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Introduction
The purpose of this paper is to describe an approach for replacing a traditional HPLC method for content 
uniformity analysis of API content with a rapid transmission Raman spectroscopy (TRS) method. In short, this 
paper describes the development and validation of a transmission Raman method as an alternate method to 
replace a stability indicating HPLC content uniformity method (ICH Q2). 

Submission of an alternate method (here transmission Raman) requires validation of the method similar to 
the original analytical method (here HPLC). Once validated, appropriate regulatory approval is sought to use 
the alternate method in place of the original method for routine testing. It is important to remember that the 
original method is still the official test for release; however, the alternate method provides assurance that if 
the product were tested using the original method, similar results would be obtained.

In the current example, HPLC is the ‘original method’ and transmission Raman is proposed as an alternate 
method. The development and validation of the alternate method (transmission Raman) is described. 
Transmission Raman is a secondary method, meaning that it is typically not suitable for direct gravimetric 
calibration. Thus, the original HPLC method will be used to generate reference values to which the transmission 
Raman will be calibrated.

To illustrate this process, the steps to develop and validate a transmission Raman method as an alternative to 
an HPLC-based method for the detection of niacinamide in a realistic formulation are illustrated. The following 
steps will be considered in this report

• Sample selection for method development, testing and calibration

• Data collection

• Chemometric model development

• Chemometric model testing

• Analytical method validation

It is important to distinguish between the chemometric model and an analytical method. While the model 
is a critical component of the method, it does not describe the entirety of the analysis and is therefore not a 
complete analytical method. The analytical method encompasses the entire analytical process from sample 
through result. This work is intended to provide an example of how development and validation of a method 
based on transmission Raman might be accomplished in consideration of appropriate regulatory guidelines.
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Introduction
Rapid analytical methods such as transmission Raman provide tremendous potential to enhance the efficiency 
of quantitative analyses of dosage forms such as tablets. It can enable ‘large n’ sample testing and greatly 
facilitate formulation development efforts. The potential financial benefits have been described in a previous 
white paper.1 

Transmission Raman spectroscopy has been demonstrated as a viable technique for quantitative assessment 
of active pharmaceutical ingredients (API), and potentially other constituents, in solid dosage forms. 
Subsampling and surface bias issues that are of concern with backscattering Raman are suppressed in 
transmission mode by sampling from throughout the sample. Benefits of spectral selectivity and high 
sampling volume, combined with fast, non-destructive measurements, add value to the application of Raman 
spectroscopy to both content uniformity analysis and long-term stability testing.  

The following illustration compares Raman spectroscopy to HPLC as a means of analyzing niacinamide. 
Transmission Raman is a secondary technique and therefore requires reference values to develop a method. 
Typically, an established (or registered) HPLC method is used for the reference method. The alternative to 
the registered method, transmission Raman spectroscopy, will be developed and validated relative to the 
reference method. Further, the overall objective of alternative method development and validation is to 
demonstrate that the performance of the alternative method is equivalent to that of the reference method.

Chemometric analysis is necessary to extract the relevant information from the transmission Raman spectra. 
The process of calibration is illustrated in Figure 1A. Here, X represents the Raman spectra, y represents the 
reference data (or content uniformity values), and b represents the chemometric model. In calibration the 
reference values are used to optimize the chemometric model. Following calibration, the model must be 
tested; Figure 1B illustrates testing or validating the model. The chemometric model (b) is applied to Raman 
data (Xtest) and the resulting predictions (ŷ) are compared to reference values (y) to assess the accuracy of the 
model. Figure 1C illustrates the routine use of the model, where the chemometric model (b) is applied to data 
collected from routine manufacturing tablets (Xsample), resulting in predictions of the content of the tablets 
(ŷ). The whole process is summarized at the top of the figures.

1 Return on Investment for Content Uniformity Analysis by Transmission Raman Spectroscopy, D. Andrews. http://www.cobaltlight.com 

/sites/cobaltlight.com/files/Return%20on%20Investment%20for%20Content%20Uniformity%20by%20Transmission%20Raman.pdf
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Illustrations of the processes for:

Calibration (A)

Testing (B) 

and Prediction (C) 

For chemometric analysis:

X is transmission Raman data 

y is reference data (from HPLC)

b is the chemometric model; 

and ŷ are the predicted values 
of API content from X.
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Samples for method development, testing and calibration 
Spectroscopic methods such as TRS require a range of tablet constituents to establish a robust calibration. 
In the present study, the tablets were prepared in a laboratory to develop a model for quantitative analysis 
of API, test the resulting model and validate the model. The objective of the design was to include variance 
that was expected over the lifetime of the method. Such variances included changes to related substance and 
excipient levels, relative humidity, compression force and API concentration. While not all of these factors 
significantly affected the transmission Raman data; they were included in the experimental design. For 
practical implementation and parsimony of samples used in method development these sources of variability 
may not be included in initial method development experimental designs for TRS. While the design attempts 
to include all potential sources of variability, there is a competitive objective to minimize the number of 
samples prepared for use in developing the method. The minimization of prepared samples can reduce the 
resources required to implement an analytical method. 

The samples required for method development and validation are necessary to establish the relationship 
between the spectroscopic data and the quantity of API in each dosage unit. This is the source of accuracy, 
repeatability and linearity in a secondary spectroscopic method. Variability in other factors facilitates the 
specificity and robustness of the method.

In the method development stage, a 5-level, 2-factor full factorial design was 
utilized to generate a partial least-squares model for the quantification of a 
model API, niacinamide. In selecting the factors included in the DoE, samples 
intended to create variance to which TRS is not sensitive are not necessary. The 
benefit of excluding such factors is a reduced number of samples to create a 
robust calibration. Major excipients included microcrystalline cellulose (MCC) 
and dibasic calcium phosphate anhydrous. Other excipients were magnesium 
stearate and aerosol silicon dioxide.

Powder mixtures representing each design point were weighed, blended and three 500-mg compacts were 
prepared from each design mixture using an Instron materials testing system. The function of this system 
was to generate compacts that were suitable for use in the calibration set. Other, less precise, compression 
systems may be suitable for preparation of calibration samples of appropriate densities. 

Additional samples were manufactured on a full-scale tablet press. These samples were used to enhance and 
demonstrate the robustness of the calibration with respect to the source of the tablets. The analytical method 
must predict these samples in addition to those manufactured at laboratory scale. For economic reasons, 
it is desirable to minimize the number of different conditions used for full-scale manufacturing samples. 
One of the significant advantages of transmission Raman (with respect to NIR and backscatter Raman) is the 
ease with which a calibration can be transferred between laboratory and full-
scale. Ten manufacturing-scale tablets stored under various relative humidity 
conditions (12, 56 and 72%) were added to the calibration set in order to 
increase robustness to scale and environmental fluctuations. These tablets 
were manufactured on an Elizabeth-Hata 28 station rotary tablet press; a 
pilot/small manufacturing scale press. The specificity of the calibration model 
to niacinamide was challenged by preparing a subset of samples which its 
degradent, niacin, replaced the API at 1 to 2% mole ratios on a full-scale press.

Niacinamide

Niacin

4.
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5.

Data Collection 
Data collection for samples measured on the 
TRS100 (pictured) is greatly simplified through 
the use of sample trays (example close-
up pictured below). These trays minimize 
repositioning error and allow the analyst 
to queue up a large number of samples. 
For tablets coming from a production line, 
considerations of sample placement in the 
tray may be useful (i.e., scored side up, 
embossed side up, etc.). However, current 
studies have indicated little effect based on sample orientation in the sample tray. Further, this is a very easy 
effect to validate for and has been used as an additional robustness demonstration during validation.

All compacts were scanned by transmission Raman spectroscopy 
(Cobalt TRS100) over the wavenumber range of 2,400cm-1 to 38cm-1. 
Each spectrum represents the co-addition of 8 scans, each of 0.32-sec 
exposure time, i.e. an approximately 2.5 second total measurement 
time.  The incident laser power was 0.5W with an 8-mm spot size. 
Plots of the data are found in Figure 2.

The TrS100 Transmission raman Instrument

FIgure 2.

Sample data from  
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of multiple scans on 
a single sample.
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6.

Chemometric Model Development
The data collected from the calibration and test data were processed and a model was created. Data processing 
included normalization of each spectrum to unit area, followed by variable truncation to include the variable 
range 1514 to 1074cm-1 and 1008 to 608cm-1. Four latent variables were selected based on a random  
cross-validation contrasting RMSEC, RMSECV and RMSEP as illustrated in Figure 3. HPLC was used to generate 
the reference values for niacinamide concentration. Based on knowledge of the system and the Scree plot  
(Figure 3), two latent variables were used in the model. These latent variables are illustrated in Figure 4 
along with the spectra of niacinamide and the related substance niacin. Note that the spectral features of 
niacinamide (the target analyte for this method) are strongly reflected in the two latent variables.
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FIgure 3. 

RMSEC, RMSECV and RMSEP for 
the test data as a function of the 
number of latent variables.

FIgure 4. 

Latent variables 1 and 2 
(representing a total of 89% 
of the x variance captured) 
plotted with the spectra  
for niacinamide and niacin.
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7.

Predictions based on the model were 
compared to individual tablet assay 
values found by HPLC. A plot of the 
predicted concentrations vs. the 
reference values (HPLC) is found in 
Figure 5. The data for the RMSEP was 
calculated from the test data.
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Chemometric Model Testing
The chemometric model was further tested by prediction of samples manufactured at pilot-scale and 
laboratory samples spiked with the related substance (degradent) niacin. Figure 6 illustrates the prediction 
of validation samples prepared at pilot-scale compared to calibration data. Note that the figures of merit are 
comparable to those of the calibration and test data set.

FIgure 5.

Test data plotted with calibration data 
of predicted niacinamide content 
vs. HPLC assay for individual tablets. 
Green triangles represent calibration 
data and red circles represent the 
laboratory test data (RMSEP).

FIgure 6. 

Validation data plotted with calibration 
data of predicted niacinamide content 
vs. HPLC assay for individual tablets. 
Green triangles represent calibration 
data and red squares represent the 
pilot scale validation data (RMSEP).
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Predictions of niacinamide content from samples spiked with niacin were used to verify the specificity of the 
method. A range of laboratory samples were spiked with niacinamide. Figure 7 illustrates the prediction of 
validation samples prepared at laboratory-scale and spiked with niacinamide compared to calibration data.
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RMSEC(%w/w/)=1.29
RMSECV(%w/w)=1.52
RMSEP(%w/w)=2.02
Bias-Pred(%w/w)=0.84

Validation samples were prepared in three separate batches. Samples were manufactured on an Elizabeth-HATA 
38 station rotary press. Linearity, range, accuracy and precision were calculated according to ICH-Q2 guidance. 
All of the summary statistics were compiled to facilitate reporting of the validation results in Table 1.

For accuracy, prediction statistics for three independent data sets were compared. The prediction error for 
validation data was smaller than that of the lab-scale test set, despite the fact that the calibration model was 
constructed mainly by lab-scale compacts (see Table 1).  These results are in line with the non-sensitivity of TRS 
to lab scale.  Moreover, a greater degree of sample variability was expected during manual preparation of lab-
scale samples compared to relatively consistent tableting processes. 

The method specificity was demonstrated by accurate prediction of niacinamide in the presence of its degradent 
niacin (see Table 1). Prediction error for spiked samples was slightly higher than errors of prediction for the other 
two types of independent data sets. The specificity could also be visualized by the high correlation between the 
pure-component spectra of the API and the loading vectors, while niacin peaks were clearly absent. 

Repeatability with repositioning consisted of flipping tablets (front-to-back) and alternating X-Y coordinates 
in the multi-well sample tray. It was noted that repositioning was the major contributor to precision error, 
suggesting uniform positioning throughout process of measurement would be preferred. Nevertheless, all three 
tablet formulations exhibit RSD less than 2.0%, representing consistent performance (see Table 1). 

FIgure 7. 

Validation data plotted with calibration 
data of predicted niacinamide content 
vs. HPLC assay for individual tablets. 
Green triangles represent calibration 
data and red squares represent the 
niacinamide spiked laboratory scale 
validation data (RMSEP).
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9.

TaBLe 1. 

Calibration and validation statistics for accuracy and precision using predicted 
niacinamide content vs. HPLC assay for individual tablets.



10.

analytical Method Validation
The analytical method validation may consider a broad range of factors that pose a risk to the method of 
causing inaccurate (or imprecise) results. For the present study, the risk of inaccurate results as a function of 
photobleaching of the samples was studied. Figure 8 illustrates the effect of repeated scanning on a single 
sample. Note that the data is effectively randomly scattered, indicating that repeat scans did not cause a 
degradation of the analyte signal. Additionally, Figure 8 illustrates the repeatability of the measurement with 
respect to a 10% specification.

0 2 4 6 8 10 12 14 16 18 20

32

33

34

35

36

37

38

39

Scan No.

Pr
ed

ic
te

d 
AP

I %
(w

/w
)

FIgure 8. 

Predicted niacinamide concentration as a function of repeated scans (triangles).  
The solid red line represents the target concentration and the dashed lines represent ±10% of that value. 
Note that the sample was not replaced between the consecutively collected scans.
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11.

Summary
Studies necessary to demonstrate the validity of a stability-indicating transmission Raman method were 
conducted. These studies indicated that the performance of the method would be suitable for use as an 
alternate method to the existing HPLC stability indicating assay. This work represents the essential studies but 
does not include a number of important considerations such as sampling, sample numbers and subsequent 
data reporting; these features of the method are left to the discretion of the user. In summary, an efficient and 
non-destructive transmission Raman method was demonstrated to be a reliable alternative for a traditional 
HPLC method for the stability indicating single-tablet assay of niacinamide in tablets.

ValidationCriterion 
(characteristic) 

Status reference

Accuracy Demonstrated Table 1

Precision Demonstrated Table 1

 Repeatability Demonstrated Table 1

 Intermediate Precision Demonstrated Table 1

Specificity Demonstrated Figures 4 and 7*

Linearity Demonstrated Figure 6 and Table 1

Range Demonstrated Figure 6

TaBLe 2. 

Summary of validation criteria for a stability indicating method from ICH Q2(R1). 
*Demonstration of specificity with respect to a known related substance Niacin.
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