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DETERMINATION OF HYDROXYPROLINE IN COLLAGEN BIOMATERIALS FOR MEDICAL USE AND VALIDATION OF METHOD
ABSTRACT. The paper presents d method for determining hydroxyproline in collagen biomaterials for medical use produced in The Collagen Depdrtment of INCDTP —
Divigion ICPldnd its validation. The method has two stages: the first one consists in hydrolysis of proteing in the sdmple of protein product to the form of amino dcids,
among which hydroxyproline. The second stdge refers to selective highlighting of hydroxyproline using & specific colour redction dnd quantitdtive assessment
agdinst a reference standard with known concentration. The method was validated to estdblish performance parameter and to check complidnce with the set goal.
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DETERMINAREA HIDROXIPROLINEI DIN BIOMATERIALELE COLAGENICE PENTRU UZ MEDICAL $I VALIDAREA METODEI
REZUMAT. Lucrared prezintd o metoda de determindre a hidroxiprolinei din biomaterialele coldgenice pentru uz medical produse in Departamentul Coldgen al
INCDTP — Sucursald ICPI si validarea ei. Metoda are doua etdpe: prima consta in hidrolizd proteinelor din proba de produs proteic pana 13 stadiul de aminodcizi,
printre cdre si hidroxiprolind. A doua etdpa se referd |d evidentierea selectiva a hidroxiprolinei printr-o redctie specifica de culoare si evaluared cantitativa fata de un
standard de referinta cu concentratie cunoscuta. Metoda a fost validata pentru a se stabili parametrii de performanta si pentru verificarea conformarii cu scopul
propus.
CUVINTE CHEIE: biomateriale, hidroxiprolina, validare metodd, colagen

LA DETERMINATION DE L'HYDROXYPROLINE DANS LES BIOMATERIAUX DE COLLAGENE POUR UTILISATION MEDICALE ET LA VALIDATION DE LA METHODE
RESUME. Cet article présente une méthode de détermination de I'hydroxyproline déns les biomatéridux de colldgéne pour utilisdtion médicile produits dans le
Département de Collagéne de INCDTP - Division ICPI et |3 validation de cette méthode. La méthode comporte deux étapes: |a premiére consiste en I'hydrolyse des
protéines dans I'échantillon de produit protéique jusqu'a I'étdpe d'dcides aminés, y compris I'hydroxyproline. La deuxieme étdpe se référe a 1a mise en évidence
sélective de I'hydroxyproline par une réaction de couleur spécifique et a I'évaludtion quantitative contre un étalon de référence de concentration connue. La
méthode a été validée pour déterminer les parameétres de performance et pour vérifier Ia conformité avec le but fixé.

MOTS-CLES: biomatérigux, hydroxyproline, vélidition de I méthode, colligéne

INTRODUCTION

The quality of products for medical use is a
particularly complex concept because, unlike that of
other industrial products, it has @ much wider scope
and much deeper effects. If for most industrial
products quality is a well-defined property or set of
physical-chemical properties, in the case of products
for medical use, qudlity encompasses physical-
chemical, biochemical, microbiological and
toxicological characteristics. By their nature, these
have profound implications on life, as they are an
essential factor of metdbolic processes and balance of
the human body.

INTRODUCERE

Calitatea produselor pentru uz medical este un
concept deosebit de complex deoarece, spre deosebire
de cea a altor produse industriale, ea are un cuprins
mult mai larg si efecte mult mai profunde. Daca pentru
majoritatea produselor industriale, calitatea se
caracterizeaza printr-o Tnsusire sau grup de Tnsusiri
fizice si chimice bine definite, in cazul produselor
pentru uz medical calitatea inglobeaza caracteristici
fizico-chimice, biochimice, microbiologice si
toxicologice. Acestea, prin calitatea lor, au implicatii
profunde asupra vietii deoarece reprezinta un factor
esential al proceselor metabolice si al echilibrului
organismului.
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Medical product manufacturers are responsible
for the headlth of consumers, participating in one of the
most effective health protection and promotion
methods. As a result, products must fulfill three major
requirements: i) therdpeutic qualities; ii) hygiene
qualities; iii) sensory qualities.

These requirements impose constant control by
using complex and advanced methods that allow
reliable and reproducible data.

Promoting such products requires the existence of
relevant knowledge regarding the presence of
biologically active compounds in the range of raw
materials used and the assessment of their content in
terms of functiondl components.

Due to its excellent biocompatibility and
biodegradability, well-defined structure, biological
characteristics and method of interaction with the
body, collagen is one of the most frequently used
biomateridls for medical treatment. Extracted in the
form of aqueous solution or gel, type | fibrillar collagen
mady be modelled into vdrious products: medical
devices, artificial implants, drug reledase systems,
creams and scaffolds for tissue regeneration, with
important rolein medicine [1-6].

Collagen itself is considered &n active drug/
principle, used — in various forms — as hemostatic and
dressinginthe treatment of various types of wounds.

Collagen is the basis of intercellular matter of
conjunctive tissue found in bones, teeth, cartilage,
tendons, ligdments, skin, blood vessels and has an
important role in 3 series of physiological processes,
provides resistance and structural integrity to the body.
An incredse in catabolism and collagen regeneration
are important information in the pathogenesis of many
disedses.

Collagen, a natural protein, cannot heal infected
tissue by itself, as bacteria may use it as a substrate. In
severe wound infections, systemic drug administration
may lead to insufficient drug concentration at the
infected site or o side effects associated to the drug
and/or systemic toxicity. This deficiency found its
successful resolution in local drug applications, by
developing drug reledse systems using collagen as
substrate and an antibiotic/antiseptic as drug for
infection control [2, 4, 7, 8].

Redlizand produse pentru uz medical, producatorii
sunt responsabili de starea de sanatate a consumatorilor,
participand I3 una dintre cele mai eficiente cai de ocrotire
sipromovare a sanatatii. Ca urmare, produsele trebuie sa
fie sub imperiul a trei mari cerinte: i) sa posede calitati
terapeutice; ii) sa posede calitati igienice; iii) sa posede
calitatisenzoriale.

Aceste cerinte impun un permanent control prin
utilizarea unor metode complexe si performante care
sa permita obtinerea unor date certe si reproductibile.

Promovarea unor astfel de produse necesitad
existenta unor cunostinte relevante privind prezenta
unor compusi biologic activi in diversele materii prime
utilizate si evaluarea continutului lor in componentele
care le confera functionalitate.

Datoritd biocompatibilitatii si biodegradabilitatii
excelente, a structurii bine definite, a caracteristicilor
biologice si a modului in care interactioneazd cu
organismul, colagenul reprezinta unul dintre cele mai
utilizate biomateriale utilizate in tratamente medicale.
Extras sub forma de solutie apoasa sau gel, colagenul
fibrilar tip | poate fi modelat in diferite forme: dispozitive
medicale, implanturi artificiale, suporturi pentru cedarea
medicamentelor, creme si schelete pentru regenerare
tisulara, cu unrolimportantin medicina [1-6].

Colagenul insusi este considerat medicament/
principiu activ, fiind utilizat — sub diferite forme — ca
hemostatic si pansament in tratamentul diferitelor
tipuride leziuni.

Colagenul este baza materiei intercelulare a
tesutului conjunctiv prezent in oase, dinti, cartilaje,
tendoane, ligamente, tegument, vase de sange si are un
rol important intr-o serie de procese fiziologice, confera
organismului rezistenta si integritate structurala. O
crestere a catabolismului si regenerarea colagenului sunt
informatiiimportante in patogeneza multor boli.

Colagenul, fiind o proteina naturald, nu poate
vindeca singura tesutul infectat deoarece bacteriile il pot
utiliza ca substrat. in infectiile severe ale ranilor,
administrarea sistemica a medicamentelor poate conduce
la o concentratie insuficientd de medicament la locul
infectat sau la efecte secundare asociate medicamentului
si/sau la toxicitate sistemica. Aceasta deficienta si-a gasit
rezolvarea cu succes in aplicatiile locale ale
medicamentelor, dezvoltandu-se astfel sisteme de cedare
care au ca suport colagenul si ca medicament un
antibiotic/antiseptic pentru controlul infectiei [2, 4, 7, 8].
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The presence of collagen in the body is essential
for hedling minor skin injuries, as well as wounds in
different tissues, for repdiring cartilage, ligaments and
bones, including even dental degeneration.

A natural polymer, colldgen is made up of 20
amino acids, arranged in characteristic sequences that
form a highly complex conformational structure,
orgdnized into four levels, called primary, secondary,
tertiary and quaternary structures.

Collagen differs from regular proteins by the fact
the it includes a higher concentration of certdain amino
acids. Almost a third of collagen composition is glycine,
the smallest amino acid, and another third is proline
and hydroxyproline, the active form of proline, an
amino acid specificto collagen.

The most recent data regarding collagen
composition shows that hydroxyproline residues are
present in the major phenotype of type | collagen in a
ratio of dpproximdtely 11.3 wt%. The rdtio of
hydroxyprolyl residue in type Il collagen from cartilage
and in type IV collagen from basement membranes
ranges from 12.9% and 14.3%, and is dpproximately
15.0% intypelll collagen[9, 10].

Hydroxyproline is an amino acid irreversibly
synthesized from post translational hydroxylation of
proline by prolyl hydroxylase. As hydroxyproline was
found in very few proteins, other than colldgen,
hydroxyproline determination was used as a marker to
quantify collagen and/or gelatin levels (from partial
collagen hydrolysis resulting in @ mixture of proteins
and peptides).

Hydroxyproline determination is used to identify
certain diseases that involve breakdown of collagen.
Increased values of hydroxyproline have been
correlated to bone metastasis, prostate carcinoma or
hepatic fibrosis. Hydroxyproline dosing is dlso used in
the food industry in quality control of meat and meat
products [11].

Several experimental hydroxyproline determination
approdaches were found in the literature differing
dependingthe nature of the material {o be tested.

Tissue subjected to dnalyses are first hydrolysed
with acid to reledase hydroxyproline. This is generally
performed using hydrochloric acid solution 6M or
sulphuric acid 6M at temperatures from 110 to 130°C
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Prezenta colagenuluiin organism este esentialad pentru
vindecarea ranilor usoare ale pielii, dar si a ranilor din diferite
tesuturi, pentru repararea cartilagiilor, ligamentelor si
oaselor,incluzand chiar sidegeneraridentare.

Polimer natural, colagenul este constituit din 20
de aminoacizi, aranjati in secvente caracteristice, ce
formeaza o structura conformationala foarte
complexa, organizata pe patru nivele, numite structuri
primara, secundara, tertiara si cuaternara.

Colagenul difera de proteinele obisnuite prin
faptul ca are iIn compozitie o mai mare concentratie de
anumiti aminoacizi. Aproape o treime din colagen este
compusa din glicind, cel mai mic aminoacid si o alta
treime este formata din prolina si hidroxiprolina, forma
activa a prolinei, aminoacid specific colagenului.

Cele mai recente date privind compozitia
colagenului arata ca reziduurile hidroxiprolinei sunt
prezente in fenotipul major al colagenului tip I, in
proportie de aproximativ 11,3% in greutate. Ponderile
reziduului hidroxiprolil din colagenul tip Il din cartilaje si
colagenul tip IV din membranele bazale sunt cuprinse
intre 12,9% si 14,3% si sunt de dproximativ 15,0% in
colagenuldetiplll[9, 10].

Hidroxiprolina este un aminoacid care este sintetizat
ireversibil din hidroxilared post-translationald a prolinei de
catre prolil hidroxilaza. Deoarece hidroxiprolina a fost
gasita in foarte putine proteine, altele decat colagenul,
masurarea hidroxiprolinei a fost folosita ca un marker
pentru a cuantifica nivelurile de colagen si/sau gelatina
(din hidroliza partiala a colagenului rezultand un amestec
de proteinesi peptide).

Masurarea hidroxiprolinei este utilizata pentru a
identifica anumite boli care implica liza colagenului.
Valori crescute ale hidroxiprolinei au fost corelate cu
metastaze osoase, cu carcinom de prostatd, sau cu
fibroza hepatica. Dozarea hidroxiprolinei se utilizeaza si
inindustria dlimentara la controlul calitativ al carnii si al
produselordincarne[11].

Pentru determinarea hidroxiprolinei, in literatura
de specialitate au fost gasite mai multe abordari
experimentale diferite Tn functie de natura materialului
de testat.

Tesuturile supuse analizelor sunt mai intai
hidrolizate cu acid pentru a se elibera hidroxiprolina.
Acest lucru este Tn general realizat folosind solutie de
acid clorhidric 6M sau acid sulfuric 6M 1a temperaturi
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for 10 to 24 hours, either in sealed tubes or in reflux
condensers.

Other researchers used perchloric acid 72% at
100°C for 2-4 hours [12, 13] or sulphuric dcid 3M at
105°C for 16 hours, as specified in 1ISO 3496: 1994 for
determination of hydroxyproline in meat and meat
products [11].

Free hydroxyproline is most conveniently
quantified colorimetrically after oxidation to pyrrole,
which is then reacted specifically with p-
dimethylaminobenzdldehyde (Ehrlich's reagent) to
produce an intense red-brown compound.
Chloramine-T is now generally preferred as oxidant in
pyrrole formation.

In the case of collagen-rich foodstuff, three
methods are most used, but the most often used is the
one proposed by the International Standard
Organization in 1SO 3496:1994 that was developed
specifically for determining hydroxyproline in meat or
meat products.

For routine analysis, the amino analyzer is a
convenient means for {redating a large number of
samples. Also, for medical analyses of bodily fluids
(blood, urine, plasmd) rapid, but not economical,
methods have been developed using kits.

After acid hydrolysis of the collagen material,
several methods may be used for the quantitdtive
determination of 3-hydroxyproline and 4-hydroxyproline
by high-performance liquid-chromatography [14-16], or
by gas chromatography using volatile derivatives, such as
esters [17, 12, 13], trifluoroacetyl-butyl or isobutyl, or N-
heptafluorobutyryl [18], laborious methods which are
suitable for low contentsinthe samples.

The most frequently used is still the spectrophotometric
method for the determindtion of hydroxyproline, based on
thereactionwith Ehrlich'sredgent [19-24].

The chemical mechanism of this process can be
described as follows: the structure of hydroxyproline
contdins a pyrrolidine ring, which mdy undergo oxidative
dehydration to a pyrrole ring, which may be
subsequently identified through a reaction with Ehrlich's
reagent or p-dimethylaminobenzaldehyde. The resulting
quinoid compound is intensely colored (color depends
onthesubstituents and ranges from orange to purple).

cuprinse intre 110-130°C timp de 10 pana la 24 ore, fie
in tuburi sigilate, fie sub reflux cu condensator de der.

Alti cercetdtori au folosit acid percloric 72% la
100°C timp de 2-4 ore [12, 13] sau acid sulfuric 3M Ia
105°C timp de 16 ore, cum este specificat in 1ISO 3496:
1994 pentru determinarea hidroxiprolinei din carne si
din produsedincarne [11].

Hidroxiprolina libera este cuantificata cel mai
convenabil colorimetric dupa oxidarea la pirol, care
este apoi reactionat in mod specific cu p-dimetil-amino
benzaldehida (reactivul Ehrlich) pentru a produce un
compus intens de culoare rosu-brun. Cloramina T este
acum Tn general preferata pentru utilizarea ca oxidant
informarea pirolului.

Pentru materidlele dlimentare bogate in colagen,
cel mai mult sunt folosite trei metode, dar cea mai
uzitata este cea propusa de Organizatia Internationala
pentru Standarde in ISO 3496: 1994 care a fost
dezvoltata in mod special pentru determinarea
hidroxiprolineidin carne sau produse din carne.

Pentru dnalize de rutina aminoanalizorul reprezinta
un mijloc convenabil pentru tratarea unui numar mare de
probe. De asemenea, pentru andlizele medicale din lichide
fiziologice (sange, urina, pldsma) s-du dezvoltat metode
rapide, dar nu pred economice, care folosesc kituri.

Dupa hidroliza acida a materialului colagenic exista
mai multe metode publicate pentru determinarea
cantitativa sensibila prin cromatografie lichida de Tnalta
performanta a 3-hidroxiprolina si 4-hidroxiprolind [13-15]
sau prin cromatografie de gaz folosind derivati volatili, cum
arfiesteri[17,12,13], trifluordcetil de butil sau izobutil sau
N-heptafluorbutiril [18], metode laborioase si care se
preteaza pentru continuturiredusein probe.

Ced mai uzitata metoda ramane insa metoda de
determinare spectrofotometrica a hidroxiprolinei care
se bazeazd pereactia cureactiv Ehrlich [19-24].

Mecanismul chimic al acestui proces poate fi
descris dupa cum urmeaza: hidroxiprolina contine in
structura un inel de pirolidind, care poate suferi
oxidativ o dehidrogenare pana la un inel de pirol, care
poate fi identificat ulterior folosind o reactie cu reactiv
Ehrlich sau p-dimetilaminobezaldehida. Compusul
quinoid rezultat este intens colorat (culoarea depinde
de substituentisivariaza de la portocaliu lalila).
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The use of compounds such as hydrogen peroxide,
Chloramine-B or Chloramine-T is reported in the
literature for oxidative dehydrogenation [24-26].

As a result of the literature review on methods for
the determination of hydroxyproline in tissues, meat
and meat products, bodily fluids and various types of
collagen, the method presented below was adapted
and used for protein-based products intended for
medical use.

MATERIALS AND METHOD

Method Principle

Hydroxyproline determination is performed
takinginto dccount the following three basic steps:

d) hydroxyproline is derivatized from collagen by
hydrolysis with sulphuric acid, at high temperature,
105°C;

b) hydroxyproline is oxidized by adding
Chloramine-T, and the oxidation product is subjected to
decarboxylation to pyrrole, in an acid medium at high
temperature;

¢) pyrrole combines, in an acid medium, with p-
dimethyldaminobenzaldehyde (DMAB) and the
resulting addition product is determined by measuring
the solution dbsorbance at 558 nm.

Hydroxyproline content is cdlculated and
expressed ds mass percentage.

Reagents

Only known dnalytical grade redgents (SIGMA
ALDRICH) and distilled water, demineralized water or
water equivdlentin purity are used.

1. Sulphuricacid solution, 3 mol/L.

2. Buffer solution, pH =6.8, consisting of:

e 26.0gcitricacid monohydrate;

e 14.0gsodium hydroxide;

e 78.0gsodium dcetate anhydrous

Reagents are dissolved in 500 mL water and
quantitatively transferred in a 1 litre volumetric flask.
250 mL N-propanol dre added and water is filled up to
the mark. When stored at the temperature of 4°Cin the
dark, this solutionis stable up to a few weeks.
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utilizedza compusi ca perhidrol, Cloramina B sau
CloraminaT[24-26].

Ca urmare a studiului de literatura privind
metodele de determinare a hidroxiprolinei din tesuturi,
din carne si produse din carne, din lichide fiziologice si
din diferitele tipuri de colagen, s-a facut o adaptare a
metodei care este expusa mai jos si s-a folosit pentru
produsele proteice pentru uz medical.

MATERIALE S| METODA

Principiul metodei

Determinarea hidroxiprolinei se efectueaza luand
in considerare urmatoarele trei etape de baza:
hidroliza cu acid sulfuric, la temperaturd ridicata,
105°C;

b) hidroxiprolina este oxidatd prin adaugarea de
Cloramina-T, iar produsul de oxidare este supus, intr-un
mediu acid, la temperatura ridicata, decarboxilarii |a
pirol;

c) pirolul se combind, intr-un mediu acid, cu p-
dimetilaminobezaldehida (DMAB) si produsul de aditie
obtinut este determinat prin masurarea absorbantei
solutieila558 nm.

Continutul de hidroxiprolina este calculat si
exprimat ca procente de masa.

Reactivi

Se utilizeaza numai reactivi de calitate analitica
recunoscuta (SIGMA ALDRICH) si apa distilata sau apa
demineralizata sau apa echivalenta ca puritate.

1. Solutie de acid sulfuric, 3 mol/I.

2.Solutietampon, pH=6,8, constand din:

e 26,0gacid citric monohidrat;

e 14,0gdehidroxid de sodiu;

e 78,0gdeacetatde sodiuanhidru.

Se dizolva reactivii in 500 ml de apa si se transfera
cantitativ intr-un balon cotat de 1 litru. Se adauga 250 ml
de N-propanol si se completeazad pana la marcaj cu apa.
Cand este depozitata la temperatura de 4°Cin intuneric,
aceasta solutie este stabila timp de cateva saptamani.
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3. Chloramine-T

1.41 g N-chloro-p-toluenesulfonamide sodium
salt trihydrate (Chloramine-T) are dissolved in 100 mL
buffer solution. This solution is prepared immediately
before use.

4. Colourreagent

10.0 g p-dimethylaminobenzaldehyde are
dissolved in 35 mL perchloric dcid solution [60% (m/m)]
and then 65 mL isopropanol are slowly added. This
solutionis prepared onthe dayitisused.

5. Hydroxyproline, standard solutions

A stock solution is prepared by dissolving 50 mg
hydroxyproline in water in @ 100 mL volumetric flask. 1
drop sulphuric acid solution is added and filled up to
the mark with water. This solution is stable for at least 1
month, stored at 4°C.

On the day of use, 5 mL stock solution is
transferred into @ 500 mL volumetric flask and filled up
to the mark with water. Four standard solutions are
then prepared by diluting 10 mL, 20 mL, 30 mL and 40
mL of this solution with water up to 100 ml {o obtain
hydroxyproline concentrations of 0.5 pg/mL, 1 pug/mL,
1.5 pg/mL, and 2 ug/mL, respectively.

Equipment

* Spectrometer, suitable for use at a wavelength
of 558 nm + 2 nm, or a photoelectric
colorimeter with an interference filter with
maximum absorption at 558 nm £ 2 nm. Glass
cells with optical path length of 10 mm are
used.

e Adjustable oven at 105°C+2°C;

* Analytical scales with accuracy of 0.0001 g

e Adjustable water bath at 60°C

Work Method

Sample Preparation

a. Approximately 0.5-1 g sample are weighed with
an dccuracy of 0.0001 g in hydrolysis tubes so
thatthe sample does not adhere to the walls.

b. 10 mLsulphuric acid solution (1) are added, the
tubeis covered and placed in the oven at 105°C
+2°Cfor 16 hours for hydrolysis.

3.Cloramina-T

Se dizolva 1,41 g sare de sodiu a N-clor-p-
toluensulfonamida trihidrat (Cloramina-T) in 100 ml din
solutia tampon. Aceasta solutie se prepara imediat
inainte de utilizare.

4. Reactivde culoare

Se dizolva 10,0 g p-dimetilaminobezaldehidain 35
ml de solutie de acid percloric [60% (m/m)] si apoi se
adauga incet 65 ml de izopropanol. Aceasta solutie se
preparain ziua utilizarii.

5. Hidroxiprolina, solutii standard.

Se obtine o solutie stoc prin dizolvarea a 50 mg de
hidroxiprolina in apa intr-un balon cotat de 100 ml. Se
adaugad 1 picatura de solutie de acid sulfuric si se
completeaza pana la semn cu apad. Aceasta solutie este
stabild timp de cel putin1luna, la4°C.

Tnziuade utilizare, se transferd 5 ml de solutie stoc
intr-un balon cotat de 500 ml si se completeaza panala
semn cu apa. Apoi se prepara patru solutii standard
prin diluarea a 10 ml, 20 ml, 30 ml si 40 ml din aceasta
solutie pana la 100 ml cu apa pentru a obtine
concentratiile hidroxiprolineide 0,5 ug/ml, 1 ug/ml, 1,5
ug/mlsirespectiv 2 pg/mil.

Aparatura

e Spectrometru, adecvat pentru utilizare la o
lungime de unda de 558 nm * 2 nm, sau un
colorimetru fotoelectric cu un filtru de
interferenta cu un maxim de absorbtie la 558
nm £ 2 nm. Se folosesc celule de sticla cu drum
opticde 10 mm.

e Etuvareglabilala 105°C+2°C;

e Balanta analitica cuacurateteade 0,0001 g;

e Baiedeapareglabilala60°C.

Mod de lucru

Pregdtirea probei

a. Se cantaresc aproximativ 0,5-1 g de proba cu
dcurdtete de 0,0001 g in tuburi de hidroliza
astfelincat proba sa nu ddere |3 pereti.

b. Se adauga 10 ml solutie de acid sulfuric (1), se
dcopera tubul si se plaseazain etuvala 105°C+
2°Ctimp de 16 ore pentru hidroliza.
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c. The resulting hydrolysate is transferred into a
250 mL volumetric flask and filled with water
up tothe mark.

d. Usinga pipette, a volume Vis added into a 250
mL volumetric flask and filled with water up to
the mark. Volume V will be taken so that
hydroxyproline content would range between
0.5ug/mLand 2 pg/mL.

e. 4.00 mL of this solution (d) is transferred into a
test tube and 2.00 mL Chloramine-T reagent is
added (3). The solution is stirred and left at
room temperature for 20 min £ 1 min.

f. 2.00 mL colour reagent (4) is added, mixed
thoroughly and the lid of the tube is covered
with aluminium or plastic foil (5.6).

g. The tube is rapidly transferred into the water
bath (5.7), set at 60°C and heated for 20
minutes precisely.

h. The tube is cooled under {ap water stream for
atleast 3 minutes and left at room temperature
for 30 min.

i. Absorbanceis medsured at 558 nm+2nmina
glass cell compared to a blank of redgents.

Calibration Curve

The procedure described from item e. t{o i.
included is performed on standard hydroxyproline
using 4.00 ml of the four diluted solutions.

The calibration curveis plotted.

Values for analysed samples are read and
concentration is calculated depending on the mass of
the sample, dilutions and the sample volume V taken in
itemd.

RESULTS AND DISCUSSIONS

Collagen biomaterials for medical use from the
Collagen Department of INCDTP - Division ICPI, namely
collagen hydrolysates, gels and matrices used in wound
treatment (Pancol, Gevicol), were studied to determine
hydroxyproline [5-9].

Samples were physically-chemically characterised
andtheresults are presentedin Table 1:
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c. Hidrolizatul obtinut se transfera intr-un balon
cotatde 250 mlsise aducela semn cu apa.

d. Cu 3djutorul unei pipete se introduce un volum
V intr-un balon cotat de 250 ml si se aduce 1a
semn cu apa. Volumul V va fi luat astfel incat
continutul de hidroxiprolind sa fie cupring in
intervalul 0,5 pg/ml-2 pg/mil.

e. Setransfera 4,00 mldin aceasta solutie (d) intr-
0 eprubeta si se addauga 2,00 ml de reactiv
Cloramina-T (3). Se amesteca si se lasa 13
temperatura camereitimp de 20 min £ 1 min.

f. Se adauga 2,00 ml reactiv de culoare (4), se
amesteca bine si capacul tubului se dcopera cu
dluminiu sau folie de plastic (5.6).

g. Se transfera tubul rapid in bdia de apa (5.7),
stabilita |3 60°Csi se incalzeste timp de exact 20
de minute.

h. Se raceste tubul sub jet de apa de la robinet
timp de cel putin 3 minute si se lasa Ia
temperatura camereitimp de 30 min.

i. Semasoaraadbsorbantalda 558 nm+2 nmintr-o
celula de sticla fata de un blank de reactivi.

Curba de calibrare

Se efectueaza procedura descrisa de 1a punctul e.
pana la i. inclusiv, cu cate 4,00 ml din cele patru solutii
diluate hidroxiprolineistandard.

Setraseaza graficul de calibrare.

Se citesc valorile pentru probele luate in lucru si se
calculeazd concentratia Tn functie de masa probei,
dilutiile efectuate si volumul V de proba luat 13 punctul
d.

REZULTATE SI DISCUTII

Pentru determinarea hidroxiprolinei s-au luat in
studiu biomateriale colagenice pentru uz medical de 13
Departamentul Coldagen al INCDTP — Sucursala ICPI,
respectiv hidrolizate, geluri si matrici colagene folosite
Ia tratarea plagilor (Pancol, Gevicol) [5-9].

Probele du fost caracterizate fizico-chimic,
rezultatele fiind prezentate in Tabelul 1:
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Table 1: Characterization of collagen biomaterials for medical use
Tabelul 1: Caracterizarea biomaterialelor coldagenice pentru uz medical

Pancol batch 2

Pancol lot 2 0

Gevicol batch 2

Gevicol lot 2 .57

Spongious white foil

e Folie albd spongioasd

Spongious violet foil

L= Folie violet spongioasd

Collagen gel batch 2
Gel colagen lot 2

Transparent gel

17.28
Gel transparent

Hydrolysdte COL 22

Hidrolizat COL 22 84.90

Yellowish powder

16.87
Pulbere gdlbui

*values are recdlculated without voldtile matter
*valorile sunt recalculate la liber de materii volatile

Chloramine-T (N-chloro-4-toluenesulfonamide
sodium salt) was used ds oxidation agent, as its
indisputable advantdges include edsy decomposition
of its excess and dbsence of coloured reduction
products. The oxidation reaction is performed in a
buffer solution with pH~6.8.

Hydroxyproline oxidation is illustrated by the
following reactions:

Chloramine-T Hydroxyproline

The postulated mechanism for the oxidation of
hydroxyproline to pyrrole is as follows (2): first
hydroxyproline (1) is oxidized to a linear compound, a-
keto-y-hydroxy-6-aminovaleric acid (II), which is in
equilibrium with the pyrroline-4-hydroxy -2-carboxylic
acid with cyclic structure (lll). The loss of water gives an

IZ

Cloramina-T (sarea de sodiu N-clor-4-
toluensulfonamida) a fost utilizatd ca agent de oxidare
deoarece printre avantajele incontestabile ale acestui agent
de oxidare sunt usurinta de descompunere a excesului sau si
absenta produselor de reducere colorate. Reactia de oxidare
esterealizataintr-o solutie tamponcupH~6,8.

Oxiddred hidroxiprolinei este ilustrata prin
reactiile urmatoare:

(1)

Oxidation

T
Product A

Mecanismul postulat pentru oxidarea
hidroxiprolinei la pirol este urmatorul (2): mai ntai
hidroxiprolina (1) este oxidata la un compus liniar, acidul
a-ceto-y-hidroxi-6-aminovaleric (ll), care se afld in
echilibru cu acidul pirolin-4-hidroxi-2-carboxilic cu
structura ciclica (lll). Pierderea de apa da o structura
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unstable structure (IV), which spontaneously rearranges
to pyrrole-2-carboxylic acid (V). The final step of
decarboxylation to pyrrole (VI) takes place during the
hedting after the addition of the chromogenic redgent
for pyrrole, p-dimethylaminobenzaldehyde [27].

HO, HO
AN N
| (+0)
—_

LA -

. N

(D

’ﬁ‘ (-co) r'

\N/’

H H

(vI)

Chromophore formation is illustrated in the
following reaction:

H._0O cn
N
Y

e en,

v

As the products tested have a much higher
collagen content, the amount of sample tested was
modified. Also, as the product in question is
collagen hydrolysate, we considered it necessary
to use more diluted mineral acids for hydrolysis,
namely 3 moldr compared to the 6-12 molar used
for meat and meat products. The hydrolysate
filtration step was eliminated as it does not contain
other components.

Both sulphuric acid 3M and hydrochloric acid 3M
were used for hydrolysis of studied samples, with
compadrable results.

Values for hydroxyproline in collagen products
for medical use determined using the adapted
method are in accordance with literature data
regarding hydroxyproline content. Each value is the
dverage of 10 replicated determinations, presented in
Table 2.
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instabila (IV), care se rearanjeaza spontan la pirol-2-
carboxilic (V). Etapa finala de decarboxilare la pirol (VI)
are loc in timpul Tncalzirii dupa adaugarea reactivului
cromogen pentru pirol, respectiv p-
dimetilaminobenzaldehida [27].

‘COOH COOH

(1

l. H0) (2)

— (A

COOH N COOH

(Iv)

Formarea cromoforului cu este ilustrata in reactia
urmatoare:

H,C.t
N -
H /

JN\
H,C* “CH,

Pentru ca produsele luate in studiu du o cantitate
mult mai mare de colagen, s-a modificat cantitatea de
proba ludta in lucru. De dsemenead, fiind vorba de
hidrolizate de colagen, am considerat necesar a se
utiliza pentru hidroliza acizi minerali mai diluatji,
respectiv 3 molar fatd de 6-12 molar, cat se utilizeaza
pentru carne si produse din carne. S-a eliminat faza de
filtrare a hidrolizatului deoarece nu avem alte
componente.

Pentru hidroliza probelor ludte Tn studiu s-a
utilizat atat acid sulfuric 3M, cat si acid clorhidric 3M,
rezultatele fiind comparabile.

Valorile pentru hidroxiprolina din produsele
colagenice pentru uz medical determinate prin metoda
adaptata sunt in concordanta cu datele din literatura
privind continutul de hidroxiprolina. Valorile se
regasesc in Tabelul 2, fiecare valoare reprezentand
media a zece determindrireplicate.
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Table 2: Hydroxyproline content of collagen biomaterials for medical use
Tabelul 2: Continutul de hidroxiprolina al biomaterialelor colagenice pentru uz medical

Hydroxyproline, %
Hidroxiprolind, %

* values dre recalculated without volatile matter
* valorile sunt recalculate la liber de materii volatile

Vialidation is, therefore, an important step in
determining repeatability, reproducibility and safety of
the method, as it confirms whether the method is
suitable for usein a given system.

Throughout the validation stages of the method,
several performance parameters are monitored: limit
of detection (LOD), limit of quantification (LOQ),
linearity, working range, accurdcy, relidbility,
repeatability, internal reproducibility.

The validation method and analysis procedure of
hydroxyproline content were performed in
accordance to EURACHEM validation guide for
analytical methods.

Working range is the interval between the lower
concentration and the higher concentration of the
analyte in the sample for which it was proven that the
procedure has the right level of precision, accuracy and
linearity.

Linearity is the ability of an analytical method to
yield results proportional to the concentration of the
analyteinthe sample.

The calibration curve of hydroxyproline was
plotted in the range of 0.1-2.5 ug/mL and the linearity
range for which the correldtion coefficient
characterizing the regression line R2=0.990377 was
visually assessed.

13.98*  14.23* 14.63* 14.55*

15.01* 15.12* 12.51* 12.77*

Validarea este, asadar, o etapa importanta in
determinarea repetabilitatii, reproductibilitatii si
sigurantei metodei, deoarece poate confirma daca
metoda este potrivita pentru a fi utilizata pentru un
anumit sistem.

Pe parcursul etapelor validarii metodei de
analiza se urmaresc mai multi parametri de
performanta ai metodei: limita de detectie (LOD),
limita de cuantificare (LOQ), liniaritatea, domeniul
concentratiilor de lucru, exactitatea, fidelitatea,
repetabilitatea, reproductibilitated interna.

Metoda de validare si procedura de analiza a
continutului de hidroxiprolind s-a realizat in
conformitate cu ghidurile de validare pentru metodele
analitice EURACHEM.

Domeniul concentratiilor de lucru reprezinta
intervalul dintre concentratia inferioara si cea
superiodra a analitului din proba de analizat pentru
care s-a demonstrat ca procedura are un nivel potrivit

Liniaritatea reprezinta abilitatea unei metode
analitice de a obtine rezultate proportionale cu
concentratia analituluidin proba.

S-a trasat curba de etdlonare a hidroxiprolinei pe
domeniul 0,1-2,5 pug/ml si s-a examinat vizual domeniul
de liniaritate pentru care s-a obtinut coeficientul de
corelatie ce caracterizeaza dreapta de regresie
R2=0,990377.
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A Calibrate Curve: HP_11_04
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Figure 1. Lineadrity range for concentrations ranging between 0.1 pg/mL dnd 2.5 pg/mL
Figura 1. Domeniu de liniaritate pentru concentratii cuprinse intre 0,1 pg/ml si 2,5 pg/ml
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Figure 2. Linearity range for concentrations ranging between 0.5 pg/mL dnd 2 pg/mL
Figura 2. Domeniu de liniaritate pentru concentratii cuprinse intre 0,5 pg/ml si 2 pg/ml

The equation of the linear regression functionis: Ecuatia functiei de regresie liniara este de forma:

y=0.1421x + 0.0115 (4)
b = 0.0115 intensity units x pug’l (5)
R*=0.9908

For good linearity, the correldtion coefficient
characterizing the regression line must range between
0.9904and 1.

Ten replicated samples of 1.5 pg/mL
hydroxyproline concentration were prepared and Yi
values were medsured (integrated units) for signal
intensity at 558 nm. Based on the equation of the
calibration curve, Xi (ug/L) values of concentration
obtained experimentally were calculdted and are
presentedin Table 3.
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Pentru o buna liniaritate, coeficientul de corelatie
ce caracterizeaza dreapta de regresie trebuie sa fie
cuprinsintre 0,990si 1.

S-au preparat 10 probe replicate de concentratie
1,5 pg/ml hidroxiprolina si s-au masurat valorile Yi
(unitati integrate) ale intensitatii semnalului de la 558
nm. Pe baza ecuatiei curbei de etalonare s-au
determinat prin calcul valorile Xi (ug/l) de
concentratie obtinute experimental si sunt
prezentate in Tabelul 3.
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Table 3:Yi and Xi values obtained for the ten analysed samples
Tabelul 3: Valorile Yi si Xi obtinute pentru cele 10 probe analizate

Yi 0.2245 02249 0.2246 0.2247 02241 0.2250 0.2255 0.2251 0.2253 0.2250

Xswersee(d€t.) =1.4904 pg/L
p=redl vilue of the reference material
Accuracy is the closeness between the real value
andthe value determinedin the analysed sample and is
calculated using the following formula:

s Xmadiu
Accuracy/Exactitate % = — 100
i
Bias % = —medv H
nl

The performance criterion established for
dccuracy was to fall in the 95-105% range and the
determinedvalueis 99.36%.

Standard deviation $=0.00295 pg/mL

CV (RSD)=0.19766%

Repeatability is @ meadsure of the scattering
degree, in a confidence interval, of the results
obtained from measurement performed by the same
analyst, under the sdme working conditions.

r=2.8xsr

where: sr=standard deviation of repeatability.

Xnea(det.) = 1,4904 pg/I

W =valoareareald a materialului de referinta

Exactitatea reprezinta apropierea dintre valoarea
reala si valodrea gasitd in proba de analizat si se
calculeaza cu formula:

1,4904

Accuracy/Exactitate = =99,36% (6)

100 Bias = 0.64 %

(7)

Criteriul de performanta stabilit pentru exactitate
a fost sa se incadreze in intervalul 95-105% si valoarea
gasita este de 99,36%.

Deviatia standard s=0,00295 pg/ml

CV (RSD)=0,19766%

Repetabilitatea este o masura a gradului de
imprastiere, intr-un interval de incredere, a rezultatelor
obtinute in urma masurarii executate de acelasi analist,
in aceleasi conditiide lucru.

(8)

in care: sr =deviatia standard a repetabilitatii.

Hydroxyproline control diagram
Diagrama de control hidroxiprolina

1,4980

1,4960
£ 14940

01,4920
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2 14900
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W

1,4860

\/
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T Medie - I stdev

Average + 1 stdev

T Medie - 2 stdev

4 5 6 7 8 9
Benchmark
Etalon

10

Average

Medie + 1 stdev —  Medie

Calibration values
Valori etalonare

Average - 2 stdev

Figure 3. Hydroxyproline control diagram
Figura 3. Diagrama de control a hidroxiprolinei
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The control diagram shows that eight of the
replicated samples fall into the average limit + 1
standard devidtion, and only two range between the
dverage + 2 standard devidtions, which means good
repeatability.

We consider that the method has good
repedtability, because standard deviation fell into the
0.00280-0.00298 pg/mLrange.

In terms of internal reproducibility, replicated
determinations were performed on the same analyte,
under the same conditions imposed by the method, by
the same analyst, on different days and the following
were calculated for each determination: average,
standard deviation, relative standard deviation (RSD).

Din didgrama de control se observa ca 8 dintre
probele replicate se incadreaza in limita medie + 1
deviatie standard si doar doua sunt cuprinse in medie +
2 deviatii standard, ceea ce reprezinta o buna
repetabilitate.

Congiderdam ca metoda are o buna repetabilitate
deoarece deviatia standard s-a incadrat in intervalul
0,00280-0,00298 pg/ml.

in ceea ce priveste reproductibilitdtes interns,
s-au realizat determinari replicate pe acelasi analit,
in aceleasi conditii impuse de metoda, de acelasi
analist, Tn zile diferite si s-au calculat pentru fiecare
determinare: media, deviatia standard, deviatia
standard relativa (RSD).

RL=2,8x1,6xsr=1,6xr (9)

where:

sr=standard devidtion of repeatability

r =repeatability

Ten repedted analyses of samples with the
concentration of 1.5 pg/L hydroxyproline were
performed within ten days and Yi values of signal
intensity at 558 nm were meadsured. Based on the
equation of the calibration curve, Xi values of
concentration experimentally obtained were calculated.

incare:

sr=deviatia standard a repetabilitatii

r=repetabilitatea

S-au efectuat 10 analize repetate ale probelor de
concentratie 1,5 pg/ml hidroxiprolina in intervalul a
zece zile si s-au masurat valorile Yi ale intensitatii
semnalului de la 558 nm. Pe baza ecuatiei curbei de
etalonare s-au determinat prin calcul valorile Xi de
concentratie obtinute experimental.

Table 4: Yi and Xi values obtained for the ten analysed samples
Tabelul 4: Valorile Yi si Xi obtinute pentru cele 10 probe analizate

Yi 02350 0.2354 0.2358 0.2380 0.2345 0.2367 0.2366 0.2342 0.2370 0.2368

Xsversge(d€1.) = 1.4946 ug/L

$=0.008279 pg/mL

R=1.6x0.008279=0.013246 ug/mL

RSDR=0.8863%

For tested concentrations, R>r and within the
permissible limits.

From the calculation of performance parameters
of the studied method, the following are noted:

e The linedrity range of the method was
between 0.5-2 ug/mL, interval where the value of the
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X...oldet.)=1,4946 pg/l

$=0,008279 pg/ml

R=1,6x0,008279=0,013246 pug/ml

RSDR=0,8863%

Pentru concentratiile testate, R>r si este situdt in
limitele admise.

Din calculul parametrilor de performanta ai
metodei studiate se observa urmatoarele:

e Domeniul de liniaritate al metodei este cuprins
intre 0,5-2 upg/ml, interval in care valoarea
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correlation coefficient was 0.9906;

e If one takes into account smaller
concentrations, the value of the correlation coefficient
i$0.9903;

e Limit of detection was set for a concentration
0f0.1088 ug/mL;

e Limit of quantification was set for a
concentration of0.1295 pug/mL;

e Accuracy is 99.36% and represents closeness
between the real vdlue and the determined value in the
analysed sample;

e Standard deviation valueis0.00285 pug/mL.

CONCLUSIONS

The paper presents a method for determination
of hydroxyproline in protein biomateridls for medical
use.

The method was validated in order to establish
performance parameters and check compliance to the
set purpose by determining: linearity, limit of
detection, limit of quantification, dccuracy and
reliability of the method.

The method was checked to ensure
repeadtability and reproducibility and is supported
by determinations on colldagen products for
medicdl use — hydrolysdtes, gels, spongious
matrices — from the Collagen Department of
INCDTP — Division ICPI.
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