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 Impurity profiling of pharmaceutical drug substances or dosage forms require methods 
involving high sensitivity and resolution for LC and MS alike as well as acceptable analysis 
time.  FDA regulations require companies to develop methods of analysis to characterize not 
just the active pharmaceutical ingredient (API), but also the impurities and degradants that 
could arise from a particular synthesis process, drug substance provider, and/or storage con-
ditions.  To illustrate this methodology, ranitidine was selected for this study.  Ranitidine is 
manufactured by numerous generic pharmaceutical companies. The histamine H2-receptor 
antagonist heals gastric and duodenal ulcers by reducing acid output as a result of H2-
receptor blockage.  A ranitidine assay and purity test are described in the USP, however a 
two stage process including thin layer chromatography (TLC) test and an HPLC assay is not 
the most efficient approach.1  Other literature discussing a capillary electrophoresis (CE) 
method of analysis can be used for quantifying both ranitidine and the levels of the related 
substances with a 30 minute run time.2  These analysis times are not acceptable for today’s 
demanding pharmaceutical market.   
 In this poster, we will demonstrate the increased resolution and throughput achievable 
by “Ultra Performance Liquid Chromatography” (UPLC™ ) and show how the increased sensi-
tivity combined with single quadrapole MS allows the identification of more impurities when 
compared to a conventional HPLC method that might be used today.  Method development 
tools such as peak tracking by single quadrapole MS and usage of chromatography simula-
tion software is applied to increase efficiency and confidence in the quality of the data col-
lected. Although this technique may be application specific as proven with time, utilizing 
UPLC—PDA supported with MS data has the applicability for the fast tracking method devel-
opment pace of today’s pharmaceutical pipeline. 
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Experimental  

Conditions 
Column: ACQUITY UPLC BEH C18 
Dimensions:  100 x 2.1mm , 1.7μm  
Mobile Phase A: 20mM Ammonium Bicarbonate 
Mobile Phase B: Methanol 
Weak  Wash  : 95:5   Water: MeOH  1200uL 
Strong Wash : 50:50  Water: MeOH    300uL 
Flow Rate:  0.45 mL/min 
 
 

Gradient:     Time   Profile 
                  (min)        %A        %B      
                    0.0      96.0        4.0  
                    1.0      84.0       16.0 
                    4.0      64.0       36.0 
                    7.0      10.0       90.0 
Injection Volume: 1.0 μL 
Temperature: 50 0C 
Detection: UV @ 230 nm 
Instrument: ACQUITY UPLC™ w/ ACQ-2996 PDA 

Approach 
The ideal approach would be to have authentic impurity standards and prepare standard 
solutions for use in the method development.  In many situations, impurity standards are not 
readily available and forced degradation of the drug substance is an appropriate starting 
point to generate the degradants (from heating) or impurities (due from stress tests).   
• Ranitidine (2mg/mL) which was investigated in this study, was forcefully degraded by 

refluxing at 850C for 48 hours. Typically chemical stress tests are also performed as gen-
eral practice, however the chemical stress tests that were applied showed no success of 
degradation.  

 
• LC method selection by traditional approaches of method scouting with four UPLC col-

umns, various pH range, and temperature will be explored with a goal of maximum 
resolution and detection of maximum number of peaks while keeping in mind minimal 
run time. 

 
• Method optimization performed through assistance of method development simulation 

software (Drylab® 2000 plus) 
 
• Utilize development tools such as single quadrapole MS detection for peak identifica-

tion, mass spectral and PDA-UV spectral analysis for peak tracking as well as dual ac-
quisition to ensure maximum peak detection for any non-absorbent peaks in UV or MS 
alone 

 
• Compare to a typical HPLC method 
 

Instrumentation 

Column Scouting 
The different column chemistries studied yielded subtle selectivity differences.  The major 
impurities are labeled A - J. 5 minute scouting gradients of 5-90%B MeOH with 20mM 
ammonium bicarbonate (pH 9) were performed.  Initial results show the phenyl chemistry 
provided the most ideal conditions.  However, the BEH C18 was chosen due to the overall 
peak shapes and overall sensitivity of impurity peaks.  The resolution of peak I and J on 
the BEH C18 can be manipulated and optimized with help of the simulation software.  
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Manipulating Selectivity 

Single Quad Utilization       
A single quadrapole MS was configured in-line with the PDA for peak tracking and 
preliminary peak identification confirmation.   
TIPS & TRICKS:  
⇒ It is visually easier to use the review window of the Empower CDS. Integration of 

the peak displays a m/z spectra in the spectral window (right). Match the peaks 
by m/z from injection to injection  

⇒ 0.005in diameter peek tubing was cut to minimal length to minimize band broad-
ening.  0.0025in peek tubing would be ideal. 

⇒ Using 0.0025in peek tubing directly to the  mass spectrometer without the PDA 
configured in-line would further increase the resolution.   

Optimization using chromatography simulation software can expedite much of 
the development process.  
TIPS & TRICKS:  
⇒ Plan the set of experiments as recommended by the software vendor 
⇒ Most simulation software works on the “garbage in—garbage out” princi-

ple.  Therefore, tracking and properly matching the resolved as well as the 
co-eluted peaks of each injection using the MS data can lead to more suc-
cessful predictions. 

⇒ For Drylab, start simple when first changing parameters.  Use the gradient 
editor tool to manipulate the chromatogram when no linear options meet the 
goals 

Method Optimization Utilizing Chromatography Simulation Software 

Minutes
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00

pH 9 

pH 5 

CH3

NH

NH

S

CH3
N

CH3
O

N
+

O
-

O

CH3

NH

NH

S

CH3
N

CH3
O

N+
O-

Oadduct  
[M+H] = 641.2  (J) 

O

NH

N

S

CH3 CH3

N
+ O

-

O

2N,N bis [M+H] = 498.2 (K) 

CH3

NH

O
NH

N S

CH3 CH3

N+O-

O

O

N - oxide [M+H] = 331.1   
(Note: covalent bonded oxygen) 

CH3
OH

N

NH

S

N

R - one oxime  
[M+H] = 160.0  (A) 

CH3

NH

O

O
NH

N SCH3

CH3

N+O-

O
S - oxide  
[M+H] = 331.1  (C) R-nitroacetamide [M+H] = 301.1  (E) 

N
+

O

O
-

O

NH

NH

N

S

CH3 CH3

CH3
O

N
+

O

O
-

O

NH

N

S

CH3 CH3

Ranitidine  
[M+H] =315.1 (active) R - ethanamine [M+H] = 215.1  (F) 
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A.  3-(methylamino)-5,6-dihydro-2H-1,4-thiazin-2-one 
oxime 

⇒ *N-{2-[({5-[(dimethylamino)methyl]-2-furanyl}thiol)
ethyl}-N'-methyl-2-nitro-2,2-ethenediamine N-oxide 

B. *Unknown m/z = 387.14 
C. N-{2-[({5-[(dimethylamino)methyl]-2-furyl}methyl)

sulfinyl]ethyl}-N'-methyl-2-nitro-1,1-ethenediamine 
D. {5-[(dimethylamino)methyl]-2-furyl}methanol  

(M+H=156.1024) 
E. N-{2-[({5-[(dimethylamino)methyl]-2-furyl}methyl)

sulfanyl]ethyl}-2-nitroacetamide 
F. 2-[({5-[(dimethylamino)methyl]-2-furyl}methyl)

sulfanyl]ethanamine  
G. Ranitidine (active) 
H. *Unknown m/z = 284.11 
I. *Unknown m/z = 297.16 
J. *Formaldehyde adduct (2) 
K. *N,N'-bis[2-[[[5-[(dimethylamino)methyl]-2-furanyl]

methyl]thio]ethyl]-2-nitro-1,1-ethenediamine  (not 
very present, but it is observed (1,2)) 

 
*Unsure of retention time based on collected data, but 
is a recognized known degradant 
*Unknown components based on current data 

Single Quad MS Conditions 
Instrument: Waters® ZQ™ 2000 
Software:  Empower™ CDS 

Tune Page Parameters:  
ES capillary (kV): 3.4 
Cone (V): 15 
Extractor (V): 3   
RF Lens (V): 0  
Source Temp (0C): 350 
Cone Temp (0C): 120 
Cone gas flow (L/Hr): 30 
Desolvation flow (L/Hr): 550 
 

 
LM Resolution: 14 
HM resolution: 15 
Multiplier: 650 
 
Scan time: 0.15s 
Inter-scan delay: 0.05s 
Probe: ES+ 

UPLC Conditions 
Column: ACQUITY UPLC™ BEH C18 
Software: Empower™  CDS 
Dimensions:  100 x 2.1mm, 1.7μm  
Mobile Phase A: 20mM Ammonium Bicarbonate 
Mobile Phase B: Methanol 
Weak  Wash  : 95:5   Water: MeOH  1200μL 
Strong Wash : 50:50  Water: MeOH    300μL 
Flow Rate:  0.45 mL/min 
Injection Volume: 1.0 μL 
Temperature: 500C 
Detection: UV @ 230 nm 
Instrument: ACQUITY UPLC w/ ACQ-2996 PDA 

Conditions 
Column: XTerra MS C18 
Dimensions:  150 x 3.9mm , 5μm  
Mobile Phase A:  
20mM Ammonium Bicarbonate pH 9.0 
Mobile Phase B: Methanol 
Flow Rate:  1.5 mL/min 
Gradient:   Time          Profile 
                  (min)     %A        %B      
                    0.0      95.0        5.0  
                  14.0      86.0       14.0 
                  30.0      35.0       65.0 
Injection Volume: 5.0 μL 
Temperature: 50 0C 
Detection: UV @ 230 nm 
Instrument: Alliance 2695 XE w/ 2996 
PDA 
2mg/mL Ranitidine degraded sample 

Temperature Scouting 
Exploring various temperatures is one of the easiest and quickest set of experiments to 
perform that in most cases provides a win-win result.  
• “Win” scenario#1:  Increases in temperature typically decreases retention time 

and allows for faster flow rates resulting in faster run time.   
• “Win” scenario#2:  As seen in the example below, increasing temperature re-

sulted in increased resolution (R). 
When compared to the column scouting results, selectivity is similarly manipulated. It 
is recommended that temperature experiments are best suited for method optimization 
after choosing a column and pH and/or when all other development options have 
been exhausted.  

A look at pH:   
20mM Ammonium Bicarbonate pH9 buffer 
was used based on preliminary pH scout-
ing experiments.  The retentive behavior of 
the analytes in pH9 was likely due to the 
alkaline pKa of the API and related sub-
stances. 

 One subject that was not fully addressed was ”How does this UPLC approach compare to 
an HPLC approach?”  The HPLC approach applied resulted in selectivity differences (Peaks C 
and D) between UPLC bridged hybrid chemistry to that of the closest comparative available 
HPLC column. Proper resolution comparisons between the two chemistries would not quite be 
“apples to apples”.  It can be noted to achieve the same resolution between any critical pair in 
HPLC or UPLC resulted in a ~30 minute run time vs. a 7.0 minute run time, respectively.   
 There were other observations when performing this UPLC approach.  Peaks are very nar-
row which may require high sampling rates.  Loadability could become application specific de-
pending on sample concentration and UV absorbance.  Common practice is to inject a very high 
concentration of the active ingredient such that enough signal is detected to see the small impuri-
ties when using UV based detectors.  Peak distortion due to overloading could also observed as 
well as photodiode array saturation corrupting the raw data.   
 In summary, here is a breakdown of how UPLC can help in the fast tracking method de-
velopment of purity analysis methods: 
⇒ UPLC decreased analysis run time 4.2X to that of the example HPLC method or published CE 

method1 while keeping resolution constant. 
⇒ UPLC utilizes traditional chromatography principles, therefore method selection by ap-

proaches of method scouting with columns and pH range 2-10 are good starting points.  
⇒ In general, temperature experiments can provide peak selectivity, in some situations as selec-

tive as changing columns whether in developing HPLC or UPLC methods.   
⇒ UPLC is compatible with many of the HPLC method development tools used today.  Use as 

many tools as available such as simulation software, single quad MS for peak tracking as 
well as the traditional PDA UV spectra. No one technique “delivers the goods”. 

References 
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Final UPLC method optimized for maximum separation of peaks, suitable resolution and ideal run 
time.  The resulting method keeps ranitidine (active ingredient) on-scale without diode saturation 
leaving room for a greater injection volume or higher sample concentration column load to explore 
any other small impurity/degradant peaks.  Note the increased peak intensity, reduced run time as 
well as increased number of detected peaks as compared to the HPLC method. 

Establishing a Reference Point:  This HPLC method is an example to show a visual comparison to the UPLC method to be developed. 
As a reminder, this poster is not a method transfer example.  Differences in column chemistry properties make it difficult to show true 
scaled comparisons.  However, injection volume calculations were performed to maintain proper column load integrity. 

Method Development Tools 
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Resolution Comparison 
Temperature R  for  (B + C) R  for  (I + J) 

30 0C 1.80 0 

40 0C 3.52 ~1 

50 0C 5.33 1.54 
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