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Abstract. Acetylsadlicylic acid, paracetamol, and ascorbic
acid which are used for the pain reliever and fever reducer
were analyzed without any prior reservation by means of
spectrophotometry-chemometry.  The  experimental
calibration matrix was designed by measuring the
absorbance within the range of 200400 nm for 19
samples of acetylsalicylic acid, paracetamol, and ascorbic
acid. Absorbance and concentration values were analyzed
using Minitab and other chemometric programs to
calculate estimated concentrations by PCR and PLSR. In
the first step the synthetic mixtures including
acetylsalicylic acid, paracetamol, and ascorbic acid were
prepared and absorbance values were obtained according
to spectrophotometry. In the second step, amounts of
acetylsdicylic acid, paracetamol, and ascorbic acid were
calculated in effervescent tablet (Afebryl®). Standard
deviations were accomplished. This study encouraged us
to apply the developed methods for drug analysis. The
methods presented in this paper are rapid and do not need
any separation process or preliminary treatments for the
analysis.
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1. Introduction

Paracetamol is a medicine with pain reliever and
anti-fever effect. When paracetamal is taken ordly, it is
rapidly absorbed in the gastrointestinal tract. The drug
reaches maximum plasma concentrations after 30—60 min
of ingestion [1, 2]. Acetylsalicylic acid is a pain-killer and
anti-inflammatory drug commonly used for minor pain
and infestation. There is also blood diluent effect and
long-term low dosage is used to protect against heart
attack [3]. Vitamin C is not stored by the body and is
sweated with urine and sweat because it is among the
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water-soluble vitamins. For this reason, it needs to be
taken back every day. Vitamin C plays an important role
in the renewal of strong immune system, collagen
production, skin, cartilage, tendon, ligament and blood
vessels[4].

Chemometric calibration methods are observed to
be the best techniques to determinate the amount of each
component in the complex mixture. The most accepted
chemometric methods in a drug analysis are principal
component regresson (PCR) and partial least squares
regression (PLSR) [5, 6]. A relationship to be established
between matrices of chemical data is determinated at
chemometric methods [7].

Chemometrics is the science that accords with
extracting valuable information from the raw data. PCR
and PLSR calibration methods are intended to be full
spectrum computational procedures|8].

Partial least squares regression (PLSR-regression)
is the most commonly used chemometric multivariate
calibration method [9] and for quantitative analysis of
spectroscopic data to determine the amount of drug in
multicomponent pharmaceutical products[10].

The Minitab 17 program (Inova, Ankara, Turkey)
was used for the analysis of all the concentration and
absorbance data to do the statistical calculations. Minitab
is a datigtical analysis software. In addition to statistical
research, statistics can be used to learn [11].

The main aim of this work was the determination
of acetylsalicylic acid, paracetamol, and ascorbic acid of
teblet sample (Afebryl® effervescent tablet) by
chemometric methods. The validation of the proposed UV
spectroscopic technique has added precision, accuracy,
selectivity and brings successful results with principal
component regresson (PCR) and partial least squares
regression (PLSR) — chemometric methods. In this study,
PCR and PLSR were successfully performed to simulta-
neous determination of acetylsalicylic acid, paracetamoal,
and ascorbic acid in a commercial tablet formulation
without any separation method. Mean recoveries and
standard deviation of PCR and PLSR were calculated for
the validation of the methods. The acquired results were
statistically compared with each other.
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2. Experimental

2.1. Materials

All materials used were of analytical grade. Stock
solutions of 25 mg/250 ml of acetylsalicylic acid (Sigma),
paracetamol (Sigma) and ascorbic acid (Sigma) were
prepared with 0.1M HCI. A training set and validation set
containe the drugs in various proportions, 19 synthetic
mixtures (for validation) were made.

Shimadzu UV-1700 PharmaSpec Spectropho-
tometer connected to an IBM PC with UV Probe Software
was used for all measurements and data processing. A pair
of 1.0cm quartz cuvettes was used for absorbance
measurements.

2.2. Absorbance Measurements

Absorbance spectra of acetylsalicylic  acid,
paracetamol, and ascorbic acid were recorded between
200 and 400 nm with 0.1 step. The calibration matrix,
training and validation sets contain three component
mixtures at different rates. To calculate concentrations, the
concentration sets and analysis of effervescent tablet have
been done using PLSR and PCR.

Samples of 5.0 and 35.0 ppm of drugs (alone or in
combination) were placed in volumetric flasks (25 ml)
and dissolved in 0.1IM HCI. The mixture was shaken for
20 min and filtered. Dry tight standards were prepared in
the same manner as described, except those with the
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reagents and drug. A training set and validation set
contain the drugs in various proportions, i.e. 19 synthetic
mixtures (for validation) were prepared and presented in
Table 1.

2.3. Pharmaceutical Preparations

Afebryl® effervescent tablet produced by
Galepharma, containing 300 mg of acetylsalicylic acid,
300 mg of ascorbic acid and 200 mg of paracetamol per
teblet were analyzed by the principal component
regression (PCR) and partial least squares regression
(PLSR) chemometric methods. For this purpose 1 g of the
samples were mechanically mixed with 0.1M HCl and
transferred into 25 ml bottles. All the techniques were
applied to the final solution.

3. Results and Discussion

3.1. Absorption of Acetylsalicylic Acid,
Paracetamol, Ascorbic Acid and Mix
Solution

Absorption of acetylsalicylic acid, paracetamol,
ascorbic acid and mix solution are dl in the visible region
of high absorbent substances. Fig. 1 shows the
absorbance-wavelength  curves.  The spectra  of
acetylsalicylic acid, paracetamol, and ascorbic acid arein
the range of 200-400 nm.

Table1

Concentration set for acetylsalicylic acid, paracetamol and ascor bic acid

No Concentration, ppm
' Acetylsalicylic acid Paracetamol Ascorbic acid

1 6 7 5

2 12 7 10
3 18 7 15
4 24 7 20
5 30 7 25
6 6 14 5

7 12 14 10
8 18 14 15
9 24 14 20
10 30 14 25
11 6 21 5

12 12 21 10
13 18 21 15
14 24 21 20
15 6 28 5

16 12 28 10
17 18 28 15
18 6 35 5

19 12 35 10
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— (1) 30 ppm Paracetamol

— (2) 35 ppm Acetylsalicylic Acid
— (3) 25 ppm Ascorbic Acid

4 e — (4) Mix

3.2. Principal Component Regression
(PCR) and Partial Least Squares
Regression (PLSR)

The PLSR method and absorption spectra can be
used individually or overlapped with multiple
simultaneous detections of various linear components.
Some dtatistical parameters were given for validation of
calibrations for synthetic mixtures of drugs.

The statistical parameters were found to produce a
satisfactory validity for the PLSR and PCR methods. The
PLSR and PCR methods have reliable accuracy and
higher precision. Judging from the results obtained, the
standard deviation values are sufficiently small and the
recovery values are sufficiently close to 100. This shows
us that the results obtained are appropriated.

Fig. 1. Original absorption spectra of 30 ppm paracetamal,

35 ppm acetylsdicylic acid
and 25 ppm ascorbic acid and their mixturein 0.1M HCI

Table 2
Composition of prediction set and recovery results obtained
in synthetic mixturesfor PL SR method
Actual concentration, ppm Prediction concentration, ppm Recovery, %
Acetyl- Paa | Ascorbic | Y- Para- | Ascorbic Acetyl- Para- Ascorbic
salicylic . salicylic . salicylic .
; cetamol acid ; cetamol acid ; cetamol acid
acid acid acid
7 6 5 7.01 5.97 4.83 100.15 99.5 96.6
7 12 10 6.82 1151 9.85 97.43 95.92 98.5
7 18 15 6.95 17.58 14.85 99.29 97.67 99
7 24 20 7.05 24.04 20.01 100.72 100.17 100.05
7 30 25 7.03 30.06 24.95 100.43 100.2 99.8
14 6 5 14.05 5.93 5.01 100.36 98.84 100.2
14 12 10 14.06 11.83 9.69 100.43 98.59 96.9
14 18 15 14 17.82 14.69 100 99 97.94
14 24 20 13.53 23.62 19.68 96.65 98.42 98.4
14 30 25 13.96 29.51 24.86 99.72 98.37 99.44
21 6 5 20.71 554 4.89 98.62 92.34 97.8
21 12 10 20.63 11.52 9.65 98.24 96 96.5
21 18 15 21.01 17.82 1451 100.05 99 96.74
21 24 20 20.84 23.83 19.8 99.24 99.30 99
28 6 5 27.73 5.84 4.89 99.04 97.34 97.8
28 12 10 27.83 11.82 9.87 99.40 98.5 98.7
28 18 15 2771 17.96 14.96 98.97 99.78 99.74
35 6 5 34.85 5.74 4.85 99.58 95.67 97
35 12 10 35.02 11.94 10.01 100.06 99.5 100.1
Mean: 99.37 Mean: 98.11 Mean: 98.43
Standard Standard Standard
deviation: 1.07 | deviation:1. 95 | deviation:1. 27
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Table 3
Composition of prediction set and recovery results obtained
in synthetic mixturesfor PCR method
Actual concentration, ppm Prediction concentration, ppm | Recovery, %
Acetyl- Para- Ascorbic sAangy)ll:c Para= | Ascorbic sAangy)ll:c Para- Ascorbic
sdlicylic acid cetamol acid ; cetamol acid ; cetamol acid
acid acid
7 6 5 6.95 5.89 4.78 99.29 98.17 95.6
7 12 10 6.87 11.82 9.98 98.15 98.5 99.8
7 18 15 6.66 17.89 14.95 95.15 99.39 99.67
7 24 20 6.92 23.95 19.86 98.86 99.80 99.3
7 30 25 7.01 29.85 25.01 100.15 99.5 100.04
14 6 5 13.95 6.01 5.01 99.65 100.17 100.2
14 12 10 14.01 11.85 9.78 100.08 98.75 97.8
14 18 15 13.85 17.56 14.56 98.93 97.56 97.07
14 24 20 13.95 23.86 19.96 99.65 99.42 99.8
14 30 25 1381 29.92 24.97 98.65 99.74 99.88
21 6 5 19.8 5.85 4.96 94.29 975 99.2
21 12 10 21 11.95 9.87 100 99.59 98.7
21 18 15 21.06 17.95 14.62 100.29 99.73 97.47
21 24 20 20.66 23.96 19.98 98.39 99.84 99.9
28 6 5 27.84 5.87 49 99.43 97.84 98
28 12 10 2757 11.89 10.01 98.47 99.09 100.1
28 18 15 2751 17.92 14.98 98.25 99.56 99.87
35 6 5 34.73 5.86 4.98 99.23 97.67 99.6
35 12 10 35.01 11.92 9.97 100.03 99.34 99.7
Mean: 98.78 Mean: 99.00 | Mean: 99.03
Standard Sta_nd_ard Stqndgr d
deviation: 1.59 deviation: deviation:
187 1.28

3.3. Validation of the Method

For calibration the prediction residual error sum-of-

squares (PRESS) was calculated as:
n 2
PRESS - & (Ciadded C found) (1)
i=1
where C**'_  actual concentration, the added

concentration of drug; C™™ — predicted concentration,

the calculated concentration of drug.

According to the actual and predicted
concentrations of the samples, PRESS values of
acetylsalicylic acid, paracetamol, and ascorbic acid were
calculated and listed in Table 2.

It is important to emphasize that this is not a
correct way to normalize the PRESS values when not all
of the data sets contain the same number of samples. But
standard error of prediction (SEP) values contain the
number of samples. Some datistical parameters

determined the effectiveness of the calibration. The SEP
was cal culated using the following expression:

n
é (Ciadded _ Cifound)z

SEP == @)
n-1
where n —the total number of synthetic mixtures.
PRESSand SEP values are close to zero, the degree
of accuracy is increasng. The obtained PRESS and SEP
values are closeto zero for PLSR and PCR methods.

3.4. Analysis of Pharmaceutical
Formulation

The experimental results of two methods for
pharmaceutical formulation are given in Table 5. One can
see that the obtained results are very close to each other.

In order to compare the performances of the
investigated chemometric techniques according to UV
spectrophotometric method for real samples we applied
Snedecor’ s F-test [12].
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Table 4
Statistical parameter values for calibration step-simultaneous deter mination of acetylsalicylic acid,
par acetamol, and ascor bic acid using PL SR and PCR methods
Compound, ppm
Parameter Method Acaylsdicylic add Paracetamol Ascorbic acid

PLSR 0.04 0.07 0.04

PRESS PCR 011 0.02 0.02

SEP PLSR 0.05 0.07 0.05

PCR 0.06 0.04 0.03

Table5
Deter mination of acetylsalicylic acid, paracetamol, and ascorbic acid in phar maceutical
for mulation using PL SR and PCR methods
No PLSR PCR
Acay;;ag oftic Paracetamol Ascorbic acid Acay;;ag oftic Paracetamol Ascorbic acid
1 0.295 0.198 0.278 0.281 0.192 0.297
2 0.296 0.186 0.29 0.284 0.193 0.298
3 0.281 0.182 0.284 0.286 0.187 0.296
4 0.279 0.1%4 0.281 0.29 0.182 0.285
5 0.293 0.178 0.293 0.295 0.186 0.284
Mean 0.289 0.188 0.285 0.287 0.188 0.292
Standard 0.0081 0.0083 0.0062 0.0055 0.0045 0.0069
deviation

The method used to compare the differences
between the one-way ANOVA test was applied to the
actual samples for each food drug. In this study,
Snedecor’s F-values were calculated and compared with
the F value. The same computation process was repeated
for each drugs. Fig. 2 shows ANOVA results. The
experimental (calculated) F-values did not exceed the F-
value in the variance analysis. Among all these methods,
it was concluded that there was a meaningful difference.
All statistical parameters and numeric values are suitable
for simultaneous identification in the actual samples.

Fig. 2. The results of the oneway ANOVA
test accoding to Snedecor’s F-test

4. Conclusions

The partial least sguares method and principle
component regression successfully applied at the same
time were able to identify drugs in synthetic solutions and
pharmaceutical formulation. For all values low prediction
errors and high correlation coefficients emphasize the
high linear relationship between the predicted and actual
concentrations. The results obtained with this ternary
mixture and some ratios of component concentrations
show excellent predictive ability with these methods.
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CINEKTPO®OTOMETPUYHE BUSHAYEHHS
AIETHJICAJIIWIOBOI KHCJIOTH,
MMAPAIIETAMOJTY TA ACKOPBIHOBOI KUCJIOTH
XEMOMETPUYHUMM METOJAMHA

Anomauin. [Iposedeno cnexmpogomomempuuro-xemomemn-
pusHULL aHA3 6e3 6YOb-sKUX NONEPEOHIX 3ACMePeNCeHb Ayemuicai-
Yuiogoi Kuciomu, napayemamony ma ackopOiHogol KUCIOmu, SIKi
BUKOPUCIMOBYIOMb SIK  QHADONIKYU MA npenapamu Osl  SHUNCEHHS.
memnepamypu. Pospobneno exchepumenmanbhy KaiiopysaibHy mam-
PULIO BHACTIOOK GUMIPIOBAHHSL NO2IUHATLHOL 30amMHOCHI 8 OlanasoHi
200400 1m ons 19 spasxie ayemuncaniyunogoi Kuciomu, napayema-
Moy ma ackopbinogoi’ kuciomu. [lpoananizosano 3uauents noiu-
HALHOL 30amuocmi ma Konyenmpayii, uxopucmogyiouu Minitab ma
iHWi xeMomempuyni npozpamu Oisi PO3PAXYHKY KOHUEHmpayitl 3a
donomozoro memodie PCR i PLSR. Ha nepwomy emani 2omyeanu
CUHMEMUYHE CYMIWE 3 ayemuicaniywlosol KUCIomu, napayemamoiny
ma ackopbiHooi Kuciomu, i OMpUMANU 3HAYEHHS! NOTUHWILHOT
30amHocmi 8i0nogiono do cnekmpoghomomempii. Ha opyeomy emani
KLIbKICMb ayemuicaniyuioeol KUCIomu, napayemamony ma ackop-
6iH080I KuCiomu pospaxogysanacs 6 wunyuii maonemyi (Afebryl®).
Pospaxosani  cmandapmui - gioxunenHsi, SIKi  Oanu  MONCIUBICIIb
3anponoHyeamu pospobneri memoou Ona ananizy npenapamis. Iloka-
3aHO, WO MeMOOU € WBUOKUMLL | He nompedyIoms 6Y0b-51K020 npoyecy
PO30inenHsi abo NonepeoHbo2o 0OpobIeHHsL Olis RPOBEOEHHSL AHATIZY.

Knwuosi  cnoea.  napayemamor,
kucnoma, ackopbinosa kucioma, PLSR, PCR.

ayemuncaniyunosa



