.987% RSD 
for emodin), saturation time by +5 min (1.4% RSD 
for aloe emodin and 1.054% RSD for emodin) and -5 
min (1.708% RSD for aloe emodin and 1.619% RSD 
for emodin) and by varying mobile phase composition 

Fig. 2: HPTLC chromatogram of standard aloe emodin and emodin.
Chromatogram of aloe emodin and emodin at Rf 0.37 and 0.55, 
respectively by TLC.
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such as 10.2:9.8:1 v/v/v (1.073% RSD for aloe emodin 
and 1.507% RSD for emodin) and 9.8:2.2:1 v/v/v 

(1.611% RSD for aloe emodin and 1.947% RSD for 
emodin). Therefore the developed method is robust. 
The spectrum and Rf of standard aloe emodin and 
emodin corresponds with test extracts. There was no 
interference of other constituents present in the extract 
with the peak of standards aloe emodin and emodin 
showing that the method is specific (fig. 3).

The quantification of aloe emodin and emodin 
from rhubarb rhizome, aloes, candle bush leaves, 
Amlycure D. S. capsules and Divya Udarkalp Churna 
extracts were carried out in triplicate. The total aloe 
emodin content in rhubarb rhizome, barbados aloes, 
candle bush leaves, Amlycure D. S. capsules and Divya 
Udarkalp Churna was found to be 0.485%, 0.046%, 

TABLE 1: RECOVERY STUDY OF ALOE EMODIN
Compound Level of percentage 

recovery
Total amount 

of marker (ng)
Amount of 

marker found (ng)
Recovery (%) Percentage 

of RSD
Mean 

recovery (%)
Rhubarb 80 720 723.440 100.477 1.781 99.749

100 800 797.716 99.714 0.491
120 880 871.699 99.056 0.635

Barbados aloes 80 620 610.363 98.445 1.291 99.628
100 680 679.365 99.906 1.594
120 740 744.096 100.535 1.193

Candle bush 80 990 996.194 100.625 0.729 100.041
100 1100 1081.8 98.350 1.036
120 1210 1221.721 100.968 1.920

Amlycure D. S. Capsules 80 610 604.691 99.129 1.095 100.411
100 680 691.410 101.677 2.014
120 740 743.175 100.429 1.633

Divya Udarkalp Churna 80 540 530.434 98.228 1.538 99.392
100 600 605.917 100.986 1.251
120 660 653.161 98.963 0.825

Each result is an average of three observations performed at 80%, 100% and 120% levels. RSD is relative standard deviation

TABLE 2: RECOVERY STUDY OF EMODIN
Compound Level of percentage 

recovery
Total amount 

of marker (ng)
Amount of 

marker found (ng)
Recovery (%) Percentage 

of RSD
Mean 

recovery (%)
Rhubarb 80 540 530.956 98.325 0.600 98.797

100 600 591.445 98.574 1.982
120 660 656.666 99.493 1.801

Barbados aloes 80 280 286.314 102.255 1.083 100.422
100 320 314.420 98.256 0.939
120 360 362.726 100.757 1.721

Candle bush 80 580 586.415 101.106 1.824 100.411
100 640 637.032 99.536 0.570
120 700 704.152 100.593 1.205

Amlycure D. S. Capsules 80 500 508.503 101.700 0.881 100.801
100 560 568.916 101.592 0.952
120 620 614.494 99.111 1.748

Divya Udarkalp Churna 80 680 672.103 98.838 2.053 99.597
100 760 764.912 100.646 1.302
120 820 814.326 99.308 1.691

Each result is an average of three observations performed at 80%, 100% and 120% levels. RSD: Relative standard deviation

TABLE 3: INTRADAY AND INTERDAY PRECISION 
RESULTS FOR ALOE EMODIN AND EMODIN
Compound Concentration 

(ng/spot)
Intraday Interday

Measured 
concentration 

(ng/spot)

RSD 
(%)

Measured 
concentration 

(ng/spot)

RSD 
(%)

Aloe 
emodin

400 425.174 1.082 424.068 1.722
600 606.648 1.877 602.967 1.681
700 706.17 0.94 704.953 1.492

Emodin 200 189.102 0.733 188.876 1.59
300 302.439 1.957 309.214 1.953
350 373.264 0.88 379.463 0.696

Each result is an average of three observations. Concentration levels used for 
precision parameter was 400, 600,700 ng/spot for aloe emodin and 200, 300, 
350 ng/spot for emodin. RSD is relative standard deviation



www.ijpsonline.com

November - December 2015	 Indian Journal of Pharmaceutical Sciences	 787

Conflicts of interest:
There are no conflicts of interest.

REFERENCES

1.	 Rangari VD. Pharmacogosy and Phytochemistry. 3rd ed., Vol. II. Pune: 
Career Publications; 2012. p. 424-6.

2.	 Pecere T, Gazzola MV, Mucignat C, Parolin C, Vecchia FD, 
Cavaggioni A, et al. Aloe-emodin is a new type of anticancer agent 
with selective activity against neuroectodermal tumors. Cancer Res 
2000;60:2800-4.

3.	 Guo JM, Xiao BX, Liu Q, Zhang S, Liu DH, Gong ZH. Anticancer 
effect of aloe-emodin on cervical cancer cells involves G2/M 
arrest and induction of differentiation. Acta Pharmacol Sin 
2007;28:1991-5.

4.	 Singh NP, Gupta AP, Sinha AK, Ahuja PS. High-performance thin 
layer chromatography method for quantitative determination of four 
major anthraquinone derivatives in Rheum emodi. J Chromatogr A 
2005;1077:202-6.

5.	 ElSohly MA, Gul W, Murphy TP. Analysis of the anthraquinones 
aloe-emodin and aloin by gas chromatography/mass spectrometry. Int 
Immunopharmacol 2004;4:1739-44.

6.	 Qin F, Huang J, Huang X, Ren P. Simultaneous determination and 
pharmacokinetic comparisons of aloe-emodin, rhein, emodin, and 
chrysophanol after oral administration of these monomers, Rhei rhizoma 
and chaiqin-chengqi-tang, to rats. J Liq Chromatogr Relat Technol 
2011;14:1381-90.

7.	 Reich E, Schibli A. High-Performance Thin-Layer Chromatography for 
the Analysis of Medicinal Plants. 1st ed. Switzerland: Thieme Medical 
Publishers; 2006. p. 193-14.

8.	 Sethi PD. HPTLC Quantitative Analysis of Pharmaceutical 
Formulations. 1st ed. New Delhi: CBS Publishers; 1996. p. 4-28.

9.	 ICH. Q2A Hamonised Tripartite Guideline, Test on Validation of 
Analytical Procedures, IFPMA. In: Proceedings of the International 
Conference on Harmonization. Geneva; March, 1994. p. 1-5.

Fig. 3: 3D chromatogram aloe emodin and emodin with samples.
3D chromatogram of standard aloe emodin and emodin was 
observed at Rf 0.37 and 0.55, respectively in track 1 and track 5. 3D 
chromatogram of aloe emodin and emodin present in test sample 
(Divya Udarkalp Churna methanolic extract) was observed at Rf 0.37 
and 0.55, respectively in track 2.3 and 4.

TABLE 4: SUMMARY OF VALIDATION PARAMETERS
Parameters Aloe emodin Emodin
Linearity range (ng/spot) 300–800 150–400
Correlation coefficient 0.9993±0.0022 0.9996±0.0012
LOD (ng/spot) 62.66 9.26
LOQ (ng/spot) 189.89 28.08
Percentage of recovery (n=3)

Rhubarb 99.749 98.797
Barbados aloes 99.628 100.422
Candle bush 100.041 100.411
Amlycure D. S. capsules 100.411 100.801
Divya Udarkalp Churna 99.392 99.597

Precision (% RSD) Precise Precise
Robustness Robust Robust
Specificity Specific Specific
ng/spot represents nanogram/spot, n=3 represents each result is an average of 
three observations. RSD: Relative standard deviation, LOD: limit of detection

0.183%, 0.016% and 0.030% w/w, respectively, whereas 
emodin content in the rhubarb, barbados aloes, candle 
bush, Amlycure D. S. capsules and Divya Udarkalp 
Churna was found to be 9.912%, 0.010%, 0.042%, 
0.036% and 0.071% w/w, respectively. The summary of 
all validation parameters are shown in Table 4.

These above results revealed that the developed method 
enables rapid, precise, reliable, and highly accurate 
simultaneous estimation of aloe emodin and emodin in 
medicinal plants and marketed formulations. Validation 
of the method was done according to ICH guidelines. 
The developed method was found to be simple, accurate, 
precise and specific for simultaneous estimation of aloe 
emodin and emodin from Rheum emodi, Cassia alata, 
aloes and marketed formulations.
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