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Abstract This work describes the development, validation and stable studies of a new, simple and reliable UV
spectroscopy procedure for the analysis of eflornithine hydrochloride. A new rapid, precise, accurate, specific and
simple UV Spectrophotometric analytical method was validated to assay eflornithine hydrochloride (DFMO) in
parenteral. Measurements were taken at λmax 283 using ethanol as the solvent. Beer’s law is obeyed in the
concentration ranges 4 – 32µg mL-1 with a correlation coefficient (r) equal to 1. The values of limit of detection
(LOD) were 0.0675µg mL-1 and limit of quantification (LOQ) were 0.2045µg mL-1 for DFMO respectively. The
value of molar absorptivity and sandell’s sensitivity was 0.3918 × 104L mol-1 cm-1 and 0.1633µg cm-2 respectively.
The developed method was validated as per International Conference of Harmonization guidelines with respect to
specificity, linearity, limit of detection, limit of quantification, accuracy, precision and robustness. The accuracy of
the method was 100.23%. The precision demonstrated a relative standard deviation of less than 1%. The results were
satisfactory when compared with the literature. The proposed method might be applied in routine quality control in
the pharmaceutical industries since it is precise, accurate, simple and economic. Commercial formulation and
laboratory prepared mixtures were successfully analyzed using the developed methods.
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1. Introduction
Eflornithine hydrochloride (DL-alpha-Difluoromethylornithine;
DFMO) has the IUPAC name 2,5-diamino-2-(difluoromethyl)
pentanoic acid [1,2]. Anhydrous eflornithine hydrochloride
has molecular formula C6H12F2N2O2.HCl (Figure 1) and a
molecular weight of 218.65 [3].
Eflornithine is a specific, irreversible inhibitor of the
enzyme ornithine decarboxylase, one of the key enzymes
in the polyamine biosynthetic pathway [4,5]. The drug
was originally developed for use in cancer, and is in phase
III clinical trials for its use in preventing recurrence of
superficial bladder cancer. It has been used as
antiprotozoal agent in the treatment of meningoencephalic
stage of trypanosomiasis caused by Trypanosoma brucei
gambienze (African trypanosomiasis) [6,7]. It is now
licensed for use in sleeping sickness in the FDA, US, FDA,
Europe and twelve African countries [8]. Eflornithine
(difluoromethylornithine, DFMO) has recently been
approved for the treatment of Trypanosoma brucei
gambiense trypanosomiasis [9].
A number of analytical methods have been reported for
measuring DFMO in biological fluids and tissue extracts.
These methods involved HPLC techniques [10,11,12].
The HPLC techniques currently available for the

quantification of DFMO in biological fluids involve either
pre or post column derivatization with UV or fluorescence
detection [13,14] and LC carried out by evaporative light
scattering detection [15]. Few methods have been reported
in the literature for the analysis of DFMO including
spectrophotometry [16,17].
The proposed method for eflornithine hydrochloride
determination has many advantages over other analytical
methods due to its rapidity, lower cost and environmental
safety. Unlike the gas chromatographic and HPLC
procedures, the instrument is simple and is not costly. All
statistical values (percentage recoveries, RSD, confidence
limits of the slope and intercept, LOD and LOQ) were
within the acceptable limits. Economically, all the
analytical reagents are inexpensive and available in any
analytical laboratory.

COOH
NH2-C-CH2-CH2-CH2-NH2.HCl
CHF2
Figure 1. Molecular Structure of Eflornithine hydrochloride (DFMO)

The proposed method reports a new method for the
determination of DFMO in parenteral pharmaceutical. The
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Calibration curve for DFMO was shown respectively in
(Figure 3 and Figure 4)
1.2
Absorbance

aim of this investigation was to develop a new, sensitive,
cost effective and validated method for the determination
of DFMO in pure form and in parenterals by
spectrophotometry.

2. Materials and Methods
2.1. Materials
Eflornithine hydrochloride and 200mg vials (Ornidyl®)
were gifts from Wintac Limited, Bangalore (India).
All reagents applied as solvents were analytical grade
and obtained from Sigma-Aldrich (USA). Solvent
utilized throughout the project was 95% ethanol. Water
was always distilled.
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Figure 2. Absorption spectra of DFMO (20 μg mL-1)

2.2. Instrumetation
The equipments used were the following: A model
Shimadzu UV-1601 with a fixed slit width of 2nm using a
pair of 1cm matched quartz cells recording double beam
UV- visible spectrophotometer connected to a
computer loaded with Shimadzu UVPC; Mettler
H51 analytical balance (Zürich, Switzerland).

2.3. Spectrophotometric Measurements
2.3.1. Preparation of Solutions
2.3.1.1. Stock and Working Standard Solutions
A stock solution of 1.0mg mL-1 was prepared by
dissolving 100mg of DFMO in a 100mL of ethanol.
Working standard solutions of DFMO of 100µg mL-1
were prepared by appropriate dilution of the stock
solution with ethanol. This solution was prepared daily.

Figure 3. Zero-order absorption spectra for DFMO, showing λ max at
283nm

2.3.1.2. Sample Solutions
Twenty vials of (Ornidyl 200mg mL-1) were used. The
sample vial (SVP) containing 200mg mL-1. Pipetted out
1ml and diluted to 100ml with ethanol. Now further
dilutions were done with ethanol to get the final
concentration of 100µg mL-1. Appropriate dilutions were
made using the same diluent.
2.3.1.3. Determination of Absorption Maxima (lambda
max) of Eflornithine (DFMO)
-1

2.0mL aliquot of standard DFMO solution of 10μg mL
was pipetted into a 10mL volumetric flask. The volume
was made up to 10mL with ethanol and solution was then
scanned in the range of 200 to 400nm against the reagent
blank. The absorbance values are recorded and graphically
represented in (Figure 2). On scanning the absorption
maxima of (DFMO) 20μg mL-1 was found out to be 283
nm.

Figure 4. Calibration curve of DFMO at 283nm

2.3.2. Method Validation
The analytical method was validated according the
International Conference for Harmonization (ICH)
guidelines [18] under the optimized experimental
conditions: linearity, accuracy, precision, specificity.
2.3.2.1. Linearity
The linearity was evaluated by linear regression
analysis, which was calculated by the least squares
regression method.

2.3.1.4 Procedure for Standard Curve
Aliquots of 0.4mL, 0.8mL, 1.2mL, 1.6mL, 2.0mL,
2.4mL, 2.8mL and 3.2mL of 100µg mL-1 solution of
DFMO was pipetted into each of 10mL volumetric flasks.
The volume was made up to 10mL with ethanol. The
absorbance of solution was measured at 283nm against
ethanol as blank. The Zero-order absorption spectra and

2.3.2.2. The Limit
Quantification (LOQ)

of

Detection

(LOD)

and

The limit of detection was calculated by LOD = 3.3 /S,
where  is the standard deviation of the response of the
blank or the standard deviation of intercepts of regression
lines and S is the slope of the calibration curve. The limit
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of quantification was calculated by LOQ = 10/S under
the ICH guidelines [18]
2.3.2.3. Precision and Accuracy
In order to assess the intra and inter-day precision and
accuracy of the assay, were prepared as described above.
The inter-day precision and accuracy were determined by
analyzing the three level samples on 3 different days.
Precision was expressed as the relative standard deviation
(RSD %). Accuracy was expressed as the mean relative
error (RME %).
2.3.2.4. Recovery
The recovery method was performed by adding known
amounts of the studied compounds to a known
concentration of the commercial pharmaceutical
parenteral (standard addition method).

3. Result and Discussion
3.1. Linearity and Range
The proposed method showed good linearity in the
concentration range of 4 - 32µg mL-1. For DFMO method,
the regression equation was A= 0.0489C + 0.0006 with
r=1 (Figure 4). Analytical parameter for the
determination of eflornithine hydrochloride was
shown (Table 1).
Table 1. Analytical Parameters for the Determination of DFMO
Using the Proposed Methoda)
Parameter
DFMO
λmax (nm)
283
Beer’s Law Limit (µg mL-1)
4-32
Linear regression equation A = mC + b
Slope (m)
0.0489
Intercept (b)
0.0006
Correlation coefficient (r)
1
Malar absorptivity (LmoL-1cm-1)
0.3918 ×104
Sandell’s sensitivity (µg cm-2)
0.1633
LOD (µg mL-1)
0.0675
LOQ (µg mL-1)
0.2045
a) n = 6 (Average of six readings)

3.2. Accuracy and Precision
Accuracy and precision was determined from DFMO
sample at three different concentrations in the calibration
range in six replicates. The relative standard deviation
(RSD) on the absorbance from three replicates solutions
was found to be between 0.11 and 0.65%. The data is
summarized in (Table 2).
Table 2. Intra-day and Inter-day Precision Accuracy of DFMO
Proposed Methoda)
Added
Found
RME
RDS
Method
concentration
concentration
(%)
(%)
-1
-1
(µg mL )
(µg mL )
Intra-day
4
4.04
1
0.42
10
10.05
0.5
0.35
22
22.03
0.14
0.28
32
32.02
0.06
0.11
Inter-day
4
4.10
2.5
0.65
10
10.09
0.90
0.45
22
22.11
0.50
0.32
32
32.08
0.25
0.21
a) n= 4 (Average of four readings)

3.3. Recovery Study of Proposed Method
The recoveries of the standard addition method (Table 3)
suggested that high accuracy of the proposed methods.
The study was performed by increasing standard addition
of known amounts of studied drugs to an unknown
concentration (constant volume) of the standard drug.
Known concentration DFMO was taken which is
dissolved in ethanol and the volume make with ethanol. A
constant volume of the unknown solutions was added to
each of eight 10ml volumetric flasks. Then a series of
increasing volumes of working standard solutions were
added. Finally, each flask was made up to the mark with
ethanol for DFMO and mixed well. The concentration of
the working standard solutions added should be chosen to
increase the concentration of the unknown by minimum
50% in each succeeding flask. The resulting mixtures
were analyzed and recoveries were found to be between %
99.08 and 100.23.
Table 3. Result of Recovery Studies by Standard Addition Methoda)
Added concentration (µg mL-1)
4
8
12
16
20
24
28
32
a) n= 4 (Average of four readings)

Recovery±RSD %
100±0.42
99.08±0.21
99.15±0.27
100.02±0.65
100.03±0.12
99.12±0.14
99.11±0.15
100.23±0.71

3.4. Ruggedness (Reproducibility)
The ruggedness of the method was determined by
carrying out the experiment by three different analysts.
The average value of % RSD of the findings for
determination of DFMO was found to be 1.014. This
showed that the method was reproducible by three
different analysts (Table 4).
Table 4. Reproducibility of the method by three different analysts
Concentration
Method
(µg mL-1)
Actual
Obtained
%RSD
Analyst 1
12
12.16
Analyst 2
12
11.86
0.85
Analyst 3
12
11.97
Analyst 1
18
18.66
Analyst 2
18
18.41
0.63
Analyst 3
18
18.50
Analyst 1
24
24.64
Analyst 2
24
24.13
0.45
Analyst 3
24
24.25
a) n=4 (Average of four readings)

3.5. The Limit of Detection (LOD) and
Quantification (LOQ)
Calibration curve was repeated for 6 times and the
standard deviation (SD) of the intercepts was calculated.
Then LOD and LOQ were measured as follows
LOD = 3.3 × SD/slope of calibration curve
LOQ = 10 × SD/slope of calibration curve
SD = Standard deviation of intercepts
The values of LOD and LOQ are given in Table 1.
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3.6. Assay of Commercial Formulation
Applicability of the method was tested by analyzing the
commercially available formulation as Ornidyl. The data
is summarized in (Table 5) was found to be very close to
the label value of commercial pharmaceutical formulation,
which showed that the method was applicable for
determination of DFMO from their parenteral
formulations.
Table 5. Analysis of Commercial Formulation
Parenteral

Label claimed
(mg)

Concentration
found (mg)

% Recovery ±
SD

ORNIDYL

200

200.195

100.10±1.6
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