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Abstract: A new, simple, sensitive, selective, precise and stability-indicating high-performance 
thin-layer chromatographic method for analysis of strychnine in Strychnos nux vomica seed 
extract, and in marketed formulation was developed and validated. The method was developed 
on TLC aluminum plates precoated with silica gel 60F254 as the stationary phase. The solvent 
system consisted of toluene: ethyl acetate: diethyl amine (7: 2: 1, v/v/v). Densitometric analysis 
of strychnine was carried out in the absorbance mode at 254 nm. This system was found to give 
compact spots for strychnine (Rf value of 0.42 ± 0.01, for six replicates). Strychnine was 
subjected to acid and alkali and hydrolysis, hydrogen peroxide-induced degradation and photo 
degradation. The drug undergoes degradation under all stress conditions. Also, the degraded 
products were well resolved from the pure drug with significantly different Rf values. The 
method was validated for linearity, precision, robustness, LOD, LOQ, specificity and accuracy. 
Linearity was found to be in the range of 100–1000 ng/spot with significantly high value of 
correlation coefficient r2 = 0.9928 ± 1.02. The limits of detection and quantification were 12.00 
and 36.37 ng/spot, respectively. Statistical analysis proves that the method is repeatable, selective 
and accurate for the estimation of strychnine in S. nux vomica seed extract, and in market 
formulation. The developed method effectively resolved the strychnine in S. nux vomica seed 
extract, and in marketed formulation hence; it can be employed for routine analysis as a stability 
indicating method. 
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1. Introduction 
 

Strychnine (Figure 1), an indole alkaloid, extracted from the seeds of Strychnos nux vomica 
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Linn. acts as stimulant for the central nervous system, causes the sense organ to be more 
sensitive, stimulate the visceral organs and urogenital tract [1]., laxative and as treatment for 
other stomach ailments, [2, 3]. Strychnine is rapidly absorbed from the gastrointestinal tract and 
acts upon the central nervous system. It blocks the uptake of the inhibitory neurotransmitter 
glycine at the postsynaptic receptor site in the motor neurons of the neural horn in the spinal cord, 
leading to very powerful tonic contractions [4]. 

S. nux vomica belongs to family Loganiaceae. It is a medium sized tree distributed widely in 
deciduous forests of the eastern and southern parts of the India [5]. Almost every part of the plant 
is used as drug [6] especially the seeds which contain 1.8–5.3% of indole alkaloids, strychnine 
and brucine. Alkaloids are the main bioactive chemicals in S. nux vomica [7], responsible for the 
pharmacological and toxic effects. Strychnine is physiologically more active than the minor 
alkaloids which include a-colubrine, b-colubrine, icajine, 3-methoxyicajine, proto-strychnine, 
vomicine, novacine, N-oxystrychnine, pseudo- strychnine and iso-strychnine [8]. S. nux vomica 
seeds have been used in oriental medicine  as activating the channels, alleviating pain, reducing 
swelling, and enhance blood circulation [9]. The pharmacological effects of this plant have also 
been known to increase spinal reflexes and stimulate respiratory and sensory centers of the 
cerebral cortex [10]. In oriental medicine,  S. nux-vomica seeds have been used in combination 
with aconite roots to treat spasms, numbness, or weaknesses associated with wind damp painful 
obstructions, and with myrrh to treat trauma-induced pain, swelling, fractures and sprains 
topically, and with sophora roots to treat severe and painful swelling of the throat [9]. In China, S. 
nux vomica is used as an anti-inflammatory and analgesic drug to relieve arthritic and traumatic 
pains [11]. 

Methods have been reported for analysis of strychnine employing TLC [12], HPLC [13], and 
gas chromatography [14, 15]. These methods were developed mainly for pharmacological and 
toxicological studies. . All of these methods suffer from one or more drawbacks and are not 
properly validated. Hence, the aim of this work was to develop an accurate, specific, repeatable 
and stability-indicating method, which was validated as per the ICH guidelines and several other 
methods reported by laboratory [16, 17]. The proposed method  was applied  for analysis of 
strychnine in S. nux vomica seed extract and in marketed unani formulation, which proved that 
method can be applied for quality control of this medicinal plant as well as traditional Unani and 
Ayurvadic formulations containing it as an ingredient. 
 
 

 
Figure 1. Structure of strychnine 
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2. Experimental 
 
2.1. Drugs and chemicals 

S. nux vomica seeds were collected from herbal garden of Hamdard University, New Delhi, 
identified by Department of Botany and the voucher specimen (No. JH/FP/57/MA) was 
deposited in the herbarium of the University. A marketed unani formulation (Majoon Azraqi) 
containing powder of S. nux vomica seed procured from a local unani medical shop. Reference 
standard strychnine ( 98% purity) was purchased from Sigma-Aldrich Pvt. Ltd. USA. All 
chemicals and reagents used were of analytical grade and were purchased from Merck Chemicals, 
India. 
 
2.2. Preparation of standard solution 
 

Standard stock solution was prepared by dissolving 5 mg strychnine standard (98%) in 5 ml 
methanol in volumetric flask. 
 
2.3. Preparation of sample solutions 
 

The S. nux vomica seeds were excised and separately ground to a coarse powder.   Coarse 
powder (10 g) and marketed unani formulation (10g) extracted exhaustively in a Soxhlet 
apparatus with methanol, (100ml) for 6 h. The methanolic extracts were filtered through 
Whatmann No. 1 filter paper, concentrated under reduced pressure at a temperature of 45ºC and 
dried. This residue was again dissolved in methanol (1 ml each) and applied on TLC plate. 
 
2.4. TLC instrumentation and chromatographic conditions 
 

The samples were spotted in the form of bands of  6 mm width with a Camag microlitre 
syringe on precoated silica gel aluminium Plate 60F254, (20 × 10 cm with 250 μm thickness; E. 
Merck, Darmstadt, Germany,)  using a Camag Linomat V (Muttenz, Switzerland). A constant 
application rate of 150 nl/s was employed and space between two bands was 11.6 mm. The slit 
dimension was kept at 4 × 0.45 mm and 20 mm/s scanning speed were employed. The 
monochromatic bandwidth was set at 20 nm, each track was scanned thrice and baseline 
correction was used. The mobile phase consisted of toluene: ethyl acetate: diethyl amine (7.0: 2.0: 
1.0, v/v/v) and 15 ml of mobile phase  was used per chromatographic run. Linear ascending 
development was carried out in 20 × 10 cm twin trough glass chamber (Camag, Muttenz, 
Switzerland) and the top of chamber was covered tightly with the lid. It was saturated (lined on 
the two bigger sides with saturation pads that had been soaked thoroughly with the mobile phase). 
The optimized chamber saturation time for mobile phase was 30 min at room temperature (25  
± 2°C) at relative humidity of 60 ± 5%. The length of chromatogram run was 9 cm. The run 
length of 9 cm results in better apparent resolution with more convenient capability of the 
detecting device to perform integration of peak area/ height. Subsequent to the development, 
TLC plates were dried in a current of air with the help of an air dryer in wooden chamber with 
adequate ventilation. The flow of air in the laboratory was maintained unidirectional (laminar 
flow, towards exhaust). Densitometric scanning was performed on Camag TLC scanner III in the 
reflectance– absorbance mode at 254 nm and operated by win CATS software (V 1.4.4.6337, 
Camag). The source of radiation utilized was tungsten lamp [18, 19]. 
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2.5. Calibration curves of strychnine 
 

Stock standard solution of strychnine was prepared in methanol at 1 mg/ml. Standard solutions 
were prepared by dilution of the stock solution with methanol to give solutions containing 
strychnine in concentration range of 100– 1000 μg/ml. One microlitre from each standard 
solution was spotted on the TLC plate to obtain final concentration range of 100–1000 ng/spot. 
Each concentration was spotted six times on the TLC plate. 
 
2.6. Method validation 
 
2.6.1. Precision 
 

Precision of the method was determined with the product. An amount of the product powder 
equivalent to 100% of the label claim of strychnine was accurately weighed and assayed. System 
intra-day repeatability was determined by six replicate applications and six times measurement 
of a sample solution at the analytical concentrations of 500 and 1000 ng/spot, respectively. The 
repeatability of sample application and measurement of peak area for active compound were 
expressed in terms of % RSD (relative standard deviation) and SE (standard error). Intermediate 
precision was assessed by the assay of two sets of six samples on different days (inter-day 
precision). The intra- and inter-day variation for determination of  strychnine was carried out at  
two different concentration levels 500 and 1000 ng/spot, respectively [20]. 
 
2.6.2. Robustness of the method 
 

By introducing small changes in the mobile phase composition, the effects on the results were 
examined. Mobile phases having different composition like toluene: ethyl acetate: diethyl amine 
(7: 2: 1, v/v/v), (6.5: 2.25: 1.25, v/v/v), (7.25: 1.75: 1.15, v/v/v), were tried and chromatograms 
were run. The plates were prewashed by methanol and activated at 60 °C ± 5 for 2, 5, 7 min prior 
to chromatography. Robustness of the method was done at three different concentration levels 
500, and 1000 ng/spot [21]. 
 
2.6.3. Limit of detection and limit of quantification 
 

In order to estimate the limit of detection (LOD) and limit of quantification (LOQ), blank 
methanol was spotted six times following the same method as explained above and the 
signal-to-noise ratio was determined. Limit of detection was considered as 3:1 and LOQ as 10:1.  
LOD and LOQ were experimentally verified by diluting the known concentrations of strychnine 
until the average responses were approximately three or ten times the standard deviation of the 
responses for six replicate determinations. 
 
2.6.4. Recovery studies 
 

The pre-analyzed sample was spiked with extra 50, 100 and 150% of the standard strychnine 
was re-analyzed by the proposed method. The experiment was conducted six times. This was 
done to check for the recovery of strychnine at different levels in the seed extract of S. nux 
vomica and Unani formulation (Majoon Azraqi). 
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2.6.5. Specificity 
 

The specificity of the method was ascertained by analyzing standard drug and sample. The 
spot for strychnine in sample was confirmed by comparing the Rf values and spectra of the  
sample with that of standard. The peak purity of strychnine was assessed by comparing the 
spectra at three different levels i.e., peak start (S), peak apex (M) and peak end (E) positions of 
the spot [22]. 
 
2.7. Determination of strychnine in S. nux vomica and marketed formulation 
 

Two micro liter of each sample as prepared above was applied in triplicates on TLC plates. It 
was developed and scanned as per the method described. The results of peak area obtained 
corresponding to strychnine were used for quantification in samples using regression equation. 
The results of triplicate analysis were expressed as average amount of strychnine in % w/w. 
 
2.8. Stress degradation studies 
 
2.8.1. Acid and base induced degradation 
 

An amount equivalent to 50 mg of strychnine was dissolved in 50 ml of methanolic solution of 
1M HCl and 1M NaOH. The solution was refluxed for 6 h at 90 ºC in the dark in order to 
exclude the possible degradative effect of light. The resultant solution was diluted 10 times, and 
applied on the TLC plate in triplicate (2µl each, i.e. 200 ng per spot) [23]. 
 
2.8.2. Hydrogen peroxide - induced degradation 
 

To 25 ml of methanolic solution of strychnine, 25 ml of hydrogen peroxide (30.0%, v/v) was 
added. The solution was heated in boiling water bath for 6 h to remove completely the excess of 
hydrogen peroxide. The resultant solution was diluted appropriately and applied (2 µl each) on 
TLC plate in triplicate (200 ng per spot). 
 
2.8.3. Photochemical degradation product 
 

Fifty mg of strychnine was dissolved in 50 ml of methanol and exposed to direct sunlight for 
24 h. The resultant solution was diluted appropriately and applied on TLC plate (200 ng per 
spot). 

In all degradation studies, the average peak area of strychnine after application (200 ng per 
spot) of three replicates was obtained. 
 
3. Results and discussion 
 
3.1 Selection and optimization of mobile phase 
 

The HPTLC procedure was developed and optimized. Several easily available solvents in 
different combinations and concentrations were tried to obtain good resolution, compact spot and 
better separation. Initially, toluene: ethyl acetate: diethyl amine combitation in varying ratios was 
tried. Finally The mobile phase toluene: ethyl acetate: diethyl amine (7: 2: 1, v/v/v)  was 
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selected which gives a sharp and well-defined peak of strychnine at Rf value of 0.42 (Figure 2). 
It was found that the solvent system has very good resolution for the separation of strychnine. 
 

 
Figure 2. A typical TLC chromatogram of strychnine (Rf =0.42) 

 
3.2. Calibration curves 
 

The linear regression data for the calibration curves (n=3) as shown in Table 1 showed a good 
linear relationship over the concentration range 100–1000 ng/spot with respect to peak area. 

No significant difference was observed in the slopes of standard curves (ANOVA, P > 0.05). 
 
 

Table 1. Recovery studies (n=6), for strychnine 
Strychnine Recovery (%) % RSD SEM 

Excess drug added 
to the analyte (%) 

Theoretical 
content 

(ng) 
Height Area Height Area Height Area 

0 500 99.12 99.69 0.463 0.330 0.266 0.190 

50 750 99.36 100.12 0.441 0.419 0.254 0.243 

100 1000 99.25 101.42 0.376 0.378 0.216 0.222 

150 1250 102.81 99.85 0.245 0.242 0.186 0.140 
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3.3. Validation of the method 
 
3.3.1. Precision 
 

The repeatability of sample application and measurement of peak area were expressed in terms 
of %RSD and results are depicted in Table 2, which revealed intra- and inter-day variation of 
strychnine at two different concentration levels of 500 and 1000 ng/spot. 

 
 

Table 2. Intra and inter day precision of HPTLC method (n=6) for strychnine 
Strychnine Mean SD % RSD SEM 
Amount (ng per spot) Height Area Height Area Height Area Height Area 
a. Intra-day 

500 130.58 1230.89 1.122 1.843 0.859 0.149 0.647 0.583 
1000 281.42 2308.83 0.925 1.188 0.328 0.057 0.534 0.518 

b. Inter-day 
500 136.88 1256.83 1.496 2.045 1.092 0.162 0.863 1.181 
1000 255.82 2389.70 1.660 2.457 0.648 0.102 0.958 1.418 

 

 
3.3.2. Robustness of the method 
 

The low values of %RSD obtained after introducing small changes in mobile phase 
composition indicated robustness of the method as indicated in Table 3. There was no significant 
variation in the slope values (ANOVA, P > 0.05). 
 
 

Table 3. Robustness of the method (n=3) for strychnine 
Strychnine Mobile phase composition 

Amount 
(ng/spot) 

toluene: ethyl acetate: diethyl amine 
(6.5: 2.25: 1.25, v/v/v) % RSD 

toluene: ethyl acetate: diethyl amine 
(7.25: 1.75: 1.15, v/v/v) % RSD 

Height Area Height Area 
500 1.959 0.193 1.378 0.179 

1000 1.213 0.139 0.685 0.084 
 

 
3.3.3. LOD and LOQ 
 

The LOD with S/N ratio of 3:1 was found to be 12.00 ng/spot and LOQ with S/N ratio of 10:1 
was found to be 36.37 ng/spot. 
 
3.3.4. Recovery studies 
 

The method when used for extraction and subsequent estimation of strychnine from seed 
extract of S. nux vomica and unani formulation after spiking with 50, 100 and 150% of additional 
standard strychnine, yielded recovery of 99.12 ± 3.69%. 
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3.3.5. Specificity 
 

The specificity of the method was ascertained by analyzing the standard drug and extract. The 
spot for strychnine in the sample was confirmed by comparing the Rf values and spectra of the 
spot with that of the standard. The peak purity of strychnine was assessed by comparing the 
spectra at three different levels, viz. peak start (S), peak apex (M) and peak end (E) positions of 
the spot. 
 
3.4. Determination of strychnine in S. nux vomica seed and unani formulation 
 

A well resolved single spot of strychnine was observed at Rf 0.42 in the chromatograms of the 
samples extracted from seeds of S. nux vomica and in marketed unani formulation. It was also 
observed from the super imposed UV spectra that there was no interference from the other 
components present in the extracts. The strychnine content in the seeds of S. nux vomica and in 
marketed unani formulation were found to be 0.391% w/w and 0.126% w/w, respectively, with 
low % RSD value indicated the suitability of this method for routine analysis of strychnine in S. 
nux vomica during the formulation development. 
 
3.5. Stability - indicating property 
 

The sample was subjected to treatment with acid, base, hydrogen peroxide, daylight,   
well-separated bands of pure strychnine and additional peaks at different Rf. Acid degradation 
was faster than alkaline. When the drug solution was heated with 1 M HCl at 80ºC for 8 h 
degradation products were observed at Rf 0.24, 0.39, and 0.52 (Figure 3(a)). The sample of 
strychnine was found to undergo alkaline degradation very readily in 1 M NaOH at 80ºC – 
approximately 80% of the drug was degraded in 5 min. Peaks of  degradation products were 
observed at Rf 0.49 (Figure 3(b)). The drug was found to be degraded by 30% hydrogen peroxide 
when treated at room temperature for 24 h; degradation products were observed at Rf 0.25, 0.28, 
0.57, and 0.60 (Figure 3(c)). In daylight the strychnine was almost stable, with only one 
additional peak at Rf 0.53 (Figure 3(d)). 
 

 
Figure 3. TLC chromatograms of degradation products of Strychnine on exposure to different stress 

conditions: (a) acid; (b) base; (c) oxidation; (d) day light 
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4. Conclusion 
 

A validated stability indicating HPTLC analytical method has been developed for 
determination of strychnine in Strychnos nux vomica seed extract and Marketed Unani 
Formulation. The results of stress testing undertaken as per the ICH guidelines reveal that the 
method is selective and stability indicating. This proposed HPTLC method is simple, precise, 
specific, accurate, less time consuming, cost effective as compared to  HPLC, and GC methods 
and has the ability to separate the drug from its degradation products. The statistical analysis of 
data obtained proves that the method is reproducible and selective and can be used for routine 
qualitative and quantitative analysis of strychnine in  S. nux vomica seed extract and its 
Marketed Unani Formulation. . As the method separates the drug from its degradation products, 
it can be employed as a stability indicating one. 
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