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STADIUL ACTUAL AL CUNOASTERII

Ketoprofenul este un antiinflamator nesteroidian derivat al acidului propionic, mai
exact este acidul 3-benzoil-alfa-metilfenilacetic[3,4]. Este foarte mult utilzat in terapia actuala atat
pentru efectul antiinflamator ,cat si pentru efectul analgezic foarte bun[3,31]. Se incadreaza in
categoria antiiflamatoarelor minore. Poate fi administrat pe calea orala, parenterald, rectala, cat
si local prin terapie cutanatd. Actioneaza atat prin inhibarea ambelor tipuri de ciclooxigenaza
cat si prin inhibarea fosfolipazei si lipoxigenazei.[4,6,14]

Datele farmacocinetice aratd cd pe cale orald, absorbtia digestiva este buna. Ty,
plasmatic este scurt, de aproximativ doua ore. Difuzeaza in lichidul sinovial, unde se
realizeaza concentratii mari. Traverseaza bariera placentara [8,21,22].




Ketoprofenul este in cea mai mare parte metabolizat in ficat. Suferd glicuronidizare,
ducand la formarea esterilor glucuronici instabili, care sunt eliminati Tn principal prin rinichi.
Excretia fecald este mai mica de 1%.

Datorita eliminarii rapide si complete a ketoprofenului din corp, este imposibil ca
acesta sd produca orice alte efecte nedorite rezultdind din acumularea medicamentului
,,parinte” sau a metabolitului sau. Deoarece ketoprofenul nu penetreaza prin bariera sangelui
din creier la o limita apreciabild, incidenta efectelor de tip CNS este minora [31,34,35].

Principalele reactii adverse sunt: greatd, varsaturi, diaree, constipatie, dureri
abdominale, disconfort gastro- intestinal si gastralgie. Alte reactii adverse grave sunt: ulcer
peptic, hemoragie gastro- intestinala si perforatie intestinala. Frecventa hemoragiilor creste cu
doza. O contraindicatie absolutd o reprezintd adminitrarea in ultimul trimestru al sarcinii,
datorita riscului de toxicitate cardiopulmonara si renald pentru fat [3, 4, 5].

Nu este recomandata asocierea cu alte AINS, anticoagulante orale, cu heparina,
ticlopidina, cu dispozitive contraceptive intrauterine (sterilet), preparate de litiu precum si
cu metotrexat.

Asocierea ketoprofenului cu antihipertensive (betablocante, inhibitori ai enzimei de
conversie) si cu diuretice impune o foarte mare prudenta.

Studiind datele bibliografice cu privire la caracterizarea ketoprofenului din punct de
vedere al identitatii si calitatii am tras urmatoarele concluzii:

- ketoprofenul prezinta un interval de topire cuprins intre 94-97°C, determinat prin
metoda capilara [9,27,47,48].

- dozarea ketoprofenului se face prin metoda potentiometrica ,determinandu-se
punctul de echivalenta, din punct de vedere potentiometric [9,27].

- prima metoda de identificare a ketoprofenului este spectrometria de absorbtie in
infrarosu, (IR), unde se compard spectrul substantei de analizat cu spectrul de ketoprofen
CRS [9,27,49].

- datele din literaturd prevad pentru identificarea ketoprofenului si metoda TLC
(thin layer-chromatography) utilizdnd silicagel GF,ssR ca substantd de contrast [9,27].
Principalul spot in cromatograma obtinutd cu solutia de analizat este similard ca pozitie si
marime cu spotul principal din cromatograma obtinuta cu substanta de referinta (ketoprofen).

CONTRIBUTII PERSONALE

Deoarece lupta impotriva durerii reprezintd una dintre prioritatile medicinei lucrarea
de fatd si-a propus caracterizarea fizico-chimica a ketoprofenului care este foarte mult
utilizat in terapia actuald pentru efectul sau analgezic-antiinflamator, efectuarea unor studii de
stabilitate ale principiului activ si a unor forme farmaceutice, validarea unor metode de
analiza, precum si dozarea din forme farmaceutice.

In urma analizelor efectuate pentru caracterizarea fizico-chimica si calitativd am
ajuns la urmatoarele concluzii:

- ketoprofenul se prezinta sub forma unei pulberi cristaline albe, insolubile in apa
solubila in acetond, etanol, methanol, chloroform. Punctul de topire determinat este 95,82,
valoare ce se incadreaza in intervalul precizat in literatura [9].

- a fost Inregistrat spectru UV pentru proba de Ketoprofen intre 230 nm si 350 nm,
prezentand un maxim de absorbtie la lungimea de unda de 255 nm.

- identificarea ketoprofenului pe baza spectrului IR s-a realizat prin compararea
spectrului probei cu spectrul de referinta al ketoprofenului, stocat intr-o baza de date cu
spectre de referintd. Rezultatul suprapunerii celor doud spectre a fost 96% similaritate, ceea ce
inseamna o identificare pozitiva a ketoprofenului.




- prin aplicarea CSS la identificarea ketoprofenului, observdm cé aceastd metoda este
potrivita pentru analiza acestei substante active. Se obtine o separare buna, iar Rydeterminat
experimental (R¢=0,75), este similar cu valoarea din literaturd(R;=0,76) [62], pentru acelasi
sistem cromatografic.

- In urma analizelor efectuate pentru identificarea kefoprofenului prin metoda HPLC
s-a determinat ca are timpul de retentie caracteristic, de Tr = 9,562 minute [50,57].

- in urma analizarii aspectului solutiei observam ca solutiea obtinuta este limpede, cu
o coloratie care nu este mai intensa decat a unui etalon de culoare prevazut de farmacopee,
Y6 [9].

- pentru determinarea cantitativa a unor compusi proveniti din sinteza ca produse
secundare,determinarea s-a efectuat prin metoda HPLC. Nu s-a detectat prezenta impuritatilor
alaturi de ketoprofen.

- in urma analizelor efectuate pentru determinarea prezentei ionilor metalelor grele,
nu s-a observat prezenta acestora in solutia de ketoprofen.

- In urma analizelor efectuate pentru determinarea masei pierdute prin uscare,
valoarea medie a cantitatii de apd pierdutd din proba de analizat este 0,109%, ceea ce
corespunde specificatiei din farmacopee, limita impusd de aceasta fiind de 0,5% [9].
Rezultatele sunt exacte, determindrile repetate s-au efectuat cu o eroare RSD de 1,46%,
acceptabila pentru preparate farmaceutice.

- in urma analizelor efectuate pentru determinarea rezidiului obfinut dupa calcinare
este 0,026%, Incadrandu-se astfel in cerintele farmacopeei, limita admisd pentru cenusa
sulfatata fiind de 0, 1 % [9]. Si 1n cazul acestei determinari RSD = 1, 44 %, fiind mai mica de
RSD = 2%, valoare acceptata pentru preparatele farmaceutice.

Urmarind analizele efectuate asupra ketoprofenului ca si substanta activa se observa
ca aceasta se incadreaza in cerintele impuse de farmacopee [9].

O etapa premergatoare unui studiu de stabilitate este reprezentatd de punerea la
punct a unei metode de analiza care sa permitd separarea, identificarea si dozarea produsilor
de degradare [58].Pentru realizarea studiilor de stabilitate am pus la punct o metoda de
determinare cantitativa a ketoprofenului din comprimate, prin cromatografie de lichide de
inaltd performantda metoda care a fost validata.Studiul de validare efectuat a demonstrat ca
metoda de determinare a cantitatii de ketoprofen este exacta si precisa, permitand determinari
cantitative repatate in aceeasi zi si in zile diferite cu o eroare standard relativa mai mica decat
2%.Totodatd s-a determinat limita de detectie fiind 0,00003 mg/ml si cea de cuantificare
0,00056 mg/ml.S-a determinat variata liniara a raspunsului detectorului in domeniul de
concentratie 0,005-0,01 mg/ml cu un coeficient de corelatie 0.99997.

Studiile de stabilitate au ca scop cunoasterea evolutiei In timp a calitatii principiilor
active si a produselor finite sub influenta diferitilor factori agresivi, printre care: temperatura,
lumina, umiditatea [47,62]. Studiile de stabilitate s-au efectuat in conformitate cu prevederile
normativului ICH Q 1A (EurPh) [9,60]. S-a efectuat studiu pe termen accelerat (testarea s-a
efectuat initial, la 3, respectiv 6luni, la o temperatura de 40 + 2 °C si o umiditate relativa de
75 £ 5%), si pe termen lung (testarea s-a efectuat initial, la 3, 6, 9, 12, 18, 24,36 de luni, la o
temperaturd de 25 + 2 ° C s1 o umiditate relativa de 60 + 5%)

In urma studiului efectuat in conditii accelerate pe comprimatele de Rubifen,cantitatea
de substanta activa determinata in cazul celor trei serii, se afla la limita de incredere impusa
de normativele 1n vigoare [9]. Dozarea ketoprofenului din comprimate s-a determinat prin
metoda HPLC, metoda care a fost validata.

S-a detectat prezenta compusilor de degradare, iar dupa determinarea cantitativa a
acestora, determinare ce s-a efectuat prin metoda HPLC, s-a observat ca valorile obtinute se
incadreaza in limitele impuse de farmacopee [9].




In cadrul studiului s-a determinat si cantitatea de ketoprofen din comprimate dupa ce
acestea au fost dizolvate in prealabil. Dupa dozarea ketoprofenului s-a constatat ca valorile
obtinute se afla la limita de incredere impusa. S-a folosit aceeasi metoda ca si la dozarea
ketoprofenului din comprimate.

Studiul de stabilitate pe termen lung a avut ca scop verificarea perioadei de valabilitate
si a eventualelor reactii de degradare.

In urma studiului pe timp de 36 luni efectuat pe comprimatele de Rubifen, am observat
ca pe tot parcursul studiului comprimatele si-au pastrat aspectul uniform, marginile
comprimatelor au ramas intacte, rotunde, de culoare aproape alba.

Dupa dozarea ketoprofenului din comprimate, s-a observat ca acesta corespunde
limitei de Incredere de 95% impusa de normele 1n vigoare. Cantitatea de ketoprofen s-a
determinat prin metoda HPLC, metoda ce a fost validata anterior.

Alaturi de ketoprofen, in comprimate a fost detectatd prezenta compusilor de
degradare. Dupa dozarea acestora, dozare ce a fost realizata prin metoda HPLC, valoarea
determinata a produsilor de degradare se incadreaza in limitele impuse de farmacopee.

Pe parcursul studiului s-a determinat si cantitatea de ketoprofen din comprimate dupa
dizolvarea lor in prealabil. Pentru dozarea ketoprofenului s-a utilizat aceeasi metoda
(HPLC), valorile obtinute se incadreaza in limita de incredere impusa de farmacopee [9].

Analizand rezultatele obtinute, am deonstrat ca ketoprofenul prezinta stabilitate fizica
si chimica pe tot parcursul studiului.

In urma evaludrii rezultatelor studiului de stabilitate se pot afirma urmatoarele: metoda
de analiza dezvoltata este aplicabild la determinarea cantitativd a principiilor active si la
urmadrirea evolutiei cantitatii produsilor de degradare pe perioada de valabilitate; astfel se
poate utiliza atat in cadrul testarilor din controlul interfazic, la eliberarea produsului finit, cat
si in studiile de stabilitate. Produsul studiat prezinta o stabilitate corespunzatoare in conditiile
noastre climatice in intervalul de timp de 36 de luni, ca urmare nu necesita conditii speciale de
pastrare in unitdtile farnmaceutice.

Studiile efectuate asupra stabilitdtii ketoprofenului in condifii de stress, atit pe
substantd activa cat si a unor forme farmaceutice ce contin ketoprofen (comprimate, solutie
injectabild, solutie spray) au dus la urmatoarele concluzii:

In urma determindrilor efectuate se observa cd sub actiunea radiatiilor UV apare o
degradare intensd a moleculei, viteza acestor reactii fiind foarte mare. In decurs de 120 de
minute s-a constatat o scadere a continutului de ketoprofen din preparatele farmaceutice dupa
cum urmeaza:

- substanta activa se degradeaza cu 32,1%

- continutul de ketoprofen din comprimate se degradeaza cu 50,9 %

- continutul de ketoprofen din solutia injectabila se degradeaza cu 32,1%

- continutul de ketoprofen din solutia spray se degradeaza cu scade cu 42,85%

Evaluand rezultatele obtinute, observam ca radiatiile UV produc o degradare
accelerata a ketoprofenului indiferent de forma farmaceutica sub care a fost conditionat.

S-a constatat c¢d prin expunerea probelor la medii cu UR 59% in perioada de 14 zile
continutul in ketoprofen din probele analizate scade dupa cum urmeaza:
- substanta activa se degradeaza cu 2,2%
- continutul de ketoprofen din comprimate se degradeaza cu 5%
- continutul de ketoprofen din solutia injectabild se degradeaza cu 5,2%
- continutul de ketoprofen din solutia spray se degradeaza cu 4,4%

Prin expunerea probelor la medii cu UR 90% se constatd urmatorele:
- substanta activa se degradeaza cu 2,9%




- continutul de ketoprofen din comprimate se degradeaza cu 6,2%
- continutul de ketoprofen din solutia injectabild se degradeaza cu 6,1%
- continutul de ketoprofen din solutia spray se degradeaza cu 4,7%
Chiar daca ketoprofenul este insolubil in apa, prezenta acesteia duce la degradarea
moleculei.
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CURRENT STAGE OF KNOWLEDGE

Ketoprofen is a non-steroidal anti-inflammatory propionic acid derivative, more exactly
the 3-benzoyl-alpha-metilfenilacetic acid [3,4]. It is mainly used by present therapy for its
anti-inflammatory effect as well as for its very good analgesic effect [3.31]. It falls into the
minor anti-inflammatory category. It can be administered orally, parenterally, rectally as well
as by local skin therapy. It acts by inhibiting both types of cyclooxy genase and by inhibiting

phospholipase and lipoxygenase. [4, 6, 14].
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Pharmacokinetic data indicate that orally, the digestive absorption is good. The plasma
T 1s short, of about two hours. It distributes in the synovial fluid, where high concentrations
are achieved. It crosses the placental barrier [8, 21, 22].

Ketoprofen is mostly metabolized in the liver. It undergoes glucuronidation leading to
the formation of unstable glucuronic esters which are eliminated mostly through the kidneys.
Fecal excretion is less than 1%.

Due to the rapid and complete elimination of kefoprofen from the body, it is unlikely to
produce any side effects resulting from accumulation of the parent drug or of its metabolite.
Since ketoprofen does not penetrate the blood brain barrier to a determined limit, the
incidence of CNS type effects is minor [31, 34, 35].

The main side effects are nausea, vomiting, diarrhea, constipation, abdominal pain,
gastrointestinal discomfort and gastralgia. Other serious adverse reactions are peptic ulcer,
gastrointestinal bleeding and intestinal perforation. The frequency of bleeding increases with
the dosage. An absolute contraindication is the administration in the last trimester of
pregnancy due to cardiopulmonary and renal toxicity risks to the fetus [3, 4, 5].

Combination with other NSAIDs, oral anticoagulants, heparin, ticlopidine, intrauterine
contraceptive devices (IUS), lithium preparations and methotrexate is not recommended.

Combinations of Ketoprofen with antihypertensives (beta blockers, angiotensin-
converting enzyme inhibitors) and diuretics require great caution.

The study of bibliographic data on the characterization of ketoprofen in terms of
identity and quality has led to the following conclusions:

- Ketoprofen has a melting range between 94-97°C, determined by capillary method
[9,27,47,48].

- the dosage of Ketoprofen is determined by a potentiometric method, determining the
equivalence point, in potentiometric terms [9.27].

- the first method of identifying ketoprofen is by IR absorption spectrometry where the
spectra of the substance to be analyzed is compared to the spectrum of ketoprofen CRS
[9,27,49].

- for the identification of ketoprofen, specialized literature data also refer to the TLC
(Thin Layer Chromatography) method using GFs4R silica gel as a contrast substance [9.27].
The main spot in the chromatogram obtained with the solution to be analyzed is similar in
position and size to the main spot in the chromatogram obtained with the reference substance
(ketoprofen).

PERSONAL CONTRIBUTIONS

Since the fight against pain is one of the priorities of medicine, the purpose of this paper
is to present the physicochemical properties of ketoprofen which is widely used in current
therapy for its analgesic, anti-inflammatory effect, to conduct several stability studies of the
active principle and of certain pharmaceutical forms, to validate the analytical methods and
the dosage of pharmaceutical forms.

Following the analyses performed for the physicochemical and qualitative
characterization, I have reached the following conclusions:

- Ketoprofen is available under the form of a white crystalline powder, insoluble in
water, soluble in acetone, ethanol, methanol, chloroform. The determined melting point is
95.82, a value that is within the range determined by specialized literature [9].

- the UV spectrum was recorded between 230 nm and 350 nm on the ketoprofen
sample, with a maximum absorption wavelength of 255 nm.
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- the identification of ketoprofen on the IR spectrum was done by comparing the sample
spectrum with the reference spectrum of ketoprofen, stored in a database of reference spectra.
The result of overlapping the two spectra was 96% similarity, which means a positive
identification of ketoprofen.

- by applying TLC to identify ketoprofen, we have observed that this method is
particularly suited to identify this active substance. We obtained a good separation and the
experimentally determined Rs (R¢= 0.75) was similar to the value in specialized literature (R
=0.76) [62] for the same chromatographic system.

- further analyses conducted to identify ketoprofen by HPLC determined a
characteristic retention time of Tr = 9.562 minutes [50.57].

- after analyzing the aspect of the obtained solution we observed that the solution was
clear, with a colouration no more intense than the colour of the Y6 standard colour scale
stipulated by the pharmacopoeia [9].

- for the quantitative determination of synthetic compounds derived as secondary
products we used the HPLC method. The presence of impurities in the presence of ketoprofen
was not detected.

- analyses conducted to determine the presence of heavy metal ions revealed no
presence of these ions in the solution of ketoprofen.

- following the analyses conducted to determine the mass loss by drying, the average
amount of water lost from the sample was of 0.109%, which corresponds to the specifications
of the pharmacopoeia, the limit imposed by it being 0.5% [9]. The results were accurate,
repeated measurements were performed with a RSD error of 1.46% which is acceptable for
pharmaceutical preparations.

- the analysis conducted to determine the residue showed a value of 0.026% after
calcination, placing itself in the pharmacopoeia requirements, the limit allowed for sulphated
ash being 0.1% [9]. Even in this determination, the RSD = 1.44%, less than RSD = 2%, which
is acceptable for pharmaceutical preparations.

The results of the tests on ketoprofen as active substance show that it is within the
pharmacopoeia requirements [9].

A preliminary stage of a stability study consists of setting up a method of analysis that
allows separation, identification and dosage of degradation products [58]. To conduct the
stability studies, I have set up a method for the quantitative determination of ketoprofen in
tablets using high performance liquid chromatography, a validated method. The validation
study showed that the method of determining the amount of ketoprofen is accurate and
precise, allowing repeated quantitative determinations on the same day and on different days
with a relative standard error less than 2%. It also determined a detection limit of 0.00003
mg / ml and a quantification limit of 0.00056 mg / ml. It determined the linear range of the
detector response in a concentration of 0.005 to 0.01 mg / ml with a correlation coefficient of
0.99997.

Stability studies aim at determining the evolution in time of the quality of the active
ingredients and of the finished products under the influence of different aggressive factors,
including temperature, light, humidity [47.62]. Stability studies were conducted in accordance
with the ICH Q 1A norm (EurPh) [9.60]. The study was conducted on short-term (initial
testing was performed at 3 and at 6 months at a temperature of 40 = 2°C and at a relative
humidity of 75 + 5%), and on long-term (initial testing was performed at 3, 6, 9, 12, 18, 24,
36 months at a temperature of 25 + 2°C and at a relative humidity of 60 £ 5%)).

The study in accelerated conditions performed on Rubifen tablets shows that the
amount of the active substance determined in the three series is at the limit of confidence
required by the regulations in force [9]. The dosage of ketoprofen in the tablets was
determined by the HPLC method, a method previously validated.
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The presence of degradation compounds was detected and the quantitative
determination of these compounds, by the HPLC method, showed that the values obtained are
within the limits imposed by the pharmacopoeia [9].

The study has also determined the amount of ketoprofen in tablets after being dissolved.
After the dosage of ketoprofen, the values obtained are within the required confidence limit.
We used the same method as for the dosage of ketoprofen in tablets.

The long-term stability study was aimed at verifying the validity and the possible
degradation reactions.

Following the study conducted during 36 months on Rubifen tablets, I have observed
that throughout the period of study the tablets preserved their uniform appearance, their
margins remained intact, round and almost white.

After the dosage of ketoprofen in tablets, it has been observed that it corresponds to the
95% confidence limit imposed by current regulations. The amount of ketoprofen was
determined by the HPLC method, a method previously validated.

Along with ketoprofen, degradation compounds were also detected in the tablets. After
their HPLC determination, the amount of degradation products remains within the limits
imposed by the pharmacopoeia.

The study has also determined the amount of ketoprofen in tablets after having been
dissolved. For the determination of ketoprofen we used the same method (HPLC); the values
obtained fall within the limits of confidence imposed by the pharmacopoeia [9].

Analyzing the obtained results, we have demonstrated that kefoprofen shows physical
and chemical stability throughout the study.

After the assessment of the stability study, the following can be stated: the developed
analytical method is applicable to determine the quantity of active principles and to observe
the evolution of the quantity of active principles during validity, so it can be used both in
interphase control tests, at the release of the finished product, and in stability studies. The
investigated product showed an adequate stability in our climatic conditions during the period
of 36 months, therefore it does not require special storage conditions in pharmaceutical
establishments.

The studies on the stability of ketoprofen under stress conditions, both as active
principle and as pharmaceutical forms containing ketoprofen (tablets, injections, spray
solutions) led to the following conclusions:

Determinations made under the influence of UV radiations show an intense
degradation of the molecule, the speed of these reactions being very high. Within 120
minutes, the content of ketoprofen in pharmaceutical preparations decreased as follows:

- the active substance presents a degradation of 32.1%

- the content of ketoprofen in tablets presents a degradation of 50.9%

- the content of ketoprofen in injection solution presents a degradation of 32.1%

- the content of ketoprofen in spray solution presents a degradation of 42.85%

Having assessed the results, one can observe that UV radiations produce an
accelerated degradation of ketoprofen in all pharmaceutical forms.

It was observed that by exposing the samples to environments with RH 59% for 14
days the content of ketoprofen in the samples decreases as follows:

- the active substance presents a degradation of 2.2%

- the content of ketoprofen in tablets presents a degradation of 5%

- the content of ketoprofen in injection solution presents a degradation of 5.2%

- the content of ketoprofen in spray solution presents a degradation of 4.4%

By exposing samples to environments with RH 90%, the following have been

observed:

- the active substance presents a degradation of 2.9%
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- the content of ketoprofen in tablets presents a degradation of 6.2%

- the content of kefoprofen in injection solution presents a degradation of 6.1%

- the content of ketoprofen in spray solution presents a degradation of 4.7%
Even if ketoprofen is insoluble in water, its presence causes molecular degradation.
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