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Abstract 
Epinephrine and non-epinephrine are major endogenous catecholamines which 
are known as neurotransmitter. The plasma levels of catecholamines are 
significant markers of several neuro-endocrine disorders and autonomic 
nervous system disorders. A method for the simultaneous quantitation of 
epinephrine and norepinephrine is described. The related substances are 
resolved on a Phenomenex ODS analytical column C18 column 
(150 mm × 4.6 mm, 5 µm) using a mobile phase composed of a mixture of 
acetic acid and 50mM sodium acetate buffer pH 3.1 (1:99 v/v) at a flow rate of 
1 ml/min with UV detector at 285 nm. The method is compatible with HPLC-MS 
and provides a tool for the control of substandard and counterfeit commercial 
preparations of epinephrine and norepinephrine. 
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Introduction 
The catecholamines are a group of compound bearing a dihydroxyphenyl moiety [1, 2]. 
The significances of the biogenic amines are employed as markers of neuroblastoma, 
stress condition and other autonomic nervous system disorders [3]. Catecholamines are 
also known as main neurotransmitters. Chemically, epinephrine (E) and norepinephrine 
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(NE) are 4-[(1R)-1-hydroxy-2-(methylamino)ethyl]benzene-1,2-diol and 4-[(1R)-2-amino-1-
hydroxyethyl]benzene-1,2-diol, respectively. E was discovered as a hormone released 
from adrenal medulla. Later NE was established as a main neurotransmitter that is 
released from peripheral sympathetic nerves. The central neurotransmitter dopamine is 
known as a precursor of E and NE which plays an important role in the metabolism and 
regulation of sodium ions. Biogenic amines are low molecular weight intercellular 
messengers and act in chemical signaling [4, 5].  
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Fig. 1.  Structures of biological amines: Epinephrine (a), Norepinephrine (b), 

Dopamine (c) 

Previously catecholamines and small molecules were separated from plasma proteins by 
an internal-surface reversed-phase column (octadeyclsilica column) and were analyzed by 
liquid chromatography (LC)/mass spectrometry (MS) using electro spray ionization time-of-
flight MS [13], but by using HPLC and UV detector simultaneously analysis of NE and E 
methods are unavailable. HPLC methods are most reliable and most accurate methods as 
compared to other analytical techniques.  

RIA [6, 7] and ELISA are two methods which are most commonly used for NE and E 
analysis. Previously HPLC with diode array detector [8] and HPLC with flurometric detector 
[9] were used but which are involved with multiple of step, complicated, time consuming 
procedure and sometimes non-reproducible results. Therefore the present study was 
designed to develop methodologie for the simultaneous estimation of catecholamines by 
RP-HPLC using C-18 column and UV detector. 

Materials and Methods 
Materials  
Standard epinephrine and nor-epinephrine were obtained from Sigma–Aldrich (St Louis, 
MO, USA) and ammonium acetate was obtained from CDH Laboratory (Mumbai, India). 
Commercial preparations of E and NE were obtained from Rathi Labs Hindustan (P) Ltd. 
Patna and Samarth Life Sciences (P) Ltd, Mumbai respectively. Methanol, acetic acid and 
water were used HPLC grade and purchased from Qualigens Fine Chemicals (Mumbai, 
India).  

Preparation of solutions 
Standard solutions 
For HPLC analysis, 25 mg of E and NE standards was accurately weighted by using a 
Citizen analytical balance (readability 0.01 mg). The weighted sample was made up to 
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25 ml with HPLC grade water to produce a stock solution containing 1 µg/ml E and NE 
respectively. Aliquots of the stock solution were suitably diluted with the mobile phase to 
produce calibration solutions of concentrations as described in the validation studies 
section. 

Sample preparation 
Samples (1 mg equivalent) of different commercial samples were pipetted out accurately, 
dissolved in and made up to 100 ml with a solution in water. The obtained solution was 
diluted 10-fold with the mobile phase prior to analysis. 

Ammonium acetate buffer ( 50 mM, pH 3.1) 
Ammonium acetate (3.36 g) was accurately weighted, dissolved in approximately 800 ml 
of water and the pH adjusted to a value of 4.0 with acetic acid. The resulting solution was 
made up to 1 L with water. 

Validation studies 
The rectilinear relationship between concentrations of the analytes and the UV detector 
response were evaluated. The concentrations used were 10, 20, 30, 40, 50, 60, 70, 80, 90 
and 100 ng/mL

 
for NE and E respectively. Three different preparations of the analytical 

standard were analyzed in triplicate on the same day for the determination of intra-day 
assay precision. These determinations were repeated using freshly prepared standard 
solutions on three separate days to determine inter-day precision of analysis. 

Analytical solutions and commercial sample in triplicate were freshly prepared solutions 
(as described in Section validation studies) at 3 separate days were used to compute the 
inter-day (n = 3 separate determinations) and intra-day precision of the method. 

The stability of the analytical solutions was determined for E and NE at the concentrations 
described above for the assessment of repeatability. 

Analytical solutions were injected repeatedly (n = 36) over a 60 h period and R.S.D.s % 
computed for the peak areas due to the respective analytes. The performance 
characteristics of the method were based on the resolution between the critical pair of E 
and NE and the robustness of the method as a function small changes in the pH (between 
3.1 and 3.5), buffer strength (25 and 50mM sodium acetate) of the mobile phase, stability 
of analytical solutions and the effect of temperature (20–40°C) on resolution. The limits of 
detection and quantitation for each analytes were determined as S/N of three and 
R.S.D. % ≤ 5%, respectively. 

HPLC/HPLC–MS analysis 
An Agilent HP1100 series quaternary pump with ChemStation® software version 10.02 for 
data acquisition equipped with a HP1100 series UV–Vis detector were used. The HPLC 
was also coupled to an Agilent MSD SL single-quadrupole mass spectrometer via an 
electrospray ionisation source. E and NE were separated at ambient temperature on a 
Gemini C18 column (150 mm × 4.6 mm i.d., 5 µm particle size, 110A°, Phenomenex, 
Cheshire, UK) coupled with a Phenomenex C18 Securigard® column. The mobile phase 
composed of a mixture of acetic acid and 50mM ammonium acetate buffer pH 3.1 (1:99 
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v/v) was delivered at a flow rate of 1 ml/min with a split ratio of 1 in 50. For mass 
spectrometric analysis, compounds were detected using the following conditions: 
nebulising gas pressure, 10 psi, drying gas flow rate, 7 l/min; drying gas temperature, 
300°C; capillary voltage, 4000V; positive ion mode; gain: 1; threshold: 150; step size: 0.10; 
peak width:0.10 min; cycle time: 1.02 s/cycle. Data was acquired in full scan mode (m/z 
100–650) at a fragmentor voltage of 70V. 

Results 
The increasing of the ionic strength of ammonium acetate buffers resulted in an 
improvement in the chromatographic peak shapes. But at concentration of ammonium 
acetate buffer of 25 and 50 mM the most sharp and prominent peaks were observed. This 
observation may be due to competition between the highly basic moieties of biological 
amines (E and NE) and the ammonium ions for electrostatic interaction with residual 
silanols. Optimal separation of the analytes was accessed by the resolution behavior 
between the critical pair of NE and E. Optimal separation was observed in ammonium 
acetate buffer at 50 mM concentration and pH 3.1 (Fig. 2). Further keeping view that 
instability of some silica-based columns at pH values of below 2.8, the method was further 
evaluated using ammonium acetate buffer at a pH of 3.1. 

 
Fig. 2.  Chromatogram of Norephinephrine and epinephrine simultaneously separated 

in same mobile phase. Peak of Norephinephrine marked as 1 and epinephrine 
marked as 2 respectively. 

An assessment of the effect of temperature over a range of 20–40°C on the separation of 
the analytes showed a gradual, albeit insignificant with decrease in retention times with 
increasing of temperature which did not compromised resolution of the critical pair. 
Subsequently all analyses were performed at ambient temperature (≈20°C).  
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The stability of analytical solutions of E and NE assessed at three different concentrations 
which described in validation section and produced R.S.D.% values (n = 36 injections over 
60 h) of peak areas which were typically less than 2.5, 1.3 and 0.5% at low, intermediate 
and high concentrations respectively. Thus, solutions are sufficiently stable and enough to 
justify that analysis can be done after preparation of fresh samples over 24 h period. 

The chromatographic peak areas showed a rectilinear relationship to analytes 
concentration within the specified ranges (Table 1) which are consistent with the expected 
concentrations on dilution of the innovator product Adrenaline (Rathi Laboratory 
Hindustan(P) Ltd. Patna, India and Noradrenaline (Samarth Life Sciences (P) Ltd. 
Mumbai, India. Linear regression analysis showed that the correlation coefficients (R2) of 
all calibration curves were ≥0.994 with minimal variation in the slopes and intercepts 
(Table 1).  

The performance characteristics and validation data for the method using the mobile 
phase containing ammonium acetate buffer (50mM, pH 3.1) are summarized in Table 2. 
The intra-day assay precision (R.S.D. %) of peak areas for E and NE at the working 
concentration was 1 µg/ml (0.51) and 1 µg/ml (0.60) respectively. 

Tab. 1.  Regression analyses of calibration curves generated from the analysis of 
Epinephrine and Norephinephrine 

Analyte 
Correlation 

Range 
(ng/ml) 

n Slope Intercept Coefficient (R2) 

Epinephrine 20–60 6 43.11±0.1 57.80± 4.2 0.9997 ± 0.0001 
Norephinephrine 20–80 6 82.11± 0.1 19.23± 3.7 1.0000 ± 0.0001 

 
The method was compatible with mass spectrometric detection and the compounds 
showed the following distinct signals in the spectra: m/z = 411 and 217.2 for the [M]+ and 
[M+H]+ ions due to E (tR = 4.7 min), NE (tR = 3.6 min). The structural similarity of the 
related substances makes it difficult to distinguish between E and NE based on MS data 
alone. The refinement of the MS data with chromatographic retention times enables 
unambiguous identification of these compounds. 

Discussion 
The challenges involved in the measurements of E and NE in commercial preparation in 
accurately by conventional method. RIA and ELISA are established methods but 
simultaneously measurement of E and NE is not established. 

Catecholamines are readily oxidized and formed respective quinines. E and NE major 
related substances contain a highly basic amidino moiety which interacts with residual 
silanols on silica-based columns [10]. 
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Tab. 2. Repeatability and sensitivity of HPLC method 

 Epinephrine Norephinephrine 
Inter-day precision   
Day 1 (n= 3) 1 µg/ml, 4187± 13.29, 1.11% 1 µg/ml, 2234± 10.44, 1.30% 
Day 2 (n=3) 2 µg/ml, 8210± 16.55, 1.55% 2 µg/ml, 4052± 12.20, 1.62% 
Day 3 (n=3) 3 µg/ml, 12459± 30.66, 1.20% 3 µg/ml, 6743± 19.27, 1.51% 
Intra-day precision   
Solution 1 (n=3) 1 µg/ml, 4091± 12.55, 0.51% 1 µg/ml, 2140± 11.30, 0.60% 
Solution 2 (n=3) 2 µg/ml, 8104± 12.29, 0.66% 2 µg/ml, 3877± 12.47, 0.75% 
Solution 3 (n=3) 3 µg/ml, 12297± 14.19, 0.63% 3 µg/ml, 6594± 14.22, 0.48% 
Limit of detection   
S/N (1mL) 0.03 0.02 
Limit of 
quantitation 

  

R.S.D. %≤5 (g/mL) 0.07 0.06 
All precision data are mean± S.D. (n = 3) with R.S.D. % values in parenthesis. Precision data represents 
peak areas for analytes corrected for quantities of analytical standards materials used in the preparation 
of solutions. The concentrations in µg/ml (italicized) represent the levels at which precision have been 
assessed. 

 
Gehrke et al [11] first time determined histamine, nor-epinephrine, octopamine, dopamine, 
serotonin and tyramine in urine by HPLC method by a pre-column derivatisation with 
o-phthalaldehyde. Though, after derivatisation molecules becomes stabilized for HPLC 
analysis but accuracy and sensitivity was questionable. Kumar et al [12] developed 
RPHPLC method for determine biological amines in biological fluid. However, till date the 
rapid and simple methods are unavailable. Therefore, the present investigation was 
important for analyzing biological amines in simply and rapidly.  

Tab. 3.  Precision of HPLC analysis of Epinephrine and Norephinephrine substances in 
a commercial sample 

 Epinephrine Norephinephrine 
Inter-day precision   
Mean ±S.D. (n = 3) (% w/w) 71.02% ± 0.46 23.11 ± 0.22 
R.S.D. % 0.59% 0.40% 
Intra-day precision   
Mean ±S.D. (n = 3) (% w/w) 70.60% ± 0.51 22.60 ±0.47 
R.S.D. % 0.80% 0.91% 
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Tab. 4.  Results from HPLC analysis of various commercial Epinephrine and 
Norephinephrine products 

 Volume of injection Epinephrine Norephinephrine 
Innovator specification 3 ml 1 mg/ml – 
Rathi Labs Hindustan (P) 
Ltd. Patna (1) 

 940 µg/ml – 

 3ml – 1 mg/ml 
Samarth Life Sciences 
(P) Ltd. Mumbai (2) 

 – 960 µg/ml 

Mixed 1+2 2 ml 1 mg/ml 1 mg/ml 
  922 µg/ml 957 µg/ml 

 
The present investigation shows that using of NH4+ containing mobile phases provides a 
competing ion to reduce analyte–silanol interactions. 

The validation of the repeatability (inter- and intra-day precision) of the proposed HPLC 
method using the FDA approved product (Table 3) yielded R.S.D. % values typically less 
than 2%. It is obvious that the difficulties in its synthesis, the absence of regulatory 
standards and drug counterfeiting have resulted in the marketing of products 

Recently developed LC/MS technique [13] for simultaneous determination of E and NE 
and their metabolites in plasma but the accuracy is questionable. HPLC methods are 
sensitive and more accurate compare with LC/MS and most manufacturers preferred the 
HPLC methods. Besides, LC-MS is an expensive technique and all manufacturers are not 
able to bear the cost of LC-MS. Therefore, the present investigation has importance for 
alternates of LC-MS analysis for E and NE.  
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