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Abstract: The aim was to exactly quantify the amount of pure ketoprofen of a pharmaceutical by a
new, developed ultraviolet (UV) spectrophotometric method. The maximum absorption wave-
length was determined to be at A =254 nm for a ketoprofen alcoholic standard solution of 1.4 pg/mL.
The applied method was statistically validated. The amount of pure ketoprofen assigned on the
pharmaceutical tablet was found to be 146.326 mg ketoprofen/tablet. This obtained value was very
close to the official declared content of active substance (150 mg pure ketoprofen/tablet), with an
average percentage deviation of 2.45%, below the maximum value (+5%).

Keywords: ultraviolet (UV) spectrophotometric method; to exactly quantify; the amount; pure ke-
toprofen; pharmaceutical tablet; the applied method; official declared content; active substance; av-
erage percentage deviation

1. Introduction

Ketoprofen is an effective anti-inflammatory agent, part of non-steroidal anti-inflam-
matory drugs (NSAIDs) category. From a structural point of view, it is included in car-
boxylic and heterocyclic acetic acids class. It is a derivative of propionic acid (an aryl pro-
pionic acid), closely related to Ibuprofen and Flurbiprofen [1,2]. Ketoprofen has a strong
anti-inflammatory action, comparable to Indomethacin, as well as important antipyretic
and analgesic effects. It equally inhibits both Cyclooxygenase isoforms (COX-1 and COX-
2) as well as lipoxygenase. By inhibiting both Cyclooxygenase COX-1 and COX-2, there is
a considerable decrease in the synthesis of precursors of prostaglandins and thromboxane
[1-9]. The pronounced decrease in prostaglandin synthesis, by effectively blocking pros-
taglandin-synthase activity, is directly responsible for the therapeutic effects of another
anti-inflammatory drug, Ibuprofen. In addition to this therapeutic effect manifested by
Ibuprofen, Ketoprofen also causes a important decrease in Thromboxane — A2 synthesis
by blocking thromboxane-synthase enzyme, thereby effectively inhibiting platelet aggre-
gation [1-9]. A 2013 systematic review indicated that “The efficacy of orally administered
Ketoprofen in relieving moderate-severe pain and improving functional status and gen-
eral conditions was significantly better than that of Ibuprofen and/or Diclofenac” [4].The
anti-inflammatory effects of Ketoprofen are believed to be due to Cyclooxygenase (COX-
2) effective inhibition, which is an enzyme involved in prostaglandin synthesis via Ara-
chidonic acid pathway. This conducts to pronounced decreased levels of prostaglandins
that mediate pain, fever and inflammation. Ketoprofen, as a non-specific Cyclooxygenase
inhibitor and inhibitor of COX-1 it is thought to confer some of its side effects such as
Gastro Intestinal (G.1.) upset (dyspepsia, diarrhea, abdominal pain, constipation, flatu-
lence) and ulceration. Ketoprofen it is thought to have anti-bradykinin activity as well as
lysosomal membrane-stabilizing action. Antipyretic effects may be due to direct action on
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the hypothalamus, resulting in an increased peripheral blood flow, vasodilatation and
subsequent heat dissipation [1-9]. It is highly recommended in the treatment of mild to
moderate pains caused by inflammations. Ketoprofen is one of the most important drugs
successfully administered for the treatment of rheumatoid polyarthritis, spondylitis, ar-
throsis, disc diseases, acute arthritis, gut attacks [3-7]. It is very effective for the sympto-
matic treatment of acute and chronic rheumatoid arthritis, osteoarthritis, ankylosing spon-
dylitis, primary dysmenorrhea and mild to moderate pain associated with musculotendi-
nous trauma (sprains and strains), postoperative pain (including dental surgery) and post-
partum pain [3-8]. A very important and particular aspect in pharmaceutical chemistry
and also in chemical and biochemical laboratory has always been the quantitative spec-
trophotometric analysis of Ketoprofen from various studied samples such as different and
various brand of pharmaceuticals, as well as from biological fluids, in chronic and acute
intoxications [5,10]. The aim of this research was to exactly quantify the amount of pure
ketoprofen of a pharmaceutical by a new, developed ultraviolet (UV) spectrophotometric
method. This experimental procedure has been designed, created, developed, proposed
to be statistically validated [11-14] and subsequently applied successfully for quantitative
analysis of Ketoprofen from various samples.

2. Materials and Methods
2.1. Method Description

Pure ketoprofen from the tablets of a chosen pharmaceutical was quantitatively ana-
lyzed by UV spectrophotometry to the maximum absorption wavelength of A max. = 254
nm, in relation to absolute methanol as a reagent blank.

2.2. Chemical Reagents and Equipment

Ketoprofen stock solution 1000 pg/mL (0.1%) prepared from ketoprofen crystalline
pure standard powder (Merck ®), dissolved in absolute methanol as solvent; ketoprofen
working solution 200 pg/mL, directly obtained by dilution (1:5) with absolute methanol
from the stock solution 1000 pg/mL; a series of nine pure standard ketoprofen solutions
with concentrations that range between 2.0 pg/mL-80 pg/m, obtained from the working
200 pg/mL ketoprofen solution; analyzed sample solution obtained in absolute methanol
from the tablets of a pharmaceutical; CECIL CE 3200 UV-VIS Spectrophotometer provided
with four quartz tubs.

2.3. The Design of UV Absorption Spectrum and Determination of the Maximum Absorption
Wavelength of a Pure Ketoprofen Standard Solution

The absorption spectrum was plotted and maximum absorbance wavelength was de-
termined to be at A =254 nm, for a ketoprofen pure standard solution of Ce =1.4 pg/mL =
0.00014% = 1.4.10 *%. Maximum absorbance value corresponding to the wavelength A =
254 nm was A = 0.1266. Specific absorbance (specific absorptivity coefficient) was
calculated: a = A/Ce = 0.1266/0.00014 = 904.2857. Specific absorbance was: a = 904.2857.

(a) Working procedure: preparation of ketoprofen standard solutions (2 pug/mL-80
pg/mL) and spectrophotometer calibration to A = 254 nm, against absolute methyl
alcohol as a blank: 0.05 g of ketoprofen pure crystalline standard powder supplied
by Merck® was exactly weighed and quantitatively brought with a necessary volume
of absolute methyl alcohol into a Berzelius beaker, under vigorous stirring until com-
plete dissolution. The alcoholic obtained solution was completely transferred to a V
= 50 mL volumetric flask under stirring conditions and then made up to the mark
with absolute methanol. Thus, a stock ketoprofen solution 1000 pg/mL (0.1%) was
synthetized. A working solution 200 ug/mL was prepared directly from this stock
solution by accurately measuring 10 mL solution 1000 pug/mL and transferring this
volume into another Vi1 =50 mL volumetric flask, which was made up to the mark
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(b)

with absolute methyl alcohol. A series of nine volumes taken from this working ob-
tained solution 200 pg/mL were accurately measured and quantitatively added into
v =10 mL different graduated glass tubes under stirring. Each of nine volumes was
brought to 10 mL with absolute methyl alcohol. The mean absorbances of nine pre-
pared ketoprofen standard solutions were exactly measured, according to their con-
centrations, in relation to absolute methanol as a blank, at A + 254 nm. These values
were described in Figure 1 and Table 1.

Statistical study of the method linearity. Calculation methods of Detection limit LD
and Quantitation limit LQ. Statistical analysis of some important parameters of the
linear regression. According to the mean absorbances values of nine standard Keto-
profen solutions obtained and rendered in Figure 1 and Table 1, the calibration graph
was plotted and described in (Figure 1). A statistical study was undertaken, from the
point of view of the standard error analysis of the regression line (SE) and the stand-
ard deviations (SD). The suggestive graphics and statistical obtained values were de-
scribed in Figure 2 and Table 1. The Detection Limit LD, as the smallest amount of
analyte that could be detected in a known sample compared to a blank under estab-
lished experimental conditions, was evaluated using formula: LD = 3 x Standard Er-
ror (SE)/slope (1). Quantitation limit LQ, which was described by the lowest analyte
concentration in a sample that could be quantified with a statistically acceptable pre-
cision and accuracy under the same experimental conditions was calculated as fol-
lows: LQ =10 x Standard Error (SE)/slope (2) [11,12,14]. The standard deviation (SD)
[11-14] is a measure of how widely the values of a konwn sample are dispersed from
the average value (the mean). Standard deviation was calculated using “STDEV” in
Microsoft Excel (Table 1). Standard error of the regression line (SE) is the average
distance that the observed values fall from the regression line. The standard error of
the linear regression (SE) provides the absolute measure of the typical distance that
the data points fall from the regression line [11-13]. The population covariance, ana-
lyzed with “COVARIANCE P” function in Microsoft Excel, represents the average of
the products of deviations for each data point pair in two data sets. Covariance is
always used to determine the direct relationship between two data sets [11-14].
Working procedure: obtaining the sample ketoprofen alcoholic solution: sample ke-
toprofen solution was prepared by exactly weighing a = 0,0512 g of pharmaceutical
triturated powder which was completely dissolved and quantitatively brought into
a separated volumetric flask of volume Vs =50 mL with absolute methyl alcohol, di-
luted to the mark. From the resulting ketoprofen sample solution, a volume Vs =1.9
mL was accurately measured and brought into a clean graduated glass tube of vol-
ume Vr=10 mL, which was made up to the mark with absolute methanol. The aver-
age mas of a pharmaceutical tablet containing ketoprofen as active substance was m
1=0.5113 g = 511.3 milligrams. According to the producing company, a pharmaceu-
tical tablet contained 150 milligrams (mg) of pure ketoprofen as active substance.
Thus, the sample ketoprofen solution was prepared and the mean absorbance As =
0.398 was determined at A = 254 nm against absolute methyl alcohol as a reagent
blank in the same conditions as for prepared standard solutions...Measured mean
absorbance of the sample and related ketoprofen sample solution calculation values
was rendered in Table 2. Depending on the As sample absorbance, pure Ketoprofen
concentration FROM the sample solution was determined to A =254 nm.
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Figure 1. Calibration graph designed for Ketoprofen standard solutions (2.0 pg/mL-80.0 pg/mL) at
A =254 nm, against absolute methanol as a blank The coordinates of each of nine points located on
the regression line were highlighted.
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Figure 2. (a) Graphical errors amount: Standard Error (SE) disclosure for the calibration graph of
ketoprofen pure standard solutions (2.0 pg/mL-80.0 ug/mL); (b) Description of Standard Deviation
(s) (SD) of the regression line for ketoprofen pure standard solutions (2.0 pg/mL-80.0 pg/mL); Sta-
tistically meaning, both, Standard Errors (SE) and Standard Deviations (SD) were found within the
normal range of required values, as shown in Table 2.

Table 1. Statistical Values of Linear Regression Parameters. and Descriptive Statistics.

Regression Statistics Statistical Values Ae (A) Ce (ug/mL)
Multiple R (Correlation coefficient) 0.999816 0.127 2.0
Mean 0.252222 0.139 4.0
Median 0.202 0.146 6.0
Confidence Level (95.0%) of Absorbances 0.106611 0.171 10.0
R square, R? (Linear Regression coefficient) 0.999631 0.202 16.0
Sample variance 0.019237 0.225 20.0
Adjusted R, Square R? 0.999579 0.321 40.0
Standard Deviation (SD) 0.138696 0.419 60.0
Standard Error (SE) of the Regression Line 0.002847 0.520 80.0

Standard Error of Measured Absorbances 0.046232 Count: 9.0
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Table 2. Concentration of the sample and the amounts of Pure Ketoprofen calculated/Pharmaceuti-

cal tablet.
Sample Absorbance (As) Sample CS (ug/ml) mg Pure Ketoprofen/Tablet
0.398 55.68 146.326
Percentage Mean Percentage

i P =3.4087'
Covariance 3.408790 Content: 97.55% Deviation: 2.45%

3. Results and Discussion
3.1. Heading

Calculation procedure of Ketoprofen studied sample has consisted in the following
stage according to Ketoprofen sample preparation stages, described in Section 2.3 (c) par-
agraph.

3.1.1. Heading

Calculation of sample solution concentration Cs (pg/mL) from the regression line de-
scribed in Figure 1: from the calibration graph y + 0.005 x + 0,1196, whereas y = As= 0.398
= sample solution absorbance has resulted x = sample solution concentration Cs (pg/mL)
=(0.398-0.1196)/0.005 = 55.68 (ug/mL). Thus, Cs (ug/mL) = 55.68 (pug/mL).

3.1.2. Heading

Quantitative analysis of pure Ketoprofen from the pharmaceutical tablets was as-
signed as follows: the amount of pure Ketoprofen from the volume Vr=10 mL graduated
glass test tube containing the sample solution was found to be X = Cs (ug/mL) x V= 55.68
x 10 =556.8 ug. So, X = 556.8 ug of pure Ketoprofen from Vr =10 mL graduated glass test
tube. The amount of pure Ketoprofen in the initial volume Vs =50 mL of sample solution
was: X1=(Vs. X)/vs=(50.556.8)/1.9 = 14652.63 pug. X1 = 14652.63 ug pure Ketoprofen from
Vs =50 mL sample solution. The amount of pure Ketoprofen on pharmaceutical tablet was
found to be: Y = (m r .X1)/a = (0.5113 .146523.63)/0.0512 = 146325.97 ug pure Keto-
profen/pharmaceutical = 146.326 mg pure Ketoprofen/pharmaceutical tablet. Thus, Y =
146.326 mg pure Ketoprofen/pharmaceutical. tablet was the final result. The official de-
clared amount of pure Ketoprofen on pharmaceutical tablet, by manufacturing company
was 150 mg ketoprofen/tablet. The calculated value assigned to 146.326 mg pure Keto-
profen/pharmaceutical tablet. has represented 97.55% from the official declared content of
pure Ketoprofen, set out by the producing pharmaceutical company. The mean percent-
age deviation was only 2.45% from the official declared amount (150 mg) of active sub-
stance. All the statistical parameters of the regression line were calculated in Microsofdt
Excel 2019 and described in Table 3. (Data — Data Analysis — Regression — Regression
Statistics).

3.2. Statistical Study of the Method Linearity. Calculation methods of Detection limit LD and
Quantitation limit LQ. Statistical analysis of some important parameters of the regression line

According to Formula (1) the Detection limit was LD = 1.7082 ug/mL and Quantita-
tion limit was LQ = 5.694 ug/mL, both parameters fit within the normal range of values.

4. Conclusions

The method applied for Ultraviolet (UV) spectrophotometric analysis of pure Keto-
profen form the tablets of a pharmaceutical presented a very good linearity over the entire
chosen concentration range 2.00 pg/mL-80.0 ug/mL. Regression coefficient was R? =
0.999631, R? > 0.9990 and correlation coefficient R = 0.999816. R > 0.9990 were fit perfectly
fit within the normal range of values. Standard error of the regression line SE = 0.002847
and the Detection LD and Quantitation limits LQ were reported to be within the normal
values LD =1.7082 ug/mL and LQ =5.694 pug/mL. Covariance coefficient was 3.408790 and
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Sample variance was assigned to 0.019237. Both parameters had very small values, below
the maximum allowed limit (<5%). The amount of pure Ketoprofen on pharmaceutical
tablet was found to be 146.326, mg/tablet of a pharmaceutical very close to the declared
content of active substance (150 mg), with as mean percentage deviation of only 2.45%
compared to the official declared value. This percentage was far below the maximum per-
centage deviation allowed deviation to the declared active substance content (+ 5%) pro-
vided by Romanian Pharmacopeia and by the European and International Pharmacopoe-
ias. So that the studied pharmaceutical product fall perfectly within the limits of normal
values provided by these pharmacopoeias.
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