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Abstract Simple, rapid spectrophotometric method for the determination of colchicine in pure as well as in 
dosage form is described. This method was based on oxidation of colchicine by alkaline potassium  
permanganate at room temperature. Under the optimized reaction conditions, Beer’s law correlating the 
absorbance with colchicine concentration was obeyed in the range of 4-20 μgml-1.  The absorbance was 
measured at λmax 433, 524, and 610 nm. The calibration graph was linear over these concentrations. The 
limits of detection were 2.33, 5.83 and 2.86 µgml⁻¹, respectively. The stoichiometry of the reaction was 

studied. The method was successfully applied to the determination of colchicine in its pharmaceutical 
tablets, with high-quality accuracy and precisions.   
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Introduction 
Colchicine is a naturally alkaloid used in human 
and veterinary medication, which has been used 
as an antibiotic agent in cancer studies involving 
cell cultures[1]. It is a phenyl ethyl isoquinoline 
derived alkaloid, and it is a poisonous, lipid-
soluble alkaloid with a unique 7-memberd 
aromatic tropolone ring [2], the molecular formula 
C22H25NO6, with IUPAC name N-[(7S)-1, 2, 3, 10-
tetramethoxy-9-oxo 5, 6, 7, 9 tetrahydro-
benzo[a]heptalen-7-yl] acetamide.  Its As shown in 
scheme 1.   Colchicine is used for the alleviation 
of the inflammatory agent and also for decreasing 
pain and gouts[3]. It is generally classified as an 
anti-inflammatory agent, and is therefore  
therapeutic in familial Mediterranean fever, 
Behcet's disease, pericarditis, coronary artery 
disease and other inflammatory and fibrotic 
conditions [4].  

 
Scheme 1:  Structure of Colchicine 

A review of the literature indicated that numerous 
techniques have been applied for the analysis of 
colchicine in biological specimens and/or 
pharmaceutical formulations, including 
chromatography [2, 3, 5-16], electrochemistry and 
voltammetric techniques [1, 17-24]. Potassium 
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permanganate is commonly used as an oxidizing 
agent for many organic compounds in various 
media, and is considered to be the most powerful 
multi-electron oxidant utilized in kinetic studies 
in neutral, alkaline, and acid media. The 
mechanism of oxidation by this eco-friendly 
oxidant depend not only on the reduction, but 
also on the reaction medium. During 
permanganate oxidation, Mn (VII) species in 
permanganate is reduced to a variety of oxidation 
states in different media[25]. Only a few 
spectrophotometric methods have been reported 
to determine colchicine have been reported in the 
literature. Singh et. al.(2004), developed a  method 

involves the oxidation of colchicine by Fe(III) 
chloride and subsequent complexation of iron (II) 
with 1, 10-phenanthroline forming a red coloured 
complex having maximum absorbance at 510 nm 
[26]. Arpna and Patial (2012) introduced a method 
to analyze colchicine in phosphate buffer saline 
pH 0.3. The maximum absorbance λmax selected 
was 353.8 nm[27]. In 2012 Daneshfar and co-
workers utilised a method based on the reaction of 
the colchicine with quaternary ammonium salt in 
aqueous solution [28]. When Sravya’s group 
tested colchicine for dissolution in water, 
methanol, ethanol, 0.1M hydrochloric acid 
solution and 0.1M sodium hydroxide solution, and 
it scanned in UV range of between 200 and 400 
nm, showed maximum aborbance at 246 nm [29]. 
The present study describes a simple, sensitive 
and economic analytical method for the estimation 
of Colchicine spectrophotometrically in bulk and 
pharmaceutical formulations. The method is 
based on the oxidation of colchicine by alkaline 
potassium permanganate as the oxidizing reagent, 
at room temperature for a fixed time, followed by 
measuring a decrease in absorbance at 524 nm. 
In terms of sensitivity, color stability, optimization 
condition, and accuracy and precision.   
Material and Method: 
Apparatus: The absorbance was measured on a 

DU 800 spectrophotometer (Beckman Coulter, 

USA) with one cm glass cells. 
Chemical material and reagent: All chemicals 
and solvents used were of either pharmaceutical 
or analytical reagent grade, colchicine was 
supplied gratis by Omar Al-Mukhtar University, 

Colchicine C22H25NO6  Fluka, Biochemical, 97.0% 

(HPLC), M.wt.:399.45 gmol-1, potassium 
permanganate (KMnO4), BDH Chemicals Ltd Poole 
England,  99%, M.wt.:158.03 gmol-1, potassium 
hydroxide (KOH), Scharlau Chemie S.A.,  85%, 
M.wt. 56.11 gmol-1.  
Preparation of solution: All chemicals used were 
of analytical grade and solutions were made in 
distilled water. 
Potassium permanganate: An accurately weighed 
quantity of KMnO4 (3.16mg) was transferred into a 
200 ml volumetric flask, dissolved and diluted up 
to mark with distillated water.  
Potassium hydroxide: A solution was prepared 
by dissolving the calculated amount of potassium 
hydroxide into an appropriate volume of water 
making the solutions always 1M.  

Standard stock solution of colchicine: the 
solutions was prepared by dissolving 0.399 mg of 
pure colchicine  in water in a 100 ml measuring 
flask. Further dilution was preformed to obtain a 
final concentration of 0.01M solution. 
Colchicine in pharmaceutical formulations: 
Pharmaceutical formulations obtained from a local 
pharmacy in Al-Beyda city, were used for analysis, 
Colchicine opocalcium one mg (Mayoly Spindler, 
France), colchicine opocalcium one mg (Cooper 

(El Nasr Pharmaceutical chemical, Egypt). 

Procedure: Construction of calibration graphs 
and colchicine standard solution: 
A fixed amount of KMnO4 l of 0.1 M), was 
added to each standard flask to degrade in KOH (1 
ml of 1M) for 15 min., then a liquots of 4- g 
ml⁻¹ of colchicine standard test solution were 
pipetted into these series of standard 10 ml 
volumetric flasks, and  then diluted to 10 ml 
volume with distilled water at room temperature. 
After mixing, the solution was tacked for the 
optimum time of 30min. for complete reaction and 
stability of color. It was then transferred to a 
spectrophotometric cell, the decrease in 
absorbance was recorded as a function of time, at 
524 nm, and the absorbance increase of the 
colored manganate ions was measured at 610 nm. 
Calibration graphs were prepared by plotting the 
absorbance values versus concentration of 
colchicine. The unknown concentration was read 
from the respective calibration graph and deduced 
from the regression equation using Beer’s law 
data.  
Procedure for pharmaceutical form: An average 
weight tablet was dissolved in water and the 
volume was filled to 50 ml with distilled water. The 
solution was shaken well and filtered as 
necessary. The procedure was completed following 

the described procedure in standard solution.  
Kinetic Measurements: Kinetic runs were carried 
out under pseudo-second order conditions where 
[colchicine] < MnO4⁻, at room temperature. The 
process of the reaction in basic media was 
followed by observing the decrease in the 
absorbance of permanganate ion, as a function of 
time, at λ = 333 nm. These measurements were 

performed on a DU 800 one-beam 

spectrophotometer. The observed-second order 
rate constants (kobs) were calculated as the 
gradients of  ln(absorbance) time plots, which 
were straight for about 80-95% of the reactions 
completion. The orders of the oxidation reaction 
with respect to the reactant concentration were 
determined from the plots of ln (rate) versus ln 
(Conc.) by varying the concentrations of colchicine 
while keeping all others constant. 
Results:  
Time-Resolved Spectra:  
Sets of the concentration of potassium 
permanganate in one ml of hydroxide ion (1M) 
were kept for 15 min. at room temperature in a 10 
ml measuring flask. The absorbance spectrum of 
aqueous potassium permanganate solution in 
alkaline media exhibited absorption bands at 524, 
535, and 307 nm as shown in figure 1 and the 
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average molar absorptivity () of standard 

permanganate in alkaline medium is estimated to 
value 9.23×10⁻⁸ mol.l⁻¹cm⁻¹ at 524 nm. The 
addition of the studied drugs to this solution 
produced  new characteristic bands at 344, 433, 
and 610 nm in 1M potassium hydroxide solution 
as shown in figure 2. The band at 610 nm is due 
to formation of manganate ion MnO₄⁻², while at 
433 and 344 nm absorbance at crest or through 
spectrum in alkaline medium is due to formation 
of an oxidized form of colchicine. The absorbance 
at bands 307, 344, 433 and 610 nm increases 
with time, while at 524 nm the absorbance 
decreases where the actual concentration of 
alkaline permanganate after oxidation with 
colchicine is estimated with reference to molar 
absorptivity of standard permanganate. 
   

 
Fig.1: Absorption spectra of standard 
permanganate ion solution in alkaline medium 

 
Fig. 2: Absorption spectra of Colchicine in the 
presence of one mM KMnO4 and 100 mM KOH 
Stoichiometry and reaction mechanism:  
The molar ratio between permanganate and 
colchicine to complete the oxidation reaction is 
determined by the Slope Ratio method. In this 
method, two series of solution are prepared. In the 
first series, various amounts of colchicine are 
added to a large excess of permanganate solution, 
while in the second series different quantities of 
permanganate solution are added to a large excess 
of Colchicine. The absorbance of the solution in 
each series is measured at 433 nm and plotted 
versus the concentration of the variable 
component. The ratio of the slopes of the two 
straight lines, the molar absorptivities, determines 
the molar ratio of the two components. The slope 
ratio method was applied to establish the 

stoichiometry molar ratio of colchicine to KMnO₄ 
in basic medium and was found to be nearly 4:1 
(COLC:KMnO4) as given in table 1 and shown in 
figure 3.  
Table 1: Calculation of Molar ratio of 
Colchicine to permanganate ion by the 
slope ratio method. 

 433 Colchicine 1.224×10-7 

433 KMnO4 2.994×10-8 

Molar Ratio (COLC: KMnO4) 4.09 

 
Fig. 3: Slope ratio method graphs for the 
Colchicine-KMnO4 reaction in alkaline medium 

Colchicine was found to be susceptible to 
oxidation with alkaline KMnO₄producing a green 

color peaking at 610 nm, then dark brown 
precipitate of MnO₂ after the complete 
consumption of permanganate ion. Therefore, the 
reaction is proposed as shown in scheme 2. The 
amine group in colchicine converted to primary 
ketimine  group by manganate ion, Mn(VI), 
precedes the oxidation step forming acetone and 
colchicine derivative. Therefore, this reaction 
mechanism is proposed on the basis of the 
literature background [21, 22]. It has been 
established that, in a strongly alkaline medium, 
the stable reduction product of permanganate ion 
is managanate ion MnO₄⁻² [30, 31]. 

 MnO4-+ 4 OH- → MnO4-2+ 2H2O+ O2 
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Scheme 2: Represents the reaction Colchicine 
and alkaline permanganate ion. 
Effect of permanganate concentration: 
The absorbance increases significantly with an 
increase in the concentration of potassium 
permanganate as shown in figure 4. Maximum 
absorbance was obtained when 100µl of 0.1 M of 
alkaline potassium permanganate was used in a 
10 ml measuring flask equivalent to one mM final 

concentration containing 4-20 gml-1 of colchicine. 

 

 
Fig. 4: Effect of KMnO4 in different 
concentrations of Colchicine 
 
Effect of alkali concentration:  
Maximum absorption was obtained when one ml 
of 1M of KOH was used. Over this volume no 

change in absorbance could be detected. 
Validation of the proposed method: 
Calibration curve was constructed covering the 
concentration range 4-20 µg ml⁻¹ for colchicine in 
alkaline medium as shown in figure 5. 
 

 
Fig. 5: Linear relation between absorbance and 
Concentration of Colchicine 
 
The limit of detection (LOD) was calculated based 
on the standard deviation of correlation coefficient 
Sy/x and the slope of the calibration curve. The 
limit of detection in µg/ml was expressed [32] as: 

LOD = 3 Sy/x /Slope. whilest, The limit of 
quantitation (LOQ) was calculated based on the 
standard deviation of intercept and slope of the 
calibration curve. In this method, the limit of 
quantitation in µg ml⁻¹ is expressed [32] as:    LOQ 
= 10 Sy/x/slope.  Both, LOD and LOQ results 

summarized in table 3 and indicating good 
sensitivity of the proposed method. 

Table 2:  Regression and Analytical parameters of 

Colchicine in alkaline permanganate. 

Parameter 
Wavelength, nm 

307 344 433 524 610 

Molar 

absorptivity 

mol. l⁻¹ cm⁻¹ 

1.36 

×10⁻⁶ 

8.07 

×10⁻⁸ 

1.21 

×10⁻⁷ 

1.23 

×10⁻⁷ 

9.50 

×10⁻⁸ 

Con., range 

mM 0.01-0.05 
-1 4-20 

Regression equation, Y* 

Intercept 

(a) 
0.022 0.044 

-

0.018 
0.114 

0.009 

Slope (b) 0.016 0.032 0.048 0.049 0.038 

Correlation coefficient 

R 0.99 0.99 0.99 0.97 0.99 

Sy/x 0.017 0.035 0.034 0.087 0.032 

LOD, µg 
ml⁻¹ 

3.53 3.59 2.33 5.83 2.86 

LOQ, µg 

ml⁻¹ 
10.70 10.89 7.06 17.69 8.68 

*Y = a ± b X, where Y is the absorbance and X, 

concentration in µg ml⁻¹ 

Kinetics of the reaction:   

Under the optimum, the absorbance time curve of 
investigating colchicine with alkaline KMnO4 

reagent was constructed as shown in figure 6. 
The initial rate of the reaction was determined 
from the slope of the tangents of the absorbance 
time curve. The order of the reaction with respect 
to colchicine was determined by studying the 
variation of time with reaction absorbance at 
different concentrations of colchicine  using 
relative excess amount of potassium 
permanganate and potassium hydroxide (pseudo 
order reaction). The graphs obtained, depicted in 
figure 7,  clearly indicate that reaction rate obeys 
the following general equation:  

 
Where A is the absorbance at 433 nm, t is the 
measureing time, k is the pseudo-order rate 
constant, C is the molar concentration of 
colchicine and n is the order of the reaction, the 
natural logarithmic form of the above equation is 
written as follows: 

 
Plotting the natural logarithm of initial rate of the 
reaction versus the natural logarithm of the molar 
concentration of investigating colchicine was 
found to be second order (n >1) in alkaline 
potassium permanganate.  
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Fig. 6: Absorbance versus time graph for the 
reaction between one mM alkaline permanganate 
and 20 µg ml⁻¹Colchicine. 
 
Linear regression of ln (Rate) versus ln C least 
square method yielded the following calibration 
equation: 

 
With correlation coefficient R = 0.996, k = 0.28 
M⁻¹s⁻¹. Therefore, pseudo-second order condition 
was obtained with respect to concentration of 
colchicine in excess amounts of alkaline KMnO4 as 
shown in figure 7.  
 

 
Fig. 7: plot ln (Rate) of the reaction for 4-20 
µgml⁻¹ Colchicine in alkaline potassium 
permanganate at room temperature. 
 
Application of pharmaceutical dosage forms  
The fixed time method of the proposed 
spectrophotometric method for determination of 
investigating colchicine has been tested on 
commercial pharmaceutical dosage forms. The 
concentration of determination of colchicine  was 
computed from its responding regression 
equations, with respect to accuracy and precision 
as shown in table 3, to ensurethat there was no 
interference of other additives present in the 
studied formulations.  
Table 3: Spectrophotometric determination of 

the studied compound in pharmaceutical 

preparation by the proposed method. 

Tablet 

Conten

t Label 

Claim 

(mg) 

aRecover

y 

Mean% 

bSD% 
cRSD

% 

Colchicine, 0.5 91.36 12.2 13.36 

(Egypt) 

Colchicine,  

(France) 
1 97.48 3.5 3.6 

Colchicine, 

(Casablanca) 
1 95.91 5.7 6.02 

aAverage of triplicate measurements; b Standard 

Deviation and      c Relative Standard Deviation 

Discussion: 
Through the reaction the valence of manganese 
changes and intermediate ions have been 
suggested as participating oxidants, but which 
species have the main role as potential oxidants 
depends upon the nature of the substrate and the 
pH of the medium [33] Oxidation reactions are 
very important in organic synthesis and,among 
the different oxidizing agents, permanganate ion is 
used in the oxidation of many organic compounds 
in neutral, alkaline and acidic media. The 

mechanism of oxidation reactions by 
permanganate ion is managed by pH of the 
medium. During oxidation by permanganate, it is 
evident that the Mn (VII) in permanganate is 
reduced to different oxidation states in acid, 
alkaline and neutral media. In an acid media, 
permanganate ion (MnO4-) can exist in a number 
of different forms, HMnO4, H2MnO4+, HMnO3, and 
Mn2O7 depending on the nature of the reductant 
[34]. The oxidation of organic substrate by 
potassium permanganate depends on the pH of 
the medium. The hepta-valent manganese 
changes to Mn (VI) in alkaline medium while in 
neutral and acidic media the permanganate is 
further reduced ultimately formingMn(II) [31]. In a 
strongly alkaline medium, the stable reduction 
product of permanganate is manganate ion, 
MnO42-. MnO2 appears only after a long time, i.e.  
after the complete consumption of MnO4- [35].  
Conclusion 
The initial rate and fixed time methods can be 
easily applied for investigating colchicine in pure 
and dosage forms. The proposed, fixed time  
method is sensitive enough to enable 
determination of lower amounts of the drug, 
which makes its application in routine quality 
control advantageous. Finally, this method is 
useful for improving selectivity, and avoiding the 
interference of colored and/or turbidity 
background of samples because it measures the 
increase in absorbencies with time against blank 
treated similarly.  
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