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• What are the implications of the technique for 
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Spectrophotometric Prediction of the 
Dissolution Rate of Carbamazepine Tablets

• Zannikos et al evaluated the prediction of Carbamazepine
tablet dissolution after 12 days of high humidity storage
» One-hour dissolution of one product declined steadily from day 

1 (80% dissolved) through day 5 (10% dissolved)

» Dissolution of a competitor product decreased only slightly

» Quantitative calibration of near-IR spectra versus % dissolved 
at 60 minutes established for the first product using 
PCA/Bootstrap analysis.

– Prediction errors of approximately 6% achieved

P. Zannikos, W. Li, J. Drennen, R. Lodder. Pharm. Res., 8(8): 974-78, 1991



Determination of Film-Coated Tablet 
Parameters by Near-IR Spectroscopy

• Theophylline tablets compressed at three 
compression forces
» Hardness:  6, 9, & 12 kp
» 100 mg dose in 330 mg compression weight

• Tablets coated to a 7% weight gain with an 
ethylcellulose sustained-release coating
» Sampled at 0, 2, 3, 5 & 7% weight gains

J. Kirsch & J. Drennen. J. Pharm. Biomed. Anal. 13(10): 1273-82, 1995



Determination of Film-Coated Tablet 
Parameters by Near-IR Spectroscopy

• Near-IR spectroscopy used to determine
» Coating thickness

– Reference test: mean thickness evaluated via micrometer

» Dissolution rate (time to 50% dissolution-t50%)
– Apparatus II, 50 rpm, pH 7.2 phosphate buffer
– t50% estimated via best-fit curve of dissolution data

» Coated tablet hardness
– Reference test: diametral crushing test

J. Kirsch & J. Drennen. J. Pharm. Biomed. Anal. 13(10): 1273-82, 1995



Theophylline Tablet Dissolution

• Tablets with 
0%, 2% and 3% 
coating showed 
increasingly 
delayed 
dissolution

• Tablets with 
5% and 7% 
coating showed 
no dissolution
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Prediction of Tablet t50%

• 15 tablets used 
to develop, 5 
tablets to test 
the calibration
» PCA
» R2 = 0.98
» SEE = 2.8 min
» SEP = 6.6 min40
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• t50%:
» Core = 47 min, Coat 2% = 64 min, Coat 3% = 88 min



Principal Component Plot 
6, 9 & 12 kp Coated Tablets

• PCA 
calibration 
using PC 1 & 2 
yielded:
» R2 = 0.89
» SEE = 0.54 kp
» SEP = 0.62 kp
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• Earliest report of tablet hardness determination for film-
coated tablets (5% weight gain)



Determination of Film-Coated Tablet 
Parameters by Near-IR Spectroscopy

• Conclusions from this study:
» Via a single spectrum, several properties of coated 

tablets were determined simultaneously:

– Time to 50% dissolution

– Coating thickness

– Tablet  hardness

J. Kirsch & J. Drennen. J. Pharm. Biomed. Anal. 13(10): 1273-82, 1995



Near-IR Process Monitoring of 
Rotogranulator Coating Processes

• Non-pareil seeds layered with aqueous suspension:
– Diltiazem HCl 88%
– Povidone K29/32 10%
– Micronized Talc 2%

• Coating Parameters:
– Suspension Solids: 40%
– Pellet Drug Content: 15%, 30%, 55%
– Weight Gain: 22%, 57%, 300% 

• Equipment:  Glatt GPCG-3 and Vector FL-Multi 60
– Rotogranulator - drug layering
– Wurster - coating 

D. Wargo. Ph.D. Thesis.  Duquesne University, 2005.



In-line Rotogranulation Studies

• Samples collected from 87% to 106% and 96% to 
106% theoretical potency
» 0.5” diameter fiber-optic probe inserted into rotor 

processing chamber for on-line studies
» Additional samples/spectra collected for at-line 

determinations

• Three training lots and two test lots evaluated
• Near-IR spectra collected in reflectance mode as 

average of 20 scans from 1100 to 2200 nm using 
NIRSystems model 6500 spectrometer 

• Diltiazem HCl content determined by HPLC 
D. Wargo. Ph.D. Thesis.  Duquesne University, 2005.
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D. Wargo. Ph.D. Thesis.  Duquesne University, 2005.



Rotogranulator Process
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Prediction of Drug Dissolution from Tablets Using 
Near-Infrared Diffuse Reflectance Spectroscopy as a 

Nondestructive Method

• Donoso and Ghaly studied use of near-IR 
reflectance spectroscopy in prediction of tablet 
dissolution, where dissolution was altered by tablet 
compression force
» Higher compression force = lower % dissolved
» Seven batches of theophylline tablets compressed to  

300 mg compression weight
– Hardnesses of 3, 6, 8, 10, 12, 15, & 17 kp

» Near-IR calibrations established
– % dissolved at 15, 30, 60, 90, or 120 minutes.

M. Donoso & E. Ghaly.  Pharm. Dev. Technol. 9(3):  247-263, 2004.



Prediction of Drug Dissolution from Tablets Using 
Near-Infrared Diffuse Reflectance Spectroscopy as a 

Nondestructive Method

• Experimental results:
» Calibration R2 values ranged between 0.72 and 0.86, 

and improved with increasing % dissolved

» Best calibration achieved via PLS regression using 120 
minute % dissolved value

• Products in which dissolution is highly dependent 
upon compression force are difficult to control.
» Low sensitivity to compression force preferred.

M. Donoso & E. Ghaly.  Pharm. Dev. Technol. 9(3):  247-263, 2004.



Non-destructive Dissolution Testing 
Correlation

• Kuny et al studied tablet transmission near-IR to predict 
immediate-release benzodiazepine tablet dissolution

• Multiple dissolution parameters studied, including
» t50% dissolved:  time to 50% dissolved
» %20min:  % of active dissolved in 20 min
» MDT:  mean dissolution time

• Kinetic models also studied, including:
» Biexponential
» Hixson Crowell
» Higuchi

T. Kuny, C. Schatz, M. Ulmschneider, S. Marrer, H. Leuenberger.  Dissolution Technologies. 
22-28, Feb 2003.



Non-destructive Dissolution Testing 
Correlation

• Tablets stored at RT and at 30oC/75% RH evaluated

• Nearly 100% dissolution within 30 minutes

• Best prediction results obtained using %20min

• Other conclusions:
» t50% values too similar for all samples

» MDT values did not produce good calibrations

» Poorest calibrations used kinetic models

T. Kuny, C. Schatz, M. Ulmschneider, S. Marrer, H. Leuenberger.  Dissolution Technologies. 
22-28, Feb 2003.
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Is there a “best parameter” for near-IR 
characterization of tablet dissolution?



Perhaps near-IR is not best applied by 
studying spectral correlations with a single 

dissolution parameter. 

A composite assessment of the 
conformance of the dosage form to 

individual Critical Quality Attributes 
(CQA) may be preferred.



As presented earlier, a key advantage of 
near-IR spectroscopy is its ability to 
determine multiple tablet parameters 

simultaneously, from a single spectrum.
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Near-IR spectroscopic limits in simultaneous 
determination of multiple tablet properties

• Purpose of study:
» Investigate limits of near-IR spectroscopy in the 

prediction of one property of interest while other 
tablet properties also vary

• Variables investigated:
» Tablet assay

» Hardness (crushing strength)

» Coating level



Near-IR spectroscopic limits in simultaneous 
determination of multiple tablet properties

• Full factorial study design used to manufacture 
experimental formulations 
» Drug potency:

– Cimetidine: 1, 1.5, 2.5, 5, 7.5, & 10 %w/w
– Additional batch produced at 20 %w/w drug

» Tablet hardness:
– 3, 5, & 7 kp

» Coating:
– Ethylcellulose pseudolatex (Surelease)
– 0, 1, 3, 5, 7, & 9% weight gains, replicate runs (36 in all)

» 6 x 3 x 6 = 108 total experimental conditions studied



Reference method:
Cimetidine Assay Determinations

• Modified USP HPLC method used

» 80:20 water:methanol mobile phase

» R2 for each day’s standard curve >0.9999

» Detection at 220 nm

• Samples tested:
» Four uncoated tablets from each hardness level

» One additional tablet from each drug concentration, 
coating level, and hardness level



Reference Method:
Hardness Determinations

• Determined via diametral crushing

• Samples tested:
» Five core tablets at each hardness and drug 

content level

» Six tablets from each 1% coated sample
– Higher coating levels not used, due to coating-related 

changes in crushing strength



Reference Method:
Coating Determinations

• In a previous study comparing near-IR calibrations for 
ethylcellulose quantification, SEC shown to be superior to 
other reference techniques:
» scanning electron microscopy measurements, 
» average thickness
» average weight-gain measurements
» Calibration & prediction errors ~2x higher for non-SEC methods

• Few published methods exist for the quantitative 
measurement of cellulosic tablet coatings
» Quality of near-IR calibrations dependent upon the reference method
» Size exclusion chromatography (SEC) method developed for 

quantification of ethylcellulose



SEC Chromatographic System

• Phenogel (polystyrene divinyl benzene)

» Separation range:  MW 20 K to 300 K

» EC average MW:  60 to 65 K

• Mobile phase:  Methylene chloride
» RI detection, thermostatted at 30 C

» flow rate: 1 ml/min

• Standards:  1, 2, 3, and 4 mg/ml



SEC Calibration:  All Days, All Samples
n = 48, R2 = 0.9998

• Coating weight 
gains:
» 1%  = 1.25 mg
» 9% = 11.25 mg
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•Samples tested:

» Two tablets at each hardness and drug content level at 
theoretical coating levels of 1, 3, 5, 7, & 9%



Near-IR Reflectance Analysis

• Duplicate spectra of each tablet collected

» NIRSystems 5000 spectrometer

» Rapid Content Analyzer

» Spectral range:  1100-2200 nm

» Spectra averaged to yield a single spectrum

• A variety of spectral pre-processing methods and 
qualitative and quantitative chemometric
techniques evaluated



Near-IR Calibration:
Coated Tablet Cimetidine Assay Determination

• Near-IR prediction of tablet assay challenging 
when both hardness and coating levels varied
» Simultaneous changes in tablet hardness, to a small extent, 

affected assay prediction
– Spectral pre-processing through scatter correction or derivative spectra 

mitigates effect of hardness changes

» Changes in coating level had a greater (negative) effect on 
assay prediction

– Spectral pre-processing had limited ability to improve calibrations



Cimetidine Spectra
(Cores, 1 to 10 %w/w, single hardness)
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Near-IR Calibration:
Coated Tablet Cimetidine Assay Determination

• Results of assay evaluation:
» SEE and SEP values of approximately 0.7 to 0.9 mg 

achieved when single hardness studied

» SEE and SEP values increased to approximately 0.95 
mg with calibration and prediction sets developed 
using tablets from all hardnesses

» Predictions of assay within a given coating level 
possible, but not across coating levels



Near-IR Calibration:
Nondestructive tablet hardness evaluation

• Prediction of tablet hardness evaluated across the 
range of coating and assay levels, using multiple 
chemometric approaches:

» Principal component regression

» Simple linear regression of near-IR spectra, with 
comparison of spectral slopes



Nondestructive Tablet Hardness Measurement:  
Spectral Best-Fit (SBF) Method 

• Changes in tablet 
hardness = changes in 
spectral slope

• Higher density = higher 
absorbance, effect 
greater at longer wv

• SBF uses slope of best-
fit regression line 
through spectrum
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• Primary advantage of the technique:  does not require multivariate 
calibrations, yet is as accurate for hardness measurement



SBF vs. PCA:  General Hardness Calibration

• SBF and PCA 
approaches 
both permit 
accurate 
prediction of 
tablet hardness

• Cimetidine
assay had 
negligible 
effect on 
hardness 
prediction
» SEE and SEP 

values of 0.4-
0.5 kp
achieved
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• Coating level had more significant effect on hardness 
prediction
» Within coating level, SEE & SEP values of ~0.4 kp seen
» Across coating levels, SEE & SEP increased to ~1kp



A Surrogate for Dissolution:
Near-IR quantification of coating levels

• As described earlier, near-IR reflectance 
spectroscopy has been used for coating 
quantification
» For quantification of coating levels, reflectance spectra 

may be preferable to transmission spectra

• What is effect of assay and hardness changes on 
prediction of coating level?



Coating Prediction with Variable 
Hardness

Quantitative 
calibrations with 
low prediction 
errors possible, 
even when 
training with 
samples of one 
hardness and 
testing with 
samples of 
another.

EC Coat (% w/w)
Samples PCS used R^2 # Samples SEE SEP

Train on 3 kp 1 thru 3 0.98 324 tr/648 te 0.53
Test 5 kp 0.62
Test 7 kp 0.77

Train on 5 kp 1 thru 3 0.98 324 tr/648 te 0.54
Test 3 kp 0.71
Test 7 kp 0.64

Train on 7 kp 1 thru 3 0.97 324 tr/648 te 0.63
Test 3 kp 0.91
Test 5 kp 0.67



Coating Prediction:  
Actual vs. Average SEC Values

• These samples were of constant hardness, but covered the entire 
range of cimetidine assay values

• Actual SEC values showed ~10% reduction in SEE and SEP 
versus average SEC value

EC Coat (% w/w)
Samples PCS used R^2 # Samples SEE SEP

Actual SEC Values 1,2,4 0.94 108 tr/108 te 0.49 0.63
1,2 0.93 108 tr/108 te 0.54 0.49

Average SEC Values 1,2,4 0.92 108 tr/108 te 0.58 0.68
1,2 0.90 108 tr/108 te 0.62 0.55



Summary of Results:

• Prediction of tablet hardness relatively unaffected by 
changes in tablet assay or coating level

• Prediction of tablet assay most significantly affected 
by changes in tablet coating and hardness levels

• Prediction of tablet coating levels relatively 
unaffected by changes in tablet assay or hardness



Finally…

• Selected examples of near-IR based evaluation 
of dissolution and related tablet properties

• A potential pitfall to spectroscopic assessment 
of tablet dissolution

• Alternatives to dissolution testing 
» Quantitative and qualitative near-IR assessments

• What are the implications of the technique for 
pharmaceutical development and analysis?



What are the implications of this technique 
and PAT for development and analysis?

• Dissolution tests may have little or no relevance to in vivo
performance of a dosage form, even after years of development 
in the field of dissolution science…

• Numerous literature examples have demonstrated near-IR 
spectroscopy’s utility in the prediction of dissolution and other 
tablet properties, but the physiological relevance of these 
properties will, for the most part, also remain unknown…

• Does this increased sensitivity make near-IR spectroscopy better, 
worse, or merely complementary to dissolution as a tool for 
ensuring the quality of pharmaceutical products?



Acknowledgments:

Dr. David Wargo,
Product Development 

Mylan Pharmaceuticals

Dr. James Drennen, 
School of Pharmacy 

Duquesne University


