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Abstract Acetaminophen (AAP) is widely used as an antipyretic analgesic and has excellent tolerability
when administered in therapeutic doses. This study introduces a non-destructive analytical method using
near-infrared spectroscopy (NIR) which has the advantages of being simple, reproducible, and fast. AAP
samples were analyzed by NIR and the results were compared to those obtained through the
high-performance liquid chromatography (HPLC) method to validate the data and confirm the possibility
of replacing HPLC with NIR. The NIR spectrum analysis method satisfied the parameters of method
validation like specificity, accuracy, and linearity. In conclusion, NIR can be considered for use during
pharmaceutical development, in production for process monitoring, or the validation of quality control

for active pharmaceutical ingredients.
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1. Introduction

Acetaminophen(AAP)
derivative (Fig. 1) that is well known and widely

is a p-aminophenol
used as an antipyretic analgesic because of the
low side effects and still being well tolerated
when administered in therapeutic quantities for
headache, toothache, and neuralgia and has the
same pain killing effect as aspirin. Therefore, it
is estimated that it has an fever removal action
that increases heat diffusion by dilating skin
blood vessels and an analgesic action by
increasing the threshold to the thalamus and
cerebral cortex. Acetaminophen also has a
characteristics of a white crystal or powder that
is slightly soluble in water, readily soluble in
methanol or ethanol, soluble in sodium
hydroxide solution, and very insoluble in ether.
Tablets

suspensions, effervescent dry syrups are listed in

and capsules, suppositories, oral
the Korean and US Pharmacopoeia as a medical
formulations[1,2]. The classical techniques for
pharmaceutical drugs evaluation, such as
chromatography and UV-Vis spectroscopy are
sensitive and very specific, but these techniques
are time consuming and of high costs, needing
samples to undergo a preprocessing prior
analysis, which may ultimately destroy the test

sample.
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Fig. 1. Chemical structure of acetaminophen

To address this problem, optical methods have
been proposed for the quantitative determination
of active pharmaceutical ingredients(APIs) in
drugs and medicines with advantages such as
rapid APIs evaluation with minimum or even
without sample destruction. Recently, in order to

solve this problem, a method of quantification
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using near infrared spectrosocpy(NIR) has been
introduced as a new technique. The NIR analysis
method is a method of analyzing using the
property that a material absorbs only light of a
specific wavelength. In addition, the structure is
analyzed by absorption of near-infrared rays
derived from the vibrational motion of molecules
constituting an object using near-infrared light
with a wavelength band of 700 to 2,500 nm
located in the middle of visible light and infrared
light and hydrogen bonding. it does not require
the

conventional chemical analysis method that uses

reagents and solvents compared to
a large amount of reagents and solvents for near
infrared spectroscopy. It has the advantage of
being able to measure various components at the
same time and measuring the same sample
several times repeatedly while minimizing the
error. It is also an analytical technique that can
measure components quickly and reproducibility.
The biggest obstacle in replacing the HPLC
method with the NIR method is whether it can
be verified the existing HPLC method and the
newly introduced NIR method are perfectly
compatible with each other[3-6].

The purpose of this study was to assess the
feasibility of a quantitative evaluation of AAP
based on NIR method, which is emerging as a
new technology in the QC field, instead of the
frequently used HPLC analysis method. AAP was
prepared using the method that is actually
produced in the pharmaceutical field, and the
product was analyzed by NIR. We also verified
the the

accuracy, and precision, which are the main

results by measuring specificity,

parameters of method validation.

2. Material and Methods

2.1 Sample preparation method

For preparation, Acetaminophen,

cellulose(MCC),

sample

microcrystalline low density
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propyl  cellulose(L-HPC),

magnesium silicate(A-Tab),

hydrated

Croscarmellos Na.

hydroxy

and Magnesium Stearate were respectively
weighed and mixed so that the content was 80%,
90%, 100%, 110%, and 120%. The amount and
concentration (%) of each prepared sample are as
follows(Table I). The formulation amount was
decided by the quality target product profile with
constant quality and the Critical Quality Attribute
like

dissolution, content, and weight deviation. The

was classified into three categories
design of experiment was finally carried out by
setting the tablet thickness, tableting machine
pressure, tableting speed, and mixing time as

critical process parameters[7-9].

Table 1. Amount and concentration ratio of
Acetamionphen samples

Component Formulation =~ Measureme Amount(%)
amout(g) nt(g)
Acetamionphen 160 2400 42.11
Microcrystalline 08 1470 25.79
cellulose
hydrated 60 900 15.79
magnesium silicate
Low density
hydroxy propyl 30 450 7.89
cellulose
Croscarmellos Na. 20 300 5.26
Magnesium 12 180 3.16

Stearate

2.2 The Preparation of sample and standard
solution

Accurately weigh 0.1 g of AAP was added to
100mL of the mobile phase and shake for 10
minutes after taking about 20 tablets to make a
powder. 5mL of this solution was filtered through
a membrane filter with a pore size of 0.45 um,
discard the first 10mL of the filtrate, and take the
next filtrate as the sample solution. Separately,
precisely weigh about 20 mg of acetaminophen
standard dried at 105°C for 2 hours, add the
mobile phase, dissolve it, and take 5mL of this
solution was used it as the standard solution[10].
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2.3 The Preparation of Mobile phase and
HPLC analysis

The mobile phase required for acetaminophen
analysis was completed by mixing 250 ml of
methanol, 750 ml of water. The composition
ratio was Methanol:Water = 1:3. The detector was
measured at a wavelength of 243 nm with an
ultraviolet absorption meter, and analyzed using
a C18 column with an inner diameter of 4.6mm,
a length of 25 cm, and 5¢m at a temperature of
around 40°C. The flow rate was 1.5 ml/min, and
solution and sample

the prepared standard

solution were analyzed by HPLC[11,12].

2.4 Method Validation of Acetaminophen

Analytical method validation was performed to
verify the analytical HPLC method before NIR.
Specificity was confirmed for the analytical
ability to quantify the analyte in the presence of
other substances in the sample, comparing the
spectra of a 100% acetaminophen sample.
Placebo was examined whether the two spectra

do
Accuracy indicates how close to the average test

not overlap and completely separate.

result obtained by the analytical method for the
Each three field

samples were taken and tested according to the

true value of the analyte.

content test method to confirm the content, and
then the recovery rate of the predicted value was
calculated by NIR, which is the average value
measured three times compared to the value
obtained from the standard solution analysis for
this experiment. Precision refers to how close
each measurement value for an analyte when
repeated analysis with multiple equal sieves

taken from one homogenized sample.

2.5 The sample preparation and analysis of
NIR

For mutual verification with the results of
HPLC analysis,
sample to a petri dish and put it on the NIR

we transfered the prepared
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measuring unit and measured each sample 3
times accurately to obtain 3 spectrum to confirm
the analysis result was derived perfectly. The
particles are uniformly prepared through the
process of grinding for 10 seconds using a mixer
and samples were prepared in 3 lots each for
validation verification, and as a control, 100%
mixed powder without Acetaminophen was
prepared in 3 lots each for using as a placebo.
NIR analysis device was Flex N500, Solids XL for
measurement cell. The number of scans were set
to 32, and external standard measurement cycle
was set to 60 minutes in the measurement cell.

the the

measurement. It was for confirmation whether

By analyzing spectra obtained by

method validation like linearity, specificity, and

precision were compatible[13-17].

3. Results and Discussion

3.1 The verification of method validation
using HPLC

As result of

chromatogram was

the

analyzed

the
cleanly without
the

sample
the
coefficient also was 0.9999 indicating excellent

a measurement,

overlap or interference with standard

retention time and a mixed not

containing AAP(placebo) and linearity

linearity It confirmed that the specificity and
linearity of AAP established well without any

interferences(Fig. 2).
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16,000,000 -
14,000,000 -
12,000,000 |
10,000,000 -
8,000,000 -
6,000,000 -
4,000,000 -
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¥ = B88335x+ 13488
R* =0.9999

Area

50 100

Conc.(ppm)

Fig. 2. The linearity graph of AAP for verifying
the method validation by HPLC
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As for the acceptance criteria for the accuracy
and precision in the case of drug substances, the
recovery rate and relative standard deviation
should be 98.0~102.0%, within 1% respectively.
As can be seen in Table 2, the accuracy was
evaluated as the recovery rate (%), the accuracy
was 98.7+1.2% and RSD was 0.78%. So, it could
be confirmed that the acetaminophen analyzed
by HPLC had the accuracy and precision.

Table 2. The accuracy and precision test of AAP for
the method validation

Relative standard
Recovery

Name iati

%) dev(x;e';lon
Acetaminophen 1 98.1 0.954
Acetaminophen 2 99.1 0.655
Acetaminophen 3 98.9 0.723

3.2 The verification of method validation
using NIR spectral methods

In order to verify that it has specificity, all raw

materials constituting the product including

acetaminophen, the
measured at 10000 to 4000 cm™ in the case of

main ingredient, are
using the NIR spectrum method. The peak
wavelength of the main component and other
excipient do not show overlap. It means that
there is a specificity in the analysis method using
the NIR spectrum (Fig. 3). The fact that the peak
wavelengths do not overlap means that there is
no interference between the main raw material
the which that
quantification using the NIR
possible. The spectrum of the sample without
did this

wavelength. In order to know the linearity and

and excipient, means

spectrum is

acetaminophen not appear at
range, the experiment was conducted by NIR
spectral analysis. Linear regression analysis was
performed within the range of concentrations
that could be predicted by the calibration curve
of the the

standard value and the predicted value by the

NIR measurement method, and

NIR measurement method were expressed as a
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linear relationship of two sets of values. the models for AAP, a drug effective for analgesic
linear relationship was expressed as a correlation  medication using NIR spectrum analysis method,
coefficient of the regression line. which has recently been spotlighted as a new

validation analysis method in order to derive

Pretreated Spectra accurate analysis results in a short time instead

Al Spectra

of the HPLC method which has many problems.
Quantitative analysis and analytical method
validation by near infrared spectroscopy was

Reflectance

applied to confirm the accuracy, precision,

specificity and range of the experimental method

10000 9000 8000 7000 6000 5000 4000
1lem

compare the results with the HPLC analysis
Fig. 3. NIR original spectra specificity test method. Both the HPLC analysis method and the
NIR spectrum analysis method used in the above
As a result, the following spectra curve was experiment satisfy the parameters of method
well obtained in the range of 80 to 120% by  validation (specificity, accuracy, linearity, etc). In
calculating a statistically reliable range. In the conclusion, it was confirmed that a new analysis
case of the mixing process, it can be seen that method, NIR analysis could be applied in the
the sample for calibration of the predicted value case of acetaminophen used as an
with respect to the reference analysis value anti-inflammatory analgesic instead of the
shows a  regression linear  correlation  existing analysis method, HPLC method which
coefficient(r) of 0.998 and the sample for  had disadvantages such as difficulty in finding
validation is 0.993. It also confirmed that there solvent composition and long analysis time.
was linearity inferred from these results(Fig. 4). Based on these results, it is considered that the
As for the acceptance criteria for the accuracy  analysis time can be relatively shortened and the
and precision in NIR, the recovery rate and  product shipment speed can be improved if the
relative standard deviation was 100.43+1.6% and ~ NIR spectrum analysis method is used for active
RSD was 0.6%. So, it could be confirmed that the pharmaceutical ingredients in pharmaceutical
acetaminophen analyzed by NIR had the  field.
accuracy and precision as well.

Predicted Property vs. Original Property References

120]

okl

110! g —

g [11 M. E. Bosch, A. J. R. Sanchez, F. S. Rojas, C. B. Ojeda,
100 = “Determination of paracetamol:historical evolution”,
Journal of Pharmaceutical and Biomedical Analysis,
Vol.42, No.3, pp.291-321, 2006.
o8 DOI: https://doi.org/10.1016/j.jpba.2006.04.007

80 920 100 110 120

Original Property T [2] V. G. Borio, R. Vinha, R. A. Nicolau, H. Paulo, M. D.
Oliveira, “Quantitative Evaluation of Acetaminophen
in Oral Solutions by Dispersive Raman Spectroscopy
for Quality Control”, Spectrosocpy. Vol..27, No.4,
pp.215-228, 2012.

DOI: https://doi.org/10.1155/2012/108041

[3] Y. Roggo, P. Chalus, L. Maurer, C. Lema-Martinez, A.
Edmond, “A review of near infrared spectroscopy and
In this study, we established calibration chemometrics in  pharmaceutical technologies”,

90+ £

Predicted Property QT

Fig. 4. NIR original spectra linearity test

4. Conclusion

268



Nondestructive Quantification of Acetamiophen using Near Infrared Spectroscopy

(4]

(5]

(el

(71

(8]

[9]

(101

[11]

[12]

Journal of Pharmaceutical and Biomedical Analysys,
Vol.44, No.3, pp.683-700, 2007.
DOI: https://doi.org/10.1016/j.ipba.2007.03.023

M. Blancho, M. Bautista, “API determination by NIR
spectroscopy — across pharmaceutical production
process’,  AAPS  Pharmscitech, Vol.9, No.4,
pp.1130-1135, 2008.

DOI: https://doi.org/10.1208/s12249-008-9156-3

O. kolomiets, U. Hoffmann, P. Geladi, H. W. Siesler,
“Quantitative determination of pharmaceutical drug
formulations by near-infrared spectroscopic imaging®,
Applied Spectroscopy, Vol.62, No.11, pp.1200-1208,
2008.

DOL: https://doi.org/10.1366/000370208786401590

Y. Sulub, B. Wabuyele, P. Gargiulo, J. Pazdan, J.

Cheney, ‘Real-time on-line blend uniformity
monitoring using near infrared reflectance
spectrometry: a noninvasive off-line calibration

approach”, Journal of Pharmaceutical and Biomedical
Analysys, Vol.49, No.1, pp.48-51, 2009.
DOI: https://doi.org/10.1016/j.ipba.2008.10.001

M. Tto, T. Suzuki, S. Yada, H. Nakagami, H. Teramoto,
“Development of a method for nondestructive NIR
transmittance spectroscopic analysis of
acetaminophen and caffeine anhydrate in intact
bilayer tablets”, Journal of Pharmaceutical and
Biomedical Analysys, Vol..53, No.3, pp.396-402, 2010.
DOI: https://doi.org/10.1016/j.ipba.2010.04.029

M. Blanco, R.
“Controlling individual

Cueva-Mestanza, A. Peguero,
steps in the production
process of paracetamol tablets by use of NIR
spectroscopy’, Journal of Pharmaceutical —and
Biomedical Analysys, Vol..51, No.4, pp.797-804, 2010.
DOI: https://doi.org/10.1016/j.ipba.2009.09.038

E. Ziemon, J. Mantanus, P. Lebrun, E. Rozet, B.
Evrard, Ph. Hubert, “Acetaminophen determination in
low-dose pharmacetutical syrup by NIR
spectroscopy’, Journal of Pharmaceutical and
Biomedical Analysys, Vol..53, No.3, pp.510-516, 2010.
DOI: https://doi.org/10.1016/j.ipba.2010.06.003

Md. Anik Alam, James Drennen, Carl Anderson,
“Designing a calibration set in spectral space for
efficient development of an NIR method for tablet
analysis”, Journal of Pharmaceutical and Biomedical
Analysys, Vol..145, No.25, pp.230-239, 2017.

DOI: https://doi.org/10.1016/j.ipba.2017.06.012

J. J. Moes, M. M. Ruijken, E. Gout, H. W. Frijlink M.
I. Ugwoke, “Application of process analytical
technology in tablet process development using NIR
spectroscopy:blend uniformity, content uniformity
and coating thickness”, [nernational Journal of
Pharmaceutics, Vol.357, No.1, pp.108-118, 2008.

DOI: https://doi.org/10.1016/j.ijpharm.2008.01.062

E. Rasanen, N. Sandler, “Near-infrared spectroscopy
applications in the development of sollid dosage
forms”, Journal of Pharmacy and Pharmacology,

269

[13]

[14]

Vol.59, No.2, pp.147-159, 2007.
DOL: https://doi.org/10.1211/jpp.59.2.0002

C. Bodson, W. Dewe, P. Hubert, L. Delattre,
“Comparison of FT-NIR transmission and UV-vis
spectrophotometry follow the mixing kinetics and to
assay low dose tablets containing riboflavin”, Journal
of Pharmaceutical and Biomedical Analysys, Vol.41,
No.3, pp.783-790, 2006.

DOI: https://doi.org/10.1016/j.jpba.2006.01.022

M. Blanco, M. Alcala, “Content uniformity and tablet
hardness testing of intact pharaceutical tablets by
near infrared spectroscopy-A Contribution to process
Analytical Technologies”, Analytica. Chimica. Acta,
Vol.557, No.1, pp.353-359, 2006.

DOI: https://doi.org/10.1016/i.aca.2005.09.070

[15] J. Luypaert, D. L Massart, Y. Vander Heyden,
“Near-infrared spectroscopy applications in
pharmaceutical analysis”, 7alanta, Vol.72, No.3,

[16]

pp.865-883, 2007.
DOI: https://doi.org/10.1016/j.talanta.2006.12.023

S. H. Tabasi, R. Fahmy, D. Bensley, C. O'Brien, S. W.
Hoag, “Application of NIR spectroscopy to monitor
tablet  manufacturing  process’,  _Journal  of
Pharmaceutical Sciences, Vol.97, No.9, pp.4040-4051,
2008.

DOI: https://doi.org/10.1002/ips.21303

[17] J. Rantanen, O. Antikainen, ]. P. Mannermaa, J.

Yliruusi, “Use of the near-infrared refletance method
for measurement of moisture content during
granulation”, Pharmaceutical Development
Technology, Vol.5, No.2, pp.209-217, 2000.
DOI: https://doi.org/10.1081/pdt-100100536

Seong-Wan Cho

[Regular member]

* Feb. 1997 : Chungang Univ.,
Pharmacy, MS

* Feb. 2001 : Chungang Univ.,
Pharmacy, PhD

* Sep. 2002 : Univ. of Utah,
Post Doc.

* Mar. 2005 ~ current : Konyang Univ., Dept. of

Pharmaceutical Engineering, Professor

(Research Interests)

Drug formulation development

and validation,

Screening and evaluation of natural products



