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ABSTRACT 

The Habilitation thesis entitled “Research on the Use of New Reagents and 

Analytical Methods in Pharmaceutical Analysis” is a synthesis of the most representative 

research directions approached during the postdoctoral period. 

The thesis presents the research activity carried out after the presentation of the 

doctoral thesis, entitled “Analytical Reagents from the Group of Condensation Compounds of 

Ortho-Hydroxycarbonyl Combinations”, including the main perspectives of academic, 

professional and research career development. 

Scientific research in the pharmaceutical field has undergone lately an unprecedented 

development. We are currently witnessing the emergence of new drugs at an alarming rate, 

which greatly change the medication used in the treatment of many diseases. 

The introduction into therapy of new pharmaceutical products have brought to the 

forefront the analytical studies because of the problems those products raise - 

biopharmaceutical studies, their biotransformation in the body, therapeutic dosage setting, 

stability problems, toxicity, etc. 

The drug quality is a concept that includes and involves several problems whose 

resolution based on the performed analyzes, certifies that the medicine that receives the 

quality certificate, corresponds in terms of structure, purity and action, to the purpose for 

which it was prepared and to the current requirements, regarding patient safety. 

Knowing the current requirements, demands and trends in the field of drug analysis is 

a major obligation for those who perform analyzes and the analytical results provided must be 

accurate, precise, correct, therefore highly reliable, because based on them decisions are made 

in all areas of activity. 

Regardless of the area in which procedures, techniques and methods of analysis are 

applied, the decisions that are made based on the analytical results are also legal in nature, so 

the analyst has a great legal responsibility, and by that he confers that responsibility to the 

analytical act. 

In performing an analysis, the analytical reagent plays an important role, which is the 

basis of an analytical method that facilitates that chemical analysis. 

The use of organic reagents has led to the development of new methods of analysis 

which also benefited from the field of physical-chemical control of the drug. A newly created 

analytical method must be validated and the validation methodology applied is meant to 

demonstrate that the proposed method corresponds to the intended use. Statistical processing 

of the results of an analysis offers the possibility to obtain the most probable value that is as 

close to reality as possible. 

The analysis methods presented have been validated in accordance with conventional 

regulations, such as those of the Food and Drug Administration (FDA), European Medicines 

Agency (EMEA) and International Conference of Harmonization (ICH). 

An important problem in pharmaceutical research is the optimization of the 

bioavailability of substances with low solubility and high permeability of the second class of 

biopharmaceuticals, which can be achieved through various methods such as complexation 

with carbohydrate derivatives such as cyclodextrins when inclusion complexes are obtained, 

encapsulation in lipo- or water-soluble systems for administration and transport or 

formulation in oral pharmaceutical forms with modified release. 
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In the last decades, the interest for complexation, as a scientific and technological 

method of optimizing the therapeutic performances of a biopharmaceutical class II drug, has 

increased greatly. Cyclodextrins contain a hydrophobic cavity in which the active principle is 

included with the formation of the inclusion complex, which has the following advantages: 

the solubility, bioavailability, and dissolution rate of the active substance increases, while the 

adverse effects are reduced and the complexation process contributes to the stabilization of 

the pharmaceutical form. 

The main scientific research directions that have been approached after obtaining the 

Pharmacy PhD degree in 1998, aimed at introducing new analytical reagents from the Schiff 

base and bis Schiff base groups, the development and validation of analytical methods for the 

quantitative determination of various ions with biological importance and pharmaceutical 

substances, as well as the optimization of the bioavailability of pharmaceutical substances of 

class II of the Biopharmaceutical Classification System. 

The Habilitation Thesis is divided into sections summarizing those research directions 

following the criteria recommended by CNATDCU. 

The first research direction presented is entitled ”Schiff Bases and Bis Schiff Bases. 

Complexes of Schiff Bases and Bis Schiff Bases”. From those chemical classes, different 

compounds were selected for use as analytical reagents, they were characterized as far as their 

reactivity, selectivity and sensitivity in analytical reactions. 

According to their structure, those substances offer two research directions, namely: 

their use as analytical reagents and interesting pharmacological properties: antibacterial, 

antifungal, antiviral, anti-inflammatory, anti-cancer, anti-HIV, anti-proliferative, anti-pyretic 

etc. 

For that reason, we have addressed first and foremost their use as analytical reagents 

for cations, especially for those with an important biological role: Cu(II), Zn(II), Fe(II), 

Fe(III), Co(II), Mn(II), Ni(II), Bi(III). 

In order to understand the action mechanism of the Schiff bases and bis Schiff bases 

either as analytical reagents or in the pharmacological field, their synthesis methods, and their 

physico-chemical and biological properties were studied. In particular, the Schiff bases and 

bis Schiff bases derived from salicylaldehyde and pyridine have been evaluated, underlining 

their structure which determines the complexation capacity of the transition metals when 

forming chelated rings. The studied Schiff bases were obtained through a classical method 

consisting of condensation of ortho-hydroxy-carbonyl combinations with various amines and 

then they were characterized in terms of their elemental composition, solubility, melting 

point, UV-VIS, IR and NMR spectra. 

The studied Schiff bases and bis Schiff bases were used for the synthesis of their 

complexes with: Cu(II), Fe(II), Fe(III), Co(II), Mn(II), and Ni(II). Those complexes were 

prepared according to a well-known method from the scientific literature. The obtained and 

purified complexes were characterized physico-chemically and they were subjected to a 

screening of their in vitro biological activity on bacteria, fungi or anti-inflammatory effect in 

comparison to their corresponding Schiff bases and bis Schiff bases. 

Because the complexation reaction of Schiff bases and bis Schiff bases is selective, 

sensitive and reproducible, it was the basis for the development of the analytical methods for 

quantitative determination of the aforementioned cations. 

Using those methods various cations from pharmaceutical products with trace 

elements were analyzed. Some of those analytical methods have been validated. 

In the chapter ”Validation of the analytical methods for the determination of 

biologically important ions and pharmaceutical substances”, validated spectrophotometric 

methods have been described which have been used for to the quantitative determination of: 

Cr(III), Al(III), Se(IV), Fe(III), and amiodarone. 
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A research direction described in that section refers to the analysis of heavy metals, 

where based on the obtained results, quantitative determination methods have been developed 

and validated by atomic absorption spectroscopy or potentiometry, for the studied cations of 

Cu, Cd, Ni, and Pb. Selective membrane electrodes are important in the field of Analytical 

Chemistry because of their advantages: simple construction, results obtained directly as ionic 

activity, selectivity, sensitivity, applicable to analysis of complex samples or/and with small 

amounts of analyte. The results obtained using membrane electrochemical sensors with 

inclusion matrices are presented, which were the basis for the elaboration and validation of 

the method of quantitative determination of heavy metals in plants (Cu, Cd, Ni, Pb, and Hg). 

Also, in this section, high performance liquid chromatographic methods are described, 

which have been validated and used for quantitative determination of serum amiodarone or 

amiodarone tablets with modified release and hydroxypropyl-β-cyclodextrin complexed 

amiodarone. 

In the section ”Study on the Optimization of the Biopharmaceutical Properties of 

Amiodarone”, the research led to the demonstration of the increased bioavailability of 

amiodarone through complexation with hydroxypropyl-β-cyclodextrin, when the results were 

based on studies on the comparative evaluation of in vitro and in vivo amiodarone release 

from matrix tablets. Studies on matrix tablets have demonstrated the stability of amiodarone 

during the tablet production process. 

The results obtained from the research carried out were materialized in articles 

published in scientific journals, two patents, participations in scientific events, as well as a 

silver and a bronze medal at the eighth edition of the European Exhibition of Creativity and 

innovation. 

The last section of the Habilitation Thesis “The Evolution and Development of the 

Professional, Scientific and Academic Career” is dedicated to a synthesis of the scientific, 

didactic and academic achievements in the postdoctoral period and the presentation of the 

plans for the evolution and development of the scientific and professional career. 
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REZUMAT 

Teza de abilitare intitulată “Cercetări privind profilul analitic al unor baze, bis baze 

Schiff și a unor metode analitice utilizate în practica farmaceutică” este o sinteză a celor mai 

reprezentative direcții de cercetare abordate în perioada postdoctorală. 

Lucrarea prezintă activitatea de cercetare desfășurată după susținerea tezei de doctorat, 

intitulată ”Reactivi analitici din clasa compușilor de condensare ai combinațiilor orto-

hidroxicarbonilice” incluzând principalele perspective de dezvoltare a carierei academic, 

profesionale și de cercetare. 

Cercetarea științifică în domeniul medicamentului a cunoscut în ultima perioadă o 

dezvoltare fără precedent, încât asistăm în prezent la un ritm alert în apariția de noi 

medicamente, grupe de medicamente, care schimbă în mare măsură medicația în tratamentul 

multor maladii. 

Introducerea în terapeutică a unor noi produși farmaceutici și problemele pe care 

aceștia le ridică (studiul din punct de vedere biofarmaceutic, biotransformările lor în 

organism, stabilirea dozelor terapeutice, probleme de stabilitate, toxicitate etc.) au adus în 

prim planul cercetătorilor din domeniul medicamentului, studiile analitice. 

Calitatea medicamentului este un concept care include și implică mai multe probleme 

a căror rezolvare pe baza analizelor efectuate, certifică că medicamentul care primește 

certificatul de calitate, corespunde ca structură, puritate și acțiune, scopului pentru care a fost 

preparat precum și exigențelor actuale referitoare la siguranța pacientului. 

Cunoașterea cerințelor, exigențelor și tendințelor actuale care se manifestă în domeniul 

analizei este o obligație majoră pentru cei ce execută analize iar rezultatele analitice furnizate 

trebuie să fie exacte, precise, corecte, deci de mare încredere, deoarece pe baza lor se adoptă 

decizii în toate domeniile de activitate. Indiferent de domeniul în care se aplică procedee, 

tehnici și metode de analiză, deciziile care se iau pe baza rezultatelor analitice au și caracter 

juridic, deci analistul are o mare răspundere juridică, iar prin acesta se conferă această 

răspundere actului analitic. 

În efectuarea unei analize, un rol important îl are reactivul analitic, care stă la baza 

unei metode analitice ce înlesnește acea analiză chimică. 

Folosirea reactivilor organici a condus la instituirea unor noi metode de analiză de care 

a beneficiat și domeniul controlului fizico-chimic al medicamentului. O metodă analitică nou 

creată trebuie să fie validată, iar metodologia de validare aplicată are rolul de a demonstra că 

metoda propusă corespunde utilizării pentru care a fost prevăzută. Prelucrarea statistică a 

rezultatelor unei analize oferă posibilitatea de a obține valoarea cea mai probabilă ce se află 

cât mai aproape de realitate. 

Metodele de analiză prezentate au fost validate în conformitate cu reglementările 

convenționale, cum ar fi Food and Drug Administration (FDA), European Medicines Agency 

(EMEA) și International Conference of Harmonization (ICH). 

O problemă importantă în cercetarea farmaceutică este optimizarea biodisponibilității 

substanțelor cu solubilitate redusă și permeabilitate înaltă din clasa a II-a biofarmaceutică, 

care se poate realiza prin diferite metode dintre care menționăm: complexare cu derivați de 

carbohidrați de tipul ciclodextrinelor cu formarea unor complecși de incluziune, încapsularea 

în sisteme particulate lipo sau hidrosolubile de administrare și transport sau formularea în 

forme farmaceutice orale cu cedare modificată. 
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În ultimele decenii a crescut foarte mult interesul pentru complexare, ca metodă 

științifică și tehnologică de optimizare a performanțelor terapeutice ale unei substanțe 

medicamentoase din clasa a II-a biofarmaceutică. Ciclodextrinele conțin o cavitate hidrofobă 

în care este internalizat principiul activ cu formarea complexului de incluziune, ce prezintă 

următoarele avantaje: determină o creștere a solubilității substanței active, a biodisponibilității 

și a vitezei de dizolvare a acestora, reduce efectele adverse și contribuie la stabilizarea formei 

farmaceutice. 

Principalele direcții de cercetare științifică pe care le-am abordat după obținerea 

titlului în anul 1998 a titlului de Doctor în domeniul Farmacie, vizează introducerea de noi 

reactivi analitici din clasa baze și bis baze Schiff, elaborarea și validarea unor metode 

analitice pentru determinarea unor ioni cu importanță biologică, a unor substanțe 

medicamentoase și optimizarea biodisponibilității unor substanțe farmaceutice din clasa a II a 

biofarmaceutică. 

Teza de abilitare este structurată pe secțiuni care sintetizează aceste direcții de 

cercetare respectând criteriile recomandate de CNATDCU. 

Prima direcție de cercetare prezentată este intitulată „Baze şi bis baze Schiff. 

Complecși de baze şi bis baze Schif”. Din aceste clase, diferiți compuși au fost selectați spre a 

fi utilizați ca reactivi analitici, caracterizați prin reactivitatea lor, selectivitatea și sensibilitatea 

în reacții analitice. 

Prin structura lor, aceste substanțe oferă două căi de cercetare și anume: utilizarea lor 

ca reactivi analitici și proprietăți farmacologice interesante: antibacteriene, antifungice, 

antivirale, anti-inflamatoare, anti-cancer, anti-HIV, antiproliferative, anti-piretice, etc. 

Din acest motiv am abordat în primul rând utilizarea lor ca reactivi analitici pentru 

cationi, în special pentru cei cu rol biologic important: Cu(II), Zn(II), Fe(II), Fe(III), Co(II), 

Mn(II), Ni(II), Bi(III). 

Pentru a înțelege modul de funcționare al bazelor și bis bazelor Schiff fie ca reactivi 

analitici fie în domeniul farmacologic, s-au studiat metodele de obținere, proprietățile lor 

fizico-chimice și cele biologice. S-au urmărit în special bazele Schiff și bis bazele Schiff 

derivate de salicilaldehidă și piridină, subliniind structura lor care determină capacitatea de 

complexare a metalelor tranziționale prin închiderea de cicluri chelate. Bazele Schiff studiate 

s-au obținut printr-o metodă clasică ce constă în condensarea unor combinații orto-hidroxi-

carbonilice cu diferite amine și au fost caracterizate prin analiza elementală, solubilitate, 

puncte de topire, spectre UV-VIS, IR sau RMN. 

Bazele și bis bazele Schiff studiate au fost utilizate pentru obținerea complecșilor lor 

cu: Cu(II), Fe(II), Fe(III), Co(II), Mn(II) și Ni(II). Acești complecși au fost preparați după o 

metodă cunoscută din literatura de specialitate. Complecșii obținuți și purificați au fost 

caracterizați fizico-chimic și alături de bazele, bis bazele Schiff corespunzătoare au fost 

supuși unui screening al activității lor biologice in vitro asupra bacteriilor, fungilor sau al 

efectului antiinflamator. 

Reacția de complexare a bazelor și bis bazelor Schiff fiind selectivă, sensibilă și 

reproductibilă a stat la baza elaborării metodelor analitice de determinare cantitative a 

cationilor menționați anterior. 

Prin metodele elaborate s-au determinat diferiți cationi din diverse produse 

farmaceutice cu oligoelemente. O parte din aceste metode analitice au fost validate. 

În secțiunea „Validarea metodelor de analiză pentru determinarea unor ioni cu 

importanță biologică și a unor substanțe medicamentoase”, sunt descrise metode 

spectrofotometrice validate ce au fost aplicate la determinarea cantitativă a: Cr(III), Al(III), 

Se(IV), Fe(III), și a amiodaronei. 

O direcție de cercetare descrisă în această secțiune se referă la analiza metalelor grele, 

unde pe baza rezultatelor obținute s-au elaborat și validat metode de determinare cantitativă 



 PROF. GLADIOLA ȚÂNTARU, PHD -  HABILITATION THESIS, 2020 

9 

prin spectroscopie de absorbție atomică sau prin potențiometrie pentru metalele luate în studiu 

(Cu, Cd, Ni, Pb). Electrozii cu membrană selectivă sunt importanți în domeniul Chimiei 

Analitice datorită avantajelor lor: construcție simplă, obținerea rezultatelor direct în activitate 

ionică, selectivitate, sensibilitate, utilizabili în analiza de probe complexe și/sau cu cantități 

mici de analit. Sunt prezentate rezultatele obținute utilizând senzori electrochimici cu 

membrană cu matrici de incluziune, ce au stat la baza elaborării și validării metodei de 

determinare cantitativă a metalelor grele din plante (Cu, Cd, Ni, Pb, Hg). 

Tot în această secțiune, sunt descrise metode cromatografice de lichide de înaltă 

performanță, ce au fost validate și utilizate pentru determinarea cantitativă a amiodaronei din 

ser sau comprimate cu cedare controlată cu amiodaronă și amiodaronă complexată cu 

hidroxipropil-β-ciclodextrină. 

În secțiunea “Studiul privind optimizarea proprietăților biofarmaceutice ale 

Amiodaronei”,  cercetările au condus la demonstrarea creșterii biodisponibilității amiodaronei 

prin complexare cu hidroxipropil-β-ciclodextrină, rezultatele fiind fundamentate pe baza 

studiilor asupra evaluării cedării comparative in vitro și in vivo a amiodaronei din 

comprimatele matriceale. Studiile efectuate pe tabletele matriceale, au demonstrate stabilitatea 

amiodaronei în timpul procesului de obținere a comprimatelor. 

Rezultatele obținute în urma cercetărilor întreprinse s-au concretizat în articole 

publicate în reviste de specialitate, două brevete de invenție, participări la manifestări 

științifice, precum și o medalie de argint și una de bronz la a VIII-a ediție a Expoziției 

Europene a Creativității și Inovării. 

Ultima secțiune a tezei de abilitare ”Evoluția și dezvoltarea carierei profesionale, 

științifice și academic” este dedicată unei sinteze a realizărilor științifice, didactice și 

academic în perioada postdoctorală și prezentării planurilor de evoluție și dezvoltare a carierei 

științifice și profesionale. 
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I. SCHIFF BASES AND BIS SCHIFF BASES. 

COMPLEXES OF SCHIFF BASES AND BIS SCHIFF 

BASES 

I.1. INTRODUCTION 

An important class of organic compounds are the Schiff bases and bis Schiff bases. 

They were discovered by Professor Hugo Schiff in 1864 afterwards a Nobel Prize winner, at 

the University of Pisa, Italy. Hugo Schiff studied the reaction of aniline with aldehydes, 

including acetaldehyde, benzaldehyde, valeraldehyde and cinamaldehyde, to discover the 

imines that have formed (Karrer, 1954). The original reaction is shown in Figure 1. 

 

 
Figure 1. Synthesis of Schiff bases by Hugo Schiff 

 

The best-known method for the preparation of the Schiff bases, also called 

azomethines, aldimines, ketimines, and anils, is the condensation of aldehydes and ketones 

with primary amines (Figure 2). 
 

 
Figure 2. Synthesis of Schiff bases 

 

Aldehydes generally react with nitrogen-containing compounds with at least one 

reactive hydrogen atom such as NH3, primary and secondary amines, forming azomethines or 

Schiff bases (Karrer, 1954): R'CH=NR. 

Such combinations, formed as a result of the reaction between primary amines and 

aldehydes or ketones, are referred according to the N and C substituents as: azomethine, 

aldimine, cetimine, anyl (Müller, 1958). 

In regards to the preparation, the most popular methods are: condensation of aldehydes 

and ketones with primary amines (Karrer, 1954; Kuhm and Schretzmann, 1955), nitration of 

carbon compounds with active hydrogen which is known as the Erlich-Sachs reaction (March, 

1985), oxidative deamination, oxidative decarboxylation, transamination, reaction of amino 

acids with aldehydes, reaction of 6-aminopenicyl and 7-aminocephalosporinic acid with 

aldehydes (Yatsimirskaya, 1995), polymerization of monomers to obtain Schiff polybases 

(Wöhrle, 1993), Schiff polybase complexation resulting in polychaetes (Günes et al., 1983). 
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The study of the Schiff bases focuses on the characteristics of the condensation 

compounds, which is why the reactions of the Schiff bases are in many ways similar to those 

of the aldehydes and ketones from which they come. 

Schiff bases, polybases and polychaetes are solids, crystalline and colored in yellow, 

orange or red-brown. The color can be intensified under the action of heat or by prolonged 

exposure to air or light. 

They have a high thermal stability, having melting points between 100-750°C, 

frequently between 250-450°C. The melting occurs without decomposition. 

They are insoluble in water, soluble in methanol, ethanol, dimethylformamide, 

chloroform, acetone, and toluene. 

Their structures were investigated and confirmed by IR spectrophotometry (Zvyaga et 

al., 1996), UV-VIS spectrophotometry (Zarapkar et al., 1988), NMR spectroscopy (Sitkowski 

et al., 1996), gravimetric and chromatographic methods: TLC, HPLC, GC (Khuhawar et al., 

1990; Walubo et al., 1994). 

Some Schiff polybases as well as their derivatives have semiconductor properties 

(Gago-Agrofojo et al., 1990). 

They can form optically anisotropic melts. Those melts are characterized by the 

property of transmitting light through the melt, in optical systems equivalent to transverse 

polarization. 

Schiff bases have in their structure the following analytically active groups: -NH2, =N, 

=O, which are capable to provide pairs of unshared electrons for the formation of donor-

acceptor bonds and some functionally analytical groups (acidifiers) such as: phenolic -OH. 

Those observations led to the conclusion that some of their chemical properties were 

in accordance with their chemical structure, such as the reaction of Schiff bases with 

aldehydes and ketones, the reaction of Schiff bases with nitroaliphatic derivatives, and the 

reactions due to the reactivity of the C=N group. 

The C=N double bond of the Schiff bases can lead to many addition reactions and it is 

so reactive that no monomers of the condensation product between formaldehyde and 

methylamine or the corresponding aniline are known. 

Azomethines, especially those consisting of aldehydes and aliphatic amines, are 

readily reacting combinations that they can easily add halogenated acids, water, sulfuric acid, 

hydrogen cyanide, active methylene groups and so on, transforming into heterocycles. Thus, 

the condensation products formed between acetaldehyde and NH3 are converted at higher 

temperatures without being deteriorated. 

The stability of the Schiff bases is structure dependent. It increases greatly if the C=N 

double bond is conjugated with C=C double bond. 

Of the reactions due to the reactivity of the >C=N group, the most known are: the 

reaction with metal-organic combinations known as the Grignard reagent (Marck Jerry, 1985), 

alkylation reaction with ketones and nitriles, hydrolysis of substituted imines, decomposition 

of Schiff bases, reduction of Schiff bases, reaction complexation of Schiff bases with various 

cations, polymerization of Schiff bases, copolymerization of Schiff bases, tautomerism of 

Schiff bases, isomerism of Schiff bases, photochromic and thermochromic properties. 

Schiff bases can be synthesized from an aliphatic or aromatic amine and a carbonyl 

compound by nucleophilic addition forming a hemiaminal, followed by dehydration to 

generate an imine. Schiff bases are common ligands in coordination chemistry. The imine 

nitrogen is basic and exhibits π-acceptor properties. The ligands are typically derived from 

alkyl diamines and aromatic aldehydes (Pui et al., 2009). 

Schiff bases are excellent chelating agents (Jungreis and Thabet, 1969), especially 

when near the azomethine group there is a functional -OH or -SH group, thus closing a cycle 

of five or six atoms with the metal ion. Thus, the Schiff bases act as bidentate, bis-bidentate, 
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tridentate, tetradentate, respectively polydentate ligands for the metal ions, forming stable 

complex combinations with a mononuclear, binuclear or polynuclear structure. 

The simple synthesis and the structural diversity of the Schiff bases and of the formed 

metal complexes, as well as their chemical and physical attractive features have been the basis 

of the research regarding their application in various fields. Schiff bases can be used to mass-

produce nanoclusters of transition metals inside halloysite. That naturally abundant mineral 

has a structure of rolled nanosheets (nanotubes), which can support both the synthesis and the 

metal nanocluster products. Those nanoclusters can be made of metals such as Ag, Ru, Rh, Pt 

or Co, and may catalyze various chemical reactions (Vinokurov et al., 2017). 

Due to their good capacity of coordination, Schiff bases are used as reagents in the 

spectrophotometric determination of metal ions (Özdemir, 2019). The Schiff bases known as 

azomethine dyes are used for fiber dying (Agathian et al., 2018). 

An interesting application of the Schiff bases is their use as corrosion inhibitors, based 

on their capacity of forming a resistant monolayer on the surface that needs protection 

(Dasami et al., 2015). 

A large number of Schiff bases have been used in potentiometric sensors because they 

have shown selectivity and sensitivity for metal cations such as Ag(I), Al(III), Cu(II), Ni(II), 

Pb(II) and Co(II) (Abbaspour et al., 2002; Mahajan et al., 2003; Ganjali et al., 2003; Jain et 

al., 2005; Jeong et al., 2005; Gupta et al., 2006b). 

Schiff bases and their complexes are used as catalyzers in various chemical processes 

(Jiao et al., 2016; Wang et al., 2019). 

The use of Schiff bases in the medical field is based on their ability to interact with 

microorganisms. Various studies have shown that the biological activity is determined by the 

forming of a hydrogen bond with the active centers of the cellular components, through the 

imino group (Yusof et al., 2015). 

Because they open up new perspectives, through their mechanism of action (they can 

be formed at the site of action, being intermediate in amino acid transformations, in many 

enzymatic or non-enzymatic reactions that take place between carbonyl and amine 

compounds), they are studied to obtain new therapeutic actions or catalysis of enzymatic 

processes. 

 

THE STUDIES WERE PUBLISHED IN THE FOLLOWING ARTICLES: 
 Ţântaru Gladiola, Nechifor Mihai, Profire Lenuța. Synthesis and biological evaluation 

of some new Schiff bases and their Cu(II) and Mg(II) complexes. African Journal of 

Pharmacy and Pharmacology 2013; 7(20): 1225-1230. 

 Ţântaru Gladiola, Popescu Maria-Cristina, Bild Veronica, Poiată Antonia, Lisa 

Gabriela, Vasile Cornelia. Spectroscopic, thermal and antimicrobial properties of the 

copper(II) complex of Schiff base derived from 2-(salicylidene) aminopyridine. 

Applied Organometallic Chemistry 2013; 26(7): 356-361. 

 Ţântaru Gladiola, Poiată Antonia, Bibire Nela, Panainte Alina Diana, Apostu Mihai, 

Vieriu Mădălina. Synthesis and Biological Evaluation of a New Schiff Base and its 

Cu(II) Complex. Revista de Chimie (Bucharest) 2017; 68(3): 586-588. 

 Ţântaru Gladiola, Apostu Mihai, Poiată Antonia, Nechifor Mihai, Bibire Nela, 

Panainte Alina Diana, Vieriu Mădălina. Study of Physico-chemical Characteristics and 

Pharmacological Effects of 1-Ethyl-Salicyldene-bis-Ethylene-Diamine and Its Complex 

with Mn(II). Revista de Chimie (Bucharest) 2019; 70(7): 2534-2537. 
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I.2. SYNTHESIS AND PHYSICO-CHEMICAL CHARACTERIZATION 

OF SCHIFF BASES AND BIS SCHIFF BASES AND THEIR COMPLEXES 

I.2.1. Synthesis, characterization of 4-(pyrrol-2-yl-methylen) amino-1-

phenyl-2,3-dimethylpyrazolin-5-one and 2-hydroxyacetophenon-salcyl 

hydrazine ligands and their complexes with Cu(II) and Mg(II) 

The Schiff bases can be used as analytical reagents for the quantitative determination 

of important cations in the body or from various pharmaceutical forms. We have performed 

an analytical study on a Schiff base: 4-(pyrrol-2-yl-methylen) amino-1-phenyl-2,3-

dimethylpyrazolin-5-one (L1) and 2-hydroxyacetophenon-salcyl hydrazine (L2) have been 

synthesized by the condensation of 4-aminoantipyrine with pyrrole-2-carboxaldehyde and 

salicylic acid hydrazide with 2-hydroxyacetophenone, respectively. The Cu(II) and Mg(II) 

complexes of those ligands have also been obtained (Ţântaru et al., 2013). Their structure has 

been proven using spectral methods such as ultraviolet and visible absorption spectroscopy 

(UV-VIS), Fourier transform-infrared spectroscopy (FT-IR), 1H-NMR and elemental analysis. 

I.2.1.1. Materials and methods 

Reagents 

All chemicals and solvents have analytical reagent grade and were used as supplied by 

Merck and Chimopar Bucharest. 

Apparatus 

The melting points were determined with Boetius apparatus and are uncorrected. The 

IR spectra (KBr pellets) were recorded on a FTS-135 BIO-RAD spectrometer. The ultraviolet 

and visible absorption spectroscopy (UV-VIS) spectra have been obtained on a UV-VIS 

spectrophotometer Hewlett-Packard 8453. Elemental analysis (C, H, and N) was carried out 

with an Elemental Vario Analyzer. The quantitative determination of Cu(II) and Mg(II) was 

performed using the AAS-IN Carl-Zeiss-Jena spectrometer. 

Synthesis of Schiff bases 

 4-(pyrrol-2-yl-methylen)amino-1-phenyl-2,3-dimethylpyrazolin-one (L1) 

The Schiff base L1 (Figure 3) was obtained by condensation of 4-aminoantipyrine (0.2 

g, 1 mmol) with pyrrole-2-carboxaldehyde (0.095 g, 1 mmol) in methanol (25mL) using 

similar methods with the literature (Ziessel, 2001; Mounika et al., 2010). The mixture was 

heated under reflux for 3 h and then it was left to crystallize at room temperature. After 24 h, 

a yellow-brown solid was obtained, which was filtered and dried at room temperature. The 

ligand (L1) is a yellow-brown crystalline powder, stable at room temperature, insoluble in 

water, soluble in ethanol, methanol, very soluble in acetone and dimethylformamide (DMF). 

 2-hydroxyacetophenon-salcyl hydrazine (L2) 

The Schiff base L2 (Figure 3) was prepared by condensation of the salicylic acid 

hydrazide (0.23 g, 1.5 mmol) with 2-hydroxyacetophenone (0.136 g, 1 mmol) in methanol 

(20mL) using similar methods to the literature (Sarika et al., 2009). The mixture was gently 

heated under reflux for 2 h and afterwards it was left to crystallize at room temperature. After 

48 h, the solid was filtered and dried at room temperature. The ligand (L2) is a white 

crystalline powder, stable at room temperature, insoluble in water, ethanol, benzene, 

chloroform, soluble in methanol, dimethylsulfoxide (DMSO), DMF. 

 



 PROF. GLADIOLA ȚÂNTARU, PHD -  HABILITATION THESIS, 2020 

14 

 
Figure 3. Synthesis of the Schiff bases (L1, L2) 

 

Synthesis of Schiff complexes 

 [Cu(II)-L1]complex (3) 

The Cu(II) complex of L1 (Figure 4) was synthesized using general procedure (Tiang-

Rong et al., 2007). A solution of Cu(CH3COO)2·H2O (0.04 g, 0.3 mmol) in methanol (25mL) 

was added drop wise to a solution of L1 (0.081 g, 0.2 mmol) in methanol (25mL). The 

mixture was stirred at room temperature for 4 h and then evaporated at 90°C, until the 

solution darkened; there were obtained sparkling black micro crystals, which were filtered, 

washed with a mixture of ethanol and water (1:1, v/v) and then with ethyl ether. The complex 

3 is a black crystalline powder that is stable at room temperature, insoluble in water, ethanol, 

benzene, chloroform, soluble in methanol, DMSO, DMF. 

 

 
Figure 4. The proposed structure of the [Cu(II)-L1] complex (3) 

 

 [Mg(II)-L2]complex (4) 

A solution of MgSO4 7H2O (0.05 g, 0.2 mmol) in water (5mL) was added drop wise to 

a solution of L2 (0.059 g, 0.2 mmol) in methanol (25mL). The reaction mixture was stirred at 

room temperature for 4 h and after cooling, the resulted solid was filtered and washed three 

times with mixture of ethanol and water and then with dry ethanol. The compound was 

recrystallized from DMF. The complex is a pink crystalline powder that is stable at room 

temperature, insoluble in water, ethanol, benzene, chloroform, soluble in methanol, DMSO, 

DMF. 
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Figure 5. The proposed structure of the Mg(II)-L2] complex (4) 

 

I.2.1.2. Results 

Schiff bases were characterized by: 

 4-(pyrrol-2-yl-methylen)amino-1-phenyl-2,3-dimethylpyrazolin-one L1 

Yield 82.7%; Mp (melting point) 194-195°C. UV-VIS max (DMF)nm (e, mol-1 L cm-

1): 280 (3.10), 320 (3.27). FT-IR (KBr), cm-1: νmax 2970 (CH3), 1665 (C=O), 1615 (C=N), 

1370, 760 (C6H5), 496 (>C-NH-C<). 1H-NMR (CDCh): δ 2.41 (s, 3H, CH3), 3.09 (s, 3H, 

CH3), 7.15 (d, 3H, CH-pyrrole), 7.26-7.49 (m, 5H, H-Ar), 7.85 (s, 1H, NH), 9.75 (s, 1H, 

CH=N). Analysis calculated for C16H16N4O: C, 68.48; H, 5.60; N, 19.72. Found: C, 68.55; H, 

5.75; N, 19.99. 

 2-hydroxyacetophenon-salcyl hydrazine (L2) 

Yield: 63.5%; Mp 221-222°C. UV-VIS max (DMF)nm (e, mol-1 L cm-1): 218 (3.05), 

238 (3.25), 300 (3.14). FT-IR (KBr), cm-1: νmax 2970 (CH3), 1675 (C=O amide), 1620 (C=N), 

1285 (Ar-OH), 1380, 750 (C6H4). 
1H-NMR (DMSO-d6): δ 2.0 (s, 3H, CH3), 5.45 (s, 1H, NH), 

7.35-7.42 (m, 8H, H-Ar), 12.80 (s, 2H, OH). Analysis calculated for C15H14N2O3: C, 66.52; 

H, 5.35; N, 10.77. Found: C, 66.66; H, 5.22; N, 10.36. 

Schiff complexes are characterized by: 

 [Cu(II)-L1]complex (3) 

Yield: 65.3%; Mp 352-354°C. UV-VIS max (DMF)nm (e, mol- 1 L cm-1): 7.9104; Ks = 

7.1105; solubility (mol/L): 4.4810-4, 350nm. FT-IR (KBr), cm-1: νmax 2968 (CH3), 1612 

(C=N), 1648 (C=O), 1416, 1453 (CH3-CO), 1360, 770 (C6H5), 518 (Cu(II)-N), 500 (Cu(II)-

O). 1H-NMR (CDCl3): δ 2.45 (s, 3H, CH3), 2.78 (s, 3H, CH3), 3.10 (s, 3H, CH3), 7.20 (d, 3H, 

CH-pyrrole), 7.28-7.50 (m, 5H, H-Ar), 9.78 (s, 1H, CH=N). Analysis calculated for 

Cu(C15N4O) (OAc): C, 53.38; H, 4.64; N, 13.53; Cu, 15.86. Found: C, 53.66; H, 4.25; N, 

13.91, Cu, 16.27. 

 [Mg(II)-L2]complex (4) 

Yield: 61.2%; Mp 420-423°C. UV-VIS max (DMF)nm (e, mol-1 L cm-1): 6.27104; Ks 

= 3.2103; solubility: 1.8510-5, 220, 240, 275, 305. FT-IR (KBr), cm-1: νmax 2985 (CH3), 1650 

(C=O), 1595 (C=N), 1055 (C-O), 1370, 740 (C6H4), 478 (Mg-O), 515 (Mg-N). VNMR 

(DMSO-d6): δ 2.20 (s, 3H, CH3), 7.28-7.52 (m, 8H, H-Ar); Analysis calculated for 

[Mg(C15H11N2O3)-2H2O]: C, 57.86; H, 4.86; N, 9.00; Mg, 7.71; Found: C, 58.12; H, 5.24; N, 

9.36; Mg, 8.12. 

I.2.1.3. Discussion 

The synthetic procedure for the synthesis of Schiff bases involved condensation of 4-

aminoantipyrine with pyrrole-2-carboxaldehyde in 1:1 molar ratio (L1) (Figure 3) and 

condensation of 2-hydroxyacetophenone with salicylic acid hydrazide in 1:1.5 molar ration 

(L2) (Figure 3), respectively. 

The [Cu(II)-L1] (3) and [Mg(II)-L2] (4) complexes were prepared in good yields from 

the reaction of ligands (L1, L2) with corresponding metal salts in methanol solution, in 1:1 

molar ratio (Figure 4 and 5). 
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The structure of the ligands and their complexes was proved using spectroscopic 

methods and elemental analysis. In the UV-VIS spectrum of L1, a large absorption band 

appears at 280nm while for its complex with Cu(II) (3) the peak is shifted at 350nm, due to 

the ligand’s coordination with the metallic ion. The L2 presents three absorption bands at 218, 

238 and 300 nm and for its complex with Mg(II) (4), it was observed at four peaks: 220, 240, 

275 and 305 nm. The band of 275 nm suggests that L2 is involved in coordination with the 

Mg(II). 

The IR spectrum of the ligand L1 presents a characteristic band at 1615 cm-1 which is 

due to C=N group vibration. The shifting of that group to lower frequency (1612 cm-1) in the 

spectrum of [Cu(II)-L1] complex (3) suggests the coordination of metal ion through nitrogen 

atom of azomethine group. It is expected that coordination of nitrogen to the metal atom 

would reduce the electron density in the azomethine bond and thus lower the C=N group 

absorption. The band at 1665 cm-1 attributed to C=O vibration group in the spectrum of L1 is 

also shifted to lower frequency (1648 cm-1) in the spectrum of its Cu(II) complex, which 

indicates the involvement of oxygen atom from C=O group in bonding with metal ion. Two 

new bands, which are not present in the spectrum of L1 appeared in the spectrum of [Cu(II)-

L1] complex (3) at 500 and 518 cm-1 corresponding to vibration of M-O and M-N groups. 

The appearance of those bands supports the involvement of N and O atoms in complexation 

with Cu(II). Other two absorption bands, at 1416 and 1453 cm-1, which were assigned to the 

vibration frequency of the acetate group with monodentate coordination were observed in the 

spectrum of the [Cu(II)-L1] complex (3). 

In the FT-IR spectrum of [Mg(II)-L2] complex (4), the characteristic band of 

azomethine group (C=N) vibration appeared at 1595 cm-1. That band is shifted towards to the 

band at 1620 cm-1 assigned to the same group in the spectrum of the free ligand (L2). 

The lower frequency of the azomethine group in the spectrum of [Mg(II)-L2] (4) 

supports the coordination of imino nitrogen with Mg(II) ion. The band at 1285 cm-1 assigned 

to the stretching frequency of C-OH (phenolic) observed in the spectrum of L2 disappeared 

from the spectrum of complex 4. In the spectrum of the [Mg(II)-L2] (4), the bands due to the 

stretching vibration of the M-O and M-N bonds appeared at 478 and 515 cm-1, respectively. 

The 1H-NMR spectra of the complexes, in reference with that of the ligands, present 

significant changes due to the coordination process. The -NH proton signal of L1 (7.85ppm) 

disappears upon complexation with Cu(II) (3). The aromatic protons and the methyl protons 

do not seem to register significant changes as a result of the coordination process. The 1H-

NMR spectrum of the complex (4), comparatively with that of L2, presents significant 

changes due to the coordination process. The proton signal of NH and OH (5.45 and 

12.80ppm) from ligand disappears upon complexation with Mg(II). 

The results of the elemental analysis of ligands 1 and 2 and their complexes (3 and 4) 

were found to be in good agreement with the values that were theoretically calculated. 

I.2.1.4. Conclusions 

The Schiff base ligands, 4-(pyrrol-2-yl-methylen)amino-1-phenyl-2,3-dimethyl 

pyrazolin-5-one (L1) and 2-hydroxyacetophenon-salcyl hydrazine (L2) have been synthesized 

by the condensation of 4-aminoantipyrine with pyrrole-2-carboxaldehyde and salicylic acid 

hydrazide with 2-hydroxyacetophenone, respectively. The Cu(II) and Mg(II) complexes of 

those ligands have also been obtained. Their structure has been proven using spectral methods 

such as ultraviolet and visible absorption spectroscopy (UV-VIS), Fourier transform-infrared 

spectroscopy (FT-IR), 1H-NMR and elemental analysis. 
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I.2.2. Synthesis and characterization of 2-salicylidene-amino pyridine 

ligand and its complexes 

2-salicylidene-amino pyridine (SB) is an organic ligand prepared by condensation of 

the salicylaldehyde with 2-aminopyridine obtaining 2-(salicylidene) aminopyridine (SB) with 

a high capacity for complexing Cu(II) ions. The new compound has been characterized by 

physical constants (melting point, solubility, stability) and the chemical structure was 

confirmed by elemental, spectral (IR, UV-visible, 1H NMR and 13C-NMR) and thermal 

analyses. The elemental analysis gives a metal to Schiff base coordination ratio of 1:2 

(Ţântaru et al., 2012). 

I.2.2.1. Materials and methods 

Reagents 

All chemicals used in that work were reagent grade (by Merck and Chimopar 

Bucharest), including Cu(CH3COO)2·H2O, salicylaldehyde, 2-aminopyridine, DMSO and 

methanol. Double-distilled water was used. 

Apparatus 

AAS-IN atomic absorption spectrometer (Carl Zeiss, Jena, Germany); 

FT-IR DIGILAB, Scimitar Series Spectrometer (USA); 

Hewlett- Packard 8453 UV-visible spectrophotometer; 

Bruker 400 MHz equipment; 

Mettler Toledo TGA/SDTA 851 balance. 

Synthesis of Schiff base 

The Schiff base used as ligand has been prepared by condensing salicylaldehyde with 

2-aminopyridine in methanol, in a 1:1 molar ratio, at room temperature. The precipitate was 

collected after 48 h by filtration, washed with water, ethanol-water mixture (1:1, v/v) and 

absolute ethanol, and recrystallized from methanol. A fine, intense yellow crystalline powder 

of 2-[salicylidene]-aminopyridine (SB) type NNO was obtained (Caşcaval, 1996b). The 

product yield for the Schiff base was 85%. 

Synthesis of the complex 

To 2M (0.396 g) Schiff base (50mL) methanolic solution was added 1.001 mM (0.2 g) 

Cu(CH3COO)2·H2O methanolic solution. The resulting solution was refluxed for 1.5 h and 

left to rest at room temperature for 48 h; it was filtered, then left to dry on filter paper. Finally, 

it was recrystallized from DMF. A light-green crystalline powder was obtained. The product 

yield for the complex was about 65%. See Figure 6 for structures of the ligand and the 

complex. 

 

 
Figure 6. Structure of the ligand (a) and its Cu(II) complex (b) 
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Methods used for the physico-chemical characterization of the ligand and the 

complex: 

Elemental analyses 

Elemental analyses (C, H, and N) were carried out with an Elemental Vario EL 

analyzer. The quantitative determination of Cu(II) ions from the synthesized complexes was 

performed using an AAS- IN atomic absorption spectrometer (Carl Zeiss, Jena, Germany). 

FT-IR spectroscopy 

FT-IR spectra were recorded on a solid sample in a KBr pellet by means of an FT-IR 

DIGILAB, Scimitar Series Spectrometer (USA) with a resolution of 4cm-1. The concentration 

of the sample was 5 mg/500 mg-1 KBr. The processing of the spectra was done using the 

Grams/32 program (Galactic Industry Corporation). 

UV-visible spectroscopy 

The electronic spectra were obtained on a Hewlett-Packard 8453 UV-visible 

spectrophotometer. 

NMR spectroscopy 
1H and 13C-NMR spectra were recorded on Bruker 400 MHz equipment, using DMSO 

as solvent. 

Thermogravimetry 

Thermogravimetric analysis (TGA) was carried out under constant nitrogen flow at a 

heating rate of 15°C min-1, using a Mettler Toledo TGA/SDTA 851 balance. The heating 

scans were performed on 3-5 mg of sample, in the temperature range 25-900°C. 

I.2.2.2. Results 

The synthesized compounds are crystalline and non-hygroscopic. They are insoluble 

in water, partially soluble in ethanol, and soluble in acetone, DMF and DMSO. Composition 

and identity of the assembled compounds were deduced from elemental analyses, 

spectroscopic techniques (IR, UV-VIS, NMR) and thermal studies. The analytical data of the 

complex indicated 1:2 metal to ligand stoichiometry. The composition of the ligand and 

complex (Table 1) was calculated and compared with the experimental values. 
 

Table 1. Analytical and physical data of ligand and its Cu(II) complex 

Sample Description 

Elemental analysis 

Mp 

(°C) 
C H N Cu 

exp. calc. exp. calc. exp. calc. exp. calc. 

Schiff base 

(C12H10N2O) 

intense yellow 

crystalline powder 
78.5 78.3 5.7 5.4 8.0 7.6 - - 69 

Schiff base Cu(II) 

complex 

(C24H18N4O2Cu) 

light-green 

crystalline powder 
63.2 63.0 4.0 3.9 12.4 12.2 13.9 13.8 160 

 

For the characterization of coordination compounds, an important study is related to 

the complex stability of Cu(II) with (SAP) ligand. 

The stability constant (Ks) of the complex combination was determined using 

(Bruneau et al., 1992) dissociation method based on the instability constant (Ki), according to 

the following equations: 

 

Ks = 1/Ki 
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where: α = dissociation degree = 0.1118, Am = maximum absorbance, As = equilibrium 

absorbance, C = concentration of the solutions of Cu(II) and SB, Ki = 1.407·10-6; Ks = 

7.1·105; ε = extinction molar coefficient expressed as L·cm-1·mol-1, ε = 1.20·105 mol-1·L·cm-1. 

Solubility = 1.09·10-2 mol·L-1. 

Combination rate was established by isomolar series method (Figure 7.). 

 

 
Figure 7. Absorbance versus molar ratio M/L for SB/Cu(II) complex 

 

The SB-Cu(II) complex had a higher Ks than other Cu(II) complexes, which had Ks = 

4.3·105 and e = 1.08·104 mol-1·L·cm-1 (Ramanjaneyulu et al., 2009). By comparing the Ki 

value of our complex with that of an SB-Mn(II) complex, which is 2.943·10-5 (Ţântaru et al., 

2002), it can be observed that the first one was more stable than the last one. From Figure 7, 

the M/L ratio evidenced that every Cu ion needs two ligands. 

FT-IR and UV-Visible Spectroscopy 

IR spectroscopy is a powerful method for highly sensitive and selective concentration 

determination and identification of chemical species. The specific absorption of the substance 

in the “fingerprint” region enables the distinct recognition of various chemical species and 

even of structural isomers. 

IR spectra of SB along with its complex are displayed in Figure 8. 

NMR Spectroscopy 

The 1H-NMR spectrum of the ligand and the SB-Cu(II) complex were recorded to 

confirm the binding of the Schiff base to the metal ions. 

In the sample SB-Cu(II) spectrum the bands are broad, indicating complex formation, 

especially because that is only partially soluble in DMSO and has paramagnetic properties. 

Thermogravimetry 

The thermal analysis of SB and its metal complex were recorded in a nitrogen 

atmosphere from 25 to 900°C using a TGA instrument. Based on the thermograms, 

decomposition stages, temperature ranges, decomposition product as well as weight loss 

percentages were evaluated. The TG/DTG curves are presented in Figure 9. 
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Figure 8. FT-IR spectra of SB and SB-Cu(II) complex 

 

 
Figure 9. TG/DTG curves of SB (black line) and SB-Cu(II) complex (red line) 

 

I.2.2.3. Discussion 

FT-IR and UV-Visible Spectroscopy 

The observed bands in the SB-Cu(II) complex spectrum can be classified into those 

originating from the ligand and those arising from the bonds formed between metal ions and 

the coordinating sites. The infrared spectrum of the ligand shows a broad band between 3200 

and 3450 cm-1, which can be attributed to the stretching vibration of the phenolic OH (3436 

cm-1) and to the stretching vibrations of H-bonded OH groups (3325 cm-1). The first band 

decreases and is shifted to lower wavenumbers in the SB-Cu(II) complex, suggesting the 

involvement of phenolic OH groups in coordination. In the Schiff base complex spectrum, a 

new band at 1663 cm-1 was evidenced, which can be assigned to physical bonded water 

molecule stretching vibrations. Also, one can observe a shifting of the bands, corresponding 

to aromatic CH stretching vibrations, to higher wavenumbers. 

The involvement of a deprotonated phenolic moiety in the SB-Cu(II) complex is 

confirmed by the shifting of ν(C-O) stretching band (observed at 1276 cm-1 in the ligand) to a 
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lower frequency with 14 cm-1. That shifting suggests the weakening of C-O bonds and 

formation of Cu-O bonds. The free Schiff base ligand showed strong bands at 1610 cm-1 and 

1586 cm-1, which are characteristic of the azomethine (-HC=N) groups. Coordination of the 

Schiff base to the metal through the nitrogen atom is expected to reduce electron density in 

the azomethine link and shift to a lower frequency of v(C-N) absorption. That phenomenon 

was observed, proving the coordination of the azomethine nitrogen to metal ions. 

Coordination of the azomethine nitrogen is further supported by the appearance of bands in 

the range of 536 cm-1 due to ν(Cu-N). 

The electronic spectra of the free ligand in DMF solution, recorded in the 250-800 nm 

region, exhibit bands in the range 250-280 and 350 nm, which can be assigned to the π→π* 

and n→π* transitions, respectively, of the azomethine group. The spectrum of SB-Cu(II) 

showed three absorption bands. The first one, at 340-350 nm, can be assigned to the O-Cu 

charge- transfer transition. The band situated at 420-430 nm can be attributed to the N-Cu 

charge-transfer transition, being overlapped by the π→π* or n→π* transitions of the ligand. A 

new band observed as a shoulder in the spectrum at 540-550 nm can be assigned to the d→d 

transition of the divalent Cu(II) with square-planar geometry (Di Bella et al., 1997). 

NMR Spectroscopy 

The spectrum of the complex showed a peak at 9.52 ppm, which has been assigned to 

the azomethine proton (-HC=N). The position of the azomethine signal in the complex is 

downfield in comparison with that of the free ligand, suggesting deshielding of the 

azomethine proton due to its coordination to metal ions through the azomethine nitrogen. The 

6.70-7.90 ppm region was assigned to chemical shifts for hydrogen of the ligand symmetrical 

aromatic ring and peaks in the 6.2-6.7 ppm region were assigned to the chemical shift of the 

pyridine hydrogen. In the 1H NMR spectrum of the Schiff base, the phenolic OH signal at 

13.99ppm is evidenced. That signal disappeared in the spectrum of the complex, indicating 

deprotonation of phenolic proton and confirming coordination through phenolic oxygen. A 

weak peak in the 4.5-5.2 ppm region, characteristic of the physical bonded water molecule, is 

observed in the spectrum of the complex (Nawar et al., 1999). 13C NMR of SB shows signals 

at 164.41ppm assigned to C7 carbon, 160.8 ppm assigned to C1 carbon, 157.47 ppm assigned 

to C12 carbon, 148.95 ppm assigned to C8 carbon, 138.98 ppm assigned to C6 carbon, 134.03 

ppm assigned to C10 carbon, 133.19 ppm assigned to C3 carbon, 122.88 ppm assigned to C4 

carbon, 119.68 ppm assigned to C11 carbon, 119.3 ppm assigned to C5 carbon, 118.98 ppm 

assigned to C2 carbon and 116.67 ppm assigned to C9 carbon (Figure 10). 
 

 
Figure 10. Numbering of carbon atoms in SB 

 

Thermogravimetry 

The TG curves showed that the thermal decomposition of the ligand takes place in two 

steps, indicating that the different groups lead to a decrease in stability. There was no 

evidence of weight loss before 100°C, indicating absence of water in the SB. The mass loss 

within the 100-350°C temperature range indicates the decomposition of the fully organic part 

and may be attributed to the loss of N2 and aliphatic groups. 

The thermogram of Cu(II) complex exhibits several thermal events. The first weight 

loss of 2.31% in the 40-110°C temperature range and second weight loss of 6.45% in the 120-
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180°C temperature range corresponded to the loss the physical bonded water molecules. A 

rapid weight loss was observed after 180°C, indicating the decomposition of coordinated 

ligand. The broad band obtained after heating the complex above 570°C corresponds to the 

formation of stable CuO. 

I.2.2.4. Conclusions 

That research reports the successful synthesis and antimicrobial activity of new Schiff 

bases complexes with Cu(II) ions. Schiff base and its Cu(II) complex were physico-

chemically and chemically characterized through elemental analyses, FT-IR, 1H and 13C NMR 

and UV-visible spectroscopy. Those confirmed the ratio of metal/ligand combination, melting 

point, solubility and stability of the SB-Cu(II) complex. 

 

I.2.3. Synthesis and characterization of the N-hydroxy-N'-

salicylidene-urea ligand and its complexes 

A new Schiff base ligand, N-hydroxy-N'-salicylidene-urea was synthesized through 

the condensation of salicylaldehyde with hydroxyurea. The Cu(II) complex of the Schiff base 

has been also obtained. Their structure has been proven using spectral methods such as UV-

VIS, FT-IR, 1H-NMR and elemental analysis (Ţântaru et al., 2017). 

I.2.3.1. Materials and methods 

Reagents 

All chemicals and solvents were analytical reagent grade and they were supplied by 

Merck (Germany) and Chimopar (Romania). 

Apparatus 

The melting points were determined using a Boethius apparatus without correcting the 

result. The IR spectra (from KBr pellets) were recorded on a FTS-135 BIO-RAD 

spectrometer. The UV-VIS spectra were obtained on a Hewlett-Packard 8453 UV-VIS 

spectrophotometer. Elemental analysis of C, H and N was carried out with an Elemental Vario 

Analyzer. The quantitative determination of Cu(II) was performed using the AAS-IN Carl-

Zeiss-Jena spectrometer. 

Synthesis of N-hydroxy-N'-salicylidene-urea 

0.01mol (0.76g) of hydroxyurea dissolved in 10mL of methanol was mixed with 

0.01mol (1.06mL) of salicylaldehyde dissolved in 30mL of methanol and then it was refluxed 

for 2-4 hours (Ziessel, 2001, Mounika et al., 2010; Li et al., 2007). The reaction mixture was 

concentrated in vacuo and after the addition of ethyl ether, a brown solid precipitate was 

collected. It was washed with a 2:1 ether/ethanol mixture and then it was crystallized from a 

diethyl ether. 

Synthesis of Cu(II) complex of N-hydroxy-N’-salicylidene-urea 

The Cu(II) complex was synthesized using the general procedure reported previously 

(Pignatello et al., 1994). 1.99g (0.01mol) of Cu(CH3COO)2∙H2O dissolved in 25mL methanol 

was added drop wise to 1.8g (0.01mol) of ligand dissolved in advance in 25mL methanol. The 

mixture was stirred at room temperature for 4 hours and then it was evaporated at 90C, until 

the solution darkened; sparkling black micro-crystals were filtered, washed with a mixture of 

ethanol-water (1:1, v/v) and then with ethyl ether. The Cu(II) complex was a green crystalline 

powder that was stable at room temperature, insoluble in water, ethanol, benzene or 

chloroform, soluble in methanol, DMSO and DMF. 
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I.2.3.2. Results 

The structures of the ligand and its complex (Figures 11 and 12) were confirmed using 

spectroscopic methods and elemental analysis. The UV-VIS spectrum of the ligand included a 

large absorption peak at 282 nm that shifted to 355 nm in the UV-VIS spectrum of its Cu(II) 

complex due to the ligand’s coordination with the metallic ion. 

Characterization N-hydroxy-N'-salicylidene-urea 
 

 
Figure 11. Structure of the ligand 

 

Yield 75.7%; Mp 158-160C. UV-VIS λmax (DMF) nm (ε, mol-1·L·cm-1): 282 (3.10), 

325 (3.27). FT-IR (KBr), cm-1: νmax 3390 (-OH aril), 1665 (C=O), 1064 (C-N), 1685 (C=N), 

1370, 760 (C6H5), 1280 (aromatic -OH). 1H-NMR (CDCl3): δ 11.31-11.45 (s, 2H, OH), 7.26-

7.49 (m, 3H, H-Ar), 8.51 (s, 1H, CH=N), 5.45 (s, 1H, NH). Anal. Calcd. for C8H8N2O3: C 

53.34; H 4.48; N 15.55. Found: C 53.98; H 4.75; N 15.69. 

Characterization of Cu(II) complex 
 

 
Figure 12. Proposed structure of the Cu(II) complex 

 

Yield: 65.3%; Mp 179-180°C. UV-VIS λmax (DMF)nm (ε, mol-1 ·L cm-1) 8.09·104, Ks 

= 6.91·105; solubility (mol/L): 5.08·10-4, 355nm, FT-IR (KBr), cm-1: νmax 1610(C=N), 

1668(C=O), 1055(C-O), 1360, 1370, 740(C6H4), 528(Cu(II)-N), 505(Cu(II)-O). 1H-

NMR(CDCl3): 7.28-7.50 (m, 5H, H-Ar), 9.78 (s, 1H, CH=N). Anal. Calcd. for 

Cu[C8H6N2O3·H2O]: C, 36.99; H, 3.10; N, 10.78; Cu, 24.47. Found: C, 37.06; H, 3.25; N, 

10.85, Cu, 24.51. 

I.2.3.3. Discussions 

The IR spectrum of the ligand included a characteristic band at 1685 cm-1 which was 

due to vibration of C=N group. The shifting of that group to a lower frequency (1610 cm-1) in 

the spectrum of Cu(II) complex implied the coordination of the metal ion through the nitrogen 

atom of the azomethine group. It was expected that the coordination of nitrogen to the metal 

atom would reduce the electron density in the azomethine group and thus lower the C=N 

group absorption. The band at 1665 cm-1 attributed to the vibration of C=O group in the 

spectrum of the ligand also shifted to a lower frequency (1668cm-1) in the spectrum of its 

Cu(II) complex, which implied that the oxygen atom of the C=O group was not linked to the 

metal ion. The band at 1280 cm-1 assigned to the stretching frequency of phenolic C-OH bond 

and the band at 3390 cm-1 both observed in the spectrum of the ligand disappeared from the 

spectrum of the complex. 

Two new bands which were not present in the spectrum of the ligand, appeared in the 

spectrum of the complex at 505 cm-1 and 528 cm-1 corresponding to vibration of M-O and M-

N groups. The appearance of those bands proved the involvement of N and O atoms in the 
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complexation of Cu(II). The complex exhibited a broad and relatively intense band around 

3400 cm-1 which indicated the presence of water molecules. That band corresponded to the 

vibration of O-H stretching. That band was accompanied by two other bands in the 700-800 

cm-1 range in the spectrum of the complex. That fact suggested that the water molecules were 

coordinated. 

The 1H-NMR spectrum of the complex possessed significant modifications due to the 

coordination process in reference to that of the ligand. The proton signal of the -OH (11.45 

ppm) and the -NH (5.45 ppm) groups from the structure of the ligand disappeared upon 

complexation with Cu(II). The aromatic protons did not seem to register significant changes 

as a result of the coordination process. 

The results of the elemental analysis of ligand and its complex were found to be in 

good agreement with the values that had been theoretically calculated. 

I.2.3.4. Conclusions 

The research study reported the successful synthesis of a new Schiff base and its Cu 

(ІІ) complex. Both substances were physically and chemically characterized through 

elemental analysis, 1H-NMR, UV-VIS and IR analysis, the ratio of metal/ligand combination, 

the melting point and the solubility. The IR spectrum confirmed the hypothesis of the 

formation of the complex by coordination of copper ions to the azomethinic nitrogen and to 

the phenolic oxygen. 

I.2.4. Synthesis and characterization of 1-ethyl-salicyldene-bis-

ethylene-diamine and Mn(II) complex 

A new complex of the Salen-type ligand, 1-ethyl-salicylidene-bis-ethylene diamine 

was synthetized using Mn(II) ions. The chemical structure was confirmed through 1H-NMR 

and IR spectroscopy (Ţântaru et al., 2019). 

Schiff bases can be synthesized from an aliphatic or aromatic amine and a carbonyl 

compound by nucleophilic addition forming a hemiaminal, followed by dehydration to 

generate an imine (Caşcaval, 1995). Schiff bases are common ligands in coordination 

chemistry. The imine nitrogen is basic and exhibits π-acceptor properties. The ligands are 

typically derived from alkyl diamines and aromatic aldehydes (Mcnaught et al., 1997; Pui et 

al., 2009). 

The complex combinations of Bis-Schiff bases with metallic ions (Sigel et al., 2019) 

represent a class of compounds with very interesting properties from the point of view of their 

chemical and biological behavior. 

Ligands derived from substituted salicylaldimine have played an important part in 

revealing the preferred coordination geometries of metal complexes. 
 

 
Figure 13. Structure of 1-ethyl-salicylidene-bis-ethylene diamine 

 

Of particular interest have been those involving Mn(II), since they reveal surprising 

molecular diversity not only in coordination geometry but also regarding more subtle changes 

in the ligands. Thus, complexes with four, five or six donors or with marked tetrahedral 
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“distortions” are accompanied by bond length changes and deviations from expected ligand 

geometry (Raman et al., 2001). 

I.2.4.1. Materials and methods 

Reagents 

The following reagents were used: MnSO4∙H2O, DMSO, sodium carboxymethyl 

cellulose (Na-CMC), and methanol. They were produced by Merck Germany or Chimopar 

Romania. 

Apparatus 

The melting points were determined using a Boetius apparatus. Elemental analysis 

was carried out using an Elemental Vario El Analyzer. The quantitative determination of 

Mn(II) ions from the synthesized complex was performed using the spectrometer AAS-IN 

Carl-Zeiss-Jena. The 1H-NMR spectra of the Bis-Schiff base (BSB) and Mn(II) complex were 

obtained using a Brucker AM250 apparatus operating at 250 MHz. The spectra were obtained 

in CDCl3 for BSB, and in DMSO for the complex, while the chemical shifts were calculated 

in ppm with respect to TMS (δ = 0). The FT-IR spectra were recorded on a FTS-135 BIO-

RAD apparatus in KBr pellets (4000-400 cm-1 range). The UV-VIS spectra have been 

obtained on a Hewlett-Packard 8453 spectrophotometer. 

Synthesis of the complexes 

The manganese complex (Mn(BSB)2) was synthesized according to the general 

method from the scientific literature (Mcnaught et al., 1997; Raman et al., 2001; Collman et 

al., 2004). Firstly, 25mL of 0.0592M MnSO4∙H2O solution prepared in 10-3M HCl was added 

to 50mL of 0.014238M BSB solution prepared in anhydrous methanol while stirring at 40ºC. 

The brown complex precipitated immediately. After cooling at room temperature, the 

precipitate was filtered and then washed with distilled water at first, and then with a 

methanol-water mixture and finally with ether. After drying in vacuum, a fine brown 

crystalline powder - Mn(BSB)2 - was obtained and then it was analyzed. 

I.2.4.2. Results 

The melting point of the Mn(BSB)2 was 358-359ºC. The crystalline powders proved to 

be stable at room temperature, insoluble in water, ethanol, benzene, and CHCl3, but soluble in 

DMSO, methanol and DMF. 

The experimental versus calculated results of the elemental analysis of Mn(BSB)2 

were: 67.20% C (68.47); 5.78% H (6.56); 8.06% N (7.98) and 7.76% Mn (7.82). 

Determination of the formular weight of the Mn(BSB)2 complex 

Based on the characteristic absorbance of Mn(BSB)2 (Ţântaru et al., 2002), the 

formular weight was determined according to the following equation: 

 

F =
𝑎 ∙ 𝜀

V ∙ A
 

 

where: F = formular weight of the complex, a = the amount of complex obtained = 0.2100 

mg; ε = the molar absorption of the complex (for λ = 275nm) = 10702.34mol-1·L·cm-1, A = 

absorbance determined experimentally = 0.320, and V = volume of the solution = 10mL. 

I.2.4.3. Discussions 

The complex combination was characterized from the physic-chemical and chemical 

point of view by elemental analysis, 1H-NMR, UV-VIS, FT-IR techniques, which confirmed 

the structure and radio of metal/ BSB combination. 

The elemental analysis of the complexes indicated the formation of the complexes in a 

1:2 metal/ligand molar ratio. By calculating the formular weight (F) of the Mn(BSB)2 
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complex, the theoretical (700.94) and the experimental values (702.34) obtained, confirmed 

the 1:2 molar ratio. 

The 1H-NMR spectra of BSB in CDCl3 exhibited three singlets (δOH = 12.80 ppm, 

δ=CH(aromatic) = 6.89-7.62 ppm, δ–CH2C = 2.15 ppm) and two doublets (δCH=N = 3.82 ppm). The 
1H-NMR spectra of the complex presented significant changes when compared to that of 

BSB, due to the coordination process. The -OH proton signal of the BSB (12.80 ppm) 

disappeared upon complexation with Mn(II). The aromatic protons were shifted, while the 

methyl proton did not seem to presents a significant change because of the coordination. 

The UV-VIS spectra of BSB in DMF showed two strong absorption bands in the 200-

450 nm region, attributed to π-π* and n-π* transitions. The spectra of the complex presented 

modifications in the position and intensity of the bands characteristic to the free BSB, as well 

as the occurrence of new bands which were attributed to d-d or d-π* transition. The UV 

spectrum of BSB showed two maxima at 255(3.16) nm and 320(3.27) nm, but the latter 

suffers a bathochromic shifting at 275(2.99) nm and 460(5.50) nm in the spectrum of the 

complex which suggested the involvement of the C=N group in the coordination reaction with 

Mn(II). In the spectrum of the complex, a small shoulder appeared at 425 nm, probably due to 

the coordination with the metallic ion. 

The FT-IR spectra of the ligand showed major bands around 1618 cm-1 assigned to 

νC=N, which could also be found in the spectrum of the Mn(BSB)2, which suggested the 

involvement of the nitrogen atom from the C=N group in the coordination process. A more 

significant modification appeared in the 1040 cm-1 band, attributed to the –OH of the phenolic 

group, which was absent in the complex. That indicated the involvement of the oxygen anion 

into a δ bond with the metal cation. A peak appeared in the spectrum of the complex at 520 

cm-1 that could be attributed to the metal-N bond, and another at 456 cm-1 attributed to the 

metal-O bond. 

The recorded FT-IR spectrum confirmed the hypothesis of the formation of the 

complexes by the coordination of manganese to the azomethinic nitrogen and to the phenolic 

oxygen. 

I.2.4.4. Conclusions 

The research study reports the successful synthesis of a new Schiff bases complex 

with Mn(ІІ) ions. The complex was physic-chemically characterized through elemental 

analysis, UV-VIS and FT-IR analysis, and the ratio of metal/ligand combination, the melting 

point and the solubility were evaluated. 

I.3. REAGENTS FROM THE CLASS OF SCHIFF BASES AND BIS 

SCHIFF BASES USED FOR THE DETERMINATION OF IONS OF 

BIOLOGICAL IMPORTANCE 

The Schiff bases can be used as analytical reagents for the quantitative determination 

of important cations in the body (Ţântaru et al., 2002). Schiff bases can be synthesized from 

an aliphatic or aromatic amine and a carbonyl compound by nucleophilic addition forming a 

hemiaminal, followed by dehydration to generate an imine. Schiff bases are common ligands 

in coordination chemistry. The imine nitrogen is basic and exhibits π-acceptor properties. The 

ligands are typically derived from alkyl diamines and aromatic aldehydes (Mcnaught et al., 

1997; Pui et al., 2009). 

Schiff bases are a sub-class of imines. Schiff bases can be used to mass-produce 

nanoclusters of transition metals inside halloysite. That naturally abundant mineral has a 
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structure of rolled nanosheets (nanotubes), which can support both the synthesis and the metal 

nanocluster products. Those nanoclusters can be made of metals such as Ag, Ru, Rh, Pt or Co, 

and may catalyze various chemical reactions (Vinokurov et al., 2017). Bis Schiff bases are 

characterized by their capacity to completely co-ordinate a metal ion, forming chelate rings 

(Marcu, 1984). 

The complex combinations of Bis-Schiff bases with metallic ions (Sigel et al., 2019), 

represent a class of compounds with very interesting properties from the point of view of their 

chemical and biological behavior. Covalent or coordinative binding of Bis- Schiff base 

chelates in polymeric chains through metal atom determines their important properties, like: 

oxygen molecules binding, light energy conversion (photo-redox reactions), catalytic 

epoxidation of Olefins and electrocatalytic properties, electric conductivity, thermic stability 

(Asadi et al., 2014; Hille et al., 2011; Department of Chemistry, Rice University, Houston, 

1995; Wõhrle, 1993). 

They are common enzymatic intermediates. During physiological processes involving 

pyridoxal-5'-phosphate, intermediate Schiff bases form between the α-NH2 group of L-valine, 

the ε-NH2 group of lysine and the protein chains (Steporo et al., 1993). In aqueous medium at 

pH = 4.5-8.5, fluorescent Schiff bases of 5'-dioxipyridoxal with n-hexylamines, are formed 

(Segura et al., 1994). In the synthesis of temperature-dependent tryptophan and the pH of the 

medium, an intermediate ligand is formed which is a Schiff base, pyridoxal-5'-phosphate-L-

serine (Paracchi et al., 1996). There are also Schiff bases that exhibit electrical and magnetic 

properties (Wenguang et al., 1996). 
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I.3.1. 2-salicylidene-amino pyridine, reagent for spectrophotometric 

determination of Fe(II) 

Iron is an essential element for living organisms, as it is involved in the transport of 

oxygen and in cellular oxidative processes. It is found in amounts of 5 mg/kg bodyweight for 

men and 30 mg/kg bodyweight for women. Approximately 2/3 of all iron ions are found in 

circulating red blood cells in the composition of hemoglobin, while smaller percentage may 

be found in myoglobin (4%), hemic enzymes (0.2%), transferrin (0.12%) and about 25% is 

deposited as ferritin and hemosiderin. Depending on the way iron they are bound, iron-protein 

complexes can be classified into three groups: hemoproteins, iron-sulfur proteins and iron-

proteins. In hemoproteins, iron is incorporated into a system of four tetrapyrrole rings linked 

to proteins, such as myoglobin, hemoglobin, cytochrome c and enzymes such as 

cytochromoxidase, catalase and peroxidases. The binding of Fe to proteins occurs at certain 

sites of particular amino acids (Grecu et al., 1982, Apostu et al., 2017, Alcantara et al., 1994, 

Gower et al., 1993). 

2-salicylidene-amino pyridine (Caşcaval, 1996b) can be use as analytical reagents for 

the development of a new spectrophotometric method for the quantitative determination of 

Fe(II) ions and its application for the analysis of pharmaceutical products. 
 

 
Figure 14. The Schiff base 2-salicylidene-amino pyridine 

 

Similarly, to the proposed new method, Fe(II) forms complex combinations with other 

Schiff bases pyridine derivate. 

Turan et al. described a Schiff base derived from the condensation of o-vanillin (3-

methoxysalicylaldehyde) and methyl 2-amino-6-methyl-4,5,6,7-tetrahydrothieno [2,3-c]-

pyridine-3-carboxylate which form an octahedral complex with Fe(II) (Turan et al., 2017). 

Isoniazid-p-diethylaminosalicylaldehyde hydrazone in Triton X-100 micellar medium form 

with Fe(II) a ternary complex. The apparent molar absorptivity at 471nm was 2.3104mol-

1·L·cm-1 (Issopoulos et al., 1992). 

The combination ratio M:L = 1:2 obtained for the 2-salicylidene-aminopyridine 

complex is also mentioned in the literature for other Schiff base - Fe(II) complexes. 

Schiff base ligand derived from 3,3′-diaminobenzidine and salicylaldehyde and its 

divalent metal complex (Fe(II) were synthesized and characterized. Elemental and spectral 

data show that complexes are formed with M:L = 1:2 molar ratio (Guzzi et al., 2013). 

Abdel-Rahman (Abdel-Rahman et al., 2017a) described synthesis and characterization 

of a tetradentate ONNO Schiff base ligand namely (1,10-(pyridine-2,3-dimethyliminomethyl) 

naphthalene-2,20-diol) and selected metal complexes, including Fe(II), as a central metal. 

New ligand (Z)-2-(1-methyl-2-(pyridine-2-ylmethylene)hydrazinyl)-benzoxazole 

reacts with Fe(II) ions what results in the formation of mononuclear complexes of M:L = 1:2 

stoichiometry, which crystallizes in the rare space group Ia-3d (Fik et al., 2015). 

I.3.1.1. Materials and methods 

Reagents 

All reagents and solvents were analytical grade. 

A 0.1 mg/mL Fe(II) stock solution was prepared in distilled water, and then by 

suitable dilutions a 5-50 μg/mL Fe(II) standard solution was obtained. Reagent solution 0.1% 
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(w/v) was prepared by dissolving 2-salicylidene-amino pyridine (SB) in methanol. A 0.2M 

sodium acetate and acetic acid buffer solution with pH = 5.6 has been used. 

The Fe(II) ions react with 2-salicylidene-amino pyridine (SB) at pH = 6.0, and a 

complex combination is formed. It is extracted in chloroform and its absorbance measured at 

525nm is proportional to the concentration of the cations. 

Apparatus 

A UV-VIS Hewlett-Packard 8453 spectrophotometer; 

MV-84 Seibold-Wien pH-meter. 

Methods 

The optimum wavelength for detection was selected and the optimum working 

conditions were established by studying the influence of pH, formation time, and the stability 

of the complex. 

The cation/ligand combination ratio, the stability conditional constant (βn), and the 

limit of detection were calculated and the potential interferers have been evaluated 

(Mândrescu et al., 2009). 

The complexation reaction was influenced by the ionic strength of the solution. Thus, 

the concentration and volume of the KCl solution that provided the ionic strength that 

maximized the absorption must be established. 1mL of 30 g/mL Fe(II) standard solution was 

treated at pH = 5.6 (0.2M sodium acetate and acetic acid buffer solution) with 0.5 mL solution 

with various concentration levels of KCl, 1mL 1% (w/v) SB reagent solution. After extraction 

in 5 mL CHCl3 and separation, anhydrous sodium sulfate was used to remove any traces of 

water, and the absorbance of the organic layer was measured at  = 525 nm against a blank 

sample. 

The complexation reaction was influenced also by the pH of the solution. So 1mL of 

30 g/mL Fe(II) standard solution was mixed with 1mL sodium acetate and acetic acid buffer 

solutions with a pH that varied in the range 3.5-7.0. 0.5 mL KCl solution 2.5·10-2M and 1mL 

1% (w/v) SB reagent solution. After the extraction of the red complex in 5 mL CHCl3 and 

separation, anhydrous sodium sulfate was used as desiccant, and the absorbance of the organic 

layer was measured at  = 525 nm against a blank sample. 

The influence of the number of extractions in chloroform of the complex combination 

on its absorbance was evaluated by comparing the results obtained when using 5 mL of 

organic solvent once versus using 2.5 mL of chloroform twice. 

The metal-ligand combination ratio was determined using various volumes of Fe(II) 

standard solution and mixing then with SB reagent solution with various concentration levels 

(7·10-3 M; 5·10-3 M; 10-2 M), thus achieving the following combination ratios: 0.2, 0.3, 0.5, 

0.7, 1.0, 1.5, 2.0, and 3.0. The mixtures were processed as previously described. 

The stability constant (Ks) - expressed as L·cm-1·mol-1 - of the complex combination 

was determined using Harvey-Manning dissociation method based on the instability constant 

(Ki), according to the following equations (Bruneau et al., 1992): 

 

Ks = 1/Ki 
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where:  = degree of dissociation, Am = maximum absorbance, A = equilibrium absorbance, c 

= molar concentration of Fe(II). 

A second method for calculating the stability constant (βn) was based on the following 

equation (Temereck et al., 1980): 

 

n
L

2
m

m
n

Cn)A/A1(

A/A


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where: Am = maximum absorbance, A = equilibrium absorbance, n = the coordination 

number of the ligand, and CL = molar concentration of the ligand. 

The new spectrophotometric method was validated and applied for the quantitative 

determination of Fe(II) (Oprean et al., 2007; Roman et al., 2007; US EPA Guidance, 1995; 

ICH Q2(R1), 2005). 

I.3.1.2. Results 

The optimum pH value for the complexation was established to be 5.6 (Figure 15). It 

was achieved using a 0.2M acetic acid-sodium acetate buffer solution. 
 

 
Figure 15. Influence of pH on the absorbance of the SB-Fe(II) complex 

 

The concentration and volume of the KCl solution providing the ionic strength for 

maximum absorbance of the complex was established based on the results shown in Table 2. 

It was established that a volume of 0.5mL of KCl 2.5·10-2M solution provided a  = 0.005526 

ionic strength and maximum absorbance. 
 

Table 2. Influence of ionic strength on absorbance 

Fe(II) 

(g/mL) 

KCl 

concentration  

1% SB reagent 

solution (mL) 

CHCl3 

(mL) 
A 525nm 

30 7.5·10-1 M 1 5 0.140 

30 5·10-1 M 1 5 0.147 

30 2.5·10-1 M 1 5 0.155 

30 10-1 M 1 5 0.167 

30 2.5·10-2 M 1 5 0.248 
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The results of the study on the variation of absorbance according to the number of 

extractions are shown in Table 3, and they prove that one extraction was found to be effective. 
 

Table 3. Absorbance variation depending on the number of extractions 

Fe(II) 

(g/mL) 

Buffer solution 

pH = 5.6 (mL) 

2.5·10-2M 

KCl (mL) 

1% SB reagent 

solution (mL) 

CHCl3 

(mL) 
A 525nm 

30 2.5 0.5 1 5.0 0.250 

30 2.5 0.5 1 2.5  2 0.248 

 

Based on the data obtained (Table 4) the ion:ligand combination ratio was plotted and 

its value was 1:2. 
 

Table 4. Absorbance variation depending on the number of extractions 

Fe(II):SB 

Combination 

ratio 

A 525nm 

5·10-3 M 

Fe(II) 

7.5·10-3 M 

Fe(II) 

5·10-2 M 

Fe(II) 

1:5 0.169 0.294 0.578 

1:3 0.200 0.323 0.702 

1:2 0.212 0.391 0.869 

1:1.4 0.177 0.315 0.777 

1:1 0.092 0.285 0.653 

1:0.66 0.069 0.219 0.546 

 

Determination of complex stability constant was done using the graph method in order 

to determine the values for the maximum absorbance (Am = 0.890) and the equilibrium 

absorbance (A = 0.292), and then to calculate the instability constant of the complex Ki = 

7.3·10-5
 and the stability constants Ks = 1.4·104, considering that n = 2, and the concentration 

of the Fe(II) was 10-2 M. The calculated value of the extinction molar coefficient was 4.16·104 

mol-1·L·cm-1. The second method of calculating the stability constant produced results (βn = 

1.5·104 and 1.45·104) which were very close to those obtained using the Harvey-Manning 

dissociation method. 

The optimized procedure was: 1mL Fe(II) standard solutions (5-50 μg/mL) were 

mixed with 2.5mL sodium acetate and acetic acid 0.2M pH = 5.6 buffer solution, 0.5 mL KCl 

solution 2.5·10-2M and 1mL 1% (w/v) SB reagent solution. After one extraction of the red 

complex in 5 mL CHCl3 and separation, anhydrous sodium sulfate was used as desiccant, and 

the absorbance of the organic layer was measured after 10 minutes at 525 nm against a blank 

sample in a 1cm cuvette. 

During the validation of the method, it was established that the absorbance was 

proportional to the concentration in Fe(II) and the Lambert-Beer Law was obeyed in the 5-50 

μg/mL range, with a correlation coefficient of 0.9946. The calibration curve is presented in 

Figure 3 and the linear equation was: A = 0.008877·c - 0.02547 (correlation coefficient = 

0.9946, intercept = 0.008877, slope = 0.02547). 

Table 5 includes the results of the statistical data processed during the validation of the 

VIS spectrophotometric method for the quantitative determination of Fe(II). 
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Figure 16. Calibration curve 

 

Table 5. Validation parameters 

Fe(II) 

(g/mL) 

Analyzed Fe(II) 

(g/mL) 

Recovery 

(%) 
Statistical parameters 

5 5.18 

98.95 

Intercept = 0.008877 

Slope = 0.02547 

r = 0.9972 

SD = 0.91 

Accuracy: 98.941.009 

n = 18 

t = 2.11 

 = 0.95 

Repeatability: CVr = 0.92 (n = 9) 

Reproducibility: CVR = 2.05 (n = 18) 

10 9.62 

15 13.23 

20 19.42 

25 26.00 

30 31.19 

35 34.21 

40 39.14 

50 50.74 

 

The spectrophotometric determination method for Fe(II) using the Schiff base as 

reagent has been applied with very good results for the analysis of an antianemic 

pharmaceutical product formulated as syrup (Table 6). 

The following procedure had been used: 2.5 mL syrup sample (7.2 mg/mL Fe(II)) was 

diluted with distilled water into a 100 mL graduated flask. 1mL diluted sample solution was 

diluted even further with distilled water using a 10 mL graduated flask. 1mL of solution was 

mixed with 0.5 mL sodium acetate and acetic acid 0.2M pH = 5.6 buffer solution, 0.5mL KCl 

solution 2.5·10-2M and 1mL 1% (w/v) SB reagent solution. After one extraction of the red 

complex in 5 mL CHCl3 and separation, anhydrous sodium sulfate was used as desiccant, and 

the absorbance of the organic layer was measured after 10 minutes at 525 nm against a blank 

sample in a 1cm cuvette. 
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Table 6. Applications of the spectrophotometric method for Fe(II) 

Certified 

Fe(II) 

(mg/5mL) 

Analyzed 

Fe(II) 

(mg/5mL) 

Recovery 

(%) 

Statistical parameters 

Repeatability Reproducibility 

36 36.3794 101.05 

n = 5 

M = 36.3342 

S = 0.1883 

Sx̄ = 0.0842 

A = 36.33420.2341 

CVr = 0.5184% 

n = 15 

t = 2.15 

 = 0.95 

M = 36.31 

S = 0.34 

A = 36.310.188 

CVR = 0.93 

36 36.6046 101.67 

36 36.1541 100.42 

36 36.3794 101.05 

36 36.1541 100.42 

XPR Criteria: 34.92±37.12 mg/5mL 

 

I.3.1.3. Discussions 

There were studies conducted that proved that the complexation reaction of Fe(II) 

using the Schiff base was not interfered by any other cation. The interference of Fe(III) on the 

complexation reaction at pH = 5.6 in the presence of KCl (2.5·10-2 M) has also been ruled out. 

The method could still be used for the indirect quantitative determination of Fe(III) after the 

reduction reaction to Fe(II) using reduction agents such as hydroxylamine or ascorbic acid. 

The spectrophotometric determination method for Fe(II) using the Schiff base as 

reagent has been applied with very good results and thus the method proved to be as accurate 

if not more accurate compared to other spectrophotometric methods, while using a simple 

procedure (Balcerzak et al., 2008; Verschoor et al., 2013). 

I.3.1.4. Conclusions 

We proposed a new spectrophotometric method for the determination of Fe(II) in 

antianemic pharmaceutical products, based on our study on the complexation reaction of those 

cations with 2-salicylidene amino-pyridine. The Schiff base that was used as reagent, formed 

with Fe(II) at pH = 5.6 a red complex extractible in chloroform with a maximum absorption at 

λ = 525nm. The Lambert-Beer Law was obeyed in the concentration range 5-50 μg/mL Fe(II), 

and the linearity coefficient was r = 0.9946. The statistical parameters highlighted the good 

precision of the spectrophotometric method. The optimization of the method included: a study 

of pH and ionic strength influence on the complexation reaction, calculus of the combination 

ratio, stability constant and molar extinction coefficient, plotting the calibration curve, 

establishing the detection limit, and the evaluation of interferers. The statistical parameters 

highlighted the accuracy of the method, with relative errors well within the limit of criteria for 

VIS spectrophotometric methods. The method has been applied successfully for the analysis 

of Fe(II) ions in antianemic pharmaceutical products, and it could be also used for the indirect 

analysis of Fe(III) ions. 

I.3.2. 2-(salicylidene)-aminopyridine reagent for spectrophotometric 

determination of Bi(III) 

The condensation between salicylic aldehyde and 2-aminopyridin generates a Schiff 

bases (Șerban et al., 1993, Chohan and Kausar, 1992) with a good complexation capacity of 

Bi(III) ions, yielding a yellow compound in suspension, thus allowing its assay. Those 

obtained results in Bi(III) spectrophotometric determination using as reactive the studied 

Schiff base were applied on pharmaceutical products containing Bi(III). 
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The synthesized Schiff base is a yellow-orange crystalline substance with Mp = 69-

70°C, insoluble in water, acetone, benzene, acetonitrile, chloroform, but soluble in methanol 

and dimethylsulfoxide. 

Because of the functional groups in its structure, it presents a good ability to complex 

cations as well as the possibility to form ion-pair combination compounds with anionic 

species, including [BiI4]
-. 

The complex formed with [BiI4]
- is a very fine yellow precipitate which is suitable for 

the quantitative determination of Bi(III) at the wavelength of 410nm. 

The method is simple, the complex of ion pairs formed has a molar absorptivity of 

1.68·104·mol-1·L·cm-1. 

I.3.2.1. Materials and methods 

Reagents 

All reagents and solvents were analytical grade. 

The solution used were: 

- 5·10-4M Bi(III) in 1M HN03 as standard solution 

- 2.5·10-3M Schiff base in methanol 

- 10-2M KI solution 

- 50% glycerin solution 

Apparatus 

- Spectrophotometer UV-VIS Hewlett-Packard 8453 Series 

- MV-84 Seibold-Wien pH-meter 

Procedure 

1.0 mL solution containing 20-80 μg/mL Bi(III) was treated with 1mL of mixture A 

and 1mL of glycerin. It is homogenized and after 20 minutes the absorbance is measured 

compared to a blank sample prepared under the same conditions, at  = 410 nm. 

The obtained results were applied to the determination of Bi(III) from De-Nol® tablets 

containing 120 mg Bi2O3. 

I.3.2.2. Results 

An analytical study was performed on the complexation reaction, in order to establish 

the optimal working conditions: 

The studied Schiff base formed with Bi(III) ions, in the presence of KI, a complex as a 

very fine yellow precipitate, with a maximum absorbance peak at 410 nm. For 

homogenization and stabilization of the suspension 50% glycerin (w/w) was used, at pH = 

1.0. 

The stability in time of the complex was investigated. The reagent solution mixed in 

equal parts with the potassium iodide solution formed a clear, yellow solution (mixture A). 

Variable volumes of Bi(III) 5·10-4M standard solution, were brought up to 1mL with distilled 

water, 1mL mixture A and 1mL glycerin were added, and the mixture was homogenized. An 

opalescent yellow solution was obtained, whose absorbance was measured at different time 

intervals: 5, 10, 15, 25, 30, 35, 40 minutes, compared to a blank sample prepared under the 

exact same conditions. The results obtained are illustrated in Figure 17. 

The calibration curve and the concentration range in which the Lambert-Beer law was 

obeyed were studied. The results of the statistical processing by the regression method are 

presented in Table 7. 
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Figure 17. Graphical representation of absorbance variation in time 

 

Table 7. Statistical data 

No 
x 

Bi(III) mg/mL 

y 

Absorbance 
x2 y2 x·y 

1 10.4·10-3 0 1.0800·10-4 0 0 

2 20.8·10-3 0.204 4.3264·10-4 0.041616 4.2432·10-3 

3 31.2·10-3 0.306 9.7344·10-4 0.093636 9.54721·10-3 

4 41.6·10-3 0.414 1.7305·10-3 0.171396 17.222· 10-3 

5 52.0· l0-3 0.524 2.7040·10-3 0.274576 27.24801·10-3  

6 62.4· 10-3 0.626 3.8937·10-3 0.391876 39.0624 ·10-3 

7 72.8·10-3 0.726 5.2998·l0-3 0.527076 52.8528·10-3 

8 83.2·l0-3 0.845 6.9224·10-3 0.714025 70.30401·10-3 

 

 
Figure 18. Calibration curve 
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The values obtained from the statistical calculation were: 

 

y̅ = 0.2075941 
 

∑ x2

8
= 0.002758 

 

∑ y2

8
= 0.2767751 

 
∑ x ∙ y

8
= 0.02756 

 

σx =  √
∑ x2

8
− 𝑥̅2 = 0.0238285 

 

σy =  √
∑ y2

8
−  y̅2 = 0.2630228 

 

r =  
(

∑ x ∙ y
8 −  x̅ ∙ y̅)

σx ∙ σy
= 0.9943401 

 

m1 =
r ∙ σy

σx
= 10.975685 

 

m2 =
σy

r ∙ σx
= 11.101006 

 

tg α =  
m2 − m1

r +  m1 ∙ m2
= 0.0010202 

 

x = 0.0468 

 

y = 0.455625 

 

x2 = 0.00219024 

 

Only the Hg cations interfered the Bi(III) quantitative determination at pH = 1. 

The results obtained when analyzing Bi(III) content of De-Nol® tablets are presented 

in Table 8. 
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Table 8. Bi(III) quantitative determination of De-Nol® tablets 

Sample Certified content XPR limits g Bi(III) Statistical data 

De-Nol® 

0.1076 g Bi(III) per 

tablet 

as 120 mg Bi2O3 

per tablet 

0.1016-0.1136 g 

Bi(III) 

0.10555 
n = 5 

 = 0.95 

t = 2.57 

SD = 0.0018 

RSD = 1.66 

A = 0.108816 ± 0.004626 

0.10965 

0.10959 

0.10985 

0.10943 

I.3.2.3. Discussions 

The Schiff base formed with Bi(III) ions, in the presence of KI, a complex which is a 

very fine yellow precipitate, with a maximum absorbance peak at 410 nm. The complex was 

stable for 20-40 min. Its absorbance was proportional with Bi(III) concentration in the 

concentration range 20-80 μg/mL Bi(III). The coefficient of variation was r = 0.9943, while 

the slope of the calibration line was 0.0010202. 

At pH = 1.0, Bi(III) formed with the Schiff basis the homogeneous yellow suspension 

whose absorbance was proportional to the concentration and in those conditions only Hg 

cations interfered. The studied spectrophotometric method was applied to the quantitative 

determination of Bi(III) in the pharmaceutical product De-Nol® containing 120 mg Bi2O3. 

From the statistical processing of the data (Table 8) it was found that the average value 

of the concentration was 0.10895% g Bi in a range 0.1016 - 0.1136 g Bi(III), with a deviation 

of ± 7.5%, in line with the regulations set by the Xth Edition of The Romanian 

Pharmacopoeia. The method has a good accuracy, precision and repeatability. 

I.3.2.4. Conclusions 

Following the study on the complexing reaction of Bi(III) with 2-(salicylidene)-

aminopyridine, a new method of quantitative determination was developed. 

Its parameters and the statistical data showed that the method was accurate, 

reproducible, and with errors within the limits set by the Xth Edition of The Romanian 

Pharmacopoeia for the pharmaceutical forms with Bi(III). 

I.3.3. Pyridine derived Schiff base - analytical reagent for U(VI) 

The greatest health risk from large intakes of uranium is toxic damage to the kidneys, 

because, in addition to being weakly radioactive, uranium is a toxic metal. Almost all uranium 

that is ingested is excreted during digestion, but up to 5% is absorbed by the body when the 

soluble uranyl ion is ingested while only 0.5% is absorbed when insoluble forms of uranium, 

such as its oxide, are ingested. However, soluble uranium compounds tend to quickly pass 

through the body whereas insoluble uranium compounds, especially when ingested via dust 

into the lungs, pose a more serious exposure hazard. After entering the bloodstream, the 

absorbed uranium tends to bioaccumulate and stay for many years in bone tissue because of 

uranium’s affinity for phosphates. The UO2
2+ ion represents the U(VI) state and is known to 

form compounds such as the carbonate, chloride and sulfate. UO2
2+ also forms complexes 

with various organic chelating agents, the most commonly encountered of which is uranyl 

acetate. It is known that when the pH of a U(VI) solution is increased that the uranium is 

converted to a hydrated uranium oxide hydroxide and then at high pH to an anionic hydroxide 

complex. On addition of carbonate to the system the uranium is converted to a series of 

carbonate complexes when the pH is increased, one important overall effect of those reactions 
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is to increase the solubility of the uranium in the range pH 6 to 8 (Clarke, 1982; Agrawa, 

1985). 

Starting from the complexing capacity of the Schiff bases derived by pyridine, the 

present paper presents the data of a preliminary study regarding the use of 2-

(salicylidene)aminopyridine (SB) (Cașcaval, 1996b), as reagent for the spectrophotometric 

determining of U(VI). 

2,2'-[1,2-phenylen-bis(nitrilomethylidene)]-bisphenol forms a yellow complex with 

U(VI). That complex in chloroform shows an intense absorption peak at 413 nm. It is 

observed that Beer’s law is obeyed in the range of 2.0-10.0 μg/mL of metal solution with 

apparent molar absorptivity 3.69104 mol-1·L·cm-1 (Satya et al., 2013). 

A sensitive method for the determination of uranium using 2-(2-thiazolylazo)-p-cresol 

was described by Teixeira (Teixeira et al., 1999). The Beer’s law is obeyed in the range from 

0.30-12.0 µg/mL with a molar absorptivity of 1.31104 mol-1·L·cm-1 and features a detection 

limit of 26 ng/mL at 588nm. 

3,4-dihydroxybenzaldehyde thiosemicarbazone synthesized by Veeranna et al. was 

used for the determination of U(VI) at pH 7. The developed method can be conveniently 

applied for the analytical determination of U(VI) in the concentration range 0.476-4.760 

μg/mL. The molar absorptivity was found to be 2.08104 mol-1·L·cm-1(Veeranna et al., 2016). 

 

I.3.3.1. Materials and methods 

Reagents 

All chemicals were of analytical-reagent grade. Stock solution U(VI) 0.1mg/mL: 

0.02109g UO2(NO3)2·6H2O is dissolved in 100mL distilled water, then from that, standard 

solutions are prepared through dilution; Reagent solution 10-4M, 510-4M, 10-3M in methanol; 

Reagent solution 0.1% (w/v); Acetate buffer solution 0.2M (pH = 5-7); 

Apparatus 

A UV-VIS Hewlett-Packard 8453 spectrophotometer; 

MV-84 Seibold-Wien pH-meter 

Methods 

The characterized reagent (SB), through analytically active groups and analytically 

functional groups, has the ability to complex U(VI) forming a light red complex stable in 

acetone that has an absorption maximum of 440 nm. 1mL of solution to be analyzed 

containing 5-50 µg/mL U(VI), is brought at the pH= 6.0 with acetate buffer, it is treated with 

2 mL acetone, 1mL reagent solution 1% (w/v) in methanol. After 10 minutes, the extinction 

of the light red complex is read at 440 nm against a blank sample. 

I.3.3.2. Results 

An analytic study was carried out on the complexing reaction of U(VI), in order to 

establish the best working conditions. 

1. The complexing reaction of U(VI) is influenced by the value of the pH; in order to 

follow the variation of the absorbance according to the pH of the medium, buffer solutions 

were used with pH = 5.0-7.0 and a standard solution of 40 µg/mL U(VI); From Figure 19 it 

results that the best pH for the SB-U(VI) complex is 6.0. 

2. It is studied the stability in time of the SB-U(VI) complex. The results are 

illustrated in Figure 20. From the graphic it results that 10 minutes after the reagent is added, 

the stability of the complex is maximum and the value of the absorbance is maintained for 15 

minutes. 

3. The combining ratio is established through the method of isomolar series and is 1:3 

(M/L) being illustrated in Figure 21. 
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Figure 19. Influence of the pH 

 

 
Figure 20. Stability in time 

 

 

 
Figure 21. Combining ratio 

 

5. The stability constant is determined following the method of Harvey and Manning 

(J. Chem., 1992) dissociation degree according to the formulas: 

 

α = Am-As/Am = 0.1951 

 

ε = 2.5·103 mol-1·L·cm-1 

 

Ki = 2 ×C/1-  = 4.73·10-5 

 

Ks = 1/Ki = 2.11·10-4 
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where: α = dissociation degree; Am = maximum absorbance (0.6231); As = equilibrium 

absorbance (0.5015); C = concentration of the solutions of U(VI) and Schiff base (10-3 M). 

6. Calibration curve: the concentration range is set and the Lambert-Beer law is 

observed. The absorbance is proportional to the concentration in U(VI) for the range 5-50 

µg/mL U(VI): correlation coefficient r2 = 0.9970, the slope of the line is 0.0126, the intercept 

is 0.02038, the detection limit 2.6153 µg/mL, quantification limit 8.7179 µg/mL, SD = 

0.0109. 

I.3.3.3. Discussions  

Following the study carried out on the complexing reaction of U(VI) with 2-

(salicylidene)aminopyridine, a new spectrophotometric method of determining it is proposed. 

2-(Saliciliden)aminopyridine is a NNO tridentate Schiff base. Similarly, to our study, 

Schiff base derived from pyridine were used for the spectrophotometric determination of 

some metals. 

Schiff base prepared via condensation of pyridine-2,6-dicarboxaldehyde with 2-

aminopyridine and its octahedral complexes with Cr(III), Fe(III), Co(II), Ni(II) and Th(IV) 

and tetrahedral complexes with Mn(II), Cd(II), Zn(II), and UO2(II) have been reported (Abd 

El-halim et al., 2011). 

Trivedi (Trivedi et al., 2007) synthesized nickel and copper complexes based on 

tridentate nitrogen donor ligand 2,6-bis (1-phenyliminoethyl) pyridine. The ligand was 

prepared by Schiff base condensation of 2,6-diacetyl pyridine with aromatic amines. The 

reaction of CuCl22H2O and NiCl26H2O in 1:1 molar ratio with the ligand in methanol or 

acetonitrile gave a distorted trigonal bipyramidal copper complex and octahedral nickel 

complex. 

Hexavalent uranium forms colored complexes with a number of organic chelating 

agents that can be quantified spectrophotometrically. The range of concentrations of the 

calibration curve, detection limit and quantification limit are comparable to the values 

obtained in our study. 

An optimized and validated spectrophotometric method has been described for the 

quantitative analysis of uranyl ion based on the chelation with piroxicam to produce a yellow 

complex which absorbs maximally at 390nm. Beer’s law is obeyed in the concentration range 

of 6.7510-2-9.4510-1 μg/mL with apparent molar absorptivity 4.11105 mol-1·L·cm-1 (Khan et 

al., 2009). 

The developed method for the spectrophotometric determining of U(VI) is selective. 

The ions Fe(II) are complexed by the studied Schiff base but under different conditions, in the 

presence of KCl 2.5·10-2 M, pH = 5.6 and the extraction of the chloroform complex, the 

maximum absorbance being of 525 nm. The ions of Bi(III) under the form of K[BiI4] are 

complexed by Schiff base under the form of a complex of pairs of ions that appear as a yellow 

fine precipitate with a maximum absorbance of 410 nm. 

I.3.3.4. Conclusions 

The proposed method gives a simple and inexpensive spectrophotometric procedure 

for determination of uranium. 

2-(salicylidene)aminopyridine forms with U(VI) a light red compound, stable in 

acetone, with maximum absorption at 440 nm. The Lambert Beer law was followed in the 

interval of concentrations from 5 to 50 µg/mL. The linear coefficient was 0.9909. The 

detection limit found was about 2.61 µg/mL and the combination ratio were established using 

the method of isomolar series at 1:3 (M/L). Molar extinction coefficient was established at ε = 

2.5·103 mol-1·L·cm-1. 
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The obtained results recommend the use of that reagent for the spectrophotometric 

quantitative determining in VIS of U(VI) with good results. 

I.3.4. 1-ethyl-salicylidene bis ethylene diamine, analytical reagent for 

spectrophotometric determination of Mn(II) 

Mn(II) function as critical cofactors for a large variety of enzymes with many 

functions, which include macronutrient metabolism, bone formation, and free radical defense 

systems (Roth et al., 2013, Law et al., 1998). Manganese enzymes are particularly essential in 

detoxification of superoxide free. Manganese is an essential human dietary element. The 

human body contains about 12 mg of manganese, mostly in the bones (Takeda, 2003). The 

soft tissue remainder is concentrated in the liver and kidneys (Emsley, 2001; Katz et al., 

2019). In the human brain, the manganese is bound to manganese metalloproteins, most 

notably glutamine synthetase in astrocytes. While the element is a required trace mineral for 

all known living organisms, it also acts as a neurotoxin in larger amounts (Erikson et al., 

2019; Yang et al., 2019). 

By condensing ethyl-o-hydroxyphenyl ketone with ethylenediamine, the 1-ethyl-

salicylidene bis ethylene diamine (Cașcaval, 1995), a Salen-type bis Schiff base is obtained. 

The reagent is a citrine-yellow crystalline powder, Mp = 138-139°C, insoluble in 

water, soluble in ethanol, methanol, very soluble in acetone. 

That bis Schiff base has a good capacity of ions Mn(II) complexation, with which 

forms brown complexes. 

The results of a research concerning bis Schiff base utilization as reagent for 

manganese spectrophotometric assay is presented. The spectrophotometric method is simple, 

selective and fast. The complex has a molar absorptivity ε = 9.8·104 at max=460nm, greater 

than other cited reagents: with formaldoxime (Charlot, 1974) (ε = 1.12·104 at 460nm); with 

tetrasodium hydroxycalix-4-arene-p-sulfonate (Nishida et al., 1998) (ε =8.46·104 at 510nm); 

with antipyryl-p-methoxyphenylmethane (Yang et al., 1999) (ε=10.4·104 at 450nm); with 

diantipyryl (p-methoxy) phenylmethane (Huang et al., 1999) (ε = 5.45·104 at 450nm); with 

rhodamine 6G (Liu et al., 1999) (ε = 6.5·104 at 525nm). Only neotetrazolium chloride 

(Kamburova, 1998) is superior (ε= 9.1·105 at 240nm). 

I.3.4.1. Materials and methods 

Reagents 

All chemicals were analytical-reagent grade. 

Mn(II) stock solution, 0.1 mg/mL; solution reactive 0.25% (w/v) in absolute methanol; 

buffer, pH=6 (0.3920 g CH3COOK are dissolved in 100mL bidistilled water; pH is adjusted 

with CH3COOH 0.04M). 

Apparatus 

Electronic pH-meter Seibold - Wien. 

Spectrophotometer UV-VIS Hewlett Packard 8453 E. 

Methods 

Mn(II) determination 

1mL sample solution, with a content of 10-70 g/mL Mn(II) is treated with 1mL 

buffer, pH = 6, 1mL reagent 0.25% solution in methanol, and volume is adjusted at 5mL with 

methanol. The absorbance at 460nm, using a control prepared in the same conditions, is 

determined. 
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I.3.4.2. Results 

Reaction study between bis Schiff base and Mn(II) 

 

Bis Schiff base forms with Mn(II) cations a brown complex, with maximum 

absorbance at 460nm. 

Because of pH influence upon complexation reaction, the absorbance variation as a 

concentration function was studied. Sodium acetate - acetic acid 0.2 M, and potassium acetate 

- acetic acid buffers was used, with pH ranging between 4.5 and 7.0. From Figure 22 it can be 

seen that the optimum pH for Mn(II) complex formation is 6.0. 
 

 
Figure 22. Influence of pH 

 

Combination rate was established by isomolar series method and it is illustrated in 

Figure 23. 
 

 

0 . 0 0 1 . 0 0 2 . 0 0 3 . 0 0 4 . 0 0 5 . 0 0 
M o l a r   r a t i o   L   /   M 

0 . 0 0 

0 . 2 0 

0 . 4 0 

0 . 6 0 

0 . 8 0 

A b s o r b a n c e 

7 . 5 
  x   1 0 

- 3 

5 
  x   1 0 

2 . 5 
  x   1 0 

- 3 

- 3 

 
Figure 23. Molar ratio L / Mn(II) 

 

Stability apparent constant was established in concordance with the formula 

(Temereck et al., 1980): 
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where: C
M x  = cation concentration; CL = ligand concentration;  n  = 2.943·10-5; A = 

absorbance; n = coordination number; V = solution volume (mL). 

The reagent quantity influence upon complex with Mn(II) formation at pH = 6 was 

studied. 

Thus, for a concentration of 30 g/mL Mn(II), adding 1mL 0.025% R, the 

complexation reaction does not take place. 

Using a Mn(II) etalon solution with a concentration ranging between 20 and 70 g, at 

pH = 7 and adding 1mL R 0.060%, raising absorbance values are obtained. For the same 

Mn(II) concentration, when adding 1mL R 0.25%, absorbance values are much higher (Figure 

24). If 1mL R 0.50% is added in the same conditions, precipitate results that is not dissolving 

in methanol, when solution is completed to 5mL. 

To explain that complexation reaction of Mn(II) with bis Schiff base, the stability of 

that complex was also studied. From Figure 25 is can be stated that after 10 minutes from 

reactive addition, the absorbance has a maximum peak, which is maintained at least 20 

minutes, enough time for samples processing. 

Mn(II) determination 

That results obtained in Mn(II) spectrophotometric determination using as reagent the 

studied Schiff base were applied with good results on pharmaceutical products containing 

Mn(II) (Table 9). 

 
 

 
Figure 24. Influence of reactive quantities for Mn(II) 
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Figure 25. Complex stability 

 

Table 9. Spectrophotometric determination of Mn(II) with bis Schiff base 

Product Formulation 
Estimated 

value 

Obtained 

value 

Statistical data 

Repeatability Reproducibility 

Manganèse 

Cuivre 

Oligosol® 

- Labcatal 

France 

3.64 mg Mn 

as manganese gluconate 

3.64 mg 

Mn/100mL 

solution 

3.6141 n = 6 

M = 3.6374 

S = 0.0129 

Sx̅ = 0.005266 

 = 0.95 

t = 2.57 

A = 3.63740.0135 

CVr = 0.3547% 

n = 18 

t = 2.11; 

 = 0.95 

M = 3.6258 

S = 0.0253 

A = 3.6258±0.0125 

CVR = 0.70% 

3.6341 

3.63 mg Cu 

as cooper gluconate 

3.6541 

3.6341 

5 mg glucose and 

distilled water at 100mL 

3.6541 

3.6341 

 

I.3.4.3. Discussions 

That bis Schiff base has a good capacity for the complexation of Mn(II), when a 

brown complex is obtained. 

The spectrophotometric method is simple, selective and fast. The complex has a molar 

absorptivity ε = 9.8·104 at max = 460nm, greater than other cited reagents: with formaldoxime 

(ε = 1.12·104 at 460nm); with tetrasodium hydroxycalix-4-arene-p-sulfonate (ε = 8.46·104 at 

510nm); with antipyryl-p-methoxyphenylmethane (ε = 10.4·104 at 450nm); with diantipyryl 

(p-methoxy) phenylmethane (ε = 5.45·104 at 450nm); with rhodamine 6G (ε = 6.5·104 at 

525nm). Only neotetrazolium chloride is superior (ε = 9.1·105 at 240nm). 

Absorbance is proportional with Mn(II) concentration for the range of 10-70 g/mL. 

Lambert-Beer law is respected in that interval (   = 9.8222·104): the linear coefficient r = 

0.9989, slope = 0.0049898.28·10-5, intercept = 0.054240.003714; Lr = 2 g; D = 2·10-6. 

In the same reaction conditions, there are others cations that form complexes: Ni(II) 

with maximum absorption at 440nm (ε = 1.76·105 mol-1·L·cm-1), Co(II) with max = 550nm (ε 

= 5.28·104 mol-1·L·cm-1), Fe(III) with max = 490nm (ε = 4.48·105 mol-1·L·cm-1) and Fe(II) 

with max = 495nm (ε = 5.40·105 mol-1·L·cm-1). Complexation reaction is interfered by Fe(II) 

(if concentration exceeds 3 g /mL) and Ni(II) (if concentration exceeds 5 g /mL). Fe(III) 

cations do not influence that complexation reaction of Mn(II), (for Fe(III) complexation, the 
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reactive concentration is 0.025%), thus Fe(II) cations are oxidized at Fe(III) (Ţântaru et al., 

1998). 

I.3.4.4. Conclusions 

A new spectrophotometric method for Mn(II) determination from pharmaceutical 

forms is proposed, as a result of the study concerning the complexation reaction of Mn(II) 

with bis Schiff base 1-ethyl-salicylidene bis ethylene diamine, that has ε = 9.8·104 at max = 

460nm, while using as reactive (formaldoxime, tetrasodium hydroxycalixarene-p-sulfonate, 

antipyryl-p-methoxyphenylmethane, diantipyryl(p-methoxy)phenylmethane, rhodamine 6G 

etc.) 

I.3.5. 1-ethyl-salicylidene bis ethylene diamine, analytical reagent for 

spectrophotometric determination of Co(II) and Ni(II) 

Cobalt is essential to the metabolism of all animals. It is a key constituent of 

cobalamin, also known as vitamin B12, the primary biological reservoir of cobalt as an ultra 

trace element (Yamada 2013, Cracan et al., 2013). Cobalt is used to treat anemia with 

pregnant women, because it stimulates the production of red blood cells. The total daily intake 

of cobalt is variable and may be as much as 1 mg, but almost all will pass through the body 

unabsorbed, except that in vitamin B12 (Donaldson et al., 2005). 
Cobalt is an essential element for life in minute amounts. The LD50 value for soluble 

cobalt salts has been estimated to be between 150 and 500 mg/kg (Leyssens et al., 2017; 

Younus et al., 2019). 

Dietary nickel may affect human health through infections by nickel-dependent 

bacteria, but it is also possible that nickel is an essential nutrient for bacteria residing in the 

large intestine, in effect functioning as a prebiotic (Sigel et al., 2013). The US Institute of 

Medicine has not confirmed that nickel is an essential nutrient for humans, so neither a 

Recommended Dietary Allowance (RDA) nor an Adequate Intake have been established. The 

Tolerable Upper Intake Level of dietary nickel is 1000 µg/day as soluble nickel salts. The 

major source of nickel exposure is oral consumption, as nickel is essential to plants (Haber et 

al., 2017). Nickel is found naturally in both food and water, and may be increased by human 

pollution. Nickel is not a cumulative poison, but larger doses or chronic inhalation exposure 

may be toxic, even carcinogenic, and constitute an occupational hazard (Colditz, 2015; 

Francisco et al., 2019). 

There are presented the results of a study concerning the use of the bis Schiff base as 

reagent in spectrophotometric determination in VIS of Co(II) and Ni(II), because those 

complexes are colored. 

The results obtained for spectrophotometric determination of Co(II) using that Schiff 

base as reagent were successfully applied to pharmaceutical products containing Co(II) 

cation. 

In the scientific literature, Ni(II) and Co(II) complexes having Schiff bases as ligands, 

present anti-inflammatory action (Sharma et al., 2011). By condensing ethyl-o-hydroxyphenyl 

ketone with ethylenediamine, it is obtained a Schiff base, Salen type, 1-ethyl-salicylidene 

diamine (BSBI) (Cașcaval, 1995). 

The reagent is presenting like citrine-yellow crystals, Mp = 138-1390C, insoluble in 

water, soluble in ethanol, methanol, very soluble in acetone. 

The obtained bis Schiff bases present a good capacity of complexing (Marcu, 1984; 

Währele, 1983) the Ni(II) and Co(II) ions with which it develops dark-red and violet 

complexes, the reaction being used to determine the Ni(II) and Co(II) spectrophotometrically. 
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In that paper the results of the study concerning the use of the bis Schiff base as a 

reagent in the spectrophotometric determination of the Co(II) and Ni(II) are presented. 

I.3.5.1. Materials and methods 

Reagents 

All chemicals used were analytical-grade reagents. 

Co(II) stock-solution, 0.1 mg/mL: 0.0403g CoCl2·H2O are dissolved in 100mL 10-3M 

HCl. Standard solution 10-100 g/mL is prepared by dilution. Ni(II) stock-solution, 0.1 

mg/mL: 0.0495 g Ni(NO3)2·6H2O are dissolved in 100mL 10-3M HCl. Standard solution 10- 

90g/mL is prepared by dilution. Reagent solution 0.5 and 0.25 BSBI (w/v) were prepared 

using methanol. Buffer solution (0.2M sodium acetate and acetic acid, pH= 4.6-7.0) 

Apparatus 

Electronic pH- meter, SEIBOLD WIEN. 

Spectrophotometer Jasco V-530. 

Methods 

Determination of Ni(II) cations: 

1mL from analyzed solution containing 20-80 g/mL Ni(II) is treated with 1mL buffer 

solution pH = 5.6, 1mL reactive 0.5% in methanol, then it is slightly heated until appears a 

red complex, then it is cooled and adjusted at 5mL with methanol. The absorbance is 

measured at 440nm against a blank sample prepared in the same conditions. 

Determination of Co(II) cations: 

1mL of analyzed solution containing 20-80 g/mL Co(II) is treated with 1mL buffer 

solution pH = 6, 1.5mL reagent 0.25% and methanol to 5mL. The absorbance is measured at 

490nm against a blank sample prepared in the same conditions. 

I.3.5.2. Results 

The study of the reaction of reagent (BSBI) with the Co(II) and Ni(II) ions. 

1. The bis Schiff base we have studied forms a violet compound with the Co(II) cation 

with a maximum absorbance at 550 nm, and a dark- red one with the Ni(II) cation with 

maximum absorbance at 440 nm. 

2. Since the pH value influences the complexing reaction, the variation of the 

absorbance with the pH was monitored. Buffer solution of 0.2M sodium acetate - 0.2M acetic 

acid with a pH ranging between 4.6 and 7.O was used. 

3. The apparent stability constant was calculated according to the following formula 

(Temereck et al, 1980; Bruneau et al., 1992): 

 

)VlgnA/(log)CC(lg LMn x    

 

where: n = apparent stability constant; V= volume of the mixed solution; CM
x+= 

concentration of the metal ions; CL= concentration of the ligand; n= number of the ligand 

groups in the complex; A= corresponding absorbance in equilibrium; CM
x+= 2.5.10-6 mol 

Co(II) and Ni(II) respectively; CL= 5·10-6 mol BSBI; V= 5mL; A550nm= 0.132; A440nm = 0.460. 

4. The Lambert- Beer law was respected, the linearity coefficient being 0.9979 for 

Co(II) and 0.9978 for Ni(II). 

5. The combination ratio was established by means of Job’s isomolar series method, 

and it is shown in Figure 2 (Temereck et al, 1980). 
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Figure 26. Molar ratio of L:Co(II) and L:Ni(II), respectively 

 

That value was calculated using the formular mass and it was confirmed using 

ultraviolet spectrophotometric method with the following formula: 

 

AV

a
F




  

 

where: a = mg complex; V= volume of the mixed solution; ε = molar extinction coefficient; A 

= absorbance at equilibrium. 

The results are shown in Table 10. 
 

Table 10. Calculated formular mass 

No UV nm 
a 

(mg complex) 

ε 

(mol-1·l·cm-1) 

V 

(mL) 
A 

F 
M/L 

calculated found 

1 247.5 
(BSBI)2Co 

0.4200 
10420.16 10 0.620 704.93 705.88 1:2 

2 246.5 
(BSBI)2Ni 

0.1440 
55800.32 10 1.140 704.69 704.84 1:2 

 

The results obtained for the spectrophotometric determination of Co(II) and Ni(II) 

using the studied Schiff base as reagent have been successfully applied on pharmaceutical 

products containing Co(II) cation in Vitamin B12. The results are shown in Table 11. 
 

 

Table 11. Spectrophotometric determination of B12 

No 
Certified 

value (g) 

Obtained 

value (g) 

% Co(II) 

 

Statistical date 

Repeatability Reproducibility 

1 1000 1001.13 100.11 n = 5 

M = 1007.95 g 

S = 9.36 

Sx̅ = 4.18 

 = 0.95 

t = 2.78 

A = 1007.9511.64 

CVr = 0.92 

n = 15 

t = 2.15 

 = 0.95 

M = 1009.16 g 

S = 12.42 

A = 1009.16±6.89 

CVR = 1.23% 

2 1000 1018.21 101.82 

3 1000 1001.12 100.11 

4 1000 1001.12 100.11 

5 1000 1018.21 101.82 

 

I.3.5.3. Discussions 

Co(II) forms a neutral, chelated, complex combination with the studied bis Schiff 

base, which was purple with maximum absorption peak at 550 nm. Ni(II) in the presence of 

BSBI forms a dark red chelated complex with maximum absorbance peak at 440 nm. 
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The optimum pH range for the complexation reaction with Co(II) was 5.5-7.0, while 

for Ni(II) the optimum pH range was 5.6-7.0. 

The apparent stability constants were calculated: n Co(II)= 1.22·10-5; ƐCo(II) = 5.28·104; 

n Ni(II) = 1.87·10-5; ƐNi(II) =1.76·105. 

Absorption was proportional to the Co(II) and Ni(II) concentration in the range 20-80 

g/mL, and the linear equations were: 

 

A = 0.001483·c – 0.0037 for Co(II) 

 

A = 0.005961·c – 0.04989 for Ni(II). 

 

The combination ratio was 1:2 M/L. That value was confirmed by the formular mass 

(Table 10). 

The results obtained during the spectrophotometric analysis of Co(II) from the 

pharmaceutical product Vitamin B12 - solution for injection are presented in Table 11. The 

statistical data showed that the average recovery was 100.21% and the average concentration 

was 1007.95μg in the concentration range 1075- 925μg, with a deviation of ± 7.5%, in line 

with the regulations set by the Xth Edition of The Romanian Pharmacopoeia. 

I.3.5.4. Conclusions 

The performed study regarding the BSBI capacity to coordinate the Co(II) and Ni(II) 

ions lead to a new spectrophotometric method for their determination in pharmaceutical 

preparations. 

I.3.6. Salicyliden-antipyrine, analytical reagent for the 

spectrophotometric and titrimetric determination of Zn(II) 

Zinc has a key role as a catalyst in a wide range of reactions and is, in fact, a catalyst 

for about 100 enzymes (Prakash et al., 2015, Nakashima and Dyck, 2009). It is important in 

the structure of cell transport proteins such as vitamins A and D. Zinc regulates gene 

expression; stabilizes cell membranes, helping to strengthen their defense against oxidative 

stress; participates in the synthesis, storage, and release of insulin; interacts with platelets in 

blood clotting; and influences thyroid hormone function. It is necessary for visual pigments; 

normal taste perception; sperm production; fetal development; and behavior and learning 

performance (Hambidge and Krebs, 2007, Prasad, 2003). 

Zinc deficiency affects about two billion people in the developing world and is 

associated with many diseases. In children, deficiency causes growth retardation, delayed 

sexual maturation, infection susceptibility, and diarrhea. Consumption of excess zinc may 

cause ataxia, lethargy, and copper deficiency (Banci, 2013; Ahsin et al., 2019). 

Schiff bases present in their structure active analytical groups and functionally 

analytical groups, which recommend them as important analytical reagents in the quantitative 

determination of cations of biological importance (Asadi et al., 2014; Rhodes et al., 1996). 

By condensation of salicylaldehyde with 4-aminoantipyrine, a Schiff base, salicyliden-

antipyrine (Figure 27) is obtained (Chandra et al., 2009; Caşcaval, 1996). 
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Figure 27. Salicyliden-antipyrine 

 

Salicyliden-antipyrine is a microcrystalline citrine-yellow substance, with a melting 

point in the range 199-200°C, insoluble in water, soluble in methanol, ethanol, and acetone. 

Through the functional groups in its structure, it presents a good ability to form 

colored complex combinations with various ions. 

As an analytical reagent it was used for the spectrophotometric and titrimetric 

determination of the Zn(II) ion, with which it forms a yellow complex. 

I.3.6.1. Materials and methods 

Reagents 

All chemicals were of analytical-reagent grade: 

- 0.2M NH4Cl solution 

- 0.2M NH3 solution 

- pH = 8.0, 8.5, 9.0, 9.5, 10.0 - NH4Cl/NH3 buffer solutions 

- 100 μg/mL Zn(II) solution; 

- 0.05% (w/v) reagent solution in methanol 

- methanol. 

Apparatus 

Spectrophotometer UV-VIS Hewlett Packard series 8453; 

pH-meter MV - 84 Seibold-Wien. 

Methods 

Spectrophotometric determination of Zn(II) 

The sample was dissolved in distilled water and its Zn(II) concentration was adjusted 

to 25 μg/mL through dilution. 1mL of various standard solution with concentration levels 

between 5 and 60 μg/mL were mixed with 1mL pH = 10.0 buffer solution, 1mL 0.05% (w/v) 

reagent solution in methanol and the final volume was brought up to 5mL with methanol. The 

absorbance was measured after 10 minutes at λ = 405nm using a 1cm cuvette against a blank. 

Titrimetric determination of Zn(II) 

An amount of tablet powder corresponding to approximately 25 μg Zn(II) was 

quantitatively transferred into a 50 mL graduated flask with distilled water and then it was 

filled up to the mark. 10 mL solution was mixed with 5 mL pH = 10.0 NH4Cl/NH3 buffer 

solution, and black eriochrome T indicator and then it was titrated with 0.01M reagent 

solution until the color changed from red to blue green at the endpoint of the titration. 

The content was calculated according to the formula: 

 

Cp
mg⁄

n ∙ FN ∙ MW ∙ V ∙ 0.0003279

a ∙ v
 

 

where: CP = tablet concentration; n = mL of reagent solution used until the endpoint of the 

titration; FN = normality factor; MW = medium weight of the tablets; V = total sample 

solution volume (mL); v = mL of titrated sample solution; a = sample weight. 

I.3.6.2. Results 

When establishing the reaction parameters for the spectrophotometric determination of 
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Zn(II) it was found that the Schiff base, formed with Zn(II) a yellow complex with a 

maximum absorbance peak at 405nm (Figure 28). 
 

 
Figure 28. Absorption spectrum of the Zn(II) and Schiff base complex 

 

The variation of the absorbance according to the pH was evaluated using various 

NH4Cl/NH3 buffer solutions, with pH values between 8.0 and 10.0 (Figure 29). 
 

 
Figure 29. The influence of pH on the complexation reaction between Zn(II) and the Schiff base 

 

According to Figure 29 it was found that the optimum pH for the formation of the 

Zn(II) complex was in between 9.6 and 10.5. 
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Figure 30. Graphical representation of the combination ratio at pH = 10 

 

From Figure 30 it was found that the combination ratio is 2:1. 

The apparent stability constant of the complex was calculated considering the L/M = 

2:1 combination ratio using the Komar method (Komar et al., 1950), according to the 

formulas: 

 

ε =
1

L
∙

D1 √D2
n+1 − D2 √D1

n+1

C1 √D2
n+1 − C2 √D1

n+1
 

 

K =
(C1 −

D1

ε ∙ L) ∙ (nC1 − n
D1

ε ∙ L)
n

D1(ε ∙ L)−1
 

 

where: n = cation coordination number; L = 1cm; D1 and D2 = reagent and sample absorbance 

values; C1 and C2 = cation and reagent concentration. The values obtained where: 

 

ε̅ = 1704.24 mol−1 ∙ L ∙ cm−1 
 

K̅s = 2.66 ∙ 1013 

 

K̅i = 4.24 ∙ 10−14 
 

The absorbance was proportional to the concentration in Zn(II) for the concentration 

range 5-60 μg/sample. Lambert Beer law was obeyed in that range (Figure 31). 
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Figure 31. Calibration curve 

 

Using the Schiff base as ligand, the Zn(II) could also be determined 

complexonometricaly using black eriochrome T as indicator, according to the following 

principle of the method: the solution containing Zn(II) was brought to pH = 10.0 with 

NH4Cl/NH3 buffer solution and then it was titrated with Schiff base solution in methanol in 

the presence of black eriochrome T until the color of the solution change from red to blue. 

The titration curve of the 5·10-3M Zn(II) solution with a 10-2M Schiff base solution is 

shown in Figure 32 considering that the titration took place at pH = 10.0 and Ks of the Zn(II) 

– Schiff base complex with 1:2 combination ratio was 2.66·10-13. 

 

 
Figure 32. Zn(II) titration curve with Schiff base 

 

Statistical processing of the data (Roman et al., 1998) done in order to validate the 

method of spectrophotometric determination of Zn(II) is presented in Table 12. 

0.00 20.00 40.00 60.00

0.00

0.20

0.40

0.60

g/ml Zn
2+

A

20 40 60 80 100 Titrant

(BSI)%

2

3

4

5

6

7

8

9

10

11

pZn

pZn

 V

120 140



 PROF. GLADIOLA ȚÂNTARU, PHD -  HABILITATION THESIS, 2020 

53 

Table 12. Results of statistical processing 

No 

Theoretical 

Zn(II) 

concentration 

(μg/mL) 

Experimental 

Zn(II) 

concentration 

(μg/mL) 

Recovery 

(%) 
Statistical parameters 

1 5.0 4.50 

98.99 

linearity range: 4.50-50.53 μg/mL Zn(II) 

linearity: A = 0.0088·c + 0.04533 

r = 0.9989 

SD = 0.70 

accuracy: 99.06±0.50 

n = 18 

t = 2.11 

 = 0.95 

repeatability: CVr = 0.707 (n = 6) 

reproducibility: CVr = 1.032 (n = 18) 

2 10.0 10.18 

3 20.0 20.98 

4 30.0 29.50 

5 40.0 39.16 

6 50.0 50.53 

 

The results obtained when using the spectrophotometric quantitative determination of 

Zn(II) from the pharmaceutical product Juvamine-Fizz® - effervescent tablets, are presented 

in Table 13. From the statistical data processing it was found that the recovery was 99.51% 

and the average concentration was 15.022mg in the 13.875-16.125 range, with a deviation of 

±7.5%, in line with the regulations set by the Xth Edition of The Romanian Pharmacopoeia. 
 

Table 13. Zn(II) determination from effervescent tablets 

No 
Certified 

mg Zn(II)/tablet 

Found 

mg Zn(II)/tablet 

mg Zn(II) 

(%) 
Statistical data 

1 15.0000 15.0769 100.50 
n = 6 

M = 15.022mg 

S = 0.08459 

Sx = 0.03454 

 = 0.95 

t=2.57 

A = 15.022±0.08875 

CV = 0.563% 

2 15.0000 14.7491 99.32 

3 15.0000 14.9130 99.42 

4 15.0000 14.9130 99.42 

5 15.0000 14.9130 99.42 

6 15.0000 15.0769 100.50 

 

I.3.6.3. Discussions 

The Schiff base formed with Zn(II) cations a yellow complex with maximum 

absorbance at 405nm. The formation of the complex took place at a pH value between 8.0 and 

10.0. The combination ratio was established through the isomolar series method at 2:1 L/M. 

The apparent stability constant of the complex was Ks = 2.66·1013, the instability 

constant Ki = 4.27·10-14 and the molar absorptivity ε = 1.704·10-3mol-1·L·cm-1. The titration 

curve (Figure 32) proved that the ionic index pZn at the equivalence point was 7.80 based on 

the concentration of the titrated solutions plotted against pH. At that value the indicator turned 

from red to blue green. 

The determinations made proved that the Lambert-Beer law was obeyed within the 

concentration limits 5-50 μg/mL Zn(II), while the coefficient of linearity was r = 0.9989, Lr = 

2μg; D = 4·10-7; Vmax = 2mL. By calculating the fidelity parameters CVr (n = 6) and CVR (n = 

18) in the concentration range 4.50-50.53μg/mL Zn(II) , it was concluded that the accuracy 

which was 99.06 ± 0.50, and the accuracy of the determinations were good. 

For solutions containing up to 30 mg/mL Zn(II), a volumetric method for the 

quantitative determination can also be applied. The sensitivity of the method was 1.5mg/mL 

Zn(II). 
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I.3.6.4. Conclusions 

Following the study carried out on the complexation reaction of Zn(II) with the 

studied Schiff base, a new spectrophotometric method was proposed for its determination, 

with good results in line with the regulations set by the Xth Edition of The Romanian 

Pharmacopoeia. The new method was accurate, precise, and reproducible, with sensitivity of 

the method of 1.5mg/mL Zn (II). 

I.3.7. 2-Hydroxyacetophenon-salicyl hydrazine analytical reagent for 

the spectrophotometric determination of Mg(II) 

Magnesium, the second most abundant intracellular cation is an essential cofactor of 

enzymatic pathways involved in energetic metabolism and the modulation of glucose 

transport across cell membranes. Oral magnesium supplementation improves insulin 

sensitivity (Ma et al., 2006, Lopez Martinez et al., 1997). Mg is essential for the energy 

metabolism of the body. It is an important mineral for neurotransmission, muscular 

relaxation, bone stability, and other cellular functions. Mg deficiency causes tetany, seizures 

and cardiac arrhythmias (Agus, 1999). At the same time, it was noted that the low levels of 

magnesium are associated with the inflammation and, as a result, a large number of 

magnesium complexes with Schiff bases (Ali et al., 2012) have been synthesized and their 

anti-inflammatory effects were studied (Ferre et al., 2010). 

Given the multiple effects of Mg in the human body, a new method of quantitative 

determination was established using an ONNO Schiff basis as analytical reagent. 

2-Hydroxy acetophenon-salicyl hydrazine, an ONNO-type Schiff base was obtained 

through condensation of the salicylic acid hydrazide with o-hydroxycarbonyl compounds at 

reflux in methano (Caşcaval, 1996a). 

 

 
Figure 33. 2–Hydroxy acetophenon–salicyl hydrazine 

 

The Schiff base obtained is a white crystalline substance, with a melting point in the 

range 221-222°C, insoluble in water, acetone, benzene, acetonitrile, chloroform, but soluble 

in methanol and dimethylsulfoxide. 

Through the functional groups in its structure, the Schiff base has a good 

complexation capacity for Mg(II), forming a complex with a maximum absorption at 386 nm. 

The method was simple and the complex formed with Mg(II) had a higher absorption 

molar coefficient than other cation-complexing reagents, described in the literature. Thus, the 

complex formed by the studied Schiff base and Mg(II) had molar absorptivity ε = 6.27·104 

mol-1·L·cm-1, superior to other Mg(II) complexes with: 

- o-cresolphthalin - ε = 2.14·104 mol-1·L·cm-1 (Zhao et al., 1998); 

- dibromonitro-arsenase - ε = 2.3·104 mol-1·L·cm-1 (Huang et al., 1997); 

- dibromo-o-carboxychlorophosphonase - ε = 1.94·104 mol-1·L·cm-1 (Deng et al., 

1997); 

- 8-hydroxy quinoline - ε = 1.51·104 mol-1·L·cm-1 (Pan et al., 1996); 

- alizarin S - ε = 7.5·103 mol-1·L·cm-1 (Wang et al., 1998). 
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I.3.7.1. Materials and methods 

Reagents 

All chemicals were analytical-reagent grade: 

 0.2M NH4OH solution, 

 0.2M NH4Cl solution, 

 Mg(II) standard solution containing 100µg/mL Mg(II), 

 0.03% (w/v) reagent solution in methanol, 

 methanol. 

Apparatus 

 Hewlett-Packard UV-VIS Spectrophotometer Series 8453; 

 pH meter MV-84 Seibold-Wien. 

Methods 

Determination of Mg(II) in pharmaceutical products 

1mL solution containing Mg(II) in the concentration range 10-60 µg/mL was treated 

with 1mL NH4OH/NH4Cl pH = 10.0 buffer solution, 2 mL methanol and 1mL 0.03% (w/v) 

reagent solution. The absorbance of the complex was measured after 10 minutes at 386nm 

against a blank sample. The optimum pH was between 9.6-10.0. 

I.3.7.2. Results 

Study on the reaction parameters for the spectrophotometric determination of Mg(II) 

The studied Schiff base formed with Mg(II) a complex with a maximum absorbance 

peak at 386 nm. 

When studying the influence of pH on the complexation reaction, the variation of the 

absorbance according to pH was analyzed using NH4OH/NH4Cl buffer solutions with a pH in 

the range 8.0-10.0. 

1mL Mg(II) solution containing 20 µg/mL was treated with 1mL NH4OH/NH4Cl 

buffer solution, 2mL methanol and 1mL 0.03% (w/v) reagent solution in methanol. After 10 

minutes the absorbance was measured against a blank sample. 

When plotting the data, it was concluded that the pH for which the complexation 

reaction was complete was between the values 9.6-10.0. 

 

 
Figure 34. Influence of pH on complexation reaction of 20µg/mL Mg(II) 

 

The combination ratio was determined using the isomolar series method (Figure 35). 

 

Determination of the stability constant and the molar absorption coefficient 
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Figure 35. The combination ratio study results 

 

The stability constant was determined using the formula (Harris, 1995): 

 

 
AKPK 0X

A   

 

ligandmetalcomplex AAAA   

 

metalcomplex   

 

where: X = molar concentration of the ligand and P0 = cation molar concentration. 

 
Table 14. Study of the stability constant of the complex 

No molls of ligand A εcomplex εMg·103 ε = εcomplex –εMg P0·10-4
 K·103 

1 3.75·10-7 0.018756 4.38·104 -6.1946 4.44·104 2.5 3.57 

2 7.5·10-7 0.05252 6.75·104 -2.46 6.99·104 5.0 2.80 

 

Stability of the complex 

1mL 20 µg / mL Mg(II) solution was treated with 1mL NH4OH/NH4Cl buffer at pH = 

10.0, 2 mL methanol and 1mL 0.03% (w/v) reagent solution in methanol. It was found that 

after 10 minutes had passed, the complex was stable. The absorbance value did not change 

substantially for 20-30 minutes. 

Calibration curve 

The absorbance was proportional to the Mg(II) concentration in the range 10-

60µg/mL. In that range the Lambert-Beer law was obeyed, and the coefficient of variation 

was r2 = 0.9818. 

The slope of calibration line was: 0.0025, while the intercept was 0.0945. 

In the same reaction conditions some other cations may interfere the quantitative 

determination of Mg(II) in the concentration range 20μg/mL. 
 

Table 15. The absorbances of the complexes formed by the Schiff base with other cations 

Cation Ni(II) Al(III) Fe(II) Ca(II) Mn(II) Co(II) 

Absorbance 0.3457 0.1870 0.1149 0.0003 0.2715 0.0065 
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Quantitative determination of Mg(II) from pharmaceutical products 

The results obtained were applied in the determination of Mg(II) from Magnesium 

sulphate 20%® - injectable solution and Mylanta® - suspension containing Mg(II) and Ca(II). 

The results obtained are presented in Table 16. 
 

Table 16. Quantitative determination of Mg(II) from pharmaceutical products 

Pharmaceutical 

product 

Certified Mg(II) 

content 

Xth RPh 

regulations 

Mg(II) found 

(g) 
Statistical data 

Magnesium 

sulphate 20%® 

200 mg/mL 

MgSO47H2O 

0.20706 g Mg 

0.18734 g Mg 

0.20332 

0.20556 

0.20495 

n = 3 

 = 0.95 

t = 4.31 

SD = 0.001832 

RSD = 0.005782 

A = 0.20461±0.002944 

Mylanta® 
135 mg/5mL 

Mg(OH)2 

0.057886 g Mg 

0.054514 g Mg 

0.05593 

0.05673 

0.05655 

n = 3 

 = 0.95 

t = 4.31 

SD = 0.0003162 

RSD = 0.005606 

A = 0.05640±0.00078 

 

I.3.7.3. Discussions 

An analytical study was performed on the complexation reaction of Mg(II) with the 

studied Schiff base, establishing the optimal working conditions. Through the functional 

groups in its structure, the Schiff base had a good complexation capacity of Mg(II), forming a 

complex with a maximum absorption at 386 nm. It was found that the Mg(II):Schiff base 

combination ratio was 1:1, the stability constant was 2.80·103 and the molar absorption 

coefficient ε = 6.27·104 mol-1·L·cm-1. 

The complex was stable for 20-30 minutes, period long enough for the quantitative 

determinations. The absorbance was proportional to the Mg(II) concentration in the range 10-

60µg/mL. The coefficient of variation was r2 = 0.9818, the slope of the calibration line was 

0.0025, and the intercept was 0.0945. From the data presented in Table 15 it was concluded 

that the complexation reaction of Mg(II) with the Schiff base was interfered by Ni(II), Fe(II), 

Mn(II) and Al(III). The interference of Fe(II) and Mn(II) could be eliminated through 

oxidation. The interference of Al(III) was eliminated by complexation with sodium fluoride 

with the formation of the colorless, stable and soluble complex [AlF6]
3-. Ni(II) and Fe(II) can 

be eliminated through the reaction with alkaline cyanides. 

The spectrophotometric method studied was applied to the determination of Mg(II) 

from pharmaceutical products with good results (Table 16). From the statistical data 

processing, the average concentration was 0.1953g in a range of 0.20706-0.18734g Mg(II) for 

Magnesium sulphate 20% and a concentration of 0.05565 g Mg(II) in the range 0.057886 -

0.054514g Mg(II), in line with the regulations set by the Xth Edition of The Romanian 

Pharmacopoeia. 

I.3.7.4. Conclusions 

A new spectrophotometric method for the determination of Mg(II) was established. 

The statistical parameters calculation showed that the UV spectrophotometric method was 

accurate, reproducible, with errors within the limits allowed by the Xth Edition of The 

Romanian Pharmacopoeia for Mg(II) pharmaceutical products. 
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I.4. EVALUATION OF THE BIOLOGICAL ACTIVITY OF SOME 

SCHIFF BASES, BIS SCHIFF BASES AND THEIR COMPLEXES WITH 

VARIOUS IONS 

Compounds with the structure of -C=N- (azomethine group) are known as Schiff 

bases, which are usually synthesized from the condensation of primary amines with 

compounds having active carbonyl groups (Ali et al., 2012). Schiff bases can form a new 

class of drugs through mechanisms of immune potentiation and therapeutic potential. The 

complex combination of Schiff bases with metallic ions represents a class of compounds with 

the most interesting properties, both from the point of view of chemical and biological 

behavior. The literature data quotes the antimicrobial, anti-inflammatory and antioxidant 

action of the complex combinations of Schiff bases with different cations. The biological 

activities of Schiff bases have attracted considerable attention to organic and medicinal 

researchers for many years. Schiff bases are now well known for their importance in 

biological fields such as anticancer (Qiao et al., 2011), antimicrobial (Venkatesh, 2011; 

Hussein et al., 2011), anti-inflammatory (Sathe et al., 2001; Pandey et al., 2011), antiviral 

(Kumar et al., 2009), analgesic (Chinnasamy et al., 2010), pesticidal (Ali et al., 2009), and 

antioxidant (Vancoa et al., 2004; Harinath et al., 2013) agents. Related to anti-inflammatory 

effects, it was reported that several Schiff bases with pyrazole, thiazole, thiazoline and 

benzothiazole moiety and their metal complexes with Cu(II), Ni(II), and Zn(II) (Alam et al., 

2012; Geromikaki et al., 2003) possesses important anti-inflammatory effects. Those 

compounds inhibit the activity of cyclooxygenase (COX) and 5- lipooxygenase enzymes (Ali 

et al., 2012; Zhou et al., 2010; Bertolini et al., 2001), and they can also scavenge the free 

radicals, being known by the implication of the free radicals and oxidative stress in 

inflammatory diseases (Nirmal et al., 2010; Gaubert et al., 2000). At the same time, it was 

noted that the low levels of magnesium are associated with the inflammation and, as a result, 

a large number of magnesium complexes have been synthesized and their anti-inflammatory 

effects were studied (Ferre et al., 2010). 

 

THE STUDIES WERE PUBLISHED IN THE FOLLOWING ARTICLES: 
 Ţântaru Gladiola, Nechifor Mihai, Lenuța Profire. Synthesis and biological evaluation 
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Pharmacy and Pharmacology 2013; 7(20): 1225-1230. 

 Ţântaru Gladiola, Popescu Maria-Cristina, Bild Veronica, Poiată Antonia, Lisa 

Gabriela, Vasile Cornelia. Spectroscopic, thermal and antimicrobial properties of the 

copper (II) complex of Schiff base derived from 2-(salicylidene) aminopyridine. 

Applied Organometallic Chemistry 2012; 26(7): 356-361. 

 Ţântaru Gladiola, Poiată Antonia, Bibire Nela, Panainte Alina Diana, Apostu Mihai, 

Vieriu Mădălina. Synthesis and Biological Evaluation of a New Schiff Base and its 

Cu(II) Complex. Revista de Chimie (Bucharest) 2017; 68(3): 586-588. 

 Ţântaru Gladiola, Apostu Mihai, Poiată Antonia, Nechifor Mihai, Bibire Nela, 

Panainte Alina Diana, Vieriu Mădălina. Study of Physico-chemical Characteristics and 

Pharmacological Effects of 1-Ethyl-Salicyldene-bis-Ethylene-Diamine and Its Complex 

with Mn(II). Revista de Chimie (Bucharest) 2019; 70(7): 2534-2537. 

 Ţântaru Gladiola, Nechifor Mihai, Apostu Mihai, Vieriu Mădălina, Panainte Alina 

Diana, Bibire Nela. Anti-inflammatory activity of an N,N-
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disalicylidenemethylendiamine-derived bis Schiff base and its Copper(II) complex. 

Medical-Surgical Journal - Revista Medico-Chirurgicală a Societatii de Medici și 

Naturaliști din Iași 2015; 119(4): 1195-1198. 

 Ţântaru Gladiola, Apostu Mihai. Analytical and biological implications of complex 

combinations of hydroxyurea with Iron(II). Revista de Chimie (Bucharest) 2010; 61(7): 

632-635. 

I.4.1. Antimicrobial, anti-inflammatory activity of 4-(pyrrol-2-yl-

methylen)amino-1-phenyl-2,3-dimethylpyrazolin-5-one, 2-hydroxy-

acetophenon-salcylhydrazine and their Cu(II) and Mg(II) complexes 

Related to anti-inflammatory effects, it was reported that several Schiff bases with 

pyrazole, thiazole, thiazoline and benzothiazole moiety and their metal complexes with 

Cu(II), Ni(II), and Zn(II) (Alam et al., 2012; Geromikaki et al., 2003) possesses important 

anti-inflammatory effects. Those compounds inhibit the activity of cyclooxygenase (COX) 

and 5- lipooxygenase enzymes (Ali et al., 2012; Zhou et al., 2010; Bertolini et al., 2001), and 

they can also scavenge the free radicals, being known by the implication of the free radicals 

and oxidative stress in inflammatory diseases (Nirmal et al., 2010; Gaubert et al., 2000). At 

the same time, it was noted that the low levels of magnesium are associated with the 

inflammation and, as a result, a large number of magnesium complexes have been synthesized 

and their anti-inflammatory effects were studied (Ferre et al., 2010). 

Based on the aforementioned applications of Schiff bases, that study presents toxicity 

degree and anti-inflammatory effects of new Schiff bases and their complexes with Cu(II) and 

Mg(II) (Țântaru et al., 2013). 

The compounds 4-(pyrrol-2-yl-methylen)amino-1-phenyl-2,3-dimethylpyrazolin-one 

(L1), 2-hydroxyacetophenon-salcyl hydrazine (L2), [Cu(II)-L1]complex (3) and [Mg (II-L2)] 

complex (4) were evaluated for toxicity degree and for their anti-inflammatory activity using 

carrageenan induces rat paw edema bioassay. All tested compounds are nontoxic at dose of 

100 and 200 mg/kg. At dose of 400 mg/kg, the compounds have induced toxic central 

phenomena and the death occurred at dose of 800 mg/kg. 8 h after the experiment started, 

some compounds showed anti-inflammatory effects comparable with the effect of 

indomethacin used as reference drug. The most active compound was Cu(II) complex (3) at 

dose of 10 mg/kg. 

I.4.1.1. Materials and methods 

Reagents 

4-(pyrrol-2-yl-methylen)amino-1-phenyl-2,3-dimethylpyrazolin-one(L1),2-

hydroxyacetophenon-salcyl hydrazine (L2), [Cu(II)-L1]complex(3) and [Mg (II-L2)] 

complex(4) which have been synthesized and physico-chemically characterized (I.3.1.). 

The experiment was approved by the Ethics Committee of ”Grigore T. Popa” 

University of Medicine and Pharmacy Iași, Romania (No 23983/2014) and was carried out in 

accordance with the European regulations concerning the studies with animals. The study was 

carried out on male Wistar rats (average weight of 250-300 g) provided by Cantacuzino 

Institute – Bucharest, Romania. 

Apparatus 

HPLC-MS-MS 

Methods 
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Acute toxicity assay 

The acute toxicity of the ligands (1, 2) and their complexes (3, 4) was studied on mice. 

The animals, weighting 20 to 25 g, were obtained from Central Animal House, “Grigore T. 

Popa” University of Medicine and Pharmacy Iasi. The animals were kept in polyethylene 

boxes, in a controlled environment at constant temperature (24±2°C) with a 12 h light-dark 

cycle and relative humidity of 40 to 70%. They were kept without food for 24 h before the 

experiment and water was ad libitum. Groups of six mice were used and the studies were 

carried out in accordance with the current guidelines for the veterinary care of laboratory 

animals (8th US Guide for the Care and Use of Laboratory Animals, 2011; EU Directive 63, 

2010) and were performed under the consent of Ethics Committee for Animal Research of 

“Grigore T. Popa” University of Medicine and Pharmacy Iasi. Each group was treated p.o. 

with compounds in 0.5% sodium carboxymethyl cellulose (Na-CMC) (w/v solution). A group 

of animals treated with Na-CMC (0.5%) was used as control. The symptoms of toxicity and 

mortality were observed in the following 10 days. The acute toxicity was evaluated using 

geometrically progressing doses in single administrations (Salga et al., 2012). 

Anti-inflammatory activity 

The anti-inflammatory activity was determined in male Wistar rats, weighting 180 to 

200 g using carrageenan induced rat paw edema method (Winter et al., 1962; Ravishankar et 

al., 2011). The animals were randomly divided into group of six rats each. The standard drug 

(indomethacin) and test compounds (L1, L2, [Cu(II)-L1] complex (3) and [Mg (II-L2)] 

complex (4)) were administered p.o. as a suspension in Na-CMC 0.5%, 1 h before to 

carrageenan injection. The control group received only 0.5% w/v solution of Na-CMC. The 

right hind paw edema was induced by sub-plantar injection of 0.2mL of 2% carrageenan 

solution in saline (0.9%). The volume of paw edema (mL) was determined using 

plethysmometric method before and after 1, 2, 4, 6, 8 and 24 h of carrageenan injection. The 

anti-inflammatory activity was shown as the variation of the volume of inflammation paw 

edema (mL). 

Statistical analysis 

The results were analyzed using one-way analysis of variance (ANOVA) and 

expressed as mean ± standard error of mean (SEM). Values of P < 0.05 were considered 

statistically significant. 

I.4.1.2. Results 

Toxicity assay 

In order to evaluate the toxicity of the ligands (L1 and L2) and their complexes (3 and 

4), several doses of 100, 200, 400 and 800 mg/kg were used. At doses of 100 and 200 mg/kg, 

all compounds are nontoxic. At dose of 400 mg/kg, L1 and L2 and their complexes have 

induced central phenomena, which were manifested by shaking and fast breathing. It was also 

noticed that, in dose of 800 mg/kg, all compounds induced sudden death due to convulsive 

phenomena. 

Anti-inflammatory activity 

The results (Table 17) revealed that the tested compounds have significantly anti-

inflammatory effect in reference with the control group and the effect is comparable with the 

effect of indomethacin, which was used as a reference drug. 
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Table 17. In vivo anti-inflammatory activity of the synthesized compounds in carrageenan-induced paw 

edema. 

Compound 
Dose 

(mg/kg) 

Paw edema (mL+SME) 

0 1 h 2 h 4 h 6 h 8 h 24 h 

Control - 18.17±1.02 27.83±0.62 30.17±0.32 35.17±1.06 38.83±2.36 38.50±1.80 23.67±1.18 

I 10 22.30±4.05 25.30±2.71 26.90±2.04 25.02±3.21 24.80±2.25 25.32±3.61 24.55±2.77 

L1 15 19.50±0.62 28.33±1.42 30.33±0.80 33.83±0.63* 32.00±3.20** 30.83±3.62** 21.83±0.86* 

3 5 19.83±0.78 26.83±0.47 28.50±0.80 34.50±0.95 33.33±7.78* 31.67±9.96** 23.50±0.08 

3 10 20.67±1.18 29.67±0.86 33.83±1.72 27.17±3.76** 23.67±7.14** 22.50±7.54** 21.33±1.56** 

L2 5.4 21.20±2.46 30.80±1.72 31.33±0.96 29.83±4.36** 24.90±6.56** 23.60±7.02** 22.40±1.08 

4 6 19.66±0.32 23.66±1.34 27.50±0.94 30.16±1.26** 28.66±2.44** 26.55±3.82** 23.64±4.46 

I: Indomethacin; *P<0.05, ** P<0.001 in reference with control group. 

 

I.4.1.3. Discussions 

At doses of 100 and 200 mg/kg, all compounds are nontoxic. At dose of 400 mg/kg, 

L1 and L2 and their complexes have induced central phenomena, which were manifested by 

shaking and fast breathing. It was also noticed that, in dose of 800 mg/kg, all compounds 

induced sudden death due to convulsive phenomena. 

The effect starts at 4 h, increases at 6 and 8 h and then begins to decrease. In the group 

treated with L1 (15 mg/kg), the maximum effect was observed after 8 h, when the volume of 

paw edema was 30.83±3.62 in reference with the control (38.50±1.80). In the group treated 

with L2 (5.4 mg/kg), the volume of paw edema was 23.60±7.02 after 8 h, which means that it 

is 1.3 times more active than L1 and comparable with indomethacin (25.32±3.61). 

The [Cu(II)-L1] complex (3) showed a higher effect at a dose of 10 mg/kg than at a 

dose of 5 mg/kg. At 8 h after the administration of the compound, in dose of 10 mg/kg, the 

volume of paw edema was 22.50±7.54, which means that it is 1.4 time more active than its 

ligand L1 (30.83±3.62) and slightly higher than indomethacin (25.32±3.61). In the same 

conditions, the volume of paw edema was 31.67±9.96 when the complex 3 was administered 

in dose of 5 mg/kg. At that concentration, the complex is less active than indomethacin but 

remain active in reference with control (38.50±1.80). The anti- inflammatory effect of the 

[Mg(II)-2] complex (4) (6 mg/kg) is also important (26.55±3.82) at 8 h in reference with 

control (38.50±1.80) and comparable with indomethacin (25.32±3.61), but it is slightly lower 

than its ligand L2 (23.60±7.02). 

I.4.1.4. Conclusions 

Two new Schiff bases and their Cu(II) and Mg(II) complexes have been synthesized. 

The compounds were evaluated for toxicity degree and for their anti-inflammatory activity 

using carrageenan induces rat paw edema bioassay. All tested compounds are nontoxic at 

dose of 100 and 200 mg/kg. At dose of 400 mg/kg, the compounds have induced toxic central 

phenomena and the death occurred at dose of 800 mg/kg. At 8 h after the experiment started, 

some compounds showed anti-inflammatory effects comparable with the effect of 

indomethacin used as reference drug. The most active compound was [Cu(II)-L1] complex (3) 

at dose of 10 mg/kg. Its effect on reduction of the carrageenan-induced paw edema was 

comparable with the effect of indomethacin. 
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I.4.2. Antimicrobial properties of the Cu(II) complex of Schiff base 

derived from 2-(salicylidene) aminopyridine 

The literature data quotes the antimicrobial, anti-inflammatory and antioxidant action 

of the complex combinations of Schiff bases with different cations (Geeta et al., 2010; 

Hunoor et al., 2010). 

Several Schiff base complexes of Cu(II), such as N,N'-1,2-phenylene-

bis(salicylideneiminato)Cu(II), bis(N-phenylpyridoxylideneiminato)Cu(II), aqua(5-

phosphopyridoxylidene-DL-phenylalanineato)Cu(II) were reported in the literature data. 

No studies were found on the Cu(II) complexes of the Schiff base derived from 2-

(salicylidene) aminopyridine (Raman et al., 2001). Schiff bases and their complexes have a 

variety of biological (Fang et al., 2014) clinical (Hille et al., 2011) and analytical (Palet et al., 

1999) applications. Earlier works have shown that some drugs had increased activity when 

administered as metal chelates rather than as organic compounds. 

That work deals with the study of the physicochemical characterization of a Schiff 

base (Al. Caşcaval, 1996)(BS) derived from 2-(salicylidene) aminopyridine and its complex 

with Cu(II) ions, SB-Cu(II), (Țântaru et al., 2012). The antimicrobial activity of that complex 

was compared with that of Schiff base on strains of Staphylococcus aureus ATCC 25923, 

methicillin-resistant Staphylococcus aureus (MRSA), Bacillus cereus ATCC 14579, Bacillus 

subtilis ATCC6633, Escherichia coli ATCC25922, Candida albicans ATCC 10231 and 

Klebsiella spp. That activity was also compared with that of the reference drugs 

(chloramphenicol, tetracycline, ofloxacin and nystatin) on the above-mentioned strains. 

I.4.2.1. Materials and methods 

Reagents 

2-(salicylidene) aminopyridine and its complex with Cu(II) (I.3.2.) and strains of 

Staphylococcus aureus ATCC 25923, methicillin-resistant Staphylococcus aureus (MRSA), 

Bacillus cereus ATCC 14579, Bacillus subtilis ATCC6633, Escherichia coli ATCC25922, 

Candida albicans ATCC 10231 and Klebsiella spp. 

The reference drugs chloramphenicol, tetracycline, ofloxacin and nystatin. 

Swiss male mice (each mouse weighing 20-25 g) purchased from Cantacuzino 

Institute (Bucharest, Romania). 

Methods 

Toxicity study 

Acute toxicity was estimated by oral administration of SB and SB-Cu(II), using 

sodium carboxymethyl cellulose (Na-CMC) 0.1% suspension as carrier, to groups of 6-10 

Swiss male mice (each mouse weighing 20-25 g). Administration was made according to 

classical laboratory methodology (Czajkowska et al., 1978). The animals received food and 

water ad libitum. Three hours before testing their access to water was discontinued. Acute 

toxicity was evaluated, using geometrically progressing doses (ratio 2) in single 

administrations. Death of animals and their behavioral reactions were followed during 10days. 

The testing was made in accordance with the international legislation and the internal 

regulations (EU Directive 86/609, 1986, AVMA Guidelines on Euthanasia, 2007) of the 

University of Medicine and Pharmacy concerning experiments using lab animals. 

Statistics: the interpretation of the results was made by analyzing the regression lines, 

and the data were submitted for ANOVA testing. 

Antibacterial activity 

The newly prepared compounds were screened for their antibacterial activity against 

Gram-positive and Gram-negative bacteria (Staphylococcus aureus ATCC 25923, MRSA, 

Bacillus cereus ATCC 14579, Bacillus subtilis ATCC 6633, Escherichia coli ATCC 25922, 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Fang%20B%5BAuthor%5D&cauthor=true&cauthor_uid=24401461
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hille%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21469170
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Klebsiella spp., Candida albicans ATCC 10231) using disc diffusion assay. (Murray et al., 

1995). Suspensions in sterile peptone water from 24 h cultures of microorganisms were 

adjusted to 0.5 McFarland. Muller-Hinton Petri dishes of 90 mm were inoculated using those 

suspensions. The tested compounds were dissolved in DMSO to a final concentration of 1000 

rng·ml-1. The discs (6 mm in diameter) were impregnated with 10mL of each compound and 

placed on the inoculated peptone water. DMSO-impregnated discs were used as negative 

controls. Toxicity tests of the solvent, DMSO, showed that the concentrations used in 

antibacterial activity assays did not interfere with microorganism growth (Rusu et al., 2009). 

I.4.2.2. Results 

Toxicological Study 

For SB and SB-Cu(II) complex (Figure 36) several doses were used (100, 200, 400 

and 800mg·kg-1 body weight). The 800mg·kg-1 dose induced sudden death due to convulsive 

phenomena. From analysis of the regression lines the LD50 for SB = 115.39±88.16mg·kg-1 

body weight (Y =0.174 + 1.728X, R = 0.669) and for SB-Cu(II) = 620.62±250.45 mg kg-1 

body weight (Y =1.185 + 1.850X, R = 0.901), which indicates a low toxicity for SB and a 

very low toxicity for SB-Cu(II). For SB and SB-Cu(II) the use of doses higher than LD50 will 

induce central nervous phenomena which create significant discomfort. 
 

 
Figure 36. Regression line for SB and SB-Cu(II) 

 

Antibacterial Activity 

Antimicrobial activity is estimated by measuring the diameter of the area inhibited by 

the tested compounds (Table 18). Those results, attributed to the structure of the tested 

compounds, seemed to be the principal factor influencing antibacterial activity. That property 

is certainly correlated with the ability of a compound to diffuse through the biological 

membranes and reach its site of action. 
 

Table 18. Antimicrobial activity of the tested compounds 

Microbial 

strains 

Antimicrobial agents 

SB SB-Cu(II) C 30 mg T 30 mg OF 5 mg N 100 mg 

Bacillus cereus 27 37 39 32 35 - 

Bacillus subtilis 25 25 38 30 35 - 

Staphylococcus 

aureus 
24 34 26 33 30 - 

MRSA 20 34 25 28 25 - 

Klebsiella spp. 28 32 25 18 20 - 

Escherichia coli 22 28 22 28 28 - 

Candida albicans 40 40 - - - 26 

aC = chloramphenicol; T = tetracycline; OF = ofloxacin; N = nystatin. 
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I.4.2.3. Discussions 

Regarding the ligand, we have noticed an efficient action of chloramphenicol, 

tetracycline and ofloxacin on Staphylococcus aureus, methicillin-resistant Staphylococcus 

aureus, Escherichia coli, and Klebsiella spp. The SB- Cu(II) complex is more active than SB 

as a bidentate ligand with coordination involving the -OH and the nitrogen atom of C = N 

groups. SB does not have an effective activity in relation to Bacillus cereus and Bacillus 

subtilis. SB-Cu(II) is efficient against Bacillus cereus, Staphylococcus aureus, MRSA, 

Escherichia coli and Klebsiella spp. The strongest activity is noticed in relation to Candida 

albicans. The cations involved in the complex intensify the action compared to Schiff base. 

I.4.2.4. Conclusions 

The antimicrobial activity of that complex was tested in comparison with the activity 

of the Schiff base on the following strains: Staphylococcus aureus, MRSA, Bacillus cereus, 

Bacillus subtilis, Escherichia coli, Candida albicans and Klebsiella spp. That activity was 

also compared with the activity of the reference drugs (chloramphenicol, tetracycline, 

ofloxacin and nystatin) on the above-mentioned strains. 

All tested compounds were very active against both Gram-positive and Gram-negative 

bacteria. 

The comparative study of the antimicrobial activity of a new Schiff base and of 

complex combination with metallic cations proves the fact that both manifested an 

antimicrobial action comparable with the reference drugs chloramphenicol, tetracycline, 

ofloxacin and nystatin. However, the complex is more active than the Schiff base, due to the 

complex generator and structure. 

I.4.3. Antimicrobial properties of the Cu(II) complex of Schiff base 

derived from N-hydroxy-N'-salicylidene-urea 

The biological activity of Schiff bases has been attracting the attention of organic 

chemists and medical researchers for many years. Several studies proved that Schiff bases and 

their complexes with various cations which exhibit antibacterial activities have been reported 

(Faizu et al., 2007; Joginder et al., 2017; Shukla et al., 2017). 

A new Schiff base ligand, N-hydroxy-N'-salicylidene-urea was synthesized through 

the condensation of salicylaldehyde with hydroxyurea. The Cu(II) complex of the Schiff base 

has been also obtained (Ţântaru et al., 2017).The antimicrobial activity of the Cu(II) complex 

was evaluated through comparison to the activity of the Schiff base on various bacterial 

strains. All tested compounds were very active against both gram-positive and gram-negative 

bacteria. 

I.4.3.1. Materials and methods 

Reagents 

The antimicrobial activity of the ligand and the Cu(II) complex were evaluated against 

Gram-positive bacteria: Staphylococcus aureus ATCC 25923(Sa), Bacillus cereus ATCC 

14579 (Bc), Bacillus subtilis ATCC 6633 (Bs), and Gram-negative bacteria: Escherichia coli 

ATCC 25922 (Ec), Pseudomonas aeruginosa ATCC 9027 (Pa). Chloramphenicol and 

Ampicillin were used as reference substances. 

Methods 

The qualitative antimicrobial assay of the compounds was performed using the agar 

diffusion method according to standard accepted disk sensitivity criteria of The National 
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Committee for Clinical Laboratory Standards (Balan et al., 2009, Brown et al., 1979, National 

Committee for Clinical Laboratory Standard, 1999, Ţântaru and Apostu, 2010). 

The agar dish diffusion (Murray et al., 1995) procedure is a method approved by the 

National Committee for Clinical Laboratory Standards and was one of the first methods for 

evaluating the in vitro efficacy of antimicrobial agents. The microbiological assay is one in 

which the antimicrobial agent placed in a reservoir (paper disc, cylinder), diffuses directly 

against seeded bacteria. 

A standard suspension of each reference strain was prepared from fresh overnight 

cultures and it was mixed with 15mL portions of molten nutrient agar in sterile Petri plates, 

resulting a final concentration of about 106 cells/mL. The plates were sliced with solid metal 

cylinders (6mm in diameter) and then 0.2mL samples solutions of ligand and complex and 

standard commercial disks of 10 µg Ampicillin and 30 µg Chloramphenicol were transferred 

into each well. Each microorganism was tested in triplicate and the zones of inhibition around 

the wells were measured after incubation at 37°C for 24 hours. The diameter of the inhibition 

zones was evaluated as mean ± SD. 

I.4.3.2. Results 

The Antimicrobial activity was correlated to the ability of the compounds to diffuse 

through biological membranes to reach its site of action. The cylinder technique was used for 

testing because it was more sensitive than paper discs technique. The antimicrobial activity 

was estimated by measuring the diameter of the area inhibited by the Cu(II) complex when 

compared to that of the ligand. 

Table 19 summarized the antimicrobial activity of tested compounds against Gram-

positive and Gram-negative reference strains, in comparison to Ampicillin and 

Chloramphenicol. 
 

Table 19. In vitro antimicrobial activity of the ligand and its Cu(II) complex against gram-positive and 

gram-negative strains trough the diameter of the inhibition zone (millimeters) 

Microbial 

strains 

Antimicrobial agent 

Ligand Cu(II) complex Ampicillin Chloramphenicol 

Pseudomonas 

aeruginosa 
22.70 ±0.28 25.30±0.55 24±0.22 24±0.22 

Staphylococcus 

aureus 
16.30±0.57 19.66±0.52 30±0.27 29±0.53 

Bacillus cereus 20.20±0.53 25.70±0.53 27±0.52 28±0.42 

Bacillus subtilis 18.30±0.42 22.70±0.27 28±0.45 30±0.37 

Escherichia coli 19.30±0.33 22.50±0.28 23±0.38 26±0.35 

 

I.4.3.3. Discussions 

The Cu(II) complex showed a higher antimicrobial action than the free ligand and that 

effect was evident against all reference bacteria tested. The Cu(II) complex was more active 

than the ligand because of the coordination involving –OH and the nitrogen atom of C=N 

group. 

The association of the ligand with Cu(II) substantially increased the in vitro 

susceptibility of Gram-positive and Gram-negative tested bacteria. Against Staphylococcus 

aureus ATCC25923, both ligand and its Cu(II) complex exerted the lowest degree of 

antimicrobial activity when compared to sporulated bacteria, Escherichia coli and 

Pseudomonas aeruginosa. 
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Both tested substances showed at concentrations of 10 μg/mL, an antimicrobial profile 

similar to that of ampicillin and chloramphenicol (30 μg/disk) against Bacillus cereus, 

Escherichia coli and Pseudomonas aeruginosa. On the contrary, Staphylococcus cereus and 

Bacillus subtilis were less sensitive to those compounds than Bacillus cereus, Escherichia coli 

and Pseudomonas aeruginosa. The data of Table 19 shows large inhibition zones of microbial 

growth. The differences in activity probably reflected the differences in the mode of action of 

their chemical structures against the bacterial cell. 

I.4.3.4. Conclusions 

The tested compounds were active against both gram-positive and gram-negative 

bacteria. The antimicrobial activity of the complex resembled that of Ampicillin and 

Chloramphenicol. Also, all tested bacteria revealed a lower sensitivity against the ligand than 

against the complex. 

I.4.4. Evaluation of Antimicrobial and Anti-Inflammatory Action of 

1-Ethyl-Salicyldene-Bis-Ethylene-Diamine and Its Complex with Mn(II) 

Schiff bases can be synthesized from an aliphatic or aromatic amine and a carbonyl 

compound by nucleophilic addition forming a hemiaminal, followed by dehydration to 

generate an imine. Schiff bases are common ligands in coordination chemistry. The imine 

nitrogen is basic and exhibits π-acceptor properties. The ligands are typically derived from 

alkyl diamines and aromatic aldehydes (Mcnaught et al., 1997; Pui et al., 2009; Mumtaz et al., 

2018). 

The complex combinations of Bis-Schiff bases with metallic ions (Sigel et al., 2019) 

represent a class of compounds with very interesting properties from the point of view of their 

chemical and biological behavior. Regarding their anti-inflammatory effects, it was reported 

that several Schiff bases with pyrazole, thiazole, thiazoline and benzothiazole moiety and 

their metal complexes with Mn(II), Cu(II), Ni(II), Zn(II) possesses important anti-

inflammatory effects (Singh et al., 2009; Alam et al., 2012). Those compounds inhibit the 

activity of cyclooxygenase (COX) and 5-lipooxygenase enzymes (Ali et al., 2014), and they 

can also scavenge free radicals, which are well-known for their implication in inflammatory 

diseases (Nirmal et al., 2010). 

Based on the above-mentioned applications of Schiff bases, the study presents toxicity 

degree, antimicrobial, and anti-inflammatory effects of a new Bis-Schiff base and its Mn(ІІ) 

complex (Abdel-Rahman et al., 2017b). Ligands derived from substituted salicylaldimine 

have played an important part in revealing the preferred coordination geometries of metal 

complexes. Of particular interest have been those involving Mn(II), since they reveal 

surprising molecular diversity not only in coordination geometry but also regarding more 

subtle changes in the ligands. Thus, complexes with four, five or six donors or with marked 

tetrahedral “distortions” are accompanied by bond length changes and deviations from 

expected ligand geometry (Raman et al., 2001).A new complex of the Salen-type ligand, 1-

ethyl-salicylidene-bis-ethylene diamine (BSB), (Caşcaval, 1995) was synthetized using 

Mn(II) ions, Mn(BSB)2 with great potential for antimicrobial and anti-inflammatory activity 

(Țântaru et al., 2019). 

The antimicrobial activity of the complex was tested in comparison with the activity 

of the Bis-Schiff base on the following strains: Pseudomonas aeruginosa ATCC 9027, 

Staphylococcus aureus ATCC 25923, Bacillus cereus ATCC 14579, Bacillus subtilis ATCC 

6633, Kiebsiella spp., Escherichia coli ATCC 25922, Candida albicans ATCC 10231, and it 

https://en.wikipedia.org/wiki/Aliphatic_amine
https://en.wikipedia.org/wiki/Aromatic_amine
https://en.wikipedia.org/wiki/Carbonyl
https://en.wikipedia.org/wiki/Nucleophilic_addition
https://en.wikipedia.org/wiki/Hemiaminal
https://en.wikipedia.org/wiki/Dehydration_reaction
https://en.wikipedia.org/wiki/Imine
https://en.wikipedia.org/wiki/Coordination_chemistry
https://en.wikipedia.org/wiki/Pi_backbonding
https://en.wikipedia.org/wiki/Diamine
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was compared to the antimicrobial activity of Ampicillin, Chloramphenicol Tetracycline, 

Ofloxacin and Nystatin. 

Several studies have proved that Bis-Schiff bases and their complexes with various 

cations such as Cu(II), Mg(II), Ni(II), Co(II) etc. reduce the synthesis of some chemical 

mediators of acute inflammation such as leukotrienes which are involved in the formation of 

free radicals (Tiang-Rong et al., 2007). 

The DL50 values of new Bis-Schiff bases and their complexes with metallic ions, 

have also been established. 

 

I.4.4.1. Materials and methods 

Reagents 

The following reagents were used: MnSO4∙H2O, dimethylsulfoxide (DMSO) sodium 

carboxymethyl cellulose (Na-CMC), and methanol. They were produced by Merck Germany 

or Chimopar Romania. 

The following strains: Pseudomonas aeruginosa ATCC 9027, Staphylococcus aureus 

ATCC 25923, Bacillus cereus ATCC 14579, Bacillus subtilis ATCC 6633, Kiebsiella spp., 

Escherichia coli ATCC 25922, Candida albicans ATCC 10231, and it was compared to the 

antimicrobial activity of Ampicillin, Chloramphenicol Tetracycline, Ofloxacin and Nystatin. 

Swiss male mice, each weighing between 20 and 25 g and male Wistar rats, weighting 180-

200 g purchased from Cantacuzino Institute (Bucharest, Romania). 

Methods 

Toxicity study 

The acute toxicity of the Bis-Schiff base and Mn(BSB)2 was estimated by orally 

administrating their 0.1% suspensions in Na-CMC to groups of 6-10 Swiss male mice, each 

weighing between 20 and 25 g, according to the classical laboratory methodology (Țântaru et 

al., 2002). The animals received food and water ad libidum. Three hours before testing their 

access to water was discontinued. 

Acute toxicity was evaluated using geometrically progressing doses in single 

administrations. The death of the animals and their behavioral reactions has been followed for 

10 days. The testing was made in accordance with the international legislation and the internal 

regulations of the University of Medicine and Pharmacy concerning experiments using lab 

animals (Alam et al., 2012; Ali et al., 2014). 

Interpretation of the results was made by analyzing the regression lines and the data 

were submitted to ANOVA testing. 

Antibacterial activity 

The qualitative antimicrobial assay of the compounds was performed by the agar 

diffusion method according to standard accepted disk sensitivity criteria of National 

Committee for Clinical Laboratory Standards (Murray et al., 1995; EU Directive 86/609, 

1986) using 10-2M methanolic solution of BSB, 10-2M methanolic solution of MnSO4∙H2O, 

1000 µg/mL BSB solution in DMSO and 1000 µg/mL Mn(BSB)2 solution in DMSO. The 

bacterial strains used on Sabouraud medium were: Pseudomonas aeruginosa ATCC 9027, 

Staphylococcus aureus ATCC 25923, Bacillus cereus ATCC 14579, Bacillus subtilis ATCC 

6633, Escherichia coli ATCC 25922, Candida albicans ATCC 10231, Kiebsiella spp.. The 

reference substances were used in very small quantities: 30 µg Chloramphenicol and 

Tetracycline, 10 µg Ampicillin, 5 µg Ofloxacin, and 100 µg Nystatin dissolved in DMSO and 

impregnated in discs of sterile paper. 

For the qualitative assay, suspensions of the compounds, prepared in sterile peptone 

water from 24 h cultures of microorganisms were adjusted to 0.5 McFarland. Muller-Hinton 

Petri dishes of 90 mm were inoculated using those suspensions. The tested compounds were 
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dissolved in DMSO and brought to 1000 µg/mL concentration levels. Chloramphenicol, 

Tetracycline, Ampicillin, Ofloxacin and Nystatin dissolved in DMSO were used as reference 

substances. The 6 mm discs impregnated with 10 µL solution of each compound were used as 

negative controls and placed in a circular pattern in each inoculated plate. Incubation of the 

plates was done at 37°C for 24 hours. Evaluating the results was done by measuring the 

diameters of the inhibition zones generated by the tested substances. Toxicity tests of the 

DMSO solvent showed that the concentrations used in antibacterial activity assays did not 

interfere with the growth of the microorganisms (Brown et al., 1979). 

Anti-inflammatory activity 

The anti-inflammatory activity was determined using male Wistar rats, weighting 180-

200 g using carrageenan induced rat paw edema method. The animals were randomly divided 

into groups of six. The standard drug (Indomethacin) and test compounds: BSB and 

Mn(BSB)2, were administered p.o. as a suspension in 0.5% Na-CMC solution, one hour 

before the carrageenan injection. The control group received only 0.5% Na-CMC solution. 

The right hind paw edema was induced by sub-plantar injection of 0.2mL of 2% carrageenan 

solution in saline (0.9%). The volume of paw edema (mL) was determined using 

plethysmometric method before and after 1, 2, 4, 6, 8 and 24 hours of carrageenan injection. 

The anti-inflammatory activity was evaluated as the variation of the volume of inflammation 

paw edema (mL) (AVMA Guidelines on Euthanasia, 2007; Winter et al., 1962; Ravishankar 

et al., 2011). 

Statistical Analysis 

The results were analyzed using one-way analysis of variance (ANOVA) and 

expressed as mean  standard error of mean (S.E.M.). 

I.4.4.2. Results 

In order to evaluate the toxicity of the BSB and their complexes Mn(II)2 the following 

doses were tested: 100, 200, 400 and 800 mg/kg. At doses of 100 and 200 mg/kg, all 

compounds were nontoxic. At dose of 400 mg/kg, BSB and its complex induced central 

phenomena such as shaking and fast breathing. It was also noticed that, at 800 mg/kg dose, all 

compounds induced sudden death due to convulsive phenomena. In conclusion, BSB and the 

corresponding complexes are basically nontoxic. 

The antimicrobial activity was estimated by measuring the diameter of the area 

inhibited by the tested compounds: BSB and its Mn(II) complex. The results from Table 20 

could be attributed to the structure of the tested compounds that seemed to be the main factor 

influencing the antibacterial activity. That was certainly correlated to the ability of a 

compound to diffuse through biological membranes to reach its site of action. 

Anti-inflammatory activity 

The results from Table 21 revealed that the tested compounds had a significant anti-

inflammatory effect in reference to the control group and the effect was comparable with that 

of indomethacin, which was used as a reference drug. 
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Table 20. Antimicrobial activity of the tested compounds 

Microbial 

strains 

Antimicrobial agents 

BSB 

10µg/mL 

Mn(BSB)2 

10µg/mL 

Ampicillin 

10µg/mL 

Tetracycline 

30µg/mL 

Chloramphenicol 

30µg/mL 

Ofloxacin 

30µg/mL 

Nystatin 

100µg/mL 

diameter of inhibition zone as mean of three replicates ± standard deviation(mm) 

Staphylococcus 

aureus 
33.66±0.57 38.66±0.52 22.66±0.52 32.33±0.57 25.33±0.57 29.66±0.32 - 

Bacillus 

subtilis 
16.33±0.52 40.32±0.70 34.33±0.52 29.66±0.52 34.66±0.52 29.66±0.52 - 

Bacillus 

cereus 
24.33±0.52 37.33±0.57 17.33±0.57 31.33±0.52 34.33±0.57 34.33±0.57 - 

Escherichia 

coli 
17.33±0.57 34.66±0.52 15.66±0.57 27.33±0.57 22.00±0.00 27.66±0.52 - 

Pseudomonas 

aeruginosa 
34.33±0.52 43.33±0.70 0 31.66±0.52 38.66±0.52 34.33±0.70 - 

Candida 

albicans 
28.66±0.52 35.66±0.52 - - - - 

25.33± 

0.52 

 

Table 21. In vivo anti-inflammatory activity of the synthesized compounds in carrageenan-induced paw 

edema 

Time 0 1h 2h 4h 6h 8h 24h 

Control 19.05±1.02 28.26±0.62 22.66±0.52 31.13±0.37 39.13±2.17 38.66±1.32 23.87±1.15 

Indomethacin 

10mg/kg 
21.33±4.02 25.32±2.51 25.83±2.02 25.26±2.52 25.04±2.15 25.66±3.52 24.85±2.57 

BSB 

10mg/kg 
17.33±0.52 26.35±1.57 28.53±0.55 

29.33±0.62 

*P˂0.05 
29.53±2.67*P˂0.001 28.83±1.57*P˂0.001 

21.52±0.67 

*P˂0.01 

Mn(BSB)2 

10mg/kg 
18.63±1.57 27.66±0.82 29.86±2.38 

27.33±2.75 

*P˂0.001 

**P˂0.001 

21.63±5.23 

*P˂0.001 

**P˂0.001 

20.66±6.52 

*P˂0.001 

**P˂0.001 

21.26±1.77 

*P˂0.001 

**P˂0.001 

Mn(BSB)2 

5mg/kg 
19.43±0.72 26.63±0.65 27.05±1.32 

31.66±0.52 

*NS 

**NS 

30.56±6.52 

*P˂0.05 

**NS 

28.35±8.70 

*P˂0.001 

**NS 

21.83±0.27 

*NS 

**NS 

* P values compared with control group 

** P values compared with the group receiving BSB 

 

I.4.4.3. Discussions 

A good antimicrobial activity of the BSB was noticed when compared to 

Chloramphenicol, Tetracycline, Ampicillin, Ofloxacin and Nystatin on Candida albicans and 

Pseudomonas aeruginosa. The BSB did not have a great antimicrobial activity on 

Staphylococcus aureus, Bacillus subtilis, Bacillus cereus and, Escherichia coli. The best 

antimicrobial activity was noticed against Candida albicans. The Mn(II) complex was more 

active than BSB as bidentate ligand with the coordination involving –OH and the nitrogen 

atom of C=N group. The Mn(II) complex was efficient against Staphylococcus aureus, 

Bacillus subtilis, Escherichia coli Pseudomonas aeruginosa and Candida albicans. The cation 

involved in the complexes might intensify the antibacterial activity. The Mn(II) complex was 

most effective against Bacillus subtilis, Escherichia coli, Pseudomonas aeruginosa and 

Candida albicans. 

The anti-inflammatory activity started at 4 h, increased at 6 h and 8 h and then it 

decreased. For the group treated with 10 mg/kg BSB, the maximum effect was observed after 

8 hours, respectively (P˂0.001)when the volume of paw edema was 28.831.57 in reference 

to the control 38.661.32. 

The Mn(II) complex showed a higher effect at a 10 mg/k dose than at a 5 mg/kg dose. 

8 hours after the administration of the compound, in 10 mg/kg doses, the volume of paw 
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edema was 20.65=66.52, which meant that was 1.4 time more active than BSB (28.831.57), 

and slightly higher than indomethacin (25.663.52). In the same conditions, the Mn(II) 

complex at a dose of 5mg/kg also presented strong anti-inflammatory effect at 4h, 6h and 8h 

(P˂ 0.001), compared with the BSB (10mg/kg). 

I.4.4.4. Conclusions 

The antimicrobial activity of the complex was tested in comparison to the Bis-Schiff 

base against the Gram-positive and Gram-negative bacteria. The comparative study of the 

antimicrobial activity of a Bis-Schiff base and its new complex Mn(BSB)2 proved the fact that 

the BSB as well as its complex manifested an antimicrobial activity, similar to 

Chloramphenicol, Tetracycline, Ampicillin, Ofloxacin and Nystatin. 

The study of the anti-inflammatory activity of the Mn(II) Bis-Schiff base complex 

proved that it induced effects comparable to that of Indomethacin. The anti-inflammatory 

effect of Mn(II) complex was stronger than the anti-inflammatory effect induced by the free 

Bis-Schiff base. The effect being stronger at doses of 5 mg/Kg Mn(II) complex. 

I.4.5. Anti-inflammatory activity of an N,N'-

disalicylidenemethylendiamine-derived bis Schiff base and its Cu(II) 

complex 

The complex combinations of bis Schiff bases with various cations represent a class of 

compounds with very important properties from a chemical and biological point of view. 

A new series of complexes of the Cu(II) complexes of dien and its bis Schiff bases 

with heterocyclic aldehydes and 2-amino-2-thiazoline has been tested for anti-inflammatory 

and antioxidant activity. The tested compounds inhibit significantly the carrageenan induced 

paw edema (36.4-55.8%) and present important scavenging activities (Pontiki et al., 2006). 

According to the literature, several studies proved that bis Schiff bases and their 

complexes with various cations (Cu(II), Mg(II), Ni(II), Co(II) etc.) reduce the synthesis of 

some chemical mediators of acute inflammation such as leukotrienes which are involved in 

the formation of free radicals (Tian-Rong et al., 2007; Chen et al., 1987; Colman et al., 2004). 

Some new water-soluble Schiff base complexes of Na2[M(L)(H2O)n]; (M=Zn, Cu, Ni, 

Mn) with a new water-soluble Schiff base ligand where L denotes an asymmetric N2O2 Schiff 

base ligands; N,N'-bis(5-sulfosalicyliden)-3,4-diaminobenzophenone (5-SO3-3,4-salbenz) 

were synthesized and characterized. The growth inhibitory effects of the complexes toward 

the K562 cancer cell line were measured (Asadi et al., 2014). 

That paper describes the evaluation of the anti-inflammatory action of a new bis Schiff 

base (Cașcaval, 1987) derived from N,N'-disalicylidenemethylendiamine and its Cu(II) 

complex (Figure 37). 

 

 
Figure 37. Chemical structure of Cu(II) complex combination 

 

 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Pontiki%20E%5BAuthor%5D&cauthor=true&cauthor_uid=16455254
https://www.ncbi.nlm.nih.gov/pubmed/?term=Asadi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24299984


 PROF. GLADIOLA ȚÂNTARU, PHD -  HABILITATION THESIS, 2020 

71 

I.4.5.1. Materials and methods 

Reagents 

For the study of the anti-inflammatory activity of the bis Schiff base and its Cu(II) 

complex the following reagents were used: carrageenan potassium salt, indomethacin and 

carboxymethyl cellulose purchased from Merck (Germany). 

Adult male Wistar rats, 180-200 g purchased from Cantacuzino Institute (Bucharest, 

Romania). 

Methods 

Anti-inflammatory activity 

The evaluation of the anti-inflammatory effect was performed using the carrageenan-

induced rat paw edema assay (EU Directive 63, 2010). For each substance we used six groups 

of adult male Wistar rats, 180-200 g, bred in laboratory condition and identically fed. Acute 

inflammatory paw edema was induced by injecting 0.2mL carrageenan 2% solution in the left 

posterior paw of the rat. Paw volume was determined before and after the test substance was 

administered and also after 1h, 2h, 4h, 6h, 8h or 24h. A control group of six Wistar received 

an identical carrageenan injection in order to achieve acute inflammatory paw edema, but no 

any other substance. Paw volume of the control group was determined at the same intervals as 

the test groups. 

We used the following groups of rats: 

 group I was the control group; 

 group II received indomethacin sodium salts 10 mg/Kg i.p.; 

 group III received 10 mg/Kg of bis Schiff base; 

 group IV received 10 mg/Kg Cu(II) complex; 

 group V received 5 mg/Kg Cu(II) complex. 

The anti-inflammatory activity was evaluated as the variation of inflammation volume 

(tenths of mL). The average sum and standard deviation of that parameter were calculated for 

every group of rats and then they were compared to those of the control group. The obtained 

data were statistically analyzed using ANOVA one-way test. 

In vivo, the anti-inflammatory activity of the Cu(II) complex in comparison with that 

of the bis Schiff base was tested using 2% (w/v) carrageenan potassium salt solutions and 2% 

(w/v) indomethacin in 0.1% sodium carboxymethyl cellulose solution. The stock solutions of 

the complex and ligand were prepared in concentrations of 0.1% (w/v) in methanol. 

I.4.5.2. Results 

The method used to test the inflammation was edema experimentally induced through 

carrageenan in rats (adult Wistar rats, male of 180-200 g). The anti-inflammatory activity of 

the investigated compounds is shown in Table 22. 
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Table 22. Influence of the bis Schiff base and Cu(II) complex on carrageenan-induced inflammatory 

edema in rats - mean edema volume variation ± SD (tenths of mL) 

Group 
Time 

0 1h 2h 4h 6h 8h 24h 

I Control 18.17±1.02 27.83±0.62 30.17±0.32 35.17±1.06 38.83±2.36 38.5±1.80 23.67±1.18 

II 
Indomethacin 

10 mg/Kg 
22.3±4.05 25.30±2.71 26.90±2.04 25.02±3.21 24.80±2.25 25.32±3.61 24.55±2.77 

III 
bis Schiff base 

10 mg/Kg 
18.50±0.62 26.33±1.42 28.33±0.80 

30.83±0.63 

* P0.05 

31.00±3.20 

* P0.001 

29.83±3.62 

* P0.001 

20.83±0.86 

* P0.01 

IV 
Cu(II) complex 

10 mg/Kg 
19.67±1.18 28.67±0.86 31.83±1.72 

27.17±3.76 

* P0.001 

** P0.001 

22.67±7.14 

* P0.001 

** P0.001 

21.50±7.54 

* P0.001 

** P0.001 

21.33±1.56 

* P0.001 

** P0.05 

V 
Cu(II) complex 

5 mg/Kg 
18.83±0.78 25.83±0.47 26.50±080 

32.50±0.95 

* NS 

** NS 

31.33±7.78 

* P0.05 

** NS 

30.67±9.96 

* P0.001 

** NS 

22.50±0.08 

* NS 

** NS 

* P values compared with control group 

** P values compared with group receiving bis Schiff base 

 

I.4.5.3. Discussions 

In vivo, the anti-inflammatory activity of the metallic complex in comparison with the 

activity of the bis Schiff base was tested by the method of Winter and co-workers using the 

Levy technique. 

Our study on the anti-inflammatory activity of a new bis Schiff base and of it is Cu(II) 

complex combination showed that the bis Schiff base exhibited significant anti-inflammatory 

action in acute experimental inflammation when compared to the control group. 

The data showed (Table 22) that the anti-inflammatory effect of the bis Schiff base (10 

mg/Kg) was statistically significant compared to the control group, after 4h (P<0.05). The 

effect increases at 6h and 8h, respectively (P<0.001). 

The Cu(II) complex presented anti-inflammatory activity compared with the control 

group, the effect being significantly stronger at a dose of 10 mg/Kg, beginning with 4h 

(P<0.001). The Cu(II) complex at a dose of 5 mg/Kg also presented strong anti-inflammatory 

effect at 4h, 6h and 8h (P<0.001), compared with the bis Schiff base (10 mg/Kg). 

The copper ions enhanced the anti-inflammatory effect of the bis Schiff base in its 

complex combination, the effect is stronger at doses of 10 mg/Kg Cu(II) complex. 

The bis Schiff bases and its Cu(II) complex had an anti-inflammatory effect 

comparable to that of indomethacin. 

I.4.5.4. Conclusions 

The Cu(II) complex combination of N, N'-disalicylidenemethylenediamine and the bis 

Schiff base were investigated for anti-inflammatory activity. Carrageenan-induced paw edema 

method was used to determine the anti-inflammatory activity in rats. The results show the bis 

Schiff bases and its Cu(II) complex had an anti-inflammatory effect comparable to that of 

indomethacin. 
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I.5. THE INFLUENCE OF THE STRUCTURE OF SCHIFF BASES AND 

BIS SCHIFF BASES ON THEIR BIOLOGICAL ACTION 

I.5.1. The influence of the structure of new aniline derived Schiff 

bases on their antibacterial activity 

The Schiff base compounds represent an important class of ligands that have been 

extensively studied in coordination chemistry, mainly due to their simple synthesis and easy 

tunable steric, electronic and catalytic properties (Zbancioc et al., 2010; Mantu et al., 2013). 

Among the reported Schiff bases, salicylaldehyde derivatives showed antibacterial and 

antifungal activity (Cioanca et al., 2010; Ledeti et al., 2010), but a systematic study regarding 

their structure-activity relationship wasn’t reported so far. That was the reason why, we have 

started a complex study by designing Schiff bases that contained the hydroxyl unit in various 

positions and vicinities, with the aim of clarifying the role of those functionalities in their 

antimicrobial activity. A model Schiff base without any substituent has been used for 

comparison, too. 

I.5.1.1. Materials and methods 

Reagents 

The aniline and aldehyde reagents were purchased from Aldrich and used without 

further purification. Acetonitrile, methanol and DMF were purchased from Carl Roth and 

used after drying on molecular sieves. 

The following strains were used: Staphylococcus aureus ATCC 25923, Escherichia 

coli ATCC 25922, and Candida albicans ATCC 10231. Tetracycline, Ampicillin, Nystatin 

purchased from Himedia-Spaine were used as reference substances. 

Methods 

Figure 38 shows the synthesis of some azomethines containing various functional 

groups grafted onto the aromatic nucleus of the aldehyde residue, in ortho or meta positions. 

Testing antimicrobial activity 

While testing the in vitro qualitative antimicrobial activity, the imine compounds had 

been codified as BsA1, BsA3, BsA5, BsA6, and the aldehyde reagents had been codified as 

A1, A3, A5, A6. Testing procedures were validated according to the guidelines of the 

National Committee for Chemical Laboratory Standards (NCCLS, 1990). The reference 

strains tested were: Staphylococcus aureus ATCC 25923, Escherichia coli ATCC 25922 and 

Candida albicans ATCC 10231 that were supplied by the Microbiology Department of 

“Grigore T. Popa” University of Medicine and Pharmacy Iasi, Romania. Mueller-Hinton agar 

(Difco) was used for bacteria strains and Sabouraud agar (Difco) was used for Candida 

albicans. The inoculums were prepared by diluting over sight cultures of the organisms in 

sterile 0.9% NaCl and adjusting the turbidity to 0.5McFarland (about 108 cfu/mL). The media 

was prepared using 0.5 mL of each tested strain mixed with 15mL portions of molten agar in 

a sterile Petri dish. After solidification, 0.1mL solution of each compound was brought into 

8mm wells drilled into the surface of the medium. The final concentration for all tested 

compounds was 100 μg/mL. The in vitro activity of the compounds was compared to that of 

standard antibiotic discs of ampicillin 10 μg, tetracycline 30 μg and Nystatin 100 μg. The 

plates were incubated for 24h at 37C and the diameters of the inhibition zones of the 

microbial growth around the holes were measured (National Committee for Clinical 

Laboratory Standards, 1990). Each essay in that experiment had been done twice. 
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Imine code BsA1 BsA6 BsA5 BsA3 

Aldehyde 

code 
A1 A6 A5 A3 

R -H p-OH o-OH 
p-OH 

m-OCH3 

Figure 38. Synthesis of the target azomethines 

 

I.5.1.2. Results 

The antimicrobial activity of the investigated compounds is shown in Table 23 and 

Figure 39. 

 

 
a 

 
b 

 
c 

Figure 39. Antimicrobial activity of the Schiff bases comparative with aldehydes determined by agar-

diffusion method against Staphylococcus aureus (a), Escherichia coli (b) and Candida albicans (c) 
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Table 23. In vivo antimicrobial activity of the Schiff bases compared to corresponding aldehyde reagents 

No 

Diameter of inhibition zone (mm) 

Sample 
Staphylococcus 

aureus ATCC 25923 

Escherichia coli 

ATCC 25922 

Candida albicans 

10231 

1 A1 13±0.62 11±0.70 24±0.52 

2 BsA1 13±0.47 13±0.62 25±0.51 

3 A3 16±0.80 13±0.55 15±0.62 

4 BsA3 0 12±0.86 15±0.61 

5 A5 0 14±0.72 19±0.47 

6 BsA5 15±0.51 7±1.02 21±0.50 

7 A6 15±0.52 11±1.18 25±0.57 

8 BsA6 16±0.62 20±0.60 26±0.61 

9 Ampicillin 32±0.52 20±0.57 - 

10 Tetracycline 31±0.32 25±0.62 - 

11 Nystatin - - 22±0.57 

I.5.1.3. Discussions 

Among the new combinations, the activity of BsA6 was greater against Escherichia 

coli and Candida Albicans. While the model compound BsA1 presented the same activity as 

its aldehyde reagent, in the case of imines possessing hydroxyl unit a slight increase of the 

biological activity against Staphylococcus aureus and Candida albicans, was observed when 

compared to its aldehyde reagent. Interesting enough the ortho position of the hydroxyl unit to 

the carbonyl group led to a decreased activity against Escherichia coli, while the same group 

in para positions led to a drastic increased activity against the same strain. The introduction of 

a methoxy unit in meta position (BsA3) inhibited the activity against Staphylococcus aureus 

and maintained the activity against Escherichia coli and Candida albicans of the 

corresponding aldehyde reagent. All those data suggested a strong influence of the functional 

groups and their positions and encouraged us to continue the study by using other 

substituents. 

I.5.1.4. Conclusions 

The antimicrobial activity of the Schiff bases and their precursors were tested in 

comparison with Tetracycline, Nystatin and Ampicillin upon the following strains: 

Staphylococcus aureus (ATCC 25923), Escherichia coli (ATCC 25922) and Candida albicans 

(ATCC 1023). The compounds were found to be very active against gram-positive and gram-

negative bacteria. Some conclusions regarding the chemical structure – antimicrobial activity 

relationship have been drawn. 

I.5.2. The influence of the structure of several new ortho-hydroxy-

ketone derived Schiff bases on their antibacterial, and anti-inflammatory 

activity 

The biological activities of the Schiff bases have been attracting the attention of 

researchers of Organic Chemistry and Medicine. Nowadays, Schiff bases are well known for 
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their importance antimicrobial (Pandey et al., 2011; Hussein et al., 2011) anti-inflammatory 

(Sathe, 2011; Murtazaa et al., 2017), agents but a systematic study regarding their structure-

activity relationship has not been reported so far. That was the reason why, we have started a 

complex study by designing Schiff bases that contained different halogens in different 

positions and vicinities, with the aim of clarifying the role of those groups in their 

antimicrobial and anti-inflammatory activity. A Schiff base without any substituent has been 

used for comparison. 

I.5.2.1. Materials and methods 

Reagents 

The original bis Schiff bases (Figure 40) were 2,2'-etilen-bis(4-chloro-2-(1-imino-

propil))-phenol (BSB-Cl), 2,2'-etilen-bis(4,6-dichloro-2-(1-imino-propil))-phenol (BSB-2Cl), 

2,2'-methylen-bis(4,6-dibromo-2-(1-imino-ethyl))-phenol (BSB-2Br), and 2,2'-methylen-

bis(4,6-diiodo-2-(1-imino-ethyl))-phenol (BSB-2I) (Caşcaval, 1987; Ţântaru et al, 2019). 
 

Figure 40. The structures of the new ligands 

 

Chloramphenicol, Ampicillin, and Nystatin were used as reference substances against 

Gram-positive and Gram-negative bacteria: Staphylococcus aureus (ATCC 25923), Sarcina 

lutea (ATCC 9341), Escherichia coli (ATCC 25922), Pseudomonas aeruginosa 

(ATCC27853), Candida albicans (ATCC 1031), two strains of Staphylococcus aureus,(1,2) 

Candida glabrata, and several clinical isolates (Proteus mirabilis,395, Pseudomonas 

aeruginosa,201,391, Escherichia coli,366, 2966,762, Klebsiella pneumoniae,749). 

The protocol of the experimental study had been approved by the Institutional Ethical 

Committee (23983/2014). The animals used were male CD1 Wistar rats weighing 180–220 g, 

purchased from Cantacuzino Institute (Bucharest, Romania). Animal care and handling was 

done in accordance with the international guidelines for laboratory animal use and care as 

found in EU Directive 63, 2010. The animals were housed in polypropylene cages under 

controlled environmental conditions of temperature (22±2°C), humidity (50-70%), light (12 

hours light/dark cycle), on ad libitum access to food and water, for 7 days before testing. 

Methods 

Antimicrobial activity 

They were evaluated for antimicrobial activity against Gram-positive and Gram-

negative bacteria. The qualitative antimicrobial assay of the compounds was performed using 
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the agar diffusion method according to standard accepted disk sensitivity criteria of National 

Committee for Clinical Laboratory Standards. 

The agar disk diffusion procedure is a method approved by the National Committee 

for Clinical Laboratory Standards (NCCLS) and was one of the first methods for evaluating 

the in vitro efficacy of antimicrobial agents. The microbiological assay is one in which the 

antimicrobial agent placed in a reservoir (paper disk or cylinder), diffuses directly against 

seeded bacteria. 

A standard suspension of each reference strain was prepared from fresh overnight 

cultures, and it was mixed with 15 mL of molten nutrient agar in a sterile Petri plate resulting 

in a final concentration of about 106 cells/mL. When the plates were solid metal cylinders (6 

mm inner diameter) were placed on the surface of the medium and 0.2 mL samples were 

transferred into each well. Commercially available standard disks of Ampicillin (10 µg), 

Chloramphenicol (30 µg), and Nystatin (100 µg) were used for comparison. Each 

microorganism was tested in triplicate and the zones of inhibition around the wells were 

measured after incubation at 37°C for 24 hours. The values of diameter of the inhibition zones 

are expressed as mean ± SD. 

Anti-inflammatory activity 

Experimental design: animals were randomly distributed into six groups (n = 6); 

negative control group received 0.5 mL aqueous solution of sodium carboxymethylcellulose, 

positive control group received Indomethacin sodium salt (10mg/kg), and test groups received 

BSB-2Br (10 mg/kg), BSB-2I (10 mg/kg), BSB-Cl (10 mg/kg), respectively BSB-2Cl (10 

mg/kg). All the substances were administered orally as a suspension in 0.5% sodium 

carboxymethylcellulose. 

Carrageenan induced paw edema method 

It is one of the most commonly used methods for the screening of the anti-

inflammatory effects of drugs. The substances for the controls and test groups were 

administered one hour before the induction of acute inflammation in the sub-plantar region of 

the right hind paw with 0.2 mL of freshly prepared 2% suspension of carrageenan in saline 

(0.9%) subcutaneously (Winter et al., 1962). The paw was marked in order to immerge it 

always at the same level in the measurement chamber and the measurement was performed 

always in double blind, by the same operator. The paw volumes were measured before and at 

1, 2, 4, 6, 8, and 24 hours after the carrageenan injection using the volume displacement 

method resorting to a digital Plethysmometer (model LE7500, Panlab, Barcelona, Spain). The 

anti-inflammatory activity was evaluated based on the variation of the volume of 

inflammation paw edema. The percentage (%) increase in the paw volume at each time 

interval was calculated using the formula: 

 

% Increase of the paw volume = (paw volume at time T - Initial volume) / Initial volume × 100. 

 

Statistical analysis 

All the values are expressed as mean ± standard error of mean (SEM). Statistical 

significance was calculated by one-way ANOVA followed by post hoc Tukey’s multiple 

comparison test. Values of p < 0.05 were considered statistically significant. 

I.5.2.2. Results 

Antimicrobial activity 

Table 24 includes the results of the diffusion tests on Mueller-Hinton agar from three 

different concentrations of tested compounds. Those results were attributed to the structure of 

the tested compounds that seemed to be the main factor influencing the antibacterial activity. 
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That property was directly correlated to the ability of a compound to diffuse through 

biological membranes to reach its site of action. 

Anti-inflammatory activity 

The percentage (%) increase in the paw volume is illustrated in Figure 41. The trend 

analysis, performed for the paw volume data measured during the sampling day, showed 

significant effects for the factor GROUP (F5,251=11.754; p<0.001), for the factor TIME 

(F6,251=64.601; p<0.001), and for their interactions (GROUP × TIME) (F30,251=3.161; 

p<0.001). The post-hoc Tukey test for multiple comparisons showed that the paw volume 

measured in the control group reflected a typical course of the trajectory, with the increase of 

inflammation one hour after carrageenan administration, and values close to basal 

measurements at 24 hours after carrageenan administration. The sub-plantar injection of 

carrageenan induced an increase of the paw volume, which was evident after one hour in all 

groups, with lower volume in the group that received Indomethacin, but without statistically 

significant differences between groups. 

 
Table 24. In vitro antimicrobial activity of the compounds against Gram-positive strains and fungi 

Tested concentration of 

the compounds 

(μg/mL) 

Strains and diameter of inhibition zone (mm) 

Staphylococcus 

aureus 

ATCC 25923 

S. lutea 

ATCC 9341 

Candida 

albicans 

ATCC 1031 

S. aureus 

1 

S. aureus 

2 
C. glabrata 

BSB-2Br 

500 20±0.3 21±0.4 28±0.5 16±0.4 18±0.1 29±0,3 

50 16±0.4 19±0.6 16±0.3 16±0.7 17±0.2 28±0,6 

10 14±0.21 18±0.3 20±0.5 15±0.2 16±0.2 27±0,5 

BSB-2I 

500 20±0.3 17±0.2 28±0.3 12±0.2 14±0.3 26±0,5 

50 18±0.2 15±0.2 25±0.3 14±0.7 13±0.2 23±0,4 

10 15±0.3 13±0.1 18±0.2 12±0.2 12±0.5 18±0,4 

BSB-Cl 

500 18±0.3 20±0.3 30±0.5 15±0.3 0 16±0,5 

50 10±0.2 17±0.5 23±0.7 13±0.5 0 13±0,4 

10 7±0.1 12±0.2 16±0.4 12±0.2 0 10±0,2 

BSB-2Cl 

500 23±0.3 21±0.3 28±0.7 16±0.3 14±0.5 14±0,5 

50 18±0.4 14±0.2 22±0.3 12±0.1 9±0.3 12±0,2 

10 14±0.3 12±0.5 16±0.4 7±0.1 0 9±0,3 

Ampicillin 

(10 μg) 
29±0,3 33±0.5 - 22±0.3 25±0.3 0 

Chloramphenicol 

(30 μg) 
28±0,2 32±0.3 - 25±0.4 24±0.2 - 

Nystatin 

(100 μg) 
- - 29±0.3 - - 28±0.5 
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Figure 41. Paw edema method results 

 

Table 25. In vitro antimicrobial activity of the compounds against Gram-negative organisms 

Tested 

concentration of 

the compounds 

(μg/mL) 

Strains and diameter of inhibition zone (mm) 

Esche-

richia 

coli 

ATCC 

25922 

P. aerug. 

ATCC 

27853 

 Esche-

richia 

coli 366 

Esche-

richia 

coli 

2966 

Esche-

richia 

coli 762 

K. pneum. 

749 

P. 

mirabilis 

395 

P. aerug. 

201 

P. aerug. 

391 

BSB-2Br 

500 15±0.2 20±0.3 14±0.2 14±0.3 17±0.2 16±0.4 18±0.5 18±0.3 18±0.2 

50 15±0.5 18±0.3 13±0.3 12±0.5 16±0.4 15±0.2 17±0.3 17±0.4 17±0.5 

10 14±0.4 17±0.2 12±0.5 0 15±0.6 13±0.1 16±0.5 16±0.2 16±0.3 

BSB-2I 

500 13±0.3 20±0.5 11±0.4 0 12±0.3 10±0.2 16±0.3 10±0.3 10±0.4 

50 15±0.6 18±0.5 10±0.3 0 10±0.2 9±0.2 15±0.5 9±0.4 9±0.3 

10 11±0.4 11±0.3 8±0.2 0 0 0 14±0.3 0 8±0.1 

BSB-Cl 

500 14±0.3 21±0.4 10±3 10±0.3 0 15±0.5 13±0.3 13±0.2 12±0.3 

50 10±0.2 16±0.2 8±2 0 0 0 11±0.5 8±0.1 9±0.2 

10 0 13±0.5 0 0 0 0 10±0.2 10±0.2 7±0.3 

BSB-2Cl 

500 17±0.3 15±0.2 8±0.1 0 9±0.2 15±0.3 8±0.2 19±0.3 0 

50 14±0.6 13±0.6 0 0 0 11±0.4 0 16±0.4 0 

10 11±0.5 10±0.2 0 0 0 8±0.2 0 12±0.2 0 

Ampicillin 

(10 μg) 
27±0.5 25±0.2 0 0 0 0 0 0 0 

Chloramphenicol 

(30 μg) 
26±0.4 26±0.3 10 8 9 8 0 9 0 

Nystatin 

(100 μg) 
- - - - - - - - - 
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Indomethacin, the positive control, used as a standard anti-inflammatory drug, showed 

a typical anti-inflammatory trend at 10 mg/kg, compared to the control group, with a 

statistically significant reduction in paw thickness at 4, 6, and 8 hours. Indomethacin reduced 

the edema by 85.3% at 4 hours, by 88.7% at 6 hours, and by 87.3% at 8 hours. 
 

I.5.2.3. Discussions 

Antimicrobial activity 

As shown in Table 24, susceptibility after exposure to antimicrobial agents depended 

on the compound and bacterial species. With regard to the concentration, all compounds 

presented higher activity when at the highest concentration - 500 μg/mL. 

The clinical isolates are most often less susceptible to tested antimicrobial agents. The 

ability to inhibit bacterial growth appeared more efficient especially with compound BSB-

2Br. Susceptibility tests performed with three different concentrations of compound BSB-2Br, 

revealed that all were effective against clinical isolates (Table 25). 

A comparison of antimicrobial susceptibilities to Ampicillin (10 μg) and 

Chloramphenicol (30 μg) revealed that at 50 μg/mL concentrations, the activities were good 

but smaller than of those which were used as standards. Also, good antifungal activity was 

revealed for all compounds against Candida albicans ATCC 1031, but BSB-2Br proved an 

antifungal activity similar to that of Nystatin (100 μg) against that particular strain. The level 

of sensitivity for C. glabrata of compound BSB-2Br at 50 μg/mL concentration was similar to 

that of Nystatin (100 μg). 

Anti-inflammatory activity 

The effect of the bis Schiff base BSB-2Br showed an anti-inflammatory trend 

compared to the control group, with a statistically significant reduction in paw thickness only 

at 6 hours and at 8 hours; only at 8 hours the anti-inflammatory effect was statistically similar 

to that of Indomethacin. On the other hand, the trend of the anti-inflammatory effect of the bis 

Schiff base BSB-2I was similar to the bis Schiff base BSB-2Br, with a statistically significant 

reduction in paw thickness at 6 hours and at 8 hours compared to the control group. Contrary 

to the bis Schiff base BSB-2Br, the bis Schiff base BSB-2I reduced the edema by 56.4% at 6 

hours, and by 73.7% at 8 hours, not statistically different of Indomethacin anti-inflammatory 

effect. 

The effects of the bis Schiff bases BSB-Cl and BSB-2Cl showed an anti-inflammatory 

trend compared to the control group, with a statistically significant reduction in paw thickness 

at 6 hours and at 8 hours, compared to the control group. Only after 8 hours, the anti-

inflammatory effect of the bis Schiff base BSB-2Cl was not statistically different to that of 

Indomethacin. 

A series of novel bis Schiff bases with halogen radicals were synthesized to identify 

anti-inflammatory agents with minimal ulcerogenic potential. 

I.5.2.4. Conclusions 

The results obtained in the antibacterial assay, showed that all tested compounds have 

a good activity against the reference strains. The results differ significantly in the case of the 

clinical isolates. Compound BSB-2Br that contained bromide in the ortho and para position 

showed the strongest action against those multi-resistant clinical isolated. The compound 

BSB-2Br also exhibit a very strong activity against C. glabrata. 

The bis Schiff base BSB-2Br reduced the edema by 45.5% at 6 hours, and by 45.3 % 

at 8 hours. Our study on the anti-inflammatory effects of new bis Schiff bases with halogens 

showed that bromide attached to bis Schiff base induced moderate anti-inflammatory effects 

compared Indomethacin. The bis Schiff bases BSB-Cl and BSB-2Cl reduced the edema by 

38.4%, and 41.5%, respectively, at 6 hours, and by 37.8%, and 46.5%, respectively, at 8 
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hours. Moreover, there were no differences between the anti-inflammatory effects when the 

attachment was with one or two ions of chloride. The anti-inflammatory effect of bromide 

attached to bis Schiff was stronger than the anti-inflammatory effect induced by chloride or 

iodide ions attached to bis Schiff bases. The obtained results demonstrate the influence of 

grafted halides on the phenolic nucleus on the antimicrobial and anti-inflammatory activity. 

I.5.3. Analytical and biological implications of complex combinations 

of hydroxyurea with Fe(II) 

Hydroxyurea (Hy) inhibits the enzyme ribonucleotide reductase, responsible for the 

conversion of the ribonucleotides in deoxyribonucleotides, blocking the AND synthesis and 

determining the topping of the cellular division (Nyholm et al., 1993; Staake et al., 2016). For 

that reason, it is used in the treatment of numerous types of cancer (Fang et al., 2019). Hy 

reduces the plasmatic clearance of iron, as well as its use by the erythrocytes being the cause 

of some severe effects such as anemia (Fields et al., 2019). The pharmacological effects are 

determined by the structural modifications from inside the molecules due to the solvent 

(Glover et al., 1999, Singh and Jie, 2016). In contact with water, Hy has several tautomeric 

forms in equilibrium (Figure 42) in which the solvent acts as a catalyzer on the >N-H bond 

resulting in the formation of the >N–OH bond. 
 

  
Figure 42. Conformational and tautometric system of hydroxyureas (Hy) 

 

The IR spectra have a strong absorbance at 1650cm-1 due to the presence of the >C=N 

bond (the same as for the Schiff bases and bis bases used as reagents for determining some 

cations). Studies on those tautomeric forms have been carried out through NMR, HPLC and 

quantitative determinations (James et al., 2006). 

Different structural forms can prevail in vivo depending on the polarity of the medium 

and the prevailing structure influences the transport, the passing through membranes, the 

partition and the interaction with the ions (Parker et al., 1977). 

Based on those tautomeric forms in aqueous solutions, an in vitro study has been 

carried out regarding the complexing capacity of Hy with Fe(II). The formed complex at pH 

7.4-7.6 is extremely stable and it has a maximum of absorption at 267nm. 

The results of the study have been materialized through a determination method of 

Fe(II) from pharmaceutical products, but also of the Hy-Fe(II) complex present in the urine of 

the patients that underwent treatment with Hydreea® of 500 mg for more than ten years. The 

presence of the complex in the urine of the patients explains the anemia as a side effect. 

The complex formed by Hy with the Fe(II) ions is stable in water for a pH = 7.4-7.6 

with a maximum of absorption at λ = 267nm (ε = 3.4559 ·104 mol-1·L·cm-1). The combination 

rate has been established using the isomolar series method at 1:1 (M/L). The calculated value 

of the stability constant is 1.26·106. The Lambert - Beer law is observed in the concentration 
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interval 10-60 μg Fe(II), r2 = 0.9999. The detection limit (LOD) is 2.71μg/mL and the 

quantification limit (LOQ) is 9.04 μg/mL. 

Under the same reaction conditions, Hy forms complex combinations with other ions: 

Fe(III) with maximum absorption at λmax = 386 nm and λmax = 578nm, but also Co(II) with 

λmax = 297nm and λmax = 430 nm (Nigovic et al., 2005). Under different reaction conditions, 

the hydroxyurea complexes the Al(III) and Mg(II) ions, those reactions being used for the 

quantitative determination (El-Kosasy, 2003). N-hydroxyurea can form a bidentate complex 

combination with Zn(II) that strongly inhibits the metalloenzyme (Temperini et al., 2006). 

The volatile residual solvents from the pharmaceutical products determine the degradation of 

the hydroxyurea in urea and lactic acid which interferes with its determination (Restituto et 

al., 2006). 

The proposed method has been successfully applied to determine Fe(II) from soft 

gelatin capsules. The statistical analysis of the results shows a significant accuracy and 

precision for the proposed method. The proposed method was applied to determine the Hy 

which is 80% excreted, through the biological fluid, according to literature data. From the 

excreted Hy, the Hy-Fe(II) complex presence is determined for the first time. The presence of 

the Hy-Fe(II) complex in the biological fluid of the patients in a percentage of 20% explains 

the appearance of anemia as a side effect of the treatment with hydroxyurea for a long period 

of time. 

I.5.3.1. Materials and methods 

Reagents 

Stock solution Fe(II) 0.1 mg/mL: 10-60 μg/mL;(fresh solutions); reagent solution 

Fe(II) 30μg/mL in distilled water (fresh solutions); standard solution of Fe(II)10-4M, 5-10-4M, 

10-5M; reagent solution Hy 10-4M, 5.10-4M, 10-3M in distilled water (it is used after 24 h); 

reagent solution Hy 40 μg/mL in distilled water (it is used after 24 h); buffer solution of 

phosphate: KH2PO4 -Na2HPO4 0.2 M, (pH= 7-8.6); pharmaceutical product: FERRO-

FOLGAMMA capsules; biological fluid: 24 h urine sample; 

Apparatus 

UV-VIS Hewlett-Packard 8453 Spectrophotometer. 

Methods 

General method for the quantitative determination of Fe(II) 

An aliquot of a sample solution containing 10-60 μg Fe(II) is transferred into a series 

of 10mL calibrated flasks. A volume of 1mL of buffer solution with pH 7.6, followed by 1mL 

reagent solution Hy 40 μg and distilled water are added to it. After 15 min, the extinction of 

the complex is read at 267nm against a blank sample. 

• Quantitative determination of Fe(II) from pharmaceutical products (gelatins 

capsules): an amount ranging between 0.30 and 0.40 g is measured from the content of a 

capsule. It is brought to a calibrated flask of 50mL with distilled water. 1mL of sample 

solution is diluted with distilled water up to 10mL. 1mL of diluted solution is processed 

according to the general method for the determination of Fe(II). 

• Method for the determination of hydroxyurea and hydroxyurea-Fe(II) complex 

eliminated by biological fluid in 24h: 1mL of a biological fluid sample collected in 24 h is 

diluted with saline solution up to 10 mL. 1mL solution Fe(II) 30 μg is treated with 1mL of 

buffer solution with pH = 7.6, 1mL diluted biological fluid sample and distilled water are 

used to obtain 10 mL and then the solution is stirred well. After 15 min the extinction of the 

complex is read at 267 nm against a blank sample (the obtained absorbance value corresponds 

to the total hydroxyurea: the free hydroxyurea and the hydroxyurea from Hy-Fe(II) complex 

which is excreted). 1mL solution Fe(II) 30 μg is treated with 1mL of buffer solution with pH 

= 7.6, 1mL reagent solution Hy 40 μg and distilled water are used to obtain 10 mL and then 
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the solution is stirred well. After 15 min the extinction of the complex is read at 267nm 

against a blank sample (the obtained absorbance corresponds to free hydroxyurea which is 

excreted). 

I.5.3.2. Results 

Study of the reaction of hydroxyurea with Fe(II) 

An analytic study has been carried out on the complexing reaction of Fe(II) by the 

hydroxyurea, in order to establish the best working conditions: 

 

 
Figure 43. Hy-Fe(II) complex 

 

a) Hydroxyurea and the Fe(II) form a complex stable in water that has a maximum 

peak at 267nm (Figure 43). 
 

 
Figure 44. Influence of the pH 
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Figure 45. Combining ratio 

 

 

 
Figure 46. Stability in time 

 

b) The combining ratio, illustrated in Figure 45, is established through the method 

of isomolar series and it is 1:1 (L/M). 
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Figure 47. Calibration curve 

 

 
Figure 48. Hy-Fe(III) complex 

 

d) The stability constant is determined through the dissociation degree method of 

Harvel and Manning according to the formulas: 

 

Ki = a2·C/1-a 

 

a = Am-As/Am 

 

where: ε = dissociation degree; Am = maximum absorbance (0.13800); As = equilibrium 

absorbance (0.10366); C = concentration of the solutions of Fe(II) and hydroxyurea (10-5M); 

A = 0.2488; Ki = 8.24·10-7; Ks = 1.2·106; ε = 3.4559·104mol-1·L·cm-1. 

e) Calibration curve: the concentration range in which the Lambert-Beer law is 

observed is 10-60 μg Fe(II) (Figure 47); the correlation coefficient r2 = 0.9999; the slope of 

the straight line is 0.0129; the intercept is - 0.01363; the standard deviation SD = 0.0114; the 

detection limit LD = 2.71 μg/mL; the quantification limit LQ = 9.04 μg/mL. The statistical 

analysis of the results shows a significant accuracy and precision for the proposed method 

(RSD 0.034%). 

g) Interferers: under the same reaction conditions, Hy forms complex combinations 

with other ions: Fe(III) with maximum absorption at 386nm and 578nm, but also Co(II) with 

λ max = 297nm and 430nm (Figure 48). Under different reaction conditions, the hydroxyurea 

complexes the Al(III) and Mg(II) ions, those reactions being used for the quantitative 

determination. N-hydroxyurea can form a bidentate complex combination with Zn(II) that 
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strongly inhibits the metalloenzyme. The volatile residual solvents from the pharmaceutical 

products determine the degradation of the hydroxyurea in urea and lactic acid which interferes 

with its determination. 

Results of the determination of Fe(II) from capsules 

Composition of capsules: Fe(II) 37 mg; folic acid, 5 mg; cyanocobalamin, 0.01mg; 

E172; ethylvanillin; sorbitol solution 70%; glycerol 85%. 

The established method has been applied in order to determine Fe(II) from capsules. 

The concentration of Fe(II)/capsule, in mg is calculated following the formula: 

 

mg Fe(II)/capsule = (A + 0.0136) V  Gm / 0.0129  a 

 

where: A = value of the absorbance of the sample; V= volume where it can be found the 

sample (500mL); Gm = average weight of 20 capsules (0.56g). 

The obtained results are registered in Table 26. 
 

Table 26. Determination of Fe(II) from capsules 

Pharmaceutical product 
Certified value of Fe(II) 

(mg/capsule) 

Obtained Value 

(mg/capsule) 
Recovery % RSD % n 

Ferro Folgamma® 

R.P. Scherer GmbH, Germany 
37 ±2.775 37 ±0.0137 100.20 0.034 5 

 

Results of the determination of the hydroxyurea - Fe(II) complex from a biological 

fluid sample collected in 24 h 

1 g hydroxyurea has been administered daily for 6 months to a patient who underwent 

that treatment for 12 years. That patient is eliminating an average of 2000 mL of biological 

fluid a day. The obtained result was in concordance with the literature data. 

From the eliminated Hy the Hy-Fe(II) complex proportion is determined. 

The obtained results are registered in Table 27. 
 

Table 27. Determination of the hydroxyurea - Fe(II) complex 

Eliminated Obtained value (%) % RSD n 

hydroxyurea 80.186 ±0.32 3.167 5 

hydroxyurea Fe(II) complex 19.446 ±2.764 11.44 5 

 

I.5.3.3. Discussions 

Hydroxyurea in the presence of water has tautomeric forms in which the >N-OH bond 

and the >C = N- azomethinic group appear, contributing to the formation of the complex with 

Fe(II), having extremely important biological implications. 

Following the study carried out on the complexing reaction of Fe(II) with 

hydroxyurea, the work parameters have been established: the best pH, the combining ratio, 

the stability in time of the complex, the stability constant, the molar extinction coefficient, the 

detection limit, and the interferers. 

The complexing reaction of Fe(II) is influenced by the value of the pH; in order to 

follow the variation of the absorbance according to the pH of the medium, buffer solutions are 

used with pH = 7.0-8.6 and a standard solution of 30g/mL Fe(II). From Figure 44, it results 

that the best pH for the quantitative determination of the hydroxyurea-Fe(II) complex is 7.4 -

7.6. 
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The stability in time of the hydroxyurea-Fe(II) complex has been studied. The results 

are illustrated in Figure 45. From the graphic results that 15 min after the Hy reagent is added, 

the absorbance of the complex is maximum and the value of the absorbance is maintained for 

at least 30 min. From the calibration curve it was determined the hydroxyurea total quantity 

and the quantity of free hydroxyurea (μg/mL), which is eliminated through the biological 

fluid in 24 h. 

The proposed method was applied to determine the Hy which is 80% excreted, 

through the biological fluid, according to literature data. From the excreted Hy, the Hy-Fe(II) 

complex presence is determined for the first time. The presence of the Hy-Fe(II) complex in 

the biological fluid of the patients in a percentage of 20% explains the appearance of anemia 

as a side effect of the treatment with hydroxyurea for a long period of time. By subtraction we 

will obtain the quantity of the eliminated Hy (μg/mL) which will be reported to those 2 L of 

the biological fluid and to the daily administered drug quantity. 

I.5.3.4. Conclusions 

The obtained results recommend the use of the hydroxyurea for the 

spectrophotometric quantitative determination in UV of Fe(II). 

The proposed method has been successfully applied to determine Fe(II) from soft 

gelatin capsules. The statistical analysis of the results shows a significant accuracy and 

precision for the proposed method. 
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II. VALIDATION OF ANALYSIS METHODS FOR 

DETERMINATION OF IONES WITH BIOLOGICAL 

IMPORTANCE AND OF PHARMACEUTICAL 

SUBSTANCES 

II.1. INTRODUCTION 

Chemical and instrumental analysis methods play a major role in ensuring the quality 

of pharmaceutical substances, pharmaceutical products, food and environment compounds. 

The analysis methods are indispensable in scientific research, in biomedical laboratories, in 

the agriculture and food research field, as well as for research regarding consumer goods. 

Validation of the methods is an important issue in drug analysis, in accordance with 

conventional regulations, such as those of Food and Drug Administration (FDA), Europe 

Medicines Agency (EMEA) and International Conference of Harmonization (ICH). The 

process confirms that the analysis procedure used is true for its predetermined use and 

demonstrates the fidelity of the obtained results. Therefore, method validation is essential in 

drug analysis (Nemutlu et al., 2007; Bandarkar et al., 2009). 

A newly created or processed analytical method, before being applied, must be 

validated, meaning the methodological stages of verification, of confirming its scientific 

validity, have been completed. The validation methodology has the purpose of demonstrating 

that the proposed method corresponds to the use for which it was established. The statistical 

processing of the results of an analysis offers the possibility to obtain the most probable value 

that is closest to the reality. 

In analytical laboratories, validation is based on standards, such as: Good 

Manufacturing Practices (GMP), Good Laboratory Practices (GLP), Good Clinical Practices 

(GCL) etc. There are other necessary conditions regarding the quality and accreditation of the 

standards provided by the International Standards Organization - ISO series 9000 and 17025, 

European Norms (European Norm - EN 45000), Environmental Protection Agency (EPA), 

FDA etc. (Yuwono et al., 2006). 

According to the 28th United States Pharmacopoeia, the validation of an analytical 

method is a laboratory process through which the necessary conditions for analytical 

application are established (USP 28, 2004). 

Other information regarding the validation of the method are considered, such as: 

stability of the samples prepared for analysis, degradation studies, identification and 

characterization of possible interferences in the sample. For example, the stability of the 

standards and the samples for a HPLC method, is good enough for the duration of the analysis 

if it presents a variation of maximum 2% for 24 hours in the mobile phase. 

Parameters required for validation depend on the type of analysis and for each analysis 

method different validation procedures are required. The equipment used must be also 

validated. For example, in the case of chromatographic methods, the chromatographic system 

must be evaluated whether the equipment can provide acceptable results (System Suitability 

Test - SST). Thus, RSD is associated with the retention time repeatability with an error ≤ 1% 
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for a minimum of 5 determinations with resolution > 2, the number of theoretical plates N > 

2000 and the capacity facto r> 2. 

The regulations in the pharmaceutical field indicate the use of validated methods of 

analysis and control both for the manufacture of medicines and for their quality control. That 

is why it is necessary to validate or revalidate an analytical method, as follows: when it comes 

to a new method, elaborated for a particular application, validation confirming the solution of 

the analytical problem. In the case of a method already in use, the validation and revalidation 

are applied for certain improvements to the method. When there are changes in the laboratory 

in terms of equipment, new personnel, standard substances or solvents, the revalidation of the 

method is required. 

A complete validation is required for the transition from the development phase of a 

method to the routine use phase. The validation stage is necessary and mandatory when 

establishing the specifications fulfilled by an active compound or a finite form. The validation 

strategy includes the validation of a method of analysis demonstrated experimentally in the 

laboratory, on samples or standards similar to unknown samples. The validation protocol 

comprises the following steps: 

1. Conducting the protocol or validation process; 

2. Specifying the application and the purpose of the method; 

3. Performance parameters and acceptance criteria; 

4. Defining the validation parameters; 

5. Verification of equipment and apparatus; 

6. Checking the quality of materials: standards and reagents; 

7. Performing the pre-validation stages; 

8. Complete evaluation of validation parameters; 

9. Error assessment, data presentation, analysis protocol; 

10. The final result of the analysis; 

11. Communication of the results in the validation report. 

The performance parameters sought in a complete validation of a method are: 

 Selectivity or specificity (determination of the effects of the interferers); 

 Limit of detection and quantification (the minimum analyte concentration that can 

be determined and the minimum one that can be accurately dosed); 

 Quality parameters: linearity, proportionality of the calibration model; 

 Sensitivity with the slope of the calibration line, the values of the coefficients of 

the calibration line; 

 Accuracy demonstrates the absence of systematic errors, finding the ability to 

determine the analyte with accurate results close to 99-100%; 

 Precision or fidelity proves the absence or the reduced value of the random errors 

being demonstrated by the consistency of the results between them. Precision is 

demonstrated by: repeatability (obtaining accurate results when repeated by the 

same analyst) and reproducibility (obtaining accurate results when repeated by 

different analyst in the same laboratory and in different laboratories); 

 Robustness is the ability of a method to remain unaffected by small variations in 

the parameters of the method. 

 

THE STUDIES WERE PUBLISHED IN THE FOLLOWING ARTICLES: 

 Apostu Mihai, Vieriu Mădălina, Bibire Nela, Panainte Alina Diana, Ţântaru Gladiola. 

Design and Study of Electrochemical Sensors Based on Polymer Inclusion Membranes 

Containing Polyoxometalates. Materiale Plastice 2019; 56(2): 429-433. 

 Ţântaru Gladiola, Bibire Nela, Panainte Alina Diana, Vieriu Mădălina, Apostu Mihai. 
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Aniline Derived Bis-Schiff Base - Analytical Reagent for the Assay of Fe(III). Revista 

de Chimie (Bucharest) 2018; 69(11): 3097-3099. 

 Apostu Mihai, Ţântaru Gladiola, Vieriu Mădălina, Bibire Nela, Panainte Alina Diana. 

Study of the presence of lead in a series of foods of plant origin. Revista de Chimie 

(Bucharest) 2018; 69(5): 1223-1225. 

 Crețeanu Andreea, Ţântaru Gladiola, Vieriu Mădălina, Panainte Alina Diana, Ochiuz 

Lăcrămioara. Development and validation of a method for quantitative determination of 

Amiodarone hydrochloride in blood serum by HPLC-MS-MS. Medical-Surgical 

Journal - Revista Medico-Chirurgicală a Societatii de Medici și Naturaliști din Iași 

2017; 121(2): 427-432. 
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II.2. VALIDATION OF SPECTROPHOTOMETRIC METHODS 

II.2.1. Validation of UV spectrophotometric method for Cr(III) 

Chromium is a biometal known as a redox catalyst, an oxygen transporter and as 

Cr(III) an essential nutritive agent. The biological activity of chromium (essential 

oligoelement) depends on its valence and on the chemical structure of the formed complex 

combinations. In the case of patients with insulin-dependent diabetes, it has been noticed an 

abnormal metabolism of Cr(III), while Cr(VI) ions that result from various industrial 

processes such as: coloring matter industry, metal, steel and alloys processing, are toxic, 

mutagen and carcinogen (Martin et al., 2006, Van Burg et al., 1996). 

The present spectrophotometric method has been established for the quantitative assay 

of Cr(III), and it is based on its complexation with N,N'-bis (salicyliden)-methylendiamine 

(Salmen®). Similarly, to our study, Schiff base derived from pyridine were used for the 

spectrophotometric determination of some metals. Schiff base prepared via condensation of 

pyridine-2,6-dicarboxaldehyde with 2-aminopyridine and its octahedral complexes with 

Cr(III), Fe(III), Co(II), Ni(II) and Th(IV) and tetrahedral complexes with Mn(II), Cd(II), 

Zn(II), and UO2(II) have been reported (Abd El-halim et al., 2011). 

The spectrophotometric method for the quantitative assay of Cr(III), it is based on its 

complexation with N,N'-bis (salicyliden)-methylendiamine when a stable complex is formed, 
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which has a maximum of absorption at 326 nm. The developed method has been validated 

and was characterized by a good linearity in the range of 0.5-5.0 μg/mL (correlation 

coefficient r = 0.9999). The established detection limit (LOD) was 0.066 μg/mL and the 

quantification limit (LOQ) was 0.22 μg/mL. There were determined the precision of the 

method (RSD = 1.63%) and the accuracy (the mean recovery was established at 100.17%, the 

recovery values being in the range 98.0-102.3%). The proposed and validated method was 

applied for the determination of Cr(III) from a nutritional supplement that contained the salt 

chromium picolinate, and the results were good. 

The validation of the spectrophotometric method was performed in accordance with 

International Conference on Harmonization guidelines (ICH Q2(R1), 2005). 

II.2.1.1. Materials and methods 

Reagents 

Stock solution of Cr(III) 0.1 mg/mL: 0.04753g Cr(CH3COO)3·H2O (Carlo Erba) were 

dissolved in 100mL distilled water; work solutions with concentrations ranging between 0.5-

5.0 μg/mL Cr(III), obtained by diluting the stock solution with distilled water; N,N'-bis 

(salicyliden)-methylendiamine (Salmen®) - 0.01% solution (w/v) prepared using pure 

methanol (Merck) - reagent solution; acetic acid (Merck) - sodium acetate (Merck) buffer 

solution 0.2M (pH= 4.6); Crom Forte® 200 μg tablets produced by Walmark (Czech 

Republic); 

Apparatus 

Spectrophotometer UV-VIS - HEWLETT-PACKARD 8453. 

Principle of the method: the Cr(III) ions, in the presence of N,N'-bis (salicyliden)-

methylendiamine (Salmen®), at pH=4.6, form a complex with a maximum at 326nm, that is 

proportional to the concentration of the analyzed ions. There were established the optimum 

wavelength for the detection and the optimum working conditions: optimum pH, formation 

time, complex stability in time, combination ratio M/L, stability conditional constant (βn), 

interferences (Țântaru et al., 2007). In order to evaluate the performance parameters for the 

method (linearity, precision, accuracy and standard calibration), solutions in the concentration 

range 0.5-5.0 μg/mL Cr(III) were used. 

Method validation 

Linearity: In order to determine the linearity of the method we prepared Cr(III) 

solutions by diluting the stock solution with distilled water in the 0.5-5.0 μg/mL concentration 

range. The obtained data was analyzed by linear regression and the calibration curve was 

obtained (Green, 1996, Oprean et al., 2007, US EPA, 1996). Detection and quantification 

limits were calculated using the following formulas (Roman et al., 1998; USP 28, 2004): 

 

LOD = 3 · Standard error / slope 

 

LOQ = 10 · Standard error /slope. 

 

Precision (Roman et al., 1998; Oprean et al., 2007): three solutions of 1.5, 2.0, 2.5 

μg/mL Cr(III) ions were used. Three assays were performed for each concentration. Two sets 

of assays were performed in different days in order to evaluate the intermediary precision. 

Accuracy (Roman et al., 1998; Oprean et al., 2007): in order to establish the accuracy 

of the method for Cr(III) determination there were used the following three solutions 1.5, 2.0, 

2.5 μg/mL. For each solution, three determinations were performed. 

II.2.1.2. Results 

Establishing the optimum wavelength for the detection. 
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Procedure: 1mL solution to be analyzed containing 0.5-5.0 μg/mL Cr(III) was treated 

with 1mL buffer solution (pH=4.6), 2mL absolute methanol and 1mL reagent solution 0.01% 

(w/v) in methanol. After 10 minutes, the extinction was measured at 326nm and it was 

compared to a blank sample, prepared using 3mL of methanol, 1mL of buffer solution 

(pH=4.6) and 1mL of reagent solution. Also, the optimum working conditions were 

established. 
 

 
Figure 49. Absorption UV spectra for 1. Salmen®-Cr(III) complex; 2. Salmen®; 3. Cr(III). 

 

 
Figure 50. The influence of pH on the complexation reaction 

 

 
Figure 51. M/L Molar ratio 
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Figure 52. Complex stability in time 

 

Table 28. Linearity of the method 

No 
Concentration 

(mg/mL) 

Absorbance (326nm) 

I II III IV Mean 

1 0.5 0.16541 0.18563 0.17428 0.17676 0.17552 

2 1.0 0.24376 0.23354 0.23911 0.23819 0.23865 

3 1.5 0.29084 0.30710 0.29992 0.29796 0.29897 

4 2.0 0.35963 0.36169 0.36036 0.36096 0.36066 

5 2.5 0.41578 0.43032 0.42375 0.42235 0.42305 

6 3.0 0.48851 0.49473 0.49116 0.49208 0.49162 

7 3.5 0.54602 0.54824 0.53924 0.55502 0.54713 

8 4.0 0.61021 0.62043 0.61476 0.61588 0.61532 

9 4.5 0.66819 0.67625 0.67168 0.67275 0.67222 

10 5.0 0.72462 0.74088 0.73221 0.73329 0.73275 

Absorbance = 0.1244 x Concentration + 0.1136, Correlation and regression coefficients: r = 0.9999, r2 = 0.9998, 

Standard error = 0.00275, Intercept = 0.113596±0.001879, Slope = 0.124361± 0.0000606. 

 

 
Figure 53. The calibration curve developed for the linearity of the method 
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Table 29. Method precision and accuracy 

Cr(III) 

(μg/mL) 

Method precision Intermediate precision Accuracy 

Absorbance Recovery % Absorbance Recovery % Absorbance Recovery % 

 

1.5 

0.30393 102.05 030393 102 0.29897 99.34 

0.30268 101.52 0.30766 104 0.29902 99.68 

0.29895 99.34 0.29896 99.33 0.30297 101.50 

 

 

2.0 

0.36302 101.55 0.36862 102.5 0.36825 102.30 

0.37359 103.22 0.37359 104.5 0.36285 100.18 

0.36196 99.82 0.36116 99.5 0.36196 99.82 

 

2.5 

0.43455 103.25 0.43082 102 0.41838 98.00 

0.43330 103 0.42709 100.8 0.42592 100.42 

0.43082 102 0.42336 99.6 0.42558 100.31 

Statistical 

data 

Mean Recovery = 101.75% 

RSD = 1.38% 

Mean Recovery = 101.58% 

RSD = 1.89% 

Mean Recovery = 100.17% RSD 

= 1.23% 

 

Table 30. Spectrophotometric assay of Cr(III) 

Analyzed Product 
Certified quantity of Cr(III) 

(μg/tablet) 

Recovered Cr(III) 

(μg/tablet) 
Recovery (%) 

RSD 

(%) 

Crom Forte® (chromium 

picolinate) 
200 198.55±1.175 99.27 1.47 

 

II.2.1.3. Discussions 

The absorption spectrum of the Salmen®-Cr(III) complex (Figure 49) shows a 

maximum of absorbance at 326nm, when compared to Salmen® itself, that has a maximum of 

absorption located at 299nm. The pH value influences the complexation reaction and the 

optimum pH was established at 4.6 (Figure 50). 

The complex formed within 10 minutes and it was stable for another 15 minutes, as it 

is shown in Figure 52. The combination rate was established by the isomolar series method 

and is 1:1 M/L illustrated in Figure 51. 

Stability conditional constant (βn) was established according to the formula (Bruneau 

et al., 1992): 

 

βn = (log Cm·Cl)/(log A-n·logV) 

 

where: CM = molar metal concentration (Cr(III) ions); 

CL = molar ligand concentration (Salmen®); 

A = metal-ligand complex absorbance measured at 326nm (Salmen®- Cr(III) 

complex); 

n = M/R molar ratio (Cr(III)/Salmen® combination ratio); 

V = the volume of the solution (mL); 

ε = 1.4-104 mol-1·L·cm-1 molar extinction coefficient. 

According to the data collected, the obtained value was βn = 7.17·106. 

Linearity 

For the study of the linearity of the method, we prepared four series (I-IV) of Cr(III) 

solutions in the 0.5-5.0 μg/mL concentration range. The obtained data were statistically 

evaluated (Table 29) and the calibration curve was obtained (Figure 53). 

The detection limit (LOD) and the quantification limit (LOQ) were calculated: LOD = 

3 x 0.00275/0.1244 = 0.066 μg/mL and LOQ = 10 x 0.00275/0.1244 = 0.22 μg/mL. 
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Precision 

We calculated the sample concentration using the calibration curve equation (Table 

28). We observed that for each set of data the relative standard deviation was lower than 2% 

(RSD =1.63%). All those values confirmed that the proposed method is precise. 

Accuracy 

The concentration of the sample was calculated from the experimental value of the 

absorbance, using the regression curve equation (Table 29). We observed that the recovery 

was 100.17% for the studied concentration range, the mean (minimum was 98.00% and 

maximum was 102.03%) and the relative standard deviation was under 2% (RSD=1.23%). 

Those values proved that the Cr(III) determination method is accurate. 

The validated method was applied to the UV spectrophotometric assay of Cr(III) from 

Crom Forte® 200 μg tablets produced by Walmark (Czech Republic). The content (μg) of 

Cr(III) per tablet, was calculated using the formula: 

 

μg Cr(III) per tablet = [(A - 0.1136)/0.1244]·V-MW/a 

 

where: A = sample absorbance measured at 326nm; V = the capacity of the volumetric flask 

(mL); MW = mean weight of the tablets (g); a = processed sample weight (g). The obtained 

results are presented in Table 30. 

II.2.1.4. Conclusions 

A new spectrophotometric method for the assay of Cr(III) was developed, based on 

Cr(III) complexation reaction with Salmen®. The complex presents a maximum of absorption 

at 326nm. The analyzed method has been validated, establishing the optimum wavelength of 

detection (326nm), the linearity (in the range of the 0.5-5.0 μg/mL, the correlation coefficient 

being r=0.9999), the detection limit (LOD=0.066 μ/mL), the quantification limit (LOQ=0.22 

μ/mL), the precision of the method (RSD=1.63%) and the accuracy (mean 

recovery=100.17%). In conclusion, the proposed method is linear, precise, accurate, simple 

and fast, and it was used, with good results, for the quantitative assay of Cr(III) from Crom 

forte® 200 μg tablets produced by Walmark (Czech Republic). 

II.2.2. Validation of UV spectrophotometric method for Al(III) 

The Schiff Bases represent a class of substances known for their capacity of increasing 

the immunity mechanism that can detach desoxiribonucleic acid (DNA) catenae. Such 

substances are intermediary in the amino acids’ transformation, and participate in many 

enzymatic reactions that take place between the carbonyl and amine groups. All those lead us 

to the idea of using that Schiff Base in the coupling strategy (Bollinger et al., 1995).During 

the first stage of our study we synthesized an N202 ligand that due to its structure could link 

the supplemental aluminum in sanguine circulation. The ligand could be used as a 

sequestration agent of the Al(III) ions (Wöhrle, 1993). 

By condensing some o-hydroxy-carbonilic combinations and salicylhydrazide we 

obtained a Schiff Base: salicylhydrazidone 2'-hydroxy-acetophenone (Cașcaval, 1996). 

Following, we present the results obtained for the spectrophotometric determination of 

the Al(III) using the Schiff7 Base (Figure 54) as a reagent. 

That substance is a white powder that has a characteristic smell, Mp = 294-296°C, 

insoluble in water, acetone, benzene, acetonitrile, chloroform and with a low solubility in 

methanol and dimethylsulfoxide. 

The complex formed with Al(III) ions has λmax = 380 nm and molar absorbance ε = 
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4.945·103 mol·L·cm-1. The metal-ligand combination ratio established by isomolar series 

method is 1:1 and the stability constant, spectrophotometrically determined, has the value K = 

1.008·105. 

The validation characteristics that we should consider during the validation of 

analytical procedures are: specificity, linearity, range, accuracy and precision. 

 

 
Figure 54. Schiff Base obtained 

 

II.2.2.1. Materials and methods 

Reagents 

Al(III) stock solution 0.1 mg/mL (0.1234 g A12(S04)3·18 H20 (Merck) is dissolved in 

water up to 100mL). The standard solutions were prepared from the stock solution with 

concentration in the range 1.0-5.0 µg/mL; Schiff Base reagent solution 0.01% (w/v), in 

absolute methanol (Merck); Buffer solution: 0.2M CH3COOH (Merck) and 0.5M CH3COONa 

(Merck), pH = 4.5. 

Apparatus 

Hanna Instruments pH/mV-meter 301; 

Hewlett Packard 8453 UV-VIS Diode-Array Spectrophotometer. 

Method validation 

Specificity: the investigation of the specificity during the validation of identification 

(in UV-VIS spectra) conducts to the identification and determination of the impurities (USP 

28, 2004). 

Linearity: linear relationship should be evaluated across the range of the analytical 

procedure (Yuwono et al., 2006). Linearity is evaluated by visual inspection of a plot of 

absorbance as a function of Al(III) concentration (Validation of Analytical Procedures, 1995). 

1mL of solution containing Al(III) ions in the following concentrations: 1.0, 1.5, 2.0, 2.5, 3.0, 

3.5, 4.0, 4.5, 5.0 µg/mL is mixed up with 1mL buffer solution pH 4.6 (CH3COOH: 

CH3COONa 0.2N), 2mL methanol and 1mL Schiff Base 0.01% (w/v) solution. The 

absorbance is read at 380nm after a 20-60 minutes interval, using a blank prepared in the 

same conditions. 

The specified range is normally derived from linearity studies and depends on the 

concentration of Al(III). It is established by confirming that the analytical procedure provides 

an acceptable degree of linearity, accuracy and precision. 

Accuracy. (ICH Q2B, 1995): accuracy should be assessed using a minimum of 9 

determinations over a minimum of 3 concentration levels covering the specified range and 

should be reported as percent recovery and medium recovery. The three concentration levels 

are: 1.5, 2.5 and 3.5 μg/mL Al(III), and we have prepared three samples for each of them 

(Validation of Analytical Procedures 1996). 

1mL solution of Al(III) was mixed with 1mL buffer solution pH = 4.6 (CH3COOH: 

CH3COONa 0.2N), 2mL methanol and 1mL Schiff Base 0.01% (w/v) solution. The 

absorbance is read at 380nm after a 20-60 minutes interval, using a blank prepared in the 

same conditions, and then we have calculated Al(III) concentration. 

Precision (ICH Q2B, 1995): validation of tests for quantitative determination of 

Al(III) ions includes an investigation of precision (Validation of Analytical Procedures, 

1996). 
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Repeatability (Oprean et al., 2007) should be assessed using a minimum of 9 

determinations covering the specified range for the procedure (e.g. 3 concentrations/3 

replicates each). 

1mL solution of Al(III) (with 1.5; 2.5 and 3.5 mg/mL) is mixed up with 1mL buffer 

solution pH = 4.6 (CH3COOH:CH3COONa 0.2 N), 2mL methanol and 1mL Schiff Base 

0.01% (w/v) solution. The absorbance is measured at 380nm after a 20-60 minutes interval, 

using a blank prepared in the same conditions. 

Detection limit (LOD (Yuwono et al., 2006): the minimal detectable concentration was 

appreciated by the UV-VIS spectra and extinction for a minimal concentration in Al(III) ions. 

LOD = 3 × SE/slope 

Quantitation limit (LOQ) (Yuwono et al., 2006) that represents the minimum 

concentration of the Al(III) ions that can be determined with an acceptable precision and 

accuracy, in the described experimental conditions, it was calculated using the formula: 

 

LQ = 10 × SE/ slope. 

 

II.2.2.2. Results 

A buffer solution CH3COOH and CH3COONa, 0.5M that complexes the cations Fe(II) 

and Fe(III) is used to remove them from the system we work at. By working in the same 

conditions of pH = 4.6, with buffer solutions 0.5M added to solutions of 0.5 µg/mL Al(III), 

0.5 μg /mL Fe(II) and 0.5 µg/mL Al(III), using the reagent in a 0.01% (w/v) in methanol, the 

following absorbance rates were obtained (Table 32). 
 

Table 31. Interfering cations absorbances 

Cations Al(III) Co(II) Fe(III) Fe(II) 

Absorbance 0.49797 0.04770 0.14854 0.18890 

Mn(II), Cr(III) and Bi(III) did not interfere 

 

Table 32. Interfering ions removal 

Absorbance of Al(III) Absorbance of Fe(III) Absorbance of Al(III) + Fe(III) 

0.49790 0 0.50010 
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Table 33. Results obtained for Al(III) spectrophotometric determination 

No 
Al(III) 

(μg /mL) 
Extinction 

Calculated Al(III) 

concentration (μg /mL)  
Recovery 

Mean 

recovery 

  0.25509 1.5430 102.87  

1 1.5 0.25150 1.5206 101.37 101.64 

  0.24995 1.5109 100.70  

  0.40923 2.5064 100.25  

2 2.5 0.41052 2.5145 100.58 100.42 

  0.40995 2.5109 100.43  

  0.56372 3.4720 99.20  

3 3.5 0.56404 3.4740 99.25 99.30 

  0.56522 3.4813 99.46  

 

Table 34. Statistical parameters for repeatability 

No 
Al(III) 

(μg /mL) 
Extinction 

calculated Al(III) 

concentration 

(μg /mL) 

Statistical parameters Results 

1 1.5 

0.25509 1.5430 standard deviation 0.03458 

0.25150 1.5206 relative SD 2.26 

0.24995 1.5109 Confidence interval 1.5248±0.1486 

2 2.5 

0.40923 2.5064 standard deviation 0.013599 

0.41052 2.5145 relative SD 0.5475 

0.40995 2.5109 Confidence interval 2.4839±0.05847 

3 3.5 

0.56372 3.4720 standard deviation 0.03007 

0.56404 3.4740 relative SD 0.8654 

0.56522 3.4813 Confidence interval 3.4757±0.1293 

 

II.2.2.3. Discussions 

Specificity: In the same reaction’s conditions Fe(II) and Fe(III) can interfere 

complexing the ligand. For a concentration of 0.5 µg/mL Al(III) the absorbances at 380 nm 
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for the interfering cations are presented in the Table 31 and 32. 

Linearity: linear relationship should be evaluated across the range of the analytical 

procedure. Linearity is evaluated by visual inspection of a plot of absorbance as a function of 

Al(III) concentration. The absorbance is proportional to Al(III) in the 1-5 µg/mL range of 

concentration. The linearity coefficient is r2 = 0.9947 and the curve equation is y = 0.16 · x + 

0.082. The recovery is 99.85%, SD = 0.83, RSD = 0.88 for n = 6. 

From the calibration curve we find that the range is 1-5 µg/mL Al(III) (1.0476-4.9865 

calculated) 

Detection limit (LOD): The minimal level at which the analyte can be reliably detected 

is 0.25 μg /mL, based on the calibration curve. For that concentration we have A = 0.0111, 

corresponding to 0.1620 µg/mL instead of 0.25 µg/mL aluminum (4). 

Quantitation limit (LQD): based on the calibration curve, the quantitation limit is 1 

μg/mL Al(III) corresponding to an absorbance of 0.1838. Calculated concentration for dais 

absorbance is 1.0476 μg/mL Al(III) (4). 

Precision: the performed studies for determining the precision include the precision of 

the system and the precision of the Al(III) determination method. After the statistical 

processing of the obtained data, we have found that the value of the relative standard 

deviation (RSD) is 1.226%, which shows that the system is precise. We have evaluated the 

precision of the method for a concentration range of ±25% compared to the target value (2.5 

μg/sample). In order to validate the method (repeatability assessments) we have analyzed two 

sets of samples, each in different day, with at least 9 determinations covering the specific 

concentration area (Table 34). The calculated confidence range for each individual value (for 

8 degrees of freedom and a precision of 95%, t = 2.31) is 99.30-101.64% because x - (t SD) < 

p < x + (t SD). 

Accuracy is expressed by its recovery. It is expressed by a percentage of analyzed 

substance and it depends on the quality of the results due to the analysis method, the 

equipment, the reagents and the quality of the operations necessary for obtaining those results. 

In order to determine accuracy of the determination Al(III) method, we used the 

addition method. Using the regression equation and the values of the corresponding 

absorbance, was calculated the concentration in μg/sample for each sample (Table 33). The 

statistical data shows that in the concentration range of 1.0- 5.0 μg Al(III) per sample, the 

mean recovery is 100.47% (not less than 99.30% and not more than 101.64%). Those values 

proved that the method was accurate. 

II.2.2.4. Conclusions 

The proposed method is simple, fast and it has the advantage of an increased 

sensitivity; the detection limit is 0.1620 µg/mL and the quantification limit are 1.0476 μg/mL 

Al(III). The analysis method was validated the setting optimum wavelength of detection at 

380nm. We also studied the linearity of the method in the range of 1.0- 5.0 μg /mL Al(III), the 

correlation coefficient was r2 = 0.9947, the accuracy (mean recovery = 99.85%), the precision 

of the system (RSD = 1.471%) and the precision of the method (RSD = 1.226%). 

Validation of Al(III) spectrophotometric assay with salicylhidrazidone-2-hydroxy-

acetophenone reagent was applied with good results for aluminum antacid products. 

II.2.3. Validation of visible spectrophotometric method for 

amiodarone 

Amiodarone, a class III of antiarrhythmic reagent has been clinically used as one of 

the most powerful antiarrhythmic drugs for the treatment of a wide variety of arrhythmias. Its 
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main effect is to delay repolarization and to prolong the action potential duration of atrial and 

ventricular muscle without altering the resting membrane potential. Amiodarone thus 

lengthens the refractory period of atrial and ventricular myocardium, the atrioventricular 

node, and of the accessory pathways which mediate Wolff-Parkinson-White (WPW) 

syndrome. 

Amiodarone was characterized by Bonati (Bonati et al., 1984) as having UV 

absorbance maxima at 208 nm with 2 shoulders near 270 nm and 280 nm. The molar 

extinction coefficients (ε) at those wavelengths were 47000, 44000, 18000 and 16000 

respectively. 

A new spectrophotometric quantitative method of amiodarone using as reagent 

potassium ferricyanide and ferric chloride in hydrochloric acid medium forming ferric 

ferrocyanide. The proposed method is based on the reaction of amiodarone with ferric 

ferrocyanide in hydrochloric acid medium is released and it reduces the proposed reagent in a 

blue compound with a maximum of absorption of 725nm. 

II.2.3.1. Materials and methods 

Reagents 

Stock solution of amiodarone 0.1 mg/mL. Standard solution with concentrations 

ranging between 0.5-5.0 μg/mL are prepared from that solution; 

FeCl3 - 0.04% (w/v) aqueous solution; K3[Fe(CN)6] - 0.02% (w/v) aqueous solution; 

main reagent: 1:1 mixture of FeCl3 04% (w/v) aqueous solution and K3[Fe(CN)6] 0.02% (w/v) 

aqueous solution; HC1 2N solution. 

Apparatus 

Spectrophotometer UV-VIS Hewlett-Packard 8453. 

Principle of the method: the proposed method for determining of amiodarone is based 

on the reduction of potassium ferricyanide in hydrochloric acid medium, which forms ferric 

ferrocyanide when reacting to ferric chloride. The blue colored compound is most stable in a 

mixture of ethylic alcohol and water (2:1 v/v) and has an absorption maximum at 725nm 

against a blank sample whose absorbance is negligible. 

The reactions that take place: 

 

[Fe(CN)6]
3- + e- → [Fe(CN)6]

4-  E0 ox-red = 0.356V 
 

3[Fe(CN)6]
4- + 4Fe3+ → Fe4[Fe(CN)6]3

 

 

Fe3+ + e- → Fe3+    E0 ox-red = 0.771V 

 

1mL sample containing 0.5-5.0 μg/sample amiodarone is measured in a series of 5mL 

volumetric flasks. 1mL HCl 2N, 2mL ferric ferrocyanide freshly prepared reagent is added to 

the sample and then it is brought to 5mL with ethylic alcohol. The mixture is homogenized 

and it is left to rest for 20 minutes, then the absorbance of the blue compound is measured at 

725nm against a blank sample. 

Method validation 

In order to validate the VIS spectrophotometric method for the assay of amiodarone, 

the following parameters have been studied: the detection wavelength, the linearity, the 

detection and the quantification limit, the precision of the system, the precision of the method 

and the accuracy. 

II.2.3.2. Results  

Establishing the optimum detection wavelength (ICH Q2B, 1995). 
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From the absorption spectrum of the colored compounds, we noticed that the formed 

complex shows a 725nm a maximum of absorbance at a wavelength of when compared to the 

reagent and amiodarone alone as it is shown in Figure 55. 

Linearity (ICH Q2B, 1995; Roman et al., 1998). For the study the linearity of the 

method, we prepared amiodarone solutions by diluting the stock solution with distilled water 

in the 0.5-5.0 μg/sample concentration range. Those solutions were processed according to the 

method. After obtaining the final product, we have measured the absorbance of each sample 

against a blank sample prepared in the same conditions at 725nm. 
 

 
Figure 55. Absorption VIS spectrum for the colored compounds 

 

 
Figure 56. Calibration curve 

 

The detection limit (LOD) (Oprean et al., 2007) was determined that represents the 

minimum concentration of the compound in the sample that can be detected but not 

necessarily quantified using the formula (SE is the regression standard error): 

 

LOD = 3 x SE / slope 

 

We have determined the quantification limit (LOQ) (Oprean et al., 2007) that 

represents the minimum concentration of the amiodarone that may be quantified. It was 

calculated using the formula: 

 

LOQ = 10  SE/ slope. 

In order to evaluate the precision of the system (Oprean et al., 2007) we have done 6 

determinations for the same sample (2 μg sample), under the same experimental conditions 

and then we have calculated the standard deviation and the relative standard deviation (Table 

37). 

y = 0.1277x + 0.0421
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Table 35. The study of the linearity of the method 

No 
Concentration 

(μg/mL) 

Absorbance 

I II III IV Average 

1. 0.5 0.10541 0.10563 0.10428 0.09888 0.10355 

2. 1.0 0.17155 0.17461 0.17848 0.17408 0.17468 

3. 1.5 0.22765 0.22521 0.23532 0.23042 0.22965 

4. 2.0 0.30590 0.30255 0.26677 0.30866 0.29597 

5. 2.5 0.35890 0.36288 0.36101 0.35985 0.36066 

6. 3.0 0.43285 0.43601 0.43775 0.42559 0.43305 

7. 3.5 0.48851 0.49473 0.49116 0.49220 0.49165 

8. 4.0 0.54602 0.54824 0.53924 0.55502 0.54713 

9. 4.5 0.61588 0.62043 0.61476 0.61021 0.61532 

10. 5.0 0.66819 0.71276 0.67625 0.67168 0.68222 

 

Table 36. Linearity - statistical evaluation 

Correlation coefficient (r) 0.999541 

Regression coefficient (r2) 0.99977 

Standard error (SE) 0.0043946 

Intercept 0.042077 

Slope 0.12775 

 

 

Table 37. Precision of the system 

No Absorbance Statistical Data 

1. 0.41667 

Mean = 0.42452 

SD = 0.006238 

RSD = 1.47% 

2. 0.43193 

3. 0.42403 

4. 0.42361 

5. 0.41855 

6. 0.43294 

7. 0.42417 

8. 0.42249 

9. 0.41765 

10. 0.43316 
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Table 38. Precision of the method - first set 

No 

Theoretical 

concentration 

(μg/sample) 

Absorbance 

Calculated 

concentration 

(μg/sample) 

% Statistical Data 

1 

1.5 

0.30393 1.5300 102.00 

Mean = 101.58 

SD = 1.9185 

RSD = 1.89% 

2 0.30766 1.5600 104.00 

3 0.29896 1.4900 99.34 

4 

2.0 

0.36862 2.0500 102.50 

5 0.37359 2.0900 104.50 

6 0.36116 1.9900 99.50 

7 

2.5 

0.43082 2.5500 102.00 

8 0.42709 2.5200 100.80 

9 0.42336 2.4900 99.60 

 

Table 39. Precision of the method - second set 

No 

Theoretical 

concentration 

(μg/sample) 

Absorbance 

Calculated 

concentration 

(μg/sample) 

% Statistical Data 

1 

1.5 

0.30393 1.5300 102.00 

Mean 101.71% 

SD= 1.40 

RSD = 1.38% 

2 0.30268 1.5199 101.33 

3 0.29895 1.4900 99.33 

4 

2.0 

0.36625 2.0309 101.55 

5 0.37036 2.0640 103.20 

6 0.36196 1.9965 99.82 

7 

2.5 

0.43456 2.5801 103.20 

8 0.43393 2.5750 103.00 

9 0.43082 2.5500 102.00 

 

Table 40. The accuracy of the method 

No 

Theoretical 

concentration 

(μg/sample) 

Absorbance 

Calculated 

concentration 

(μg/sample) 

Recovery % Statistical Data 

1 

1.5 

0.29897 1.4901 99.34 

Mean = 100.14% 

Min = 98.00% 

Max =102.35% 

2 0.29902 1.4905 99.37 

3 0.30297 1.5223 101.48 

4 

2.0 

036825 2.0470 102.35 

5 0.36285 2.0036 100.18 

6 0.36196 1.9965 99.82 

7 

2.5 

0.41838 2.4500 98.00 

8 0.42592 2.5106 100.42 

9 0.42558 2.5079 100.32 
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II.2.3.3. Discussions 

After processing the data through mathematical regression, a calibration curve could 

be obtained showed in Figure 56. The obtained data and the statistical evaluation are 

registered in Table 35 and 36. The equation of the calibration curve calculated through 

mathematical regression has the following profile: 

 

Absorbance = 0.12775 concentration + 0.043077. 

 

After the statistical evaluation of the linearity, the detection limit was determined that 

represents the minimum concentration of the compound in the sample: 

 

LOD = 0.1032 μg/sample. 

 

Quantification limit (LOQ) can be determined with an acceptable precision and 

accuracy, in the described experimental conditions, it was calculated using the formula: 

 

LOQ = 0.344 μg/sample. 

 

Precision characterizes the consistency degree of the analytical results, when the 

analysis method is repeatedly applied to the same sample to be analyzed. It represents the 

performance degree of the methods and the instruments reflected on the results obtained under 

normal working conditions. The performed studies for determining the precision include the 

precision of the system and the precision of the amiodarone determination method. After the 

statistical processing of the obtained data, we have found that the value of the relative 

standard deviation (RSD) is 1.4694%, which shows that the system is precise. We have 

evaluated the precision of the method for a concentration range of ±25% compared to the 

target value (2 μg/sample). In order to validate the method (repeatability assessments) we 

have analyzed two sets of samples, each in different day, with at least 9 determinations 

covering the specific concentration area (Table 38 and 39).The calculated confidence range 

for each individual value using equation (3) (for 8 degrees of freedom and a precision of 95%, 

t = 2.31) is 97.15-106.01% because x - (t SD) < p < x + (t SD) (3). 

Calculating the confidence range for each individual value, for 8 degrees of freedom 

and a precision of 95% (t = 2.31), according to the equation (3), we have obtained: 98.48-

104.95%. 

For the first set of determinations, we have obtained RSD = 1.89%, for the second set 

RSD = 1.40% and for both sets RSD = 1.65%, values smaller than 2%, but closer to the 

precision of the system (RSD = 1.47%). All those values confirm that the proposed method is 

precise. 

The accuracy of the method is expressed by its recovery, expressed by a percentage of 

analyzed substance and it depends on the quality of the results due to the analysis method, the 

equipment, the reagents and the quality of the operations necessary for obtaining those results. 

In order to determine accuracy of the amiodarone determination method, we used the 

addition method. Using the regression equation and the values of the corresponding 

absorbance, was calculated the concentration in μg/sample for each sample. The statistical 

data shown in Table 40 shows that in the concentration range of 0.5- 5.0 μg amiodarone per 

sample, the mean recovery is 100.14% (not less than 98.00% and not more than 102.35%). 

Those values proved that the method was accurate. 

II.2.3.4. Conclusions 

Following the study carried out on the reaction of the ferric ferrocyanide with 
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amiodarone a new spectrophotometric method for the assay of amiodarone is proposed. 

The proposed method is simple, fast and it has the advantage of an increased 

sensitivity; the detection limit is 0.1032 μg /sample and the quantification limit are 0.344 μg 

/sample with amiodarone hydrochloride. 

The analysis method was validated and the optimum wavelength of detection was set 

at 725nm. The linearity of the method was also studied in the range of 0.5-5.0 μg 

amiodarone/sample, the correlation coefficient was r2 = 0.99977, the accuracy (mean recovery 

=100.14%).the precision of the system (RSD = 1.47%) and the precision of the method (RSD 

= 1.65%). 

In conclusion, the proposed method is linear, precise, accurate, simple and fast and it 

can be applied with good results for the assay with amiodarone in different pharmaceutical 

dosage forms. 

II.2.4. Validation of visible spectrophotometric method for Se(IV) 

Selenium is an essential element for the human body (daily normal intake should be at 

about 200 µg), being an important part of the antioxidant enzymes, which protect the cells 

against the effects of free radicals produced during the oxidative metabolism (Food and 

Nutrition Board 2000). The main sources of selenium are plants, water, sea fruits, fish and 

pharmaceutical products containing it (Whange, 2002). Besides its role as an antioxidant 

alongside vitamin E, selenium maintains the elasticity of the tissues and slows down the aging 

process, and it is used in the treatment and prevention of dandruff and ensures normal growth 

and development of children (Revanasiddappa and Kumar, 2001). 

Many studies indicate associations between low levels of selenium and some diseases 

such as lung cancer (Knekt et al., 1998), colon rectal and prostate cancer (Lippman et al., 

2009; Combs and Clark 2001), heart diseases (Neve, 1996; Levander and Beck, 1997) and 

rheumatoid arthritis (Kose et al., 1996). Also, selenium increases the immune function (Beck 

et al., 2003), influences the HIV progression (Terry et al., 2000; Singhal and Austin, 2002) 

and binds arsenic, cadmium and mercury in order to decrease their harmful effects (Sasakura 

and Suzuki, 1998). The exceeding tolerable upper intake level of 400 µg per day can lead to 

selenosis (Hathcock, 1997; Goldhaber, 2003). 

Spectrophotometric methods for the determination of metals are very common, 

especially the direct determination of inorganic metal compounds. Se(IV) can be determined 

quantitatively and indirectly through a spectrophotometric method in VIS domain. The 

method consists of a catalytic reaction of selenium ions with different redox reagents such as 

phydrazinebenzosulfonic acid, phenylhydrazine and 3-fluorophenylhydrazine after amine 

coupling to azides or reduction of sulphates (Niedzielski and Siepak, 2003). 

A spectrophotometric method in VIS domain for the assay of Se(IV), using N,N-

diethyl-p-phenylenediamine monohydrochloride as reagent. The proposed method is based on 

the reaction between the selenium and potassium iodide in low acidic medium, when iodine is 

released. That last product will further oxidize the new reagent. The final obtained product is 

strongly colored in red and has an absorption maximum at 552nm and molar extinction 

coefficient ε = 6.1104L·mol-1·cm-1. 

 

Further, the optimum conditions for the oxidation reaction when using N,N-diethyl-p-

phenylenediamine monohydrochloride were established. At the same time, the effect of 

reagent, potassium iodide, HCl and sodium acetate concentrations; the reaction time; 

compound stability; and the influence of interferers were determined. After the validation, 

that spectrophotometric method was applied for the pharmaceutical products and water. 
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II.2.4.1. Materials and methods 

Reagents 

All chemicals used for the reaction: HCl (0.1M), potassium iodide (0.2M), H2SO4 

(0.5M), HNO3 (0.1M), CH3COONa·3H2O, NaOH (10%w/v) and Na2SeO3·5H2O were 

reagent grade (Merck Darmstadt, Germany). Bidistilled deionized water (non-absorbing under 

visible radiation) was also used. Different standard solutions with concentrations between 0.5 

and 3.0 μg/mL Se(IV). Reagent solution 0.01% (w/v), N,N-diethyl-p-phenylenediamine 

monohydrochloride (monohydrate), in bidistilled water. 

Apparatus 

Hewlett- Packard 8453 UV-Visible spectrophotometer, Hanna Instruments 300 Series 

pH meter. 

Principle of the method: the proposed method consisted in the release of iodine, which 

further oxidized the reagent in the presence of CH3COONa (1M), resulting a bright red 

compound with an absorption maximum at 552 nm. The reactions took place as follows: 
 

 
Figure 57. The reactions 

 

1 mL solution containing 5.0-30.0 µg of Se(IV) was mixed with 1mL potassium 

iodide (0.2M) and 1mL of HCl (0.1M). After 10 min, other 1mL of CH3COONa (1M) and 0.5 

mL reagent (0.01% w/v) were added. The obtained mixture was diluted with bidistilled water 

up to a volume of 10 mL. After another 10 min, the absorbance at 552 nm was measured 

against a reference sample. 

The proposed method was applied to the determination of Se from tablets, lipstick and 

spring and bottled water from Iasi, Romania. 

II.2.4.2. Results 

The absorption spectra of the Se(IV) solution showed a spectral band with a maximum 

at 552 nm. The reagent used as a reference did not show any absorbance at that wavelength. 

The specific absorbance coefficients of the Se(IV) solution and the reaction product were 

A1cm
1%  for 552 nm= 418 absorbance units (a.u.) and A1cm

1% for 552 nm = 7,730 a.u., respectively. 

In order to take a full advantage of the procedure, the reagent concentrations and 

reaction conditions must be optimized, to ensure that the optimum concentration of each 

component will give the smallest relative standard deviation (RSD). The effect of reaction 

variables such as the pH value and the concentration of HCl and sodium acetate were studied 

in detail by changing each variable in turn while keeping all the others constant. 

The effect of the volume of HCl (0.1M) used was studied by varying it between 0.5 

and 2.0 mL, and the results are shown in Figure 58. 
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Figure 58. The setting of the volume for HCl (0.1M) solution, reagent (R), KI (0.2M) and sodium acetate 

necessary for the Se(IV)-KI-R system 

 

According to the reaction between Se(IV) and KI, the concentration of the obtained 

iodine is proportional with Se(IV) concentration. In order to evaluate the effect of KI 

concentration on the absorbance, the volume of KI (0.2M) was modified from 0.5 to 2.0 mL 

(Figure 58). 

The reaction between iodine and N,N-diethyl-p-phenylenediamine monohydrochloride 

occurred in low acidic medium. For optimizing the reaction conditions, the effect of the 

volume of the sodium acetate (1M) on the rate of reaction was studied in the range of 0.5-2.0 

mL (Figure 58). In order to evaluate the volume of the new reagent solution necessary for the 

stoichiometric reaction with the iodine, various volumes between 0.25 and 2.0 mL were used. 

The stability in time of the final reaction product obtained in the optimum conditions 

was investigated over 30 min. The combination rate of Se/reagent was established by 

isomolar series method (Job’s method) and is presented in Figure 59. 
 

 
Figure 59. Molar ratio Se/R 

 

For evidencing the influence of the Se(IV), reactive ratios on the stoichiometry of 

reaction, the volumes of those were varied in order to obtain ratio values between 0.2 and 2.0. 

Method validation 

The linearity (USP 28, 2004) of the method was evaluated, and for that (according to 

the procedure of the method), the samples were prepared, corresponding to the concentration 

range 0.5-30.0 µg/mL of Se(IV). The absorbance of each sample was measured against a 

reference sample at 552 nm. For each concentration, four determinations were made, and for 

further evaluation, the average value was used. After the processing of the data shown in 

Table 41, the calibration curve was obtained through mathematical regression (Figure 60). 
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Table 41. Linearity of the method 

No Concentration (μg/mL) 
Absorbance 

I II III IV Average 

1 0.5 0.07843 0.07714 0.07709 0.07974 0.07810 

2 1.0 0.15155 0.15461 0.14848 0.17300 0.15691 

3 1.5 0.22765 0.22521 0.22276 0.23042 0.22651 

4 2.0 0.30590 0.30255 0.30681 0.30866 0.30598 

5 2.5 0.37890 0.38288 0.37101 0.37905 0.37797 

6 3.0 0.46285 0.45601 0.45775 0.45387 0.45762 

 

 
Figure 60. Calibration curve 

 

The limit of detection (LOD) and the limit of quantification (LOQ) were determined 

using the following equations: LOD = 3.3× SE / Slope; LOQ = 10 × SE / Slope, where SE is 

the regression standard error. 

Accuracy was evaluated through the recovery percent of analyzed substance (Table 

42). 

Applications 

The validated method was applied for the spectrophotometric determination of Se(IV) 

from selenium tablets, cosmetic sample (lipstick) and spring and bottled water (from Iași, 

Romania). In the first case, samples of 0.30-0.35 g of powdered tablets were mixed with 10 

mL nitric acid (65%) and then heated at 60°C; 25 mL bidistilled water was added to the 

suspension and then filtrated using a quantitative filtering paper. The filtrate was brought with 

bidistilled water up to 50 mL. 1mL sample was collected and processed according to the 

procedure of the spectrophotometric determination method of Se(IV). The obtained results are 

presented in Table 43. 

Cosmetic product (0.1 g) (lipstick) was dissolved in alcohol to extract all organic 

substances. The residue was heated with 10mL of concentrated nitric acid for 10 min and then 

cooled. After that, 10 mL of HCl was added, and the solution was boiled for 10 min. The 

sample residue was cooled, leached with 5 mL of H2SO4 (0.5M), neutralized with NaOH 

(10%) solution and diluted up to 25 mL with bidistilled water. 1 mL sample was analyzed 

using the established procedure. The obtained results are presented in Table 43. 
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Table 42. Absorbance and recovery for the precision and accuracy methods applied to the studied system 

Se(IV) 

(µg/mL) 

Method precision Intermediate precision Accuracy 

Absorbance 
Recovery 

% 
Absorbance Recovery % Absorbance 

Recovery 

% 

1.5 

0.22651 98.66 0.23495 102.39 0.22868 99.62 

0.23441 102.15 0.22868 99.62 0.22651 98.66 

0.22765 99.16 0.23516 102.48 0.23516 102.48 

2.0 

0.30866 101.21 0.29835 97.80 0.30850 101.16 

0.29861 97.88 0.30899 101.32 0.29835 98.13 

0.30241 99.14 0.30850 101,16 0.30255 99.19 

2.5 

0.37905 99.63 0.38655 101.62 0.37986 99.84 

0.38775 101.94 0.37492 98.53 0.37875 99.55 

0.38288 100.64 0.38452 101.08 0.38402 101.08 

Statistic 
Mean= 100.05 Mean=100.67 Mean=99.96 

RSD=1.50% RSD=1.64% 98.13-102.47% 

 

Using the same method, Se(IV) was quantified from two water sources: spring water 

and bottled water from Iași. In order to prepare the samples, 5mL of water was treated with 

0.5mL NaOH (1M). The solution was centrifuged until a fine precipitate appeared. The 

content was processed according to the method, and it was observed that both water samples 

did not contain selenium. The results obtained by adding the method are presented in Table 

43. 
  

Table 43. Spectrophotometric determination of Se(IV) 

No Product analyzed 
Certified value of selenium 

(µg) 

Found value of selenium 

(µg) 

Recovery 

(%) 

RSD 

(%) 

1. Selenium tablets 50 50.55±0.262 101.11 0.4166 

2. 
Cosmetic product 

(lipstick 2.5 g) 
unknown 2.48±0.035 99.50 1.32 

3 Spring water 2.0 1.985±0.244 99.25 0.982 

4 Bottled water 2.0 1.990±0.0165 99.50 0.833 

 

II.2.4.3. Discussions 

The effect of the volume of HCl (0.1M) used it was observed that the absorbance 

increased by increasing HCl volume up to 1mL and then decreased when higher volumes 

were used. Therefore, 1mL HCl solution (0.1M) was considered the optimum volume, being 

used for further determinations. From Figure 58, it can be observed that a rapid increase of the 

absorbance occurred up to 1mL KI (0.2M), followed by a slow decrease when higher volumes 

were used. The results showed that the reaction rate increased when CH3COONa volume 

increased up to 1mL and decreased slowly for higher volumes, and the pH value necessary for 

the formation of the complex varies between 5.6 and 6.0. In consequence, 1mL CH3COONa 

(1M) solution was selected for all determinations. The results showed an increase of the 

absorbance up to 0.5 mL reagent; between 0.5 and 1.0 mL, the absorbance was almost 

constant, and after those values, by increasing the reagent volume, the absorbance decreased. 
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Thus, a reagent volume between 0.5 and 1.0 mL was suitable for the reaction. It was 

established that the optimum moment to measure the absorbance was between 10 and 25 min 

after the adding N,N-diethyl-p-phenylenediamine monohydrochloride. From Figure 59, one 

can observe that a ratio of 0.5 was the optimum value for the maximum rate of reaction. 

The equation of the calibration curve calculated through mathematical regression was 

as follows: Absorbance = 0.1509 x Concentration + 0.0032. (1) 

That a spectrophotometric method in VIS offers the advantage of an increased 

sensitivity, as the detection and the quantification limits. LOD = 0.05731µg/mL and LQD = 

0.17370 µg/mL. 

Using Eq. (1) for the calibration curve, the sample concentration was calculated. The 

RSD was of 1.50% for the first set, 1.64% for the second set and 1.57% for both sets; those 

values were close to the system precision (RSD= 1.3226%). The statistical evaluation of the 

linearity revealed the correlation coefficient (r) of 0.9999, regression coefficient (r2) of 

0.9997, SE of 0.00262, intercept of 0.003159±0.002439 and a slope of 0.150869±0.001253. 

All those values confirmed the precision of the proposed method. 

From Table 42, one can observe that in the concentration range of 0.5-30.0 µg/mL of 

Se(IV), the mean recovery is 99.96% (minimum 98.13% and maximum 102.47%). Those 

values proved that the determining method of the Se(IV) was accurate. 

As can be observed, there is a good correlation between certified and found values of 

selenium. 

II.2.4.4. Conclusions 

A novel method for the assay of the selenium was proposed based on the oxidation 

reaction of potassium iodide by Se(IV). The released iodine further oxidized the new 

chemical reagent, N,N-diethyl-p-phenylenediamine hydrochloride, resulting in a bright red 

compound which showed a maximum absorption at 552nm. 

The analysis method has been validated, establishing the optimum wavelength of 

detection (552 nm), the linearity (in the range of 0.5-30.0 µg/mL), the correlation coefficient 

(r2=0.9997), repeatability (RSD=1.32%), precision of the method (RSD=1.50%) and the 

accuracy (mean recovery= 99.96%). 

That offers the advantage of an increased sensitivity, as the detection and the 

quantification limits were established to be 0.0573 and 0.1737 µg/mL, respectively. 

The proposed method was linear, precise and accurate, simple and fast, and it was 

applied with good results for the assay of Se(IV) from different samples: pharmaceutical and 

cosmetic products and also water. 

II.2.5. Validation of visible spectrophotometric method for Fe(III) 

The biological role of metallic ions (Grecu et al., 1982) and that of their ligands in 

some physiological and pathological processes within the biological systems can be explained 

through the formation of complexes (Singh et al., 2009). Among the most important in vitro 

or in vivo biological ligands, there are aminoacids, Schiff bases and bis-Schiff bases, peptides, 

nucleotides, nucleic acids, proteins and porphyrins (Singh et al., 2009; Zamfir, 2012; Ledeti et 

al., 2010). 

A new spectrophotometric method for the quantitative determination of Fe(III) was 

established based on the complexation reaction with a new bis-Schiff base, 4,4'-methylenebis-

salicylidene aniline, when a stable complex with an absorption maximum at 520 nm was 

obtained. The conditions of the complexation reaction were established and the method was 

validated according to ICH guidelines in terms of linearity, accuracy, precision of the method 
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and the limits of detection and quantification were determined. The method was applied with 

good results for the quantitative determination of Fe(III) in pharmaceutical products. 

Fe(III) can be quantitatively determined directly using a new spectrophotometric 

method (Țântaru et al., 2018) The optimum conditions for the complexation reaction using a 

type ONNO bis-Schiff base (Caşcaval, 1995) (Figure 61) have been determined by studying 

the following parameters: reaction pH, formation time, stability in time of the complex, 

cation/ligand combination ratio, conditional stability constant (βn). 
 

 
Figure 61. Chemical structure of 4,4'-methylene bis-salicyliden aniline 

 

II.2.5.1. Materials and methods 

Reagents 

Stock solution of Fe(III) 0.1 mg/mL: 0.04753g FeCl3·6H2O (Carlo Erba) were 

dissolved in 100mL distilled water; work solutions with concentrations ranging between 5.0-

30.0 μg/mL Fe(III), obtained by diluting the stock solution with distilled water; 4,4'-methylen 

bis-salicylidene aniline 0.01% solution (w/v) prepared using pure methanol (Merck) - reagent 

solution; acetic acid (Merck) - sodium acetate (Merck) buffer solution 0.2M (pH= 4.5); 

Apparatus 

Spectrophotometer UV-VIS - HEWLETT-PACKARD 8453. 

Principle of the method: Fe(III) ions formed a complex combination with 4,4'-

methylen bis-salicylidene aniline (BSB) at pH = 4.5 and its absorbance measured at 520nm 

was proportional to the concentration of the ions. The optimum wavelength for detection and 

the optimum working conditions were established. In order to evaluate the performance 

parameters of the method (linearity, precision and accuracy) solutions in the 5.0-30μg/mL 

Fe(III) concentration range have been used. 

When establishing the optimum wavelength for the detection, 1mL of 5.0-30 μg/mL 

Fe(III) solution was brought to pH 4.5 using acetate buffer, and 2mL acetone and 1mL BSB 

1% (w/v) solution in methanol were added. After 10 minutes, the absorbance of the light-red 

complex was measured at 520nm against the blank sample. 

Method validation 

In order to determine the linearity of the method 5-30 μg/mL Fe(III) solutions have 

been used. The obtained data was analyzed by linear regression and the calibration curve was 

obtained (Roman et al., 1998; Green, 1996; Țântaru and Apostu, 2010). Detection and 

quantification limits were calculated using the following formulas: LOD = 3·Standard 

error/slope and LOQ = 10·Standard error/slope. 

In order to determine the precision of the method (Oprean et al., 2007; US EPA, 

1995), three solutions containing 15, 20 and 25 μg/mL Fe(III) ions were used. Three assays 

were performed for each concentration level. The assay was performed twice in two different 

days in order to evaluate the intermediary precision. 

In order to establish the accuracy of the method three Fe(III) solutions were used for 

three concentration levels: 15, 20 and 25 μg/mL. For each solution, three determinations were 

performed (ICH Q2(R1), 2005; Mândrescu et al., 2009). 

II.2.5.2. Results 

Establishing the optimum wavelength for the detection. 
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The absorption spectrum of the complex (Figure 62) showed a maximum of 

absorbance at 520 nm. 
 

 
Figure 62. Absorption spectrum of the complex 

 

The influence of pH on the complexation reaction was studied and the optimum pH 

value was established at pH 4.5 (Figure 63). 
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Figure 63. The influence of pH on the complexation reaction 

 

The complex formed within 10 minutes and it was stable for another 15 minutes 

(Figure 64). 
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Figure 64. Complex stability in time 

 

The combination rate was established using the isomolar series method (Figure 65). 
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Figure 65. Metallic ion/ligand molar ratio 

 

The value of the stability conditional constant (βn) was established using the formula 

(Bruneau et al., 1996): 

 

βn = (log CM · CL) / (log A – n · log V) 

 

where: CM = molar concentration of the metallic ions (Fe(III) ions), CL= molar concentration 

of the ligand (BSB), A = absorbance of the metal-ligand complex measured at 520nm, n = 

M/L molar ratio; V = the volume of the solution (5mL); ε = molar extinction coefficient = 

5.99·104 mol-1·L·cm-1. According to the data collected, the obtained value of the stability 

conditional constant was βn = 5.74·10-5. 

Validation procedure 

For the study of the linearity (Yuwono et al., 2006) of the method, four series of 

Fe(III) solutions in the 5.0–30 μg/mL concentration range had been used. The obtained data 

was statistically evaluated (Table 44) and the calibration curve was obtained (Figure 66). 
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Table 44. Linearity of the method 

No 
Concentration 

(µg/mL) 

Absorbance (520nm) 

I II III IV Average 

1. 5 0.51532 0.51714 0.47974 0.50779 0.50499 

2. 10 0.64515 0.63546 0.54848 0.61730 0.61160 

3. 15 0.75579 0.76521 0.76276 0.76305 0.76170 

4. 20 0.88098 0.88025 0.87866 0.86681 0.87668 

5. 25 1.04576 1.03828 0.97101 0.97905 1.00853 

6. 30 1.11095 1.15601 1.14776 1.15387 1.14215 

Absorbance = 0.0257  Concentration + 0.3685 

Correlation coefficient r = 0.9989 

Regression coefficient r2 = 0.9988 

Standard error = 0.003028 

Intercept = 0.368496±0.002068 

Slope = 0.025671±0.000667 

 

 
Figure 66. The calibration curve 

 
Table 45. Precision of the system 

No Absorbance Statistical Data 

1 0.61235 
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Table 46. The method precision and accuracy 

Fe(III) 

μg/mL 

Method precision Intermediate precision Accuracy 

Absorbance Recovery % Absorbance Recovery % Absorbance Recovery % 

15 

0.75697 100.77 0.75355 99.88 0.75657 100.67 

0.74255 97.03 0.75459 100.15 0.74855 98.59 

0.74696 98.17 0.74566 97.87 0.75096 99.04 

20 

0.87668 98.87 0.87625 98.78 0.87658 98.85 

0.88193 99.89 0.87855 99.23 0.88096 99.70 

0.88941 101.34 0.88834 101.14 0.87341 98.23 

25 

0.99752 97.90 0.99584 97.64 0.99852 98.06 

1.00256 98.69 1.01895 101.24 1.01458 100.56 

1.01348 100.39 1.00421 98.24 1.00825 99.57 

Statistical 

data 

Mean Recovery = 99.23% 

RSD = 1.46% 

Mean Recovery = 99.43% 

RSD = 1.30% 

Mean = 99.25% 

Min = 98.06% 

Max = 100.66% 

 

Table 47. Quantitative determination of Fe(III) from effervescent tablets 

Pharmaceutical 

product 

Certified 

amount 

(μg/tablet) 

Assessed 

amount 

(μg/tablet) 

Recovery 

(%) 

RSD 

(%) 

commercially 

available 

effervescent tablets 

125 123.98±1.175 99.27 1.47 

 

II.2.5.3. Discussions 

The equation of the calibration curve calculated through mathematical regression was 

as follows: Absorbance = 0.0257 x Concentration + 0.3685. Using Eq. for the calibration 

curve, the sample concentration was calculated. The statistical evaluation of the linearity 

revealed the correlation coefficient (r) of 0.9989, regression coefficient (r2) of 0.9988, SE of 

0.003028, intercept of 0.368496±0.002068 and a slope of 0.025671±0.000667. All those 

values confirmed the precision of the proposed method. 

That a spectrophotometric method in VIS offers the advantage of an increased 

sensitivity, as the detection and the quantification limits. LOD = 0.35µg/mL and LQD = 12.56 

µg/mL. The RSD was of 1.32% for the first set, 1.46% for the second set and 1.38% for both 

sets; those values were close to the system precision (RSD= 1.3226%). The statistical 

evaluation of the linearity revealed the correlation coefficient (r) of 0.9989, regression 

coefficient (r2) of 0.9988, SE of 0.003028, intercept of 0.368496±0.002068 and a slope of 

0.025671±0.000667. All those values confirmed the precision of the proposed method.  

The precision of the system was assessed by performing 10 determinations of a 10 

μg/mL sample, and the average value, the standard deviation and the relative standard 

deviation were calculated (Table 45). The RSD was 1.32%, so the Fe(III) determination 

method using the VIS spectrophotometric method was precise. The sample concentration was 

calculated using the calibration curve equation. The relative standard deviation was lower 

than 2% (RSD = 1.46%) for each set of data. All those values confirmed that the proposed 

method was precise (Table 45). Several analytical methods have been developed for the 
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quantitative Fe(III) analysis with a sensitivity close to our proposed method. Those include 

spectrophotometric and inductively coupled plasma mass spectrometry 

A highly sensitive and selective spectrophotometric method is proposed for direct 

trace determination of Fe(III) in aqueous solutions. The method is based on the reaction with 

a new analytical reagent 2-ethanolimino-2-pentylidino-4-one. The Fe(III) complex is detected 

at 440nm and Bear-Lambert’s law is obeyed in the concentration range 2.0-17.0 µg/mL for 

Fe(III) (Orabi et al., 2005). 

For the accuracy study, the concentration of the sample was calculated from the 

experimental value of the absorbance, using the regression curve equation (Table 46). We 

observed that the recovery was for the studied concentration range, the mean (minimum was 

98.06% and maximum was 100.66% and the relative standard deviation was under 2% (RSD 

= 1.30%). Those values proved that the Fe(III) determination method is accurate. 

As can be observed, there is a good correlation between certified and found values of 

Fe(III). 

The method was used for the determination of Fe(III) in effervescent tablets from a 

commercially available pharmaceutical product with multivitamins and multi-minerals (Table 

47). 

II.2.5.4. Conclusions 

A new spectrophotometric method for the assay of Fe(III) was developed, based on 

Fe(III) complexation reaction with a bis-Schiff base. The complex had a maximum of 

absorption at 520 nm. The analyzed method has been validated, establishing the optimum 

wavelength of detection, the linearity (in the range of the 5-30 μg/mL, r = 0.9989), the 

detection limit (LOD = 0.35 μg/mL), the quantification limit (LOQ = 12.56 μg/mL), the 

precision of the method (RSD = 1.46%) and the accuracy (mean = 99.25%, minimum = 98.06, 

maximum = 100.66%). 

In conclusion, the proposed method is linear, precise, accurate, simple and fast, and it 

was used for the quantitative assay of Fe(III) from pharmaceutical product containing the 

analyzed ion. 

II.3. VALIDATION OF HIGH-PERFORMANCE LIQUID 

CHROMATOGRAPHIC METHODS 

II.3.1. Validation of a new high-performance liquid chromatographic 

method used for determination of amiodarone 

That paper presents the development and validation of a new, rapid, specific and 

simple HPLC method with UV detection used for the quantitative determination of 

amiodarone from its inclusion complex with hydroxypropyl-β-cyclodextrin and from 

commercially available Cordarone® tablets. A HP 1090 Series II liquid chromatograph with 

multi-diode detector and Thermo Fisher-Hypersil Betasil C18 (150 mm  4.6 mm; 5 μm) 

chromatographic column was used. The UV detection wavelength was 254nm and the 

retention time for amiodarone was 4.51 minutes. 

Amiodarone hydrochloride (AMD) is an antiarrhythmic agent used for severe rhythm 

disorders such as supraventricular arrhythmias, rapid ventricular rhythm disorders, 

tachycardia within the Wolff-Parkinson- White syndrome, confirmed ventricular arrhythmias, 
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symptomatic and the treatment of less severe ventricular arrhythmias, including atrial 

fibrillation (Data et al., 2014; Ṣuta et al., 2012). 

It is imperative to develop and validate an assay method for the quantitative 

determination of AMD from the inclusion complex with hydroxypropyl-β-cyclodextrin (HP-

β-CD) that has a high potential for developing a new oral pharmaceutical formulation with 

modified release, as well as for the analysis of free amiodarone during dissolution tests of 

commercial tablets. 

II.3.1.1. Materials and methods 

Reagents 

Amiodarone hydrochloride were purchased from Zhejlang Sanmen Hengkang 

Pharmaceutical Co. Ltd., China and from Sigma-Aldrich (SUA); HP-β-CD 99.70% pure 

substance was purchased from Roquette, France; the HP-β-CD/AMD inclusion complex was 

synthetized by the scientists from “P. Poni” Macromolecular Chemistry Research Institute 

Iasi; formic acid (Merck), chromatographically pure methanol (Merck) and bidistilled water. 

The stock solution was prepared by completely dissolving 25 mg of amiodarone 

hydrochloride (reference substance) in 25mL methanol. Any further dilutions were done using 

mobile phase. 

For the analysis of AMD from Cordarone®, 20 tablets were ground into powder. A 

0.05 mg/mL AMD solution was obtained by dissolving the corresponding quantity of powder 

in 100mL methanol and further successive dilutions with mobile phase. 

For the analysis of the HP-β-CD/AMD inclusion complex, a 0.0155 mg/mL AMD 

solution was used by dissolving 30 mg HP-β-CD/AMD inclusion complex in 100 mL 

methanol. A volume of 0.5 mL solution was diluted to 50 mL with mobile phase. 

Method validation 

Method development involved the optimization of retention times of analyte by using 

various types of mobile phase compositions and other parameters such as flow-rates and 

column temperature during analysis. The development involved the monitorization of the 

results using several pH values between 2.1 and 8, different proportions of the organic phase 

component (methanol) and various changes of temperature. 

Apparatus 

High performance liquid chromatograph type Thermo Fisher Surveyor, equipped with 

DAD (Diode Array Detector) UV-VIS detector, quaternary pump and autosampler; steel 

chromatographic column, from Thermo Fisher, with C18 stationary phase (Hypersil Betasil 

C18, 150 mm x 4.6 mm; 5 mm); the temperature of the column was 45°C As mobile phase, a 

mixture of formic acid 0.5% in phosphate buffer solution pH 7.6 and methanol with a 

volumetric ratio of 25:75 was used and purged with 0.7 mL/min constant flow. For each and 

every determination the injected volume was 20 mL, while detection was performed at 254 

nm. Kern 770 analytical balance; ultrasound bath and a magnetic stirrer. The literature cites 

other HPLC methods with UV detectors that have various mobile phases, chromatographic 

columns, working conditions and other applications (Gupta et al., 1984; Brien et al., 1983; 

Mostow et al., 1983). 

For quantitative determination of amiodarone from commercially available tablets and 

from inclusion complex, the method was validated by means of method linearity, limit of 

detection, limit of quantification, selectivity, accuracy and precision (Kumar et al., 2012). 

II.3.1.2. Results 

An increase in temperature from 30°C to 45°C decreased the retention time of about 

4.51 minutes and produced an increase of theoretical plates up to a value of 8500 and an 

asymmetry of 1.25. The synthesis of the development steps is presented in the Table 48. 
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Table 48. Influence of the method parameters on the retention time and theoretical plates for the 

amiodarone hydrochloride peak 

Organic 

phase 
Aqueous phase Temperature 

Retention time Theoretical plates 

% MeOH % pH T(°C) 

60 40 

7.6 30 - - 

4.9 30 46 - 

2.1 30 37 - 

75 25 2.1 38 6.2 3000 

75 25 2.1 45 4.5 8500 

 

The presence of the amiodarone hydrochloride peak was observed at 4.51 minutes 

only for the third and fourth solutions (Figure 67). 

Based on the recorded chromatograms we determined the area of each peak (Table 

49). 

The calibration curve was obtained by plotting the area of the AMD peak against the 

concentration of amiodarone as mg/mL (Figure 68). 

The limit of detection (LOD) and the limit of quantification (LOQ) were calculated 

using the following formulas (European Pharmacopoeia, 2017; Oprean et al., 2007): 

 

LOD = 3.3 × standard error/slope = mg/mL; LOD = 0.002185 mg/mL 

 

LOQ = 10 × standard error/slope = mg/mL; LOQ = 0.00662 mg/mL 

 

For the study of the system precision (Yoshida et al., 2011), a 0.05 mg/mL solution, 

prepared using amiodarone hydrochloride reference substance, was injected ten times 

subsequently (Table 49). The injection repeatability was proved by the invariability of the 

peak area against the retention time, thus proving the system precision (system suitability). 

The accuracy of the method (Yowono et al., 2005; ICH Q2B, 1997; FDA Reviewer 

guidance, 1995) was determined using 3 concentration levels for amiodarone hydrochloride 

(Table 49). 

The validated analytical method was used for the quantitative determination of AMD 

from the inclusion complex HP-β-CD/AMD (Klüppel Riekes et al., 2010) and from a 

commercially available formulation: Cordarone® tablets (Table 50). 
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Figure 67. Chromatogram of 0.1 mg/mL amiodarone hydrochloride solution and that of the blank solution 

using the matrix components of inclusion complex HP-β-CD. 
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Figure 68. Calibration curve 

 
Table 49. Evaluation of parameters used for the validation of the method 

Statistical data Mean SD RSD% 

Inter-day precision 

(area) 
2575.6 2165487 0.84 

Inter-day precision (retention time)  4.746 0.08124 1.71 

Intra-day precision 

(area)  
2528.05 66.699 2.63 

Intra-day precision (retention time)  4.650 0.186 4.01 

Linearity 

(correlation coefficient) 
0.996 

Accuracy 

(% recovery) 
99.38 1.057 1.06 

Concentration range 

0.001 - 0.1 mg/mL 

Theoretical 

concentrations (mg/mL) 

Calculated concentration 

(mg/mL) 

Recovery 

(%) 

0.03 0.02998 99.96 

0.03 0.02932 97.79 

0.03 0.02960 101.25 

0.04 0.03991 99.80 

0.04 0.03944 98.80 

0.04 0.03901 98.93 

0.05 0.04928 98.56 

0.05 0.04946 100.37 

0.05 0.04893 98.92 

 

Table 50. The assay of amiodarone from the inclusion complex and from Cordarone® tablets 

Sample 

Theoretical 

Concentration 

(mg/mL) 

Average 

peak area 

Average calculated 

concentration 

(mg/mL) 

Recovery (%) 
Statistical 

investigation results 

Inclusion complex 0.0155 769.33 0.014878 96.13 
n = 6; SD = 0.373 RSD 

= 0.390% 

Cordarone® tablets 0.050 2648.66 0.04943 98.88 
n = 6; SD = 0.204 RSD 

= 0.202% 
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II.3.1.3. Discussions 

We have considered the setting of a pH of 7.6 with 2 pH units above the pKa of 

amiodarone hydrochloride (5.6), a value of pH close to reference (4.9) as well as the use of an 

acidic solution. In those circumstances, we have used formic acid whose concentration was 

0.5%. Retention time values were found to be directly proportional with the pH value used, at 

the pH = 7.6 the signal of amiodarone hydrochloride was undetected because of the high 

retention time. Further steps were considered the optimization of methanol content and 

temperature whose values contributed significantly to the retention time reduction, but also 

improved the theoretical plates for separation and peak asymmetry. As long as, the 

concentration of methanol was higher, the retention time decreased. Thus, a proportion of 

about 40% of the aqueous phase at a flow rate of 0.7 mL/min produced a retention time for 

amiodarone hydrochloride of about 10.8 minutes, so that the decrease in concentration caused 

the optimizing of retention time to about 6 minutes. However, the shape of the signal 

indicates a low efficiency in separation with a value of about 3000 theoretical plates. The 

selectivity of the method was performed against blank solutions reconstituted by the matrix 

components for inclusion complex HP-β-CD and also by the components used for Cordarone® 

tablets (lactose, starch, povidone, colloidal silica and magnesium stearate). In that situation, 

four solutions were analyzed by HPLC: the blank solutions, a 0.1 mg/mL amiodarone 

hydrochloride (reference substance) solution and a solution of complex with the theoretical 

concentration of 0.03 mg/mL amiodarone hydrochloride. In order to study the linearity of the 

method the calibration curve was plotted for the concentration range between 0.001 and 

0.1mg/mL AMD. Three independent experimental series were processed for each level of 

concentration. 

The validation parameters that were calculated are: correlation coefficient r = 0.9998, 

regression coefficient r2 = 0.9996, standard error SE = 35.9961, slope = 54376.74 and 

intercept = - 39.70. 

The limit of quantification was high enough for the accurate determination of 

amiodarone hydrochloride during dissolution tests. In order to evaluate the precision of the 

method, 10 determinations were done in two days by two different analysts (Roman et al., 

2007; FDA Reviewer guidance, 1995). 

Inter and intraday precision was evaluated using the ANOVA test, two factors with 

replicates. The factors were associated with the variables used in intermediate precision (days 

and analyst) and we have concluded that it was no difference between the groups (analyst) 

(p>0.05). However, there are significant differences when it is performed the evaluation of the 

variable (days) also at the interaction between the groups (analyst) and variables (days) 

(p<0.05) for the area and for the retention time. 

After statistically processing the experimental data, it was concluded that the new 

analytical method was precise, because the relative standard deviation (RSD) was lower than 

the maximum limit of 2.5% and the method accuracy was confirmed by an average recovery 

of 98.48% for values within 97.33 and 100.03%. 

II.3.1.4. Conclusions 

The analytical method for the determination of amiodarone was linear in the 

concentration range 0.001 and 0.1mg/mL with a good correlation coefficient, r = 0.9998. The 

limit of detection was 0.002185 mg/mL and the limit of quantification was 0.00662 mg/mL. 

The HPLC method with UV-detection at 254nm was precise. For the precision of the 

system, RSD was 0.84%, while the precision of the analytical method had a RSD of 1.06%. 

The new HPLC method was accurate. The average recovery for amiodarone was 98.48% in 

the range 97.33-100.03%. 
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In those conditions, amiodarone was quantified from the inclusion complex HP-β-

CD/AMD and from commercially available Cordarone® tablets, with very good results. 

II.3.2. Validation of a new high-performance liquid chromatography 

coupled with mass spectrometry method used for determination of 

amiodarone 

We have developed and validated a new method using high performance liquid 

chromatography coupled with mass spectrometry for the determination of amiodarone 

hydrochloride in blood serum. Amiodarone (AMD) is one of the most frequently prescribed 

therapeutic agents for the treatment of cardiac tachycardia worldwide due to its unanimously 

recognized efficiency. The mechanism of action includes the prolongation of action potential 

and effective refractory period of the myocardial fibers especially in the atria and His-

Purkinje system, but also in the ventricular myocardium, and the decrease in sinus node 

automatism. AMD determines atrioventricular conduction delay, decreased heart rate and 

significant lengthening of the Q-T interval on standard electrocardiogram (Data et al., 2004; 

Cohen-Lehman et al., 2010; Costache et al., 2014). 

The physicochemical properties of AMD were at the basis of that analytical study in 

order to develop new quantitative methods consistent with drug control regulations for bulk 

substance and solid oral dosage forms with modified and immediate release (USP 28, 2004; 

Yuwono et al., 2006). 

For the quantitative analysis of AMD conditioned into modified release solid oral 

pharmaceutical formulations F1 and F10 or as amiodarone/hydroxyl-propyl-β-cyclodextrin 

inclusion complex (HP-β-CD/AMD), we have previously developed and validated a new 

HPLC method for the assay of AMD for in vitro studies. An exhaustive study on the 

quantitative determination methods of AMD from raw materials, formulations and biological 

fluids was at the basis of the method presented in that article. Most of the reported methods 

either do not include stress degradation studies, are validated incompletely, or are time 

consuming, cumbersome and expensive. For that reason, a novel method using HPLC coupled 

with MS was developed and validated, method that is fast, specific and easy to use for the 

quantitative determination of AMD in blood serum (Creţeanu et al., 2015; Kuhn et al., 2009; 

Wang et al., 2002). 

II.3.2.1. Materials and methods 

Reagents 

Methanol HPLC grade (Merck, Germany), formic acid, ammonium formate (Merck, 

Germany), acetonitrile, isopropanol, acetone HPLC grade (Merck, Germany), HP-β-CD - 

99.70% purity (Roquette France), amiodarone hydrochloride (AMD·HCl) - 99.85% purity 

(Zhejlang Pharmaceutical Co. Ltd., China), HP-β-CD/AMD complex - 99.80% purity (“P. 

Poni” Institute of Macromolecular Chemistry Iasi, Romania), Millipore-filtered water - 0.01 

μS/cm conductivity. 

The solution used were: sample solution (1mL serum sample plus 2 mL of acetonitrile 

were sonicated for 5 minutes and then centrifuged for 10 minutes at 4000 rpm and decanted 

off), 0.01 mg/mL AMD standard solution (100 mg AMD·HCl were dissolved in water and 

diluted to 100 mL, and then 0.1mL were diluted with mobile phase up to 10 mL). 

Apparatus 

The method used a TSQ QuantumTM Access MAX Triple Quadrupole Mass 

Spectrometer coupled with a HPLC Transcend TLX1 system and octadecylsilyl silica gel C18 

Cyclone MAX polymeric chromatographic columns (50 mm  2.1 mm; 1.9 m). Mass 
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spectrometry detection was based on transition of ions from 645.9 to 200.23 m/z, while the 

other parameters were: 2400 V ionization potential, 10 psi pressure of gas ionization, 60 psi 

auxiliary gas pressure, 2.8 mTorr energy collision, 200C ionization temperature and 330C 

capillary temperature. 

The chromatographic parameters used were: chromatographic column 1 - C18 

octadecylsilyl silica gel (0.05 m  2.1 mm, 1.9 µm, 25C), chromatographic column 2 - 

polymeric Cyclone MAX (0.05 m  2.1 mm, 1.5 µm, 50C), mobile phase A (for C1) 0.1 mM 

ammonium formate and 0.001% formic acid, mobile phase B – water, mobile phase C - 

methanol, mobile phase D - acetonitrile:isopropanol:acetone (40:40:20) (v/v/v) (last 3 for C2). 

The volume of sample injected was 5 µL. 

The quantitative determination of AMD was based on the external standard method. 

The method was based on separation of the analyte from the biological matrix through 

chromatographic techniques with mass spectrometry detection. 

The chromatographic method of analysis included two phases. First, the distribution of 

the analyte was carried out through column 1 which provided a turbulent flow, and then the 

analyte was transferred to column 2 for separation and identification by MS. The column was 

prepped with the mobile phase at a flow rate of 0.5mL/min for 30 minutes. 

Method validation 

The chromatographic peaks were identified by injecting a solution containing the 

active substance AMD in the biological matrix – blood serum. 

Chromatographic system compatibility study was done by injecting 10 times 

consecutively 200 ng/mL of AMD solution. Injection repeatability, reflected in the 

invariability of both peak area and retention times, defined the accuracy of the system. Also, 

peak asymmetry and number of theoretical plates in the column were two other factors that 

characterized system compatibility. 

The linearity study of the signal corresponding to AMD·HCl was done by plotting the 

calibration curve over the linearity range 0.05-1.25 μg/mL. Three independent series of those 

solutions for each concentration level have been used (Roman et al., 2007; Snyder et al., 

1997). 

In order to study the accuracy of the analysis method, spiked samples were prepared 

containing various amounts of AMD·HCl dissolved in a mixture of 500 mL plasma and 500 

mL water, as follows: SP1 - 1250 ng AMD, SP2 - 1000 ng AMD, SP3 - 500 ng AMD, SP4 - 

200 ng AMD, SP5 - 75 ng AMD, SP6 - 50 ng AMD. The recovered concentration (Crecovered), 

percentage recovery (R%), and percent deviation (Xd%) were calculated, while the obliquity 

of the experiment was evaluated. 

For the calculation of the limit of detection (LOD) and limit of quantification (LOQ), 

the standard deviation and the slope of the regression curve were used according to the 

following equations: LOD = 3.3 × SD/slope and LOQ = 10×SD/slope (Oprean et al.,2007; 

Somenath et al., 2003). 

II.3.2.2. Results 

The results obtained for the identification of the corresponding peaks of AMD·HCl 

(Figure 69-72) are reported in Table 51. 

The experimental results obtained in the linearity study are presented in Table 52. 
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Figure 69. Peak of 1250 ppb reference AMD 

 

 
Figure 70. Peak of AMD inclusion complex 

 

 
Figure 71. Peak of AMD from F1 

 

 
Figure 72. Peak of AMD from F10 

 

Table 51. Identification of the characteristic peaks of AMD·HCl 

Solution 

injected 

AMD·HCl 

concentration 

(µg/mL) 

Retention 

time 

(minutes) 

Area 

SI1 500 2.42 1984 

Blank - - - 
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Table 52. Linear variation of peak area with sample concentration 

CAMD·HCl 

(ppb) 
50 75 200 500 1000 1250 

Mean area 120.00 240.50 835.51 2088.77 4472.63 5535.44 

 

The fitting of peak areas based on the variation of residual values according to the 

concentration of AMD·HCl is shown in Table 53. 
 

Table 53. Fitting residual values 

No 
Predicted 

values 

Residual 

values 

Standard residual 

values 

1 83.87788 -23.8779 -0.54378 

2 192.2334 -7.23343 -0.16473 

3 734.0112 59.72215 1.360064 

4 2034.278 -49.9444 -1.13739 

5 4201.389 47.61122 1.084259 

6 5284.944 -26.2776 -0.59843 

 

The experimental results of the accuracy study are presented in Table 54. 
 

Table 54. Study on method accuracy 

Sample 

Theoretical 

concentration 

(ng/mL) 

Crecovered 

(ng/mL) 
R% 

SP1 50 48 96 

SP2 75 72 96 

SP3 200 196 98 

SP4 500 490 98 

SP5 1000 970 97 

SP6 1250 1191 95 

 

The experimental results of the linearity of the method are presented in Table 55. 
 

Table 55. Linearity of the method 

CAMD·HCl 50 75 200 500 1000 1250 

Area(S1) 62.00 185.00 793.73 1984.33 4249.00 5258.67 

Area(S2) 68.54 186.00 794.73 1984.22 4334.00 5345.00 

Area(S3) 53.75 184.00 792.55 1953.40 4149.00 5144.00 

Average 60.30 185.00 793.50 1973.98 4244.00 5249.22 
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II.3.2.3. Discussion 

A thorough validation study was conducted that included identifying the characteristic 

peaks of amiodarone hydrochloride, evaluating system compatibility, studying linearity and 

accuracy, establishing chromatographic retention times, limits of detection and quantification. 

Estimation of peak areas had been done using linear regression equation: 

 

Area = 4.142  Concentration. 

 

The limits of detection and quantification were calculated based on the response to the 

lowest concentration for which the relative standard deviation has been determined, and it was 

then compared to the slope. The values of the limit of detection and limit of quantification 

were found to be 5.83μg/mL and 17.68 μg/mL, respectively. 

The method was validated in accordance with international regulations (AOAC 

International, 1996; Somenath et al., 2003).The representative chromatograms of AMD free 

and spiked plasma samples showed no secondary peaks of interfering substances such as 

endogenous plasma components, with similar retention time. The retention time of the analyte 

was 2.42 minutes. 

All accuracy and precision values were within the recommended range. The degree of 

recovery ranged from 95% to 98% (ISO, 1993; ICH, 2005). 

Injection repeatability, peak area and retention times defined system accuracy. Also, 

peak symmetry and number of theoretical plates of the column were two other factors that 

characterized the compatibility of the system. Injection repeatability was proven by RSD ≤ 2. 

Under the experimental conditions, it was observed that the confidence interval for the 

average area (793.67) was X = -362.87 ÷ 1950.20 and RSD%AMD (area) was 1.59. Stretch 

factor was T ≤ 1.8, and TAMD = 1.1. 

The number of theoretical plates for AMD·HCl was NAMD = 3757. Calibration curve 

showed a linear variation of the peak area with sample concentration. During accuracy study, 

the experimental data highlighted an 80.48% average recovery (FDA Draft Guidance for 

Industry on Bioanalytical Method Validation, 2001; Guidance on the Investigation of 

Bioavailability and Bioequivalence, 2001). 

Compared to other published HPLC methods for the assay of amiodarone 

hydrochloride in animal plasma, the new method performed better in terms of speed and cost, 

important characteristics for the methods used routinely. 

II.3.2.4. Conclusions 

We validated the new method in a 0.05-1.25 μg/mL concentration range, covering the 

therapeutic plasma concentration of amiodarone hydrochloride. 

The retention time for amiodarone hydrochloride was 2.42 minutes, the method was 

linear over the concentration range 0.05-1.25 mg/mL, the limit of detection was 5.38 mg/mL, 

the limit of quantification was 17.68 mg/mL, and the regression coefficient was r2 = 0.9986. 

The HPLC-MS-MS method developed and validated for the quantitative 

determination of amiodarone hydrochloride in serum is fast, specific and simple, and it can be 

used with good results during the in vivo studies required for the development of new 

therapeutic systems of amiodarone. 

The developed method developed is simple, fast, and accurate and it did not involve 

great cost. 

We have successfully used the newly validated method in a pharmacokinetic study, 

but it may also have widespread applications in monitoring AMD therapeutic concentration in 

blood serum during studies investigating drug interactions and in toxicological research. 
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II.4. VALIDATION OF A NEW ATOMIC ABSORPTION 

SPECTROMETRIC METHOD 

II.4.1. Validation of a new atomic absorption spectrometry method 

for the heavy metals 

Heavy metals may enter the body orally, through ingestion of contaminated food and 

water (Kersting et al., 1998; Slob, 2006). The toxicity in which heavy metals are involved can 

be seen most often in cases of occupational exposure, which can lead to a variety of diseases, 

the metals most encountered in acute or chronic toxicity being Pb, As and Hg. A much less 

encountered toxicity is the iatrogenic induced toxicity (Au, Li, Ga, Bi and Al) or the one 

induced through deliberate or not deliberate ingestion as manner of suicide, homicide or 

accident. 

Therapy with chelating agents consists in the intravenous or oral administration of 

substances which have heavy metal binding capacities, such as ethylene diamine tetraacetic 

acid (EDTA), dimercapto succinic acid (DMSA), dimercapto propane sulfonic acid (DMPS) 

and para-aminosalicylic acid (PAS). Intravenous administration is an efficient procedure, but 

with certain risks because, among heavy metals, many essential minerals are eliminated, 

causing or increasing their deficit. In comparison, the oral chelating treatment does not act 

immediately, but is absolutely certain. Chelating agents have been successfully used in the 

treatment of some forms of Parkinson (Zheng et al., 2009) induced by Mn, for removing the 

toxic effects of heavy metals in cases of children with autism (Tonya et al., 2013) or in the 

treatment of cardiovascular diseases (Knudtson et al., 2002) caused by calcium deposits. 

Our studies aimed at the elaboration and validation of some methods of quantity 

determination through atomic absorption spectroscopy (AAS) or potentiometry, according to 

each metal from the study. The research continued with the evaluation of the real capacity of 

some vegetable watery extracts to bind and favor the removal of heavy metals from the body, 

as an alternative to the classic chelating agents’ therapy. 

The analysis through atomic absorption spectroscopy (AAS) has as purpose the 

determination of the concentration of an element from a sample through the measurement of 

the absorption of an electromagnetic radiation with a certain wavelength (resonance 

frequency) in its passing through a homogenous medium which contains the free atoms of the 

sample to be analyzed in a state of vapors uniformly distributed, obtained in an air-acetylene 

flame. 

II.4.1.1. Materials and methods 

Reagents 

All reagents used were analytical grade, and the glassware was pretreated with 10% 

HNO3 and rinsed with double-distilled water to prevent contamination. All necessary 

solutions used during determinations were prepared by diluting a 1.0 g/L Cu(II), Cd(II), Ni(II) 

and Pb(II) commercial standard solution (Fluka, Germany) with double-distilled water and 

stored in polypropylene bottles. 

Apparatus 

The study was carried out on an Analytik Jena ContrAA 300 apparatus equipped with 

an air-acetylene flame and a high-resolution continuum source. The procedure characteristics 

were optimized according to the manufacturer’s recommendations (Table 56). 
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Table 56. Procedure characteristics 

Metal Cu Cd Ni Pb 

max (nm) 324.75 228.80 232.00 217.00 

Burner (mm) 50 50 50 50 

Flame type C2H2/air C2H2/air C2H2/air C2H2/air 

Acetylene/air 

flow (L/h) 
50 50 55 65 

 

II.4.1.2. Results 

Validation parameters of the AAS methods 

Experimental data obtained were subjected to statistical processing, establishing for 

each cation its linear response range, limit of quantification, precision, accuracy, selectivity 

and robustness of the method (Thompson et al., 2002; USP 28, 2004). 

The most important validation parameters of the AAS analysis methods of Cu(II), 

Cd(II), Ni(II) and Pb(II) are presented in Table 57. The calibration curve for Pb(II) can be 

observed in Figure 73. 
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Figure 73. Calibration curve for Pb(II) 

 

Linearity domain: using calibration solutions, calibration curves y = ax + b were 

determined (y is the signal intensity, x is the know concentration of the given analyte in the 

calibration solution). 

LOD and LOQ were calculated based on the standard deviation and the slope of the 

regression line using the following equations: 

LOD = 3.3 × standard error/slope = mg/mL; 

LOQ = 10 × standard error/slope = mg/mL. 

The precision of the method was studied repeatability and reproducibility. Two series 

of measurements have been done indifferent days for three different concentration levels of 

the analyte. For each concentration level three determinations series were carried out. 
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The correspondence between the real and the analytical result obtained from 

measurements was evaluated by calculating the relative error - Xd (%), using the following 

equation: 

 

Xd (%) = ׀ Xr – Xa׀/ Xa·100 

 

where: Xr was the value calculated from the calibration curve for the theoretical value Xa. 
 

Table 57. Validation parameters of the AAS analysis methods of Cu(II), Cd(II), Ni(II) and Pb(II) 

Cation Cu(II) Cd(II) Ni(II) Pb(II) 

Linearity range 1.0-5.0 g/mL 1.0-5.0 g/mL 2.0-10.0 g/mL 2.0-10.0 g/mL 

Regression equation y = 0.0499x + 0.0062 y = 0.0717x + 0.0364 y = 0.0134x + 0.0221 y = 0.0147x + 0.0067 

Correlation coefficient (r2) 0.9991 0.9953 0.9955 0.9991 

Slope 0.0499 g/mL 0.0717 g/mL 0.0134 g/mL 0.0147 g/mL 

Standard 

deviation () 
0.003566 0.007098 0.002173 0.001578 

LOD 0.2143 g/mL 0.2969 g/mL 0.4864 g/mL 0.3220 g/mL 

LOQ 0.7146 g/mL 0.9899 g/mL 1.6216 g/mL 1.0734 g/mL 

Repeatability 

Ist Series 

SD 0.26 0.19 0.61 0.48 

RSD 0.21% 0.18% 1.01% 0.46% 

Repeatability 

IInd Series 

SD 0.21 0.20 0.60 0.50 

RSD 0.20% 0.21% 1.00% 0.49% 

Reproducibility 
SD 0.23 0.19 0.59 0.49 

RSD 0.22% 0.20% 1.09% 0.48% 

Accuracy Xd  
0.33% 0.80% 0.55% 0.86% 

 

II.4.1.3. Discussions 

The linearity of the calibration curve was considered acceptable when the correlation 

coefficient r2> 0.995 (EU Directive 96/23, 2002; Jeevanaraj et al., 2015). The etalon curves 

built for the four cations demonstrate a linear dependence between the measured absorbents 

and the concentrations of the etalon solutions, the correlation coefficient being between 

0.9955 and 0.9991. 

According to RSD Horwitz function (Gonzaler et al., 2007) the maximum RSD values 

acceptable is 10% (EU Directive 96/23, 2002). Therefore, it can be stated that the developed 

method exhibited a good reproducibility precision based on RSD values obtained. 

AAS is a great method of producing accurate results, with a rate of 0.33-0.86%, or an 

even better rate if appropriate standards are used (Taverniers et al., 2004). In the present 

study, Xd was found to be 0.33-0.86% suggesting the developed method was accurate for the 

quantification of Cu, Cd, Ni and Pb. 

In atomic absorption spectrometry, the specificity to the reaction takes place in the 

flame (Rohman et al., 2015). Every element absorbs at a specific wave length. Interferences 

can result from anions or matrix. The main interference anion is a chloride. The matrix effects 

can be of two types; mask effects or background effects. 
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During the determinations, no spectral or chemical interferences were observed in 

order to alter the measurement result. 

II.4.1.4. Conclusions 

A method of quantitative analysis for the determination of Cu(II), Cd(II), Ni(II) and 

Pb(II) by AAS was validated. Several statistical parameters have been taken into account and 

evaluated for the validation of method: the limit of detection ranged between 0.2143-0.4864 

g/mL for the metals studied ensures the limit of quantification required for quantitative 

determinations of the concentrations of those elements; good linearity (correlation coefficient 

0.9953 ≥ r2 ≥ 0.9991) for each element recommend the method described for determination at 

trace and ultra-trace level; the established method was found to be precise and accuracy. 

The developed methods meet the acceptance criteria of validation parameters 

according to IUPAC and USP (Thompson et al., 2002; USP 28, 2004). 

II.5. VALIDATION OF A NEW POTENTIOMETRIC METHOD 

II.5.1. Validation of a new potentiometric method based on 

electrochemical sensors for the heavy metals 

Heavy metal toxicity is a clinically significant medical condition that improperly 

treated may result in significant morbidity and mortality. Review of the literature discloses the 

use with good results of membrane ion selective electrodes for the determination of heavy 

metals from various media (Sadeghi et al., 2002; Gupta et al., 2006a; Singh et al., 2006; 

Gupta et al., 2007b; Bakhtiarzadeh et al., 2008). 

That study presents the construction and characterization of some ion-selective 

membrane electrodes with PVC matrix for the determination of the following cations Cu(II), 

Cd(II), Ni(II), Pb(II), and Hg(II). 

II.5.1.1. Materials and methods 

Reagent 

All reagents used while preparing the membranes were produced by Fluka or Aldrich: 

polyvinyl chloride (PVC), acetoacetanilide (AAA), dicyclohexane-24-crown-8 (DCH24C8), 

poly-(4-vinyl pyridine) (P4VP), dibenzo-18-crown-6 (DB18C6), dicyclohexyl-18-crown-6 

(DC18C6), o-nitrophenyloctyleter (o-NPOE), di(butyl)butylphosphonate (DBBP), 

dioctylphthalate (DOP), sodium tetraphenylborate (NaTPB) and tetrahydrofuran (THF). 

Apparatus 

Potentiometric measurements were carried out using a 301 digital Hanna 

pH/millivoltmeter and a saturated calomel electrode (SCE) as reference electrode. 

II.5.1.2. Results 

Optimization of membrane sensor composition 

Optimal proportions used to obtain homogeneous, thin, and elastic and with good 

mechanical strength membranes (Amemiya et al., 2000; Bakker, 1997; Moody et al., 1970; 

Lima et al., 1986) are shown in Table 58. 
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Table 58. Mass percentage composition of PVC matrix ion-selective membranes 

Electrode 
Electroactive 

compound 
Plasticizer Additive Matrix 

Cu(II) ISE AAA (1) o-NPOE (67) NaTPB (1) PVC (31) 

Cd(II) ISE DCH24C8 (1) DBBP (67) NaTPB (1) PVC (31) 

Ni(II) ISE DB18C6 (1) DOP (67) NaTPB (1) PVC (31) 

Pb(II) ISE DC18C6 (1) o-NPOE (67) NaTPB (1) PVC (31) 

Hg(II) ISE P4VP (1) DOP (67) NaTPB (1) PVC (31) 

 

Effect of pH 

The effect of pH on electrode response was examined by measuring the potential 

variation of the electrochemical cell with three solutions of various concentrations (10-4, 10-3 

and 10-2mol/L). The response of the electrodes to 10-3mol/L solution in the 1.0-9.0 pH range 

is shown in Figure 74. 
 

 
Figure 74. The effect of pH on electrode response 

 

Linearity 

The electrodes response was studied in the concentration range between 10-7-10-

1mol/L at pH 7.0 and 0.1 ionic strength (E = mV, C = mol/L, pC = - log C). A graphical 

method was applied to calculate the limit of quantification (LOQ) defined as the intersection 

of the regression line for the linear domain with the range when the electrode response was 

relatively constant. An example is shown in Figure 75 for Cd(II) ISE. 
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Figure 75. LOQ and calibration curves for Cd(II) ISE 

 

Validation parameters of potentiometric determination methods 

The statistical processing of the experimental data is shown in Table 59. 

 
Table 59. Validation parameters of potentiometric determination methods for Cu(II), Cd(II), Ni(II), 

Pb(II) and Hg(II) using ISE 

Electrode Cu(II) ISE Cd(II) ISE Ni(II) ISE Pb(II) ISE Hg(II) ISE 

Linearity range 10-2-10-6mol/L 10-1-105mol/L 10-1-10-5mol/L 10-2-10-6mol/L 10-2-10-6mol/L 

Regression equation 20.3pC+208.4 25.5pC+238.7 23.8pC+13.6 19.1pC+233.6 32.6pC+328.8 

Correlation 

coefficient (r2) 
0.9986 0.9948 0.9982 0.9982 0.9939 

Slope 20.3mV/decade 25.5mV/decade 23.8mV/decade 19.1mV/decade 32.6mV/decade 

Standard deviation 

() 
0.4676 0.9295 0.4393 0.1516 0.3386 

LOQ 3.6310-7mol/L 5.6210-6mol/L 4.5710-6mol/L 3.1610-7mol/L 7.0810-7mol/L 

Repeatability 

Ist Series  

SD 3.11 3.89 2.04 2.51 2.07 

RSD 3.17% 3.90% 2.05% 2.48% 2.08% 

Repeatability 

IInd Series 

SD 3.31 3.62 2.07 1.58 2.23 

RSD 3.36% 3.63% 2.08% 1.57% 2.24% 

Reproducibility 

SD 3.20 3.65 2.00 2.06 2.09 

RSD 3.25% 3.64% 2.01% 2.04% 2.10% 

Accuracy Xd  
3.26% 3.18% 1.91% 1.69% 2.06% 
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Electrode selectivity 

Table 60 presents interferences against which selectivity of the selective membrane 

electrodes was tested. 

 
Table 60. Selectivity coefficient (K) 

Interferer Cu(II) ISE Cd(II) ISE Ni(II) ISE Pb(II) ISE Hg(II) ISE 

Cu(II) - 2.210-2 2.110-3 1.410-3 4.510-3 

Cd(II) 1.410-2 - 3.210-2 1.010-3 4.410-3 

Ni(II) 3.010-2 2.010-2 - 4.810-4 1.510-3 

Pb(II) 3.610-2 3.110-2 2.610-3 - 5.710-3 

Hg(II) 3.110-2 3.510-2 3.110-3 7.810-3 - 

Zn(II) 7.810-3 2.710-2 7.110-3 3.910-4 3.510-3 

Al(III) 3.910-3 3.910-2 2.110-3 3.110-3 7.110-3 

Co(II) 2.110-2 2.110-2 9.110-3 1.110-3 4.510-4 

Cr(III) 4.210-3 3.510-2 1.810-3 5.110-3 1.210-4 

Fe(III) 1.110-3 5.710-2 1.110-3 6.210-3 4.510-4 

Ca(II) 2.310-3 6.110-2 1.010-2 5.210-3 2.510-4 

Mg(II) 2.210-3 1.110-2 9.010-3 3.010-3 5.310-4 

Na(I) 4.410-2 2.210-1 6.010-3 4.010-3 3.510-3 

K(I) 3.310-2 2.410-1 4.410-3 3.110-2 4.510-3 

 

II.5.1.3. Discussions 

A good ionophore in an ionophore-based polymeric membrane with higher selectivity 

for the primary ion over other ions should be a good donor and able to form a stable complex 

with the metal ion. The interaction between the good ionophore and metal ions depends on the 

“hardness” of the ionophore and metal ions (Pearson, 1963). 

Presently, membranes used for the analysis of Cu(II) and Ni(II), exist in various 

forms, the most prominent being cyclic ethers such as crown ethers (Singh et al., 2006; Gupta 

et al., 2007a) 

Currently, the most efficient method for Cd(II) analysis involves the use of membrane 

technology. The most popular of which makes use of amines and crown ether derivatives 

(Gupta et al., 2006a; Razaei et al., 2008). 

Pb(II) electrodes incorporate selective membranes include PVC doped with ionophoric 

systems such as crown ethers, calixarene phosphine oxide derivatives, carbamates, crypt and 

acyclic amides and oxamides, among others (Barzegar et al., 2005). 

Several methodologies have been developed for the detection and quantification of 

Hg(II). The most popular being cold vapor spectroscopic absorption and membrane separation 

system which include amines, thiols, Schiff base and calixarene derivatives (Amde et al., 

2016). 
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According to literature data a series of ion-selective PVC matrix membrane electrodes 

was built using as electro-active material acetoacetanilide (for Cu(II)), dicyclohexan-24-

crown-8 (for Cd(II)), dibenzo-18-crown-6 (for Ni(II)), dicyclohexyl-18-crown-6 (for Pb(II)) 

or poly-(4-vinyl pyridine) (for Hg(II)). 

The best results were obtained for a membrane containing a mixture of 

ionophores/plasticizer/additives/matrix in the following mass ratios 1/67/1/31. 

The constructed electrodes were used to quantifying the bioavailability of heavy 

metals in some aqueous extracts in a simulated digestive system (Shim et al., 2009). The 

optimal pH range for all electrodes was in between 3.0 and 7.0 and the working technique has 

imposed the need to do all determinations at pH 7.0. 

The electrodes were studied from the point of view of main functional characteristics 

establishing for each constructed electrode its linear response range, limit of quantification, 

precision, accuracy (ICH Q2(R1), 2005). The robustness of the methods was assessed by 

comparison of the intra and inter-day assay results measured by two analysts under a variety 

of conditions such as small changes of laboratory temperature and provenience of chemicals. 

The percent recoveries were good. 

The use of Cu(II), Cd(II), Ni(II), Pb(II) and Hg(II) specific ionophore reduces the 

effect of metallic interferences and increases the selectivity of the methods (Gupta et al., 

2006a; Gupta et al., 207a; Gupta et al., 207b). 

The electrodes used constantly during the experiment had an average duration of use 

of approximately 5-6 weeks. 

II.5.1.4. Conclusions 

A series of ion-selective PVC matrix membrane electrodes for the determination of 

Cu(II), Cd(II), Ni(II), Pb(II) and Hg(II) was built. The electrodes were studied from the point 

of view of main functional characteristics and they were used for the determination of trace of 

heavy metals from aqueous extracts. The proposed methods were simple fast and accurate. 

 



 PROF. GLADIOLA ȚÂNTARU, PHD -  HABILITATION THESIS, 2020 

135 

III. STUDY ON THE OPTIMIZATION OF THE 

BIOPHARMACEUTICAL PROPERTIES OF 

AMIODARONE 

III.1. INTRODUCTION 

The scientific literature presents research results on optimizing bioavailability (BD) of 

class II biopharmaceutical substances (BCS II) - substances with low solubility and high 

permeability, including amiodarone hydrochloride (AMD), through various methods among 

which: complexing derivatives carbohydrates (Al-Jamal, 2016) such as cyclodextrins (Van 

der Manakker et al., 2009; Jambhekar Srevil et al., 2016) to form inclusion complexes; 

encapsulating into hydro- or lipo-soluble particulate systems for drug administration and 

transport (Baek și Cho, 2015; Desai et al., 2012) or formulating modified release oral 

products. 

The proposed research have as main objective the increase the bioavailability of AMD 

through formulation of two systems of administration and transport: 

1. inclusion of AMD in water-soluble complexes by complexing with a carbohydrate 

compound (cellulose derivative, cyclodextrins, pullulan etc.); 

2. encapsulating AMD into solid lipid particulate systems (SLPs) based on modified-

release lipid excipients. 

Cyclodextrins (CD) are a class of macromolecular compounds comprising three 

representatives of particular importance α, β and γ-cyclodextrin. Their truncated cone 

configuration allows for the secondary hydroxyl groups to be arranged on the large base and 

the primary hydroxyl groups to fit along the small base, thus inflicting hydrophilic character 

to cyclodextrins. Those groups frame a hydrophobic internal cavity that is stabilized by 

hydrogen bonds formed between the hydroxyl groups of C2 and C3 carbon atoms of the 

adjacent glucopyranosic units. The unshared electron pairs of glycosidic oxygen are directed 

toward the internal cavity generating a large electron density, providing cyclodextrins with 

Lewis base character (Szejtli, 2015). Because the internal cavity is hydrophobic, molecular 

lipophilic compounds or even polymers can penetrate forming inclusion complexes, and due 

to the external hydroxyl groups, the water solubility of the complex increases (Cal et al., 

2008). The forces that underlie the formation of inclusion complexes are Van der Waals 

forces, hydrogen bonding, and electrostatic interactions. The main advantage of CD is that 

both the formation and dissociation of inclusion complex occurs in a very short time (the half-

life of the drug-CD complex is generally < 1 sec.), and consequently the pharmacokinetic 

properties of the active substance are not modified (Klüppel Riekes et al., 2010). Through that 

mechanism CD work like real carriers by maintaining the molecules of hydrophobic 

pharmaceutical substance in solution and by releasing them at the surface of the biological 

membrane. On the other hand, CD behave as absorption promoters by increasing the 
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concentration of the substance and the bioavailability at the surface of biological membranes 

(Klüppel Riekes et al., 2010; Shimpi et al., 2005). Due to the low solubility of AMD in water 

(0.2-0.7 mg/mL) the intestinal absorption is also reduced as the absorption rate through the 

intestinal membrane is proportional to the concentration of the active substance from the 

surface. Many more charge-transfer complexes formed by donor-acceptor interaction of AMD 

with cyclodextrins are known (Mosher et al., 2002; Cushing et al., 2009) such as β-

cyclodextrin, sulfoalkyl ether cyclodextrin, sulfobutir 7-β-cyclodextrin ether (captisol) 

(Sebestyén et al., 2013) and hydroxypropyl-β-cyclodextrin (HP-β-CD) (Păduraru et al., 2013; 

Beig et al., 2015). The complexes are obtained using various types of cyclodextrin (α, β, γ) or 

several of their derivatives with difficult synthesis. So, improving the aqueous solubility of 

AMD increases the permeability and consequently its bioavailability (Klüppel Riekes et al., 

2010). Klüppel Riekes et al., have proved that complexing AMD with β-cyclodextrin (β-CD) 

resulted in increased solubility/dissolution rate in water (Klüppel Riekes et al., 2010). Starting 

from that premise, an inclusion complex will be produced with HP-β-CD, the most commonly 

used CD in the pharmaceutical field, due to a 500 mg/mL solubility in water, higher than that 

of natural cyclodextrins, and also a low toxicity (Gould et al., 2015). The novel element of the 

studies on obtaining the HP-β-CD/AMD inclusion complex, aims at determining its 

properties: increasing the solubility of the incorporated active substance, the use of a larger 

amount of active substance incorporated in equal volume, increasing the speed of action, 

increasing efficiency, reducing side effects resulting in increased compliance and decreased 

toxicity of the active substance (Gould et al., 2015) and usability of AMD for loading 

schemes. The HP-β-CD/AMD inclusion complex will be characterized from a physico-

chemical and pharmacotechnical point of view and it will be evaluated in vivo in terms of 

bioavailability. The 2nd line of research is the development of modified release particulate 

systems with AMD using lipid excipients with high biocompatibility. SLPs are a line of 

research developed in the last decade to increase BD of substances which belong to BCS class 

II-IV. In recent years research has been directed towards the application of SLPs for 

increasing BD of substances from BCS Class II: verapamil, griseofulvin, rosuvastatin, 

paclitaxel, ritonavir, cyclosporine, itraconazole, etc. (Vo et al., 2013; Buckley et al., 2013). 

Regarding that aspect, it was hypothesized that there may be an increase in the absorption by 

coating poorly soluble (hydrophobic) particle with a derivative with mixed properties placed 

at the interface of absorption. Thus, in the industry of pharmaceutical excipients, there have 

been developed new biodegradable excipients such as highly purified lipid triglycerides, 

monoglycerides, hard fats, complex glyceride mixtures or even waxes that are solid at 

physiological temperature. However, because of the presence of solid lipids, SLPs have the 

Ability to sustain the therapeutic levels (Naahidi et al., 2013). In general, conventional SLPs 

containing substances of class II BCS are prepared using surfactants. Recently in vitro data 

indicated, that commonly employed surfactants as well as endogenous surfactants present in 

the intestines, although enhance drug solubility, mostly hamper drug permeation. That 

formulation limits the administration of those systems solely orally (Lim et al., 2012). The 

novelty of that study is the inclusion of AMD in SLPs for the first time, aimed at substantially 

optimizing oral therapy with AMD. 
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Mihaela, Ochiuz Lăcrămioara, Ghilan Alina, Macsim Ana Maria. Study on the Role of 

the Inclusion Complexes with 2-Hydroxypropyl-β-cyclodextrin for Oral Administration 

of Amiodarone. International Journal of Polymer Science 2019; Article ID 1695189. 

 Crețeanu Andreea, Ochiuz Lăcrămioara, Ghiciuc Cristina Mihaela, Ţântaru Gladiola, 

Vasile Cornelia, Popescu Maria Cristina. Patent no. 131194. Compoziţie şi procedeu 

pentru obţinerea de noi comprimate matriceale cu eliberare modificată şi acţiune 

prelungită cu clorhidrat de amiodaronă, 2019. 

 Crețeanu Andreea, Ochiuz Lăcrămioara, Ghiciuc Cristina Mihaela, Ţântaru Gladiola, 

Vasile Cornelia, Păduraru Oana-Maria. Patent no. 131195 Compoziţie şi procedeu 

pentru obţinerea de noi comprimate matriceale cu eliberare modificată şi acţiune 

prelungită cu clorhidrat de amiodaronă complexată cu hidroxi-propil-β-ciclodextrină, 

2019. 

III.2. OPTIMIZATION OF THE SOLUBILITY OF AMIODARONE 

THROUGH COMPLEXATION WITH HYDROXIPROPYL-β-CYCLODEXTRIN 

The effect of the substitution degree and molecular weight of the 2-hydroxypropyl-β-

cyclodextrin (HP-β-CD) on the inclusion complexes formation with the amiodarone (AMD) 

and their physico-chemical properties has been studied, as well as the ability of loading and 

controlled release was evaluated by in vitro studies. The objective was to evaluate the AMD 

bioavailability from the inclusion complex as a formulation for oral administration with 
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modified release and with optimal biopharmaceutical properties. Therefore, the second part of 

the study includes several pharmacotechnical studies, where the inclusion complex with the 

best solubility was included in matrix tablets in order to obtain a modified release behavior. In 

that respect, two formulations of matrix tablets were developed, one containing the inclusion 

complex with the optimal solubility and one containing only pure AMD as a control sample. 

The kinetics of AMD release from the two formulations was evaluated by in vitro and in vivo 

studies. 

The disadvantage of oral administration is the extremely slow absorption of AMD 

from the oral forms, and also low and variable bioavailability. The optimization of the 

pharmacokinetic properties was achieved by incorporation of the inclusion complexes in 

matrix tablets containing hydrophilic polymers such as Kollidon®SR (KOL) and chitosan 

(CHT) as excipients, finally therapeutic systems with controlled prolonged release for oral 

delivery have been obtained. 

The solubility enhancement of AMD by the inclusion in complexes with HP-β-CD 

was of 4-22 times. Depending on HP--CD amount in the complex composition at a faster 

dissolution rate with small difference concerning the HP-β-CD type was found. The 

formulations of AMD/HP-β-CD inclusion complexes both as powdered form and matrix 

tablets showed superior pharmacokinetic performance in improving loading and release 

properties of the insoluble AMD drug. In vitro kinetic dissolution test reveals a complex 

mechanism occurring in three steps, the first one being attributed to a burst effect and the 

other two to different bonding existing in inclusion complexes. In vivo pharmacokinetic study 

from matrix tablets containing Kollidon®SR and chitosan also gave a multiple (at least two) 

peaks release diagram because of both structure of the inclusion complexes and also of 

different sites of absorption in biological media (digestive tract). 

III.2.1. Preparation and characterization of the inclusion solid 

complexes 

III.2.1.1. Materials and methods 

AMD (Mw = 645.32 Da) of 99.85% purity was delivered by Zhejlang Sanmen 

Hengkang Pharmaceutical Co. Ltd. China. The three hydroxypropyl-β-cyclodextrins (HP-β-

CD) of 99.70% purity and with different substitution degrees and average molecular weights 

(Mw) have been obtained from Roquette France. Their characteristics are given in Table 61. 

 
Table 61. Characteristics of the HP-β-CD and codes of the samples 

Compound Abbreviation 
Substitution degree (hydroxypropyl 

groups per glucose unit) 

Mw 

(Da) 

2- hydroxypropyl-β-cyclodextrin A HP-β-CD A 0.6 1380 

2- hydroxypropyl-β-cyclodextrin B HP-β-CD B 0.8 1460 

2- hydroxypropyl-β-cyclodextrin C HP-β-CD C 1.0 1540 

 

Preparation of the solid complex 

The inclusion complex of AMD with HP-β-CD at 1:1 molar ratio was prepared using a 

freeze-drying method. 

Phase Solubility Studies 

The phase solubility tests were carried out according to the method described by 

Higuchi and Connors (Reilly, 1965). Briefly, an excess amount of AMD was added to 10mL 

HP-β-CDs in aqueous solutions at concentrations ranging from 0.2 to 10 M-3. The flasks were 
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covered to avoid solvent loss and then stirred for 24 h at room temperature. The resulting 

dispersions of AMD/HP-β-CD were filtered and the solutions concentration were determined 

by an UV-Vis spectrophotometric method, the recording being made at 242 nm wavelength 

characteristic to AMD for which a calibration curve was previously drawn. All the 

experiments were performed in triplicate. The apparent stability constants (Kc) of the 

complexes were calculated in accordance with the following equation

 

from the slope of phase 

solubility diagrams, where the intercept (S0) is the intrinsic solubility of AMD in water, in the 

absence of cyclodextrins: 

 
Kc = slope/S0 (1-slope) 

 

Scanning electronic microscopy 

Scanning electronic microscopy (SEM) examination was carried out by using 

QUANTA 200 scanning electronic microscope (FEI Company, Hillsboro, OR, USA), with an 

integrated EDX system, GENESIS XM 2i EDAX (FEI Company, Hillsboro, OR, USA) and 

with a SUTW detector, at an accelerating voltage of 20 kV and without any further 

treatments, at different magnifications given on micrographs. 

UV Measurements 

The direct titration method was performed by using an UV-Vis spectrophotometric 

method (Cary 60 UV–VIS spectrophotometer; Agilent Technologies) at room temperature. 

One component of the complex (generally the HP-β-CD) is gradually added at a fixed 

concentration of the other component of the system (the guest - AMD). Thus, for all 

experiments, a 0.018·10-3M aqueous solution of AMD was prepared. While the AMD guest 

was kept at a constant concentration, the HP-β-CD host concentration varied from 0.4 to 8 10-

3 M. Each solution was kept under agitation for 12 hours. The UV absorption spectrum of 

each sample was recorded with a 1 mm thick quartz cuvette and the variation in the 

absorbance peak of the AMD guest was monitored at 242 nm. Because HP-β-CDs are silent 

(they do not absorb), the analysis complexity is reduced. 

ATR-FTIR Measurements 

The ATR-FTIR spectra have been recorded at 2 cm-1 resolution with 64 scans by 

means of a Bruker VERTEX 70 spectrometer (Bruker, Ettlingen, Germany), in absorbance 

mode, by the Attenuated Total Reflection Fourier-Transform Infrared Spectroscopy (ATR-

FTIR) technique using a Golden Gate system equipped with diamond crystal with an 

incidence angle of 45°. Penetration thickness was about 100 microns. Background and sample 

spectra were recorded in the 600 to 4000 cm-1 wavenumber range with a resolution of 2 cm-1. 

For each sample, the evaluations were made on the average spectrum obtained from three 

recordings. The processing of spectra was achieved using ORIGIN programs. 
1H-NMR spectroscopy 

The 1H-NMR spectra and two-dimensional 1H-1H chemical shift correlation spectra 

(COSY) were acquired on a BRUKER NEO-1 400 MHz spectrometer (Bruker, Germany) 

equipped with a 5 mm QNP direct detection probe and z-gradients. For the NMR analysis, the 

compounds (HP-β-CD and complexes) were dissolved in deuterated dimethylsulfoxide, 

DMSO-d6 while, the amiodarone drug was dissolved in deuterated chloroform, CDCl3-d, 

because it is not soluble in DMSO-d6. Deuterated solvents have been purchased from VWR 

Chemicals, and they have a purity of 99.80% D. 

Differential Scanning Calorimetry 

Differential Scanning Calorimetry (DSC) was performed for thermal characterization 

of the samples, using a DSC 823e from Mettler Toledo instrument (Columbus, Ohio, USA) 

calibrated with indium as standard. The samples weighing between 2 and 3.5 mg were packed 

in aluminum pans and placed in the DSC cell. They were heated from ambient temperature to 
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180°C at a heating rate of 10°C min-1. Melting temperature (Tm), melting enthalpy (ΔHm) 

and degradation temperature (Td) were obtained from first run. 

Loading degree of the AMD into HP-β-CD/AMD inclusion complexes 

The quantitative determination of the loading degree was realized by HPLC method. 

HPLC was performed by means of a chromatograph of Thermo Fisher Surveyor type (Thermo 

Fisher, San Jose, USA) equipped with a UV-VIS detector with multiple Diode Array 

Detectors and a Thermo Fisher-Hypersil Betasil C18 150mm×4.6mm column (Thermo Fisher, 

San Jose, USA), the particle size dimension was of 5 µm. The column temperature was kept 

constant at 45±0.2C. As mobile phase a mixture of formic acid 0.5% and methanol in the 

25/75 v/v ratio, which was used at a flow rate of 0.7 mL·min-1. The injection volume for each 

determination was 20 mL. AMD was detected by UV spectrum at its characteristic 

wavelength at 254 nm. The recorded retention time was 4.51 min. The procedure is detailed 

described in our previous paper (Bosînceanu et al., 2013. In order to determine the loading 

capacity of the complexes with AMD, the 30 mg complex samples were used. The 3.0-5.0 mg 

inclusion complex was dissolved in 10 mL methanol and then 1.0 mL from the obtained 

solution was diluted to 10 mL mobile phase resulting in 0.0155 mg AMD mL-1. The free 

(non-complexed) AMD is separated by centrifugation at 600 rpm for 10 min at room 

temperature. The supernatant is collected and analyzed by HPLC method. The reference 

sample was methanolic solution in of Cordarone (AMD·HCl commercial product) (c = 0.05 

mg·mL-1). 

Dissolution Studies 

The drug release study was carried out using the USP paddle method at 37°C and 50 

rpm, using a SR 8PlusSeries (ABL&E JASCO) instrument. A constant amount of drug or 

inclusion complex was introduced into a dialysis membrane bag. 100 mL phosphate buffer 

solution (PBS) was used as the dissolution medium. The pH values of the PBS solutions were 

6.8 and 1.2. The release experiment was initiated by placing the end sealed dialysis bag in the 

dissolution medium. Sample solution (2mL) was withdrawn at different time intervals for the 

drug release analysis and replaced with another 2 mL fresh dissolution medium, previously 

heated at 37°C. The amount of amiodarone released was determined by high performance 

liquid chromatography (HPLC), using as a solid phase octildodecylsilyl and as a mobile phase 

a solution of formic acid 0.5%/methanol 25:75. The temperature used for HPLC experiments 

was 45±0.2°C. 

III.2.1.2. Results 

Preparation of the solid complex 

To obtain the inclusion complexes of the bioactive compound AMD and the three HP-

-CDs, a 0.179 g amount of HP-β-CD was dissolved in 5 ml of water, and then AMD was 

added in a molar ratio of 1:1. The mixtures have been stirred for 3 days at room temperature 

and finally three opaque solutions have been obtained, the inclusion complexes being partially 

soluble. The free non-complexed AMD is separated by centrifugation at 600 rpm for 10 min. 

at room temperature. Then the balloon flasks containing solution mixtures have been frozen 

with liquid nitrogen and dried by lyophilization for 24 h by means of a Labconco FreeZone 

2.5 (Kansas City, Mo, SUA) system and they have been kept in a desiccator. 

Phase Solubility 

The phase solubility method is widely used to study inclusion complexation. It 

examines the effect of a solubilizer such as CD or ligand, on the drug which should be 

solubilized. 
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Figure 76. Solubility diagram of the three inclusion complexes in water: AMD/HP-β-CD A, AMD/HP-β-

CD B and AMD/HP-β-CD C 

 

 
Figure 77. Proposed chemical structure of the inclusion complex of AMD into HP-β-CD cavity 

 

Scanning electron microscopy 

Powder of amiodarone exhibits cylindrical microcrystals of various sizes with 

tendency of aggregation. 2- HP-β-CDs in dry state look as spherical particles of various 

dimensions. The HP-β-CD A particles show a smooth surface, while the other two HP-β-CD 

B and HP-β-CD C, show also spherical shapes but on their surfaces some porosities are 

evident, probably because of the most stable configuration at high substitution degree. In 

Figure 78, there are presented the SEM images of AMD, 2-hydroxypropyl-beta-cyclodextrins 

and corresponding inclusion complexes. 
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Figure 78. SEM images of AMD, 2-hydroxypropyl-beta-cyclodextrins and corresponding inclusion 

complexes 

 

UV-Visible Spectroscopy 

The formation of inclusion complexes of AMD with the three types of HP-β-CDs in 

aqueous solutions was followed by the measurements of the absorbance at 242 nm which is 

characteristic to AMD as a function of HP-β-CDs concentration (Figure 79). 
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Figure 79. UV-VIS absorption spectra of AMD at constant concentration (0.018·10-3M in water) in 

absence and presence of different concentrations of HP-β-CD. Curves a–e for concentrations of: 0.4, 0.6, 

2.0, 4.0, and 6.0 mM of HP-β-CD 
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ATR-FTIR 

The ATR-FTIR spectra of the three HP-β-CDs are similar and are in agreement with 

those reported in other papers. A characteristic absorption band of α-type glycosidic bond was 

found at 850 cm−1, which indicates that HP-β-CDs were formed by glucopyranose units 

through α-1,4-glycosidic bond. 

The differences between the three complexes are shown in Figure 80. 
 

 

 
Figure 80. ATR FTIR spectra of the three inclusion complexes in different spectral regions: 

a) 2600-3600cm-1; b) 1530-1680cm-1 and c) 1200-1500cm-1 

 
1H-NMR 

NMR study is the most important tool which ascertains the inclusion phenomena of 

the guest drug molecule inside the host CD molecule. The raw materials and the obtained 

complexes were characterized by 1H NMR (Figure 81). 
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a)      b) 

Figure 81. 1H-NMR spectra of the complexes AMD/HP-β-CD A and AMD/HP-β-CD B, and corresponding 

HP-β-CDs dissolved in DMSO-d6 and AMD dissolved in CDCl3-d 

 

 
Figure 82. The 2D NMR spectrum of the complex A 

 

Differential Scanning Calorimetry 

The DSC curves of the three complexes and their components are given in Figure 83. 

AMD has a particular curve, characteristic to the crystalline compounds with a sharp melting 

peak with a melting temperature (Tm) of 163.8°C and a melting heat (∆Hm) of 112.0 J g-1 

(Table 62). 
 



 PROF. GLADIOLA ȚÂNTARU, PHD -  HABILITATION THESIS, 2020 

145 

 
Figure 83. The DSC curves of the three AMD/HP-β-CD inclusion complexes and their components 

 

Table 62. DSC data for inclusion complexes and their components 

Code sample ∆Hm (J·g-1) Tm (°C) 

AMD 112.0 163.8 

HP-β-CD A 103.7 89.3 

HP-β-CD B 33.8 68.1 

HP-β-CD C 40.9 68.1 

AMD/HP-β-CD A 
22.7 

24.2 

65.5 

153.3 

AMD/HP-β-CD B 
27.6 

19.7 

70.2 

154.0 

AMD/HP-β-CD C 
30.1 

18.3 

71.4 

154.1 

 

Loading degree of the AMD into HP-β-CD/AMD inclusion complexes 

In the Figure 84 are presented the HPLC chromatograms of the three inclusion 

complexes comparatively with AMD. 
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Figure 84. HPLC chromatograms of the three inclusion complexes (A, B, C) comparatively with AMD 

 

The sample concentration Cp in mgmL-1 of AMD was obtained from HPLC results 

using the following equations: 

 

Cp = Peak Area + 39.693/54377 mg·mL-1 

 

Peak Area = 54377  Cp (mg·mL-1) – 39.693 

 

Complexation efficiency (CE) or loading efficacy of the complexes with AMD was 

evaluated as the ratio of AMD content in complexes (AMD/HP-β-CD A, AMD/HP-β-CD B 

and AMD/HP-β-CD C), determined by HPLC, to the theoretical AMD content, and was 

expressed in percentages by using the following formula: 

 

% CE = (AMD total – AMD free/ AMD total) x 100 

 

The obtained results are summarized in Table 63. 
 

Table 63. AMD loading efficiency in inclusion complexes 

Inclusion complex 

Determined 

concentration 

(μgmL-1) 

Loading efficiency of 

the AMD in inclusion 

complexes 

CE (%) 

Concentration of 

the free AMD 

(%) 

Statistic results 

(n = 6) 

AMD/HP-β-CD A 1488 97.87 1.45 
SD = 0.373 

RSD = 0.390% 

AMD/HP-β-CD B 1508 99.49 0.51 
SD = 0.204 

RSD = 0.202% 

AMD/HP-β-CD C 1492 96.09 3.91 
SD = 0.324 

RSD = 0.352% 

Average 1496 Recovery = 97.96%   

 

Dissolution Studies In vitro release test 

Release profiles of neat AMD and those incorporated into inclusion complexes at two 

pH levels, obtained according to above-described protocol are presented in Figure 85. 
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Figure 85. Release profiles of AMD at (a) pH 1.2 and (b) pH 6.8 from the inclusion complexes 

comparatively with AMD solubility curve. 

 
Table 64. Drug release parameters of the inclusion complexes (AMD/HP-β-CD A, AMD/HP-β-CD B and 

AMD/HP-β-CD C) and pure AMD 

Release characteristic 
pH 1.2 pH 6.8 

A B C AMD A B C AMD 

maximum released amount Qmax (%) 79.3 83.2 72.1 6.2 88.1 89.3 85.6 7.6 

half release time tr1/2 (min) 177.6 169.3 191.2 40.3 138.8 136.5 140.8 4.4 

 

III.2.1.3. Discussions 

Preparation of the inclusion complexes 

The AMD/HP--CD A, AMD/HP--CD B and AMD/HP--CD C complexes have 

been obtained with the three corresponding HP--CDs. In dry state all samples look like 

homogeneous white masses with flake-like structures, the compactness decreasing from 

complex A to C. 

Phase Solubility 

The AMD guest solubility linearly increased with increasing concentrations of HP-β-

CDs over the concentration range evaluated, indicating a 1:1 molecular complex formation 

between AMD and the three HP-β-CDs. For the further experimental analyses, the molar ratio 

AMD:HP-β-CD = 1:1 was chosen to prepare the inclusion complexes as that ratio was also 

established in our previous study (Păduraru et al., 2013). That is a phase AL type diagram 

which indicates the formation of water soluble inclusion complexes with linear increases of 

drug solubility as a function of HP-β-CD concentration. The AMD precipitation does not 

occurs during dilution. The formation of the inclusion complexes was demonstrated by the 

increase of the solubility in water (to 0.0879 g L-1 of about 2.2 times) of AMD in the presence 

of HP-β-CD in comparison with the free AMD (of 0.04 g L-1). The stability constants (Kc) of 

AMD/HP-β-CD A, AMD/HP-β-CD B and AMD/HP-β-CD C complexes (1:1) were evaluated 

as 1218, 1462 and 1736M respectively, from the linear plot of the phase-solubility diagram 

(Figure 76). The corresponding free energy changes (G) are: - 17.60 kJ mol-1; -18.06 kJ mol-

1 and -18.48 kJ mol-1, respectively. Those values are in the same limits with those found for 

other inclusion complexes of HP-β-CD with various drugs (Domańska et al., 2013). Taking 

into consideration the interactions between the inclusion complex partners evidenced in 

spectral study, the following chemical structure may be assigned to complex (Figure 77). 

Amiodarone as an iodine-rich benzofuran derivative is loaded in cavity of HP-β-CDs its 
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functional groups interact both with base molecule (CD) and substituent (HP) by their OH 

groups. 

Scanning electron microscopy (SEM) 

The morphology of the inclusion complexes is homogeneous, totally different in 

respect with those of the components (AMD and HP-β-CDs) and it is specific for each 

complex. Generally, they look as fibrous materials with particular aspect and integrity for 

each of them depending both with substitution degree and molecular weight. The SEM image 

of the AMD/HP-β-CD B complex is very different in respect with those of other two 

complexes (AMD/HP-β-CD A and AMD/HP-β-CD C). That particular morphology and 

particle shape is indicative of the formation of the new solid phase. The average diameters of 

the particles were determined of 20 μm and 9 μm, respectively. The HP-β-CD B showed a 

bimodal histogram with two characteristic particles diameter of 20 μm and 70 μm, therefore 

in that case the particle distribution is particular. 

UV-Visible Spectroscopy 

The results show that the absorbance at 242 nm increases with the concentration of 

HP-β-CD which is due to the increase in AMD solubility (increased AMD solution 

concentration) as it is being included in the HP-β-CD cavity. It was clear that the solubility of 

AMD/HP-β-CD was much higher than that of pure AMD. Those results indicated that HP-β-

CD formed inclusion complexes with AMD, which improved the aqueous solubility of AMD. 

It is seems that the shapes of the UV-VIS spectra of the complex B is a little different from 

the other two, the main absorbance band (242nm) is narrower and values of maximum 

absorbance is smaller at each concentration. 

ATR-FTIR 

The ATR-FTIR spectra of the three HP-β-CDs are similar and are in agreement with 

those reported in other papers (Yuan et al., 2014; Klüppel Riekes et al., 2010; Sambasevam et 

al., 2013; Nicolescu et al., 2010; Tang et al., 2006). A characteristic absorption band of α-type 

glycosidic bond was found at 850 cm−1, which indicates that HP-β-CDs were formed by 

glucopyranose units through α-1,4-glycosidic bond (Yuan et al.,2014). Changes of the bands 

in spectra of the components of the inclusion complexes such as shifts and increase or 

decrease in intensity were reported by other authors (Sambasevam et al., 2013) which were 

explained by the insertion of the benzene part ring into the electron rich cavity of β-

cyclodextrin (Challa et al.,2005) and due to the changes in the microenvironment which lead 

to the formation of hydrogen bonds and the presence of van der Waals forces during their 

interaction to form the inclusion complexes (Hamidi et al., 2010; Nicolescu Et al., 2010). As 

it can be seen in Figure 80a (3600-2700 cm-1 region), the bands in the spectrum of the 

inclusion complex AMD/HP-β-CD C are much broader than those of the other two complexes 

and also some differences appear in the position of the OH and CH stretching, namely 3373 

cm-1 and 2924 cm-1. The shapes of the spectra in the 1700-1200 cm-1 region are specific to 

each complex because of the variation both in bands position and intensity, as observed in 

Figure 80b and Figure 80c. Thus, differences between the three inclusion complexes of some 

characteristic bands position was found as: Complex A: 1657 cm-1, 1563 cm-1, 1555 cm-1; 

Complex B: 1653 cm-1, 1558 cm-1; Complex C: 1655 cm-1, 1646 cm-1 which can be assigned 

to OH bending and amide II. The bands position is characteristic to each complex which 

means that also some interactions with substituent characterize those complexes due to the 

appearance of host-guest interactions. 
1H-NMR 

Comparing the three superposed spectra, in the complex spectrum the signals for the 

raw materials can be identified and the appearance of a new signal, as a singlet at 10.44 ppm 

(Figure 81). 
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In the 2D NMR spectrum (Figure 82), it can observe the couplings between HP-β-CD 

signals of 3.38 and 3.68 ppm and a new signal at 10.44 ppm in the obtained complex. That 

signal indicates a direct H-H connection between components of the complexes (Fernandes et 

al., 2003) and also suggested that lipophilic aromatic ring of the AMD entered into the cavity 

of HP-β-CD from the wider side (Barman et al., 2017). 

Differential Scanning Calorimetry 

The thermal characteristics of the HP-β-CD A is different from those of the other two 

HP-β-CDs. Both Tm and ∆Hm takes higher values of 89.3°C and 103 J g-1 while the values for 

HP-β-CD B and HP-β-CD C cyclodextrins are of Tm of 68°C and ∆Hm of 33.8 and 40.9 J g-1, 

respectively (Table 62). The complexes have two melting peaks corresponding to the both 

components but they are shifted at lower temperature. The melting peak of AMD decreases 

from 163.8°C to 153-154°C, while those of HP-β-CDs A, B and C are placed at 65.5°C, 

70.2°C and 71.4°C, respectively. The melting heat of the first peak increases in order: 

complex A < complex B < Complex C and decreases in the same order in the case of the 

second melting peak. That means an important decrease of the crystallinity of AMD by 

complexation which explains its higher solubility. That also can be explained by the 

particularities of the each complex which determine finally their differences in solubility, 

loading and release behavior of AMD. 

Loading degree of the AMD into HP-β-CD/AMD inclusion complexes 
Comparing the peak areas it can easily observe that the AMD quantity included in 

complexes varies in the order: AMD/HP-β-CD B > AMD/HP-β A > AMD/HP-β C. The C 

complex shows the smallest area under curve as it includes the smallest AMD amount. 

The complexation efficiency is very high of 96.09-99.49%, while the free AMD (not 

included in complex) is low varying in the 0.5% - 3.91% interval. The values of the relative 

standard deviation (RSD) indicate that there are no significant modifications by the samples 

processing. Average recovery was 99.38%, while recovery at the three complexes loadings is 

in the limits of ±5% (Bosînceanu et al., 2013; Yowono et al., 2005). 

Dissolution Studies - In vitro release test 

The dependence on pH of the dissolution/release behavior was also established for the 

AMD/HP--CD system. An increase in pH results in the increase of the released AMD 

quantity from complexes especially in the first 100 min, but not in increased solubility of pure 

AMD (Table 63 and Figure 85). That can be explained due to the formation of partially 

insoluble complex between drug and anions dissolved in buffer solution (Avdeef et al., 2007; 

Vasvári et al.,2018).The release of AMD from complexes starts with a burst effect which 

occurs in the first 6-7 minutes, where the AMD released concentration increased very fast. 

The released AMD amount at the end of that stage was: AMD/ HP-β-CD B (7.7%) > AMD/ 

HP-β-CD A (5.99%) > AMD/ HP-β-CD C (4.95%) > free AMD (3.8%) for pH 1.2, while at 

pH 6.8 the order is kept but the released amount is higher as: AMD/ HP-β-CD B (28.2%) > 

AMD/ HP-β-CD A (25.8%) > AMD/ HP-β-CD C (24.4%) > free AMD (4.94%) (Table 64). 

After 120 minutes, at pH 1.2, the released AMD varies in close limits for all 

complexes being of AMD/ HP-β-CD B (19.58%) > AMD/ HP-β-CD A (18.90%) > AMD/ 

HP-β-CD C (17.02%) comparatively with a values of only 3.8% for free AMD. That means 

an increase of about 5 times of drug solubility. The dissolution of free AMD of 4.25% 

remains almost constant for entire studied time period while the AMD release from inclusion 

complexes occurred in three stages and at the equilibrium (up to 300 min) the total amount of 

the released AMD was AMD/ HP-β-CD B (83.7%) > AMD/ HP-β-CD A (78.5%) > AMD/ 

HP-β-CD C (72.4%). 

At pH 6.8, the release behavior is different in respect with that at pH 1.2. The release 

takes place very fast in the first 2-3 min reaching 25-30% that means a significant burst effect, 

followed by a step with very slow release rate. The three steps are also evident, the first two 
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occurs until 120 min with a ADM released of about 28-35.5% and the last one took place in 

120-300 min period, the released AMD reaching about 88% a little higher than that at pH 1.2. 

The AMD released rate from complexes is higher at pH 6.8 as a consequence of the fact that 

that pH value is close of pKa = 6.64 characteristic to amiodarone. The release rate from 

inclusion complexes increases as a consequence of the crystallinity decrease of the drug by 

complexation according to DSC results, which determines an increase of the solubility. At the 

end of experiment the order of the AMD released amount was: AMD/ HP-β-CD B (89.2%) > 

AMD/ HP-β-CD A (87.5%) > AMD/ HP-β-CD C (85.5%) in all cases the percentage released 

being higher than that at pH 1.2. In respect with the free AMD an increase of 22% of AMD is 

released from inclusion complexes with the highest amount from AMD/ HP-β-CD B 

complex. 

III.2.1.4. Conclusions 

In the present study, the effect of the substitution degree and molecular weight of the 

2-hydroxypropyl-β-cyclodextrin on the inclusion complexes formation with the amiodarone 

and their physico-chemical properties has been followed, as well as the ability of loading and 

controlled release was studied by in vitro studies. 

The HP-β-CDs differ by their average molecular weight and substitution degrees. 

Their structural, morphological and thermal characterization evidenced differences in particle 

size, types of bonding and crystallinity on the HP-β-CD type. A substitution degree of 0.8 

assured the most suitable characteristics for complex with amiodarone as stability and loading 

and release behavior. All studied complexes led to the increased AMD solubility and also 

determined different behavior in AMD dissolution/release proved both by in vitro tests 

performed into media with two different pH. 

It has been established that in all complexes the ratio between the two components is 

roughly 1:1, since the loading efficacy with AMD of the three complexes varied from 96.09 to 

99.49% in the order: AMD/HP-β-CD B > AMD/HP-β-CD A> AMD/HP-β-CD C; the highest 

efficacy was found for the AMD/HP-β-CD B complex containing 2-HP-β-CD with degree of 

substitution 0.8 and molecular weight 1460 Da. The AMD release from inclusion complexes 

occurred at higher amount up to 22% times more that from free AMD. It was established that 

the dissolution rate of amiodarone from the inclusion complex was considerably increased as 

compared to dissolution of the pure drug. It has been established that the complexation of 

amiodarone with HP-β-CD offers the possibility to increase its water solubility without the 

modification of its original structure. It is well-known that the type of -CD can influence the 

formation as well as the performance of drug/-CD complexes. 

III.3. OPTIMIZATION OF THE BIOPHARMACEUTICAL PROPERTIES 

OF AMIODARONE IN MATRIX TABLETS 

III.3.1. A study on the stability of amiodarone hydrochloride in 

matrix tablets 

The second part of the research the inclusion complex with the best solubility was 

included in matrix tablets in order to obtain a modified release behavior. In that respect, two 

formulations of matrix tablets were developed, one containing the inclusion complex with the 

optimal solubility and one containing only pure AMD as a control sample. 
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In order to develop new solid oral dosage forms with prolonged release, we analyzed 

the stability of pure amiodarone and amiodarone complexed with HP-β-CD, in association 

with matrix forming agents (Kollidon®SR and chitosan), during direct compression. The 

stability assessment and the identification of potential interactions between amiodarone and 

the auxiliary substances were established by spectrophotometric and thermal analysis. The 

thermal profile of the tablet formulation containing amiodarone and excipients (abbreviated 

F1) showed the conservation of the crystalline form of the active substance following direct 

compression. In the thermogram of the formulation containing complexed amiodarone 

(abbreviated F10), the melting point of the crystalline form disappeared, which indicated the 

amorphous nature of the active substance caused by its interactions with the polymers. FT- IR 

spectra for the two tablet formulations revealed characteristic bands of the tertiary amine bond 

in the amiodarone structure. The band attributed to the aromatic C=C bond stretching is 

frequently displaced/bent in the presence of excipients, due to the interactions between 

amiodarone and polymers. The complete disappearance of the absorption bands characteristic 

of amiodarone (2580-2455cm-1) in the FT-IR spectrum for the formulation with the inclusion 

complex showed the formation of chemical bonds between the OH groups of HP-β-CD and 

the tertiary amine of the active substance. 

III.3.1.1. Materials and methods 

AMD (Mw = 645.32 Da) of 99.85% purity was delivered by Zhejlang Sanmen 

Hengkang Pharmaceutical Co. Ltd. 

The AMD/HP--CD B complexes have been obtained with the corresponding HP--

CD B (1460 Da) (the inclusion complexes). 

Polysorbate 80 with 99.50% purity was purchased from Sigma Aldrich, Germany. It 

was used as a nonionic surfactant and emulsifier for AMD suspension. 

Kollidon®SR (KOL) is a physical mixture constituted from 80% poly (vinyl acetate) 

with an average molecular weight (Mw) of 450 000 Da and 20% polyvinylpyrrolidone 

(Povidone) of Mw = 40 000 Da (Bühler, 2008). KOL is a hydrophilic excipient used in 

formulations and preparation of the matrix tablets with modified-release dosage (delayed, 

prolonged or targeted release) being both efficient and versatile (Thanou et al., 2000). 

Chitosan (CHT) with high molecular weight Mw = 190,000-375,000 Da and 

deacetylation degree ≥ 75 of practical grade as purchased from BASF, Germany. It is a 

biodegradable and biocompatible polymer which acts as promoter for the absorption at the 

gastrointestinal level of the hydrophobic substances (Muzzarelli et al., 2005; Niazi et al., 

2009). 

Avicel®PH - Microcrystalline Cellulose (Chemtrec, U.S.A. & Canada), Aerosil® - 

hydrophilic fumed silica with specific surface area of 200 m² g-1 (Degussa, Germany) and 

Magnesium Stearate (Union Derivan S.A., Spain) have been also used. All used compounds 

accomplish the quality requirements according with laws in forces. Those excipients facilitate 

the application of the direct compression method, to obtain an optima AMD dispersibility in 

the powdered mixtures and association of hydrophilic (HP-β-CD, CHT) and hydrophobic 

substances (AMD). 

Preparation of matrix tablets 

An Erweka AR 403 device (Erweka GmbH, Heusenstamm, Germany) was used for 

those preparations in the following conditions: rotation speed 400 rpm for 5 min, after that the 

mixtures were sieved with an electromagnetic sieve EM-8 (Erweka GmbH, Heusenstamm, 

Germany). Direct compression of the mixtures was done with a Korsch EK0 single-punch 

station press (Korsch AG, Berlin, Germany) (punch diameter 9 mm, compression force 8-10 

kN). The matrix tablets with average diameter of 12 mm and thickness of 4.6 mm have been 

obtained (Table 66). 
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The substances from the pharmaceutical formula containing the HP-β-CD/AMD 

inclusion complex and other components listed in Table 65, were weighed, mixed in an 

Erweka AR 403 mixer with a rotational speed of 400 rpm for 5 minutes and then screened 

using an EM-8 electromagnetic sieve. HP-β-CD/AMD tablets were obtained by the direct 

compression method using the Korsh EK0 tablet machine equipped with a 9 mm diameter 

ponson and an 8-10 kN compressive force adjustment. 

Thermal stability assessment of amiodarone hydrochloride in polymeric matrix tablets 

FT-IR analysis. The measurement of IR absorption spectra was made with a VERTEX 

70 spectrophotometer (Bruker, Germany) for powdered samples, obtained by the trituration of 

a set of 4 tablets for the formulations F1 and F10, as well as for samples using only the active 

substance in the matrix tablets. The samples for analysis were obtained by the trituration of 2 

mg sample with 500 mg KBr, subsequently subjected to tableting. Before using it for sample 

preparation, KBr was activated for 3 hours at 200°C, in order to remove the absorbed water 

that might have influenced the results. The samples were measured in the spectral range of 

4000-500 cm-1, with a resolution of 4 cm-1. The spectra were recorded at room temperature. 

DSC analysis. The 5-8 mg samples were delivered in aluminum crucibles which were 

not tightly closed; they were analyzed in a dynamic mode at a rate of 10°C min-1 in the range 

of 50-300°C; a nitrogen flow of 20mL/min was passed through the measuring cell using a 

Netzsch DSC 200F3 calorimeter (Germany). Before starting the measurement, the calorimeter 

was calibrated with indium as a standard for temperature and energy. 

Pharmacotechnical characterization of the matrix tablets containing AMD and 

AMD/HP-β-CD B 

The evaluation of the pharmacotechnical characteristics (diameter, thickness and 

average mass) of the tablets was performed according to the 10th Romanian Pharmacopoeia 

and 8th European Pharmacopoeia (Romanian Pharmacopeea Supplement, 2004; European 

Pharmacopoeia, 2017). Weighing was made by means of an electronic scale Redwag WPE 

60, on 20 tablets for mass and dose uniformity determination. Mechanical resistance was 

performed on 10 tablets on a Schleuniger Pharmatron tablet hardness tester 8M (Sotax AG, 

Aesch, Switzerland) and the friability on 20 tablets on Schleuniger Pharmatron FT II friability 

tester, (Sotax AG, Aesch, Switzerland), at 100 rpm during 4 min. All pharmacotechnical 

characteristics have been performed comparatively for the two studied formulations, F and Fc. 

The dose uniformity was established using a validated HPLC procedure through the 

quantitatively determination of AMD from a fine powder obtained by the trituration and the 

homogenization of 20 tablets with known average masses. The SD should be of±5% 

(Romanian Pharmacopoeia Supplement, 2004) in all cases. According to pharmacotechnical 

specifications for the preparation of modified release tablets, the release profiles of the active 

substance from such type of tablets must be analyzed by determining the difference factor f1 

and the similarity factor f2 between two or more formulations (Gohel et al., 2009). Hydration 

capacity or swelling degree was determined by using a dissolution test station type II, Hanson 

SR 8 Plus Series (Hanson Research Co., Chatsworth, USA). Matrix tablets have been 

introduced in 1000mL distilled water at 37°C at 60 rpm. At the predetermined time intervals 

(1 h) samples were prevailed from hydration medium, the water excess on surface was 

removed by wiping with filter paper and then they have been weighed. Swelling degree was 

evaluated using the formula: 

 

SD = [(Wt-Wo)/Wo] 100 

 

where: SD = swelling degree; Wt = mass of the sample at time t; Wo = dry mass of the tablet. 
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III.3.1.2. Results 

Preparation of matrix tablets 

In Table 65 are presented the compositions of the two oral formulations, where 

besides KOL and CHT and other specific auxiliary excipients were included (Denkbas et al., 

2006; Thapa et al., 2005). 

Thermal stability assessment of amiodarone hydrochloride in polymeric matrix tablets 

The spectra of the samples F1 and F10 are shown comparatively in Figure 86. 

 
Table 65. Matrix tablet formulations containing AMD and/or HP-β-CD/AMD B complex and auxiliary 

excipients 

Substance 
Formulation composition (mg/tablet) 

Formulation F1 Formulation F10 

AMD 200 - 

AMD/HP-β-CD B - 200 

KOL 240 240 

CHT 18 18 

Aerosil® 6 6 

Stearate 3 3 

Avicel®PH up to 600 mg 

 

 

 
Figure 86. Comparative representation of FT-IR spectra recorded for samples F1 and F10 as compared to 

HP-β-CD 

 

Figure 87 shows IR spectra recorded for F1 and F10 samples as compared to those 

recorded using the crude materials. The changes found when comparing the two spectra are 

highlighted by circles. Figure 88 shows the DSC thermal analyses of AMD as compared to 

KOL, CHT and Avicel®PH, while Figure 89 shows the DSC thermograms for F10, F1 as 

compared to AMD, the reference substance and the inclusion complex HP-β-CD/AMD. 

Figure 89 shows comparatively the thermal analysis of the active ingredient AMD, the 

HP-β-CD/AMD complex, and the F1 and F10 formulations. 

Pharmaco-technical characterization of the matrix tablets containing AMD and 

AMD/HP-β-CD B 

Pharmacotechnical characteristics are given in Table 66. 
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Figure 87. FT-IR spectra of samples F1 and F10 as compared to the constituent crude materials (AVI - 

Avicel®PH microcrystalline cellulose, A - Aerosil®, S - magnesium stearate, CHT - chitosan, K - 

Kollidon®SR) 

 

 
Figure 88. The DSC thermograms of AMD as compared to the ones of KOL, CHT and Avicel®PH 

 

 
Figure 89. The DSC thermograms for F1, F10 as compared to AMD, the reference substance and the 

inclusion complex HP-β-CD/AMD 
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Table 66. Pharmacotechnical parameters of the matrix tablets formulations 

Pharmacotechnical characteristics Formulation F1 
Formulation 

F10 

Diameter (mm) 12.076±0.010 12.073±0.012 

Thickness (mm) 4.616±0.016 4.625±0.030 

Average mass (g) 0.576±1.126 0.595±0.530 

Mass uniformity (% minus) - 2.777 - 3.333 

Mass uniformity (% plus) + 2.430 + 3.333 

Dose uniformity (mg/tablet) 199.42±0.9981 101.71±0.596 

Mechanical strength (N) 100.10±3.334 99.93±1.898 

Friability (%) 1.036±0.019 1.054±0.025 

Hydration degree (%) 115 124 

 

III.3.1.3. Discussions 

Preparation of matrix tablets 

Two formulations of based on KOL and CHT as matrix constituents have been 

prepared (Using Dow Chemical Company Midland USA, 2006) Dow Excipients for 

Controlled Release of drugs in Hydrophilic Matrix Systems. The Dow Chemical Company 

Midland USA, 2006), one containing only pure AMD as active compound (designed as F) and 

another containing AMD/HP-β-CD B (designed as Fc). AMD/HP-β-CD B inclusion complex 

was selected for the oral therapeutic system preparation because of its good physico-chemical 

and pharmacotechnical properties in comparison with the other two ones AMD/HP-β-CD A 

and AMD/HP-β-CD C as it was demonstrated by in their characterization (see below). The 

purpose of that strategy was to evaluate the influence of therapeutic system type on the oral 

biodisponibility of AMD and to analyte the influence of AMD complexation with HP-β-CD B 

on that pharmacokinetic parameter. In Table 65 are presented the compositions of the two oral 

formulations, where besides KOL and CHT and other specific auxiliary excipients were 

included (Denkbas et al., 2006; Thapa et al., 2005). 

Thermal stability assessment of amiodarone hydrochloride in polymeric matrix tablets 

The spectra of the samples F1 and F10 are shown comparatively in Figure 86. For 

illustration purposes, we inserted the spectrum recorded for HP-β-CD. The IR spectrum 

obtained for HP-β-CD exhibits a wide absorption band in the wave number range 3600-3100 

cm-1, characteristic for the stretching vibrations of the OH groups. The intense absorption 

bands can be found at the wavenumbers 2970, 2931 and 2875 cm-1, characteristic for the 

stretching vibration of the aliphatic CH groups. The absorption bands located at 1480-1350 

cm-1 are characteristic for the rocking vibrations of the aliphatic CH groups, whereas the 

bands observed at 1300-1000 cm-1 (1160-1040 cm-1) are provided by the stretching vibrations 

of the CO ether groups (Silverstein et al., 2005). The FT-IR spectrum recorded for the sample 

F10 showed characteristic absorption bands for both HP-β-CD and AMD. There were not 

found bonds between AMD and the cyclodextrin support. The complete disappearance of the 

characteristic absorption bands of AMD (2580-2455 cm-1) indicates the formation of the 

chemical bonds between the OH groups of HP-β-CD and the tertiary amine group of AMD 

(Păduraru et al., 2013). In the spectrum recorded for the F10 sample containing the HP-β-

CD/AMD complex, the intensity of the peaks in that spectral region is significantly lower as 

compared to the F1 sample. Moreover, as compared to the F1 sample, F10 has a broad IR 
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absorption band which is much more intense in the spectral region of 3000-3600 cm-1 due to 

the large number of OH groups in the composition of the HP-β- CD/AMD complex. A very 

weak band can be observed at 1650 cm-1, characteristic for the stretching vibration of the 

carbonyl group of amiodarone. In addition, very weak or medium peaks, characteristic for the 

vibrations in the AMD molecule, are found only in the "footprint" region. For example, very 

weak peaks are visible at 1631 cm-1 and 1556 cm-1, the peaks recorded at 1241 cm-1 and 1219 

cm-1 are flattened, forming a broad IR absorption band, and the peaks in the spectral region 

600-900 cm-1, characteristic for amiodarone, are not visible in the F10 sample spectrum, 

except for a very weak peak, at 750 cm-1. The intensity decrease in the absorption bands in the 

spectral region 3200-3600 cm-1 is evident when the IR spectra of the F1, F10 samples are 

compared. 

The most relevant result of those DSC analyses is the decrease of the intensity of the 

complexed AMD melting process, as actually it could be observed a weak endothermic 

process, with two peaks, performed at ~ 150°C and 166°C, respectively. The result confirms 

the formation of an inclusion complex HP-β-CD/AMD (Păduraru et al., 2013), in which the 

morphology of the active ingredient is conserved in the cavity. 

Therefore, the dual nature of the melting process shows that the active ingredient 

exhibits two distinct crystal morphologies. Overall, however, the inclusion complex HP-β-

CD/AMD exhibits an amorphous nature as compared to the pure active ingredient. 

The thermal profile of F1 formulation shows the polymer and the active ingredient 

characteristics, indicating the conservation of the crystalline form of AMD after compression, 

in the presence of the excipients. Moreover, the KOL, present in the mixture, triggers yet 

another melting process at a much lower temperature (52°C), but it does not affect the 

morphology of AMD (Alhhatib et al., 2010; Novoa et al., 2005). As expected, the F1 

formulation (containing the active ingredient in free form) shows a melting process of AMD 

at around 155.8°C, whereas for the F10 formulation (containing the HP-β-CD/AMD complex 

instead of AMD) there is a much weaker melting process, at around 143°C. The differences 

between the melting point and the intensity of the process show the presence of interactions 

between AMD and polymers. They are due to the complexed state of the active ingredient that 

was physically mixed in those formulations. In the thermogram of the F10 formulation, the 

melting point of the AMD crystalline form disappears, thus indicating an amorphous nature. 

Furthermore, the melting processes for both the HP-β-CD/AMD complex and the two 

formulations, F1 and F10, occur at temperatures much lower than for AMD pure substance. 

Pharmaco-technical characterization of the matrix tablets containing AMD and 

AMD/HP-β-CD B 

Pharmacotechnical characteristics given in Table 66 demonstrated that by 

incorporation of the AMD as inclusion complex with HP--CD, especially AMD/HP-β-CD B 

complex in matrix tablets based on KOL and CHT does not change the pharmacotechnical 

properties of the tablets. Only one relevant modification was observed in the values of the 

hydration degree which was found superior for F10 (124% in respect with 115% for F1). That 

behavior is expected to positively influence the release profile and bioavailability of the active 

principle. 

The mass uniformity shows a deviation of±5% in respect with the mass of common 

tablets of  250 mg while the dose uniformity values correspond to the individual content of 

active substance of each unit which should be of 85% to 115% in respect with average 

content. All obtained values of the pharmacotechnical characteristics are in the limits of the 

specifications reported in literature (European Pharmacopoeia, 2014). Friability and 

mechanical strength values indicate that by complexation, the AMD properties as flowability 

and compressibility are not changed, because between values are not registered significant 

differences and those values are very close to those of the tablets with optima 
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pharmacotechnical characteristics namely approximately 1% for friability and 90–100 N for 

mechanical strength. Those results proved that the pharmacotechnical characteristics of the 

matrix tablets of AMD/HP-β-CD inclusion complexes are very good and the selected 

formulations included necessary excipients to obtain optima tablet formulations (Popovici et 

al., 2008). 

III.3.1.4. Conclusions 

In order to develop oral AMD pharmaceutical formulations with prolonged release, 

inclusion complexes with different kinds HP-β-CDs have been prepared. Matrix tablets 

containing KollidonSR and chitosan as available and cheap excipients have been obtained by 

direct compression using high amount of complex (200 mg/matrix tablet). 

The FT-IR spectrum recorded for the formulations of AMD/HP-β-CD inclusion 

complexes F10 sample showed absorption bands characteristic for both HP-β-CD and AMD, 

while the complete disappearance of the characteristic AMD absorption bands (2580-2455 

cm-1) indicated the possibility of the chemical bond formation between the OH groups of HP-

β-CD and the tertiary amine of AMD. The F10 sample showed a broad IR absorption band 

which was more intense in the spectral region 3000-3600 cm-1 as compared to F1, due to the 

large number of OH groups included in the AMD/HP-β-CD complex. 

The melting process and the other processes associated with the dehydration of the 

constituents are significant, but they do not affect the morphology of AMD. 

DSC curves showed that the thermal stability of AMD increases by complexation, 

which is evident, both in the curve of the inclusion complex and in the Fc formulation tablet 

containing that complex. That feature is a clear advantage in the tableting process. The results 

of that study showed that AMD, in both its free and complexed form, can be formulated as 

matrix tablets based on KOL and CHT, without undergoing physicochemical changes that 

might adversely affect its in vivo bioavailability. 

Pharmacotechnical characteristics demonstrated that by incorporation of the AMD as 

inclusion complex with AMD/HP-β-CD B complex in matrix tablets based on KOL and CHT 

does not change the pharmacotechnical properties of the tablets. Those results proved that the 

pharmacotechnical characteristics of the matrix tablets of AMD/HP-β-CD inclusion 

complexes are very good and the selected formulations included necessary excipients to 

obtain optima tablet formulations (Popovici et al., 2008). 

III.3.2. Comparative in vitro and in vivo evaluation of matrix tablets 

formulations of amiodarone hydrochloride 

The objective of that research was to evaluate the AMD bioavailability from the 

inclusion complex as a formulation for oral administration with modified release and with 

optimal biopharmaceutical properties. The disadvantage of oral administration is the 

extremely slow absorption of AMD from the oral forms, and also low and variable 

bioavailability. The optimization of the pharmacokinetic properties was achieved by 

incorporation of the inclusion complexes in matrix tablets containing hydrophilic polymers 

such as Kollidon®SR (KOL) and chitosan (CHT) as excipients, finally therapeutic systems 

with controlled prolonged release for oral delivery have been obtained (Crețeanu, 2019). 

The solubility enhancement of AMD by the inclusion in complexes with HP-β-CD 

was of 4–22 times. Depending on HP--CD amount in the complex composition at a faster 

dissolution rate with small difference concerning the HP-β-CD type was found. The 

formulations of AMD/HP-β-CD inclusion complexes both as powdered form and matrix 
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tablets showed superior pharmacokinetic performance in improving loading and release 

properties of the insoluble AMD drug (Crețeanu, 2019). 

III.3.2.1. Materials and methods 

 The matrix tablets F1 and F10. 

 Simulating gastric fluid (solutions 0.1N HCl) with pH = 1.2 and with pH = 6.8. 

 A SR 8 Plus Series paddle apparatus 2 (ABL&E JASCO). 

 HPLC was performed by means of a chromatograph of Thermo Fisher Surveyor 

type (Thermo Fisher, San Jose, USA) equipped with a UV-VIS detector with 

multiple Diode Array Detectors and a Thermo Fisher-Hypersil Betasil C18 

150mm×4.6mm column (Thermo Fisher, San Jose, USA). 

 Rats were assigned into three groups of six animals each. 

In vitro release tests of AMD from matrix tablets 

In vitro kinetic dissolution test reveals a complex mechanism occurring in three steps, 

the first one being attributed to a burst effect and the other two to different bonding existing in 

inclusion complexes. 

In vitro release of AMD from the matrix tablets F1 and F10, have been determined 

into simulating gastric fluid with pH = 1.2 and into simulating intestinal fluid with pH = 6.8 

until release amount reached equilibrium (maximum for 10 hours). The method uses the same 

equipment and working conditions as described above at the section in vitro dissolution tests 

of AMD from inclusion complexes. Tests have been made in triplicate and average value was 

given. 

In vitro release studies were performed according to the specifications of "Dissolution 

test for solid pharmaceutical forms" monograph from the European Pharmacopoeia 9th ed. 

(European Pharmacopoeia, 2017) according to the following experimental protocol: the 

dissolution medium was a pH 1.2 solution (0.1N HCl as simulated gastric fluid) for the first 2 

hours and then a pH 6.8 solution (phosphate buffer as simulated intestinal fluid) for the next 

10 hours. A SR 8 Plus Series paddle apparatus 2 was used at 37±0.5°C bath temperature and 

50 rpm rotation speed. Sampling interval was set to every hour during the 12 hours of tests 

and 7mL of sample were replaced at each harvest with the same volume of medium. 

Quantitative determination of AMD was performed by a previously validate high performance 

liquid chromatographic method, using an octildodecilsilil solid phase and 0.5% formic acid-

methanol (25:75) mixture as mobile phase. The temperature of the column was 45±0.2°C 

(Bosînceanu et al., 2013). The tests were carried out on three tablets, and the results were the 

averages of the determinations. 

Analysis of difference and similarity factors - f1 and f2: According to 

pharmacotechnical specifications for the preparation of modified release tablets, the release 

profile of the active substance from that type of tablet must be analyzed by determining the 

difference factor f1 and the similarity factor f2 between two or more formulations (Gohel et 

al., 2009). 

In vivo single dose pharmacokinetic study 

In vivo pharmacokinetic study from matrix tablets containing Kollidon®SR and 

chitosan also gave a multiple (at least two) peaks release diagram because of both structure of 

the inclusion complexes and also of different sites of absorption in biological media (digestive 

tract). 

 

The single-dose pharmacokinetics of the new formulation F10, which contains 

AMD/HP-β-CD B complex, was investigated comparatively with formulation F1 containing 

pure AMD. The rats were housed in polypropylene cages with controlled environmental 

conditions of temperature (21±2°C), humidity (50-70%) and successive light and dark of 12 h 

cycles and on ad libitum access to food and water. After three days of acclimation, on the 
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evening of the day before administration of the substances and until 4 h post administration, 

no food was administered to all rats, but they had free access to drinking water. A temporary 

cannula with a 24 G catheter was placed in the lateral tail vein for blood collection as "free 

flowing", after warming the animals at 37°C during 10 minutes in order to allow tail vein 

vasodilation. The substances were administered by oral gavage as freshly prepared solutions, 

as a single oral dose of 100 mg substance/kg body in a volume of 0.2 mL (100g)-1 body. Each 

animal was weighed before the administration of the substances. Rats were randomly assigned 

into three groups of six animals each, according to the following protocol: Group 1 (control 

AMD group) received free drug suspension of AMD in aqueous polysorbate 80 (c = 0.1% 

w/v), Group 2 (F group): received F1 formulation, and Group 3 (F10 group) received F10 

formulation. Approximately 0.3 mL of blood was collected into heparinized tubes at 0 (pre-

dose); 0.25; 0.5; 1; 2; 3; 4; 5; 6; 8; 10; 12; 24 and 48 h post-dose. A heparin flush of (0.1mL) 

was used after placement and between blood samples to prevent clotting. Blood samples were 

centrifuged at 4000 rpm for 10 min, then, the plasma was stored at −20°C until analysis. 

Plasma samples were analyzed using HPLC method. Lower limit of quantification for AMD 

was established at 5.83 μgmL-1. 

Ethics statement 
The experiment was approved by the Ethics Committee of ”Gr. T. Popa” Medicine 

and Pharmacy University Iasi, Romania (Nr. 23983/2014) and was carried out in accordance 

with the European regulations concerning the studies with animals. The study was carried out 

on male Wistar rats (average weight of 250-300 g) provided by Cantacuzino Institute – 

Bucharest, Romania. 

III.3.2.2. Results 

In vitro release tests of AMD from matrix tablets 

 

 

Figure 90. The in vitro dissolution profile of AMD·HCl from F1 and F10 

 

Table 67. Values of difference and similarity factors between formulations F1 and F10 

Reference Determinant factor F10 

F1 
f1 43.697 

f2 68.263 
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Table 68. Parameters of mathematical equations corresponding to release kinetics evaluation models and 

their predictability indicators 

Kinetic model Model parameters 
Formulation 

F1 F10 

Zero order 

K0 10.8442 11.2567 

R2 0.3371 0.2940 

AIC 76.7144 78.4984 

First order 

K1 0.3951 0.9679 

R2 0.9692 0.7389 

AIC 39.8839 66.5615 

Higuchi 

KH 32.6511 33.9795 

R2 0.8896 0.8675 

AIC 55.1982 58.4190 

Korsmeyer-Peppas 

n 0.35 0.42 

KP 43.6926 46.3498 

R2 0.9378 0.9226 

AIC 49.3169 52.9738 

 

In vivo single dose pharmacokinetic study 

Pharmacokinetic behavior as the mean plasma concentration vs time curves of 

formulation F10 comparatively with control samples of formulation F1 and of pure AMD 

suspension (corresponding to free AMD), in male Wistar rats after single oral administration 

of 100 mg kg-1 is plotted in Figure 91. 

Individual values of Cmax, tmax and AUC0-t of formulation F10 comparatively with 

control samples of formulation F1 and of free AMD suspension from experimental data are 

presented in the Table 69. 
 

 
Figure 91. Plasma AMD concentration versus time profiles in Wistar rats following oral administration of 

formulation F10, formulation F1 and pure AMD suspension (mean ± SD, n=6). 
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Table 69. Cmax, tmax and AUC0-t of pure AMD suspension and F1 and F10 formulations in Wistar rats 

following single oral administration (mean ± SD, n=6) 

Group 

Cmax (ng/mL) tmax (h) AUC0-t (mg/mL*h) 

Pure 

AMD 

suspensio

n 

Formulatio

n F1 

Formulatio

n F10 

Pure 

AMD 

suspensio

n 

Formulatio

n F1 

Formulatio

n F10 

Pure 

AMD 

suspensio

n 

Formulatio

n F1 

Formulatio

n F10 

1 130 216 860 5 5 8 1373.38 4925.13 21905.88 

2 145 229 501 8 8 8 3954.50 3472.88 14752.50 

3 78 374 515 8 3 8 2072.63 2548.25 11236.25 

4 241 319 769 4 2 4 3119.00 2322.25 15540.75 

5 187 261 719 4 6 6 2829.50 4197.50 16160.00 

6 266 99 418 4 6 4 4440.00 2678.25 8889.00 

Averag

e 
174.50 249.67 630.33 5.50 5.00 6.33 2964.83 3357.38 14747.40 

SD 70.87 94.50 151.37 1.97 2.19 2.00 1142.49 1035.80 3123.50 

CV (%) 40.61 37.85 24.01 35.91 43.82 31.58 38.53 30.85 21.18 

Cmax - peak plasma concentration; tmax - time to reach peak plasma concentration; AUC0-t - area under curve from 0 h 

to last determined experimental data; SD - standard deviation; CV - coefficient of variation 

 

Comparative pharmacokinetic parameters of formulation F10 comparatively with 

control samples of formulation F1 and of free AMD are listed in Table 70. 
 

Table 70. Pharmacokinetic parameters of pure AMD suspension and F1 and F10 formulations in Wistar 

rats following single dose oral administration (mean ± SD, n=6) 

Pharmacokinetic parameter Pure AMD suspension Formulation F1 Formulation F10 

Cmax (ng/mL) 174.50±40.61 249.67±94.50* 630.33±151.37* 

tmax (h) 5.50±1.97 5.00±2.19 6.33±2.00* 

AUC0-t (ng/mL·h) 2964.83±1242.49 3357±1036 14747±3124* 

AUC0-∞ (ng/mL·h) 3224.06±1202.28 3591±1052 16184±2924* 

ke (h-1) 0.053±0.01 0.062±0.01 0.052±0.01 

t1/2 (h) 12.88±0.85 11.46±2.07 13.71±2.47 

Frel (%)  111.4a 501.9a 

450.1b 

Cmax - peak plasma concentration; tmax - time to reach peak plasma concentration; AUC0-t - area under curve from 0 h 

to last determined experimental data; AUC0-∞ - area under the plasma concentration time curve from time zero to 

infinity; ke - elimination rate constant; t1/2 - elimination half-life; Frel - systemic relative bioavailability: a with reference 

to pure AMD suspension, b with reference to formulation F1; *: p<0.05 vs AMD 

 

III.3.2.3. Discussions 

In vitro release tests of AMD from matrix tablets 

The results showed that the two formulations of tablets achieved the sustained release 

of AMD. It was worth noting that formula F10 containing AMD/HP-β-CD inclusion complex 

generated a faster release of AMD compared to F1, but the release kinetic profile was 
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unaltered. That observation was consistent with results of previous studies which have shown 

that by complexing AMD with HP-β-CD its solubility increased significantly (Bonati et al., 

1984). Both formulations achieved a prolonged release of AMD for 6-8 hours (Figure 1). 

After six hours of study formula F1 had released 80.95% of AMD while formula F10 had 

released 86.59% of the active substance. The influence of matrix forming agents on the 

release of AMD from the inclusion complex formulated into modified-release tablets was 

confirmed by the values of f1 and f2 factors shown in Table 67. 

The results obtained during that phase revealed that the two formulations were the 

same in terms of the release profile of active substance. It appeared that improving the 

solubility of AMD by inclusion into AMD/HP-β-CD complex was reflected in a lesser extent 

in the release process of AMD. Thus we considered that the release of AMD from modified 

release tablets based on KOL and CHT was controlled only by those two matrix forming 

agents, and the low solubility of the active substance had a low impact and it was overcome 

through the formulation of prolonged release tablets. Although the similarities between the 

two release profiles of AMD was confirmed by the value of the similarity factor (f2 = 

68.263), the difference factor had a value greater than 15 (f1 = 43.697), which corresponded 

to a difference of more than 10% between the two analyzed profiles. The results obtained 

after fitting the data into the four mathematical models are presented in Table 68. 

The results obtained through fitting into selected mathematical models pointed out that 

the release of AMD occurred by diffusion from F1 and F10 matrix tablets that formulated 

AMD on its own and combined into HP-β-CD/AMD inclusion complex. However, a 

particular feature could be observed as F1 formula showed a better fitting into first order 

model. That model defined the release of the active substance through diffusion, but it was 

also an expression of the remnant substance. Diffusional characteristics were evident in the 

case of F10 formulation containing complexed AMD. Analysis of release kinetics revealed 

the fitting of the release profile of AMD from F10 into Korsmeyer-Peppas model. The n 

exponent value (n = 0.42) showed that because of hydration, the tablet matrix behaved like a 

sphere from which the release of AMD occurred through diffusion, at a rate proportional to 

the square root of time. (Yoshida et al., 2011; Bosînceanu et al., 2013). That result confirmed 

the optimization of AMD solubility by complexation, and the compatibility with the selected 

polymers in order to obtain prolonged release matrix tablets. 

In vivo single dose pharmacokinetic study 

The areas under curves from 0 h to the last determined experimental data (AUCo-t) 

shown in Table 70 are: 3143±934 ngmL-1 h-1 for pure AMD suspension, 3591±1052 ngmL-1 

h-1 for formulation F1 and 16184±2924mL-1 h-1 for F10, a value of 5 times higher for F10 in 

respect with pure AMD suspension and a value of approximately 4.5 times higher for F10 in 

respect with F1. 

A high value of variability (CV%) of observed pharmacokinetic parameters is in 

accordance with the high interindividual variability of AMD. 

Comparative pharmacokinetic parameters of formulation F10 comparatively with 

control samples of formulation F1 and of free AMD are listed in Table 70. 

The AMD was better absorbed at the tested dose from the formulation F10 and poorly 

absorbed from the pure AMD suspension and from the F1 formulation. It was noted that the 

Cmax obtained following the oral administration of a single dose of formulation F10 in rats 

was 1.5 and 3.8 times higher in comparison to the Cmax obtained following formulation F1 and 

pure AMD suspension oral administration, respectively. The values of the AMD plasma 

concentrations released from F10 formulation in dependence of time belong to the < 2000 

ngmL-1, the same therapeutic interval as that found by other authors for humans 

(Shayeganpour et al., 2008; Fabiani et al., 2011) and those values are similar with those 

reported in other studies concerning the pharmacokinetic studies using rats (Rodrigues et al., 
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2014; Thapa et al., 2018). After 24 h from administration, the values of the plasma 

concentration released from F10 are also higher than those of the two control samples. That 

means a better absorption of AMD and a prolonged release from that new F10 formulation. 

Further, the relative bioavailability of AMD following oral administration of 

formulation F10 was 4.5 fold and 5.1 fold higher in Wistar rats than that of formulation F1 

and pure AMD suspension, respectively. That is an incontestable proof in favor to practical 

use of such matrix tablets. Relative bioavailability of F1 formulation was about 1.1 times 

higher compared to pure AMD suspension and also could be explained by the effect of 

complexation of AMD in the formulation F10, which ultimately enhanced the digestive 

absorption. 

A new modified-release formulation not only alter the release of a drug and also will 

influence the release and dissolution rate in the different digestive sites because of different 

rates of absorption, leading to multiple peaking phenomena (Mittur et al., 2017; Mendonça de 

Matos et al., 2018). 

The double peak in the pharmacokinetic profile of the new formulation F10 (Figure 

91), compared with the references pure AMD suspension and F1 formulation, may indicate 

differential absorption rates at the digestive level. Those data are also in accordance with 

those found by in vitro study which evidences three steps of AMD release from the inclusion 

complexes, which could be explained both by the free AMD presence for the first stage of 

release as burst effect and also by different kinds of bonds in complexes because of 

substituents and their distribution and -CD chains. As compared to the pure AMD 

suspension reference, the new formulation F10 presented a 1.5 hour delay in the starting of 

each peak in plasma (see insert), and the amount of AMD absorbed from that new modified-

release formulation is higher. The first peak of plasma concentration of AMD in the pure 

AMD suspension is 136.67±52.0 ngmL-1 and occurs at 4 hours after administration, while the 

first peak of plasma concentration of AMD in the formulation F1 is 186.0±56.4 ngmL-1 and 

occurs at 3 hours after administration while in the formulation F10 the concentration was 

495.67±95.4 ngmL-1 and occurs at 4 hours after administration. The second peak of plasma 

concentration of AMD in the pure AMD suspension is 231.33±40.4 ngmL-1 and occurs at 4 

hours after administration, while the first peak of plasma concentration of AMD in the 

formulation F1 is 188.0±98.0 ngmL-1 and occurs at 5 hours after administration and in the 

formulation F10 is 625.33±95.4 ngmL-1 and occurs at 8 hours after administration. 

Following oral administration, the F10 formulation showed statistically improvement 

in the pharmacokinetics of AMD formulation as determined by AUC (increased by 

approximately 5 times, p < 0.05) and Cmax (increased by 3.6 times, p < 0.05). The tmax time 

needed to obtain the Cmax of AMD was delayed for F10 formulation (tmax = 6.3±2.0 h), a value 

higher than those of reference compounds pure AMD suspension (tmax = 5.5±1.9 h) and 

formulation F1 (tmax = 5.0±2.2 h), respectively. Therefore, the release of active substance 

from F10 formulation occurred later, but with better bioavailability than those of the reference 

samples. 

Matrix formulation F10 containing complexed AMD enhanced the bioavailability of 

insoluble hydrophobic AMD by increasing the drug solubility, dissolution, and/or drug 

permeability, making it available at the surface of the biological barrier, from where it 

partitions into the membrane without disrupting the lipid layers of the barrier. The increased 

drug efficacy and potency (i.e. reduction of the dose required for optimum therapeutic 

activity), caused by HP-β-CD presence increased drug solubility, may reduce drug toxicity by 

making the drug effective at lower doses. Inclusion complex of AMD with HP-β-CD might 

reduce the side effects by limiting the interaction, might show better tolerance with lower 

incidence and severity of side effects compared with the free drug. The HP-β-CD 

complexation provides better absorption of drugs with poor and erratic absorption and might 
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enhanced the drug activity on oral administration. HP-β-CDs were shown a better oral safety 

profile. The inclusion HP-β-CD/AMD complexes exhibited a much higher aqueous solubility 

and allow also, a parenteral administration of various drugs with no significant toxicity 

problems and hence are more often used in parenteral formulations (Ahmed, 2015; Sandu et 

al., 2012). 

AMD/HP-β-CD B complex as such and as F10 formulation exhibited reduced drug 

tissue irritation and precipitation tendency because their pH values were significantly closer to 

the physiological value (pH 7.4). AMD/HP-β-CD complexes are useful as slow-release 

carriers, in prolonged release formulations of water insoluble AMD drug. 

III.3.2.4.Conclusions 

The kinetics of AMD release from the two formulations was evaluated by in vitro and 

in vivo studies. 

Such matrix tablets showed a prolonged and sustain modified release and a 

bioavailability of 5 times higher than those of conventional tablets. That offers a prolonged 

oral delivery at the plasmatic concentrations belonging to the efficient therapeutic 

concentrations. 

The conducted research assessed the in vitro release profile of AMD from matrix 

tablets that formulated AMD on its own and combined into AMD/HP-β-CD inclusion 

complex. The results showed that the release processes of AMD from the studied formulas 

were different, although in a first phase the f2 factor value (f2 = 68.263) indicated the 

similarity of the two profiles. Analysis of release kinetics of F10 formulation confirmed that 

AMD complexing had greatly enhanced its solubility. Thus the dissolution and diffusion 

processes of AMD through the polymer matrix based on KOL and CHT was confirmed by 

fitting into the Korsmeyer-Peppas mathematical model. All those results were consistent with 

the physical and chemical properties of the active substance and they confirmed the defining 

influence of both the active substance and the matrix forming agents on the release of AMD. 

The formulations of AMD/HP-β-CD inclusion complexes both from powdered form 

and matrix tablets showed superior pharmacokinetic performance by improving loading and 

release properties of the insoluble AMD drug. In vitro kinetic study reveal a complex 

mechanism of release occurring in three steps, the first one being attributed to a burst effect 

and the other two to different bondings in inclusion complexes. In vivo test on matrix tablets 

containing KollidonSR and chitosan, similarly, show significant difference between the 

plasma drug levels over time between the free drugs as pure AMD suspension and the new 

formulation, also being characterized by multiple peaks plasma concentrations because of 

both structure of the inclusion complexes which determined prolonged and increased release 

of AMD and also of different sites of absorption in biological media (digestive tract). 
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EVOLUTION AND DEVELOPMENT OF THE 

PROFESSIONAL, SCIENTIFIC AND ACADEMIC 

CAREER 

My entire didactic and research activity was carried out within the Analytical 

Chemistry Discipline of the ”Grigore T. Popa” University of Medicine and Pharmacy from 

Iași. Together with my colleagues from the discipline, I will remain involved in the didactic 

and scientific research activities, which I will develop and expand, based on everything I have 

achieved in my career so far. 

 

Professional achievements 

 

All my didactic activity carried out over the years had as main objectives the 

accomplishment of the educational act to the highest standards of professionalism and the 

identification of the most efficient means of information and communication with the students 

to obtain the best results in the didactic process of training pharmacists. 

I have begun my didactic activity in 1991, after the contest for the assistant position. I 

became a lecturer in 2000. In 2004 I became an associate professor and in 2015 I have earned 

the professor position. 

As a member of the teaching staff, I have participated effectively in the preparation 

and conduct of the practical works, as well as in the seminarization of the Analytical 

Chemistry knowledge accumulated by the students of the 1st year and 2nd year Pharmacy, the 

4th year Medical Bioengineering, 1st year Pharmacy Assistance, 1st year PhD students and 

residents in the Clinical Pharmacy. I have contributed to the introduction of new practical 

works in qualitative and quantitative analysis in accordance with the requirements of the Xth 

Edition of The Romanian Pharmacopoeia, in the field of Instrumental Analysis, in order to 

familiarize students with the most modern methods underlying the physico-chemical control 

of the drug (optical methods, planar chromatography), introducing the course of validation of 

spectrophotometric methods, HPLC, and accreditation of laboratories of physico-chemical 

analysis. 

The didactic competences were emphasized by the teaching technique which was 

based on discovery, cooperation, immediate practical applications and problematization. The 

concepts learned during the courses endured the assimilation of the knowledge necessary to 

substantiate the profession of pharmacist. The anonymous evaluations of the students showed 

that they particularly appreciate the quality of the information they received, the teaching 

style, the materials distributed, the direct relation they could have with the teaching staff, the 

marking at the exams and, last but not least, the extra-curricular activities, because every year 

I have got very good rating. 

One of my achieved objectives has been the publication of books for pharmacist 

students, resident pharmacists, PhD students, pharmacists from community and hospital 

pharmacies, as well as for other specialists in the field of medicine, that were useful in their 

profession and in their ongoing training process. Those materials sum up 7 books published as 

first author and co-author. 
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The ability to guide students or young researchers was justified by the membership in 

the Guidance Committee of more than 10 PhD students in their research activity. In that 

capacity I have contributed to the selection and adaptation of the best study methods for their 

research topics. 

Within the Analytical Chemistry Scientific Research Group for students I have done 

my best to pass on my experience to the students who wished to participate with studies in 

various scientific events. I have also guided the graduation thesis of 28 students of the Faculty 

of Pharmacy. 

 

Scientific achievements 

 

The research activities carried out since 1991 until now, fall within the research topics 

of the Analytical Chemistry Discipline. They have an interdisciplinary character and aim at 

increasing the competitiveness, quality indicators and international visibility of all the 

organizational structures within the ”Grigore T. Popa” University of Medicine and Pharmacy 

from Iași. 

My studies from the PhD thesis coordinated by Prof. Vasile Dorneanu PhD and Prof. 

Gheorghe Dănilă PhD were entitled ”Analytical Reagents from the Group of Condensation 

Compounds of Ortho-Hydroxycarbonyl Combinations”. Its main objective was the 

development of new methods of analysis using new analytical reagents from the Schiff base 

and bis Schiff base groups that proved to possess high complexation ability with various 

cations. 

The scientific research carried out focused on three important directions: 

 establishing the optimal conditions for the formation of complex combinations 

using as analytical reagents Schiff bases and bis Schiff bases and developing 

new UV-VIS spectrophotometric for the determination of cations, which were 

based on the studied complexes. Their validation highlighting the fact that the 

new methods were sensitive, precise, accurate and easy to apply in any 

laboratory of drug control. 

 physico-chemical characterization of the complexes formed by the Schiff bases 

and bis Schiff bases with polyvalent cations such as Cu(II), Fe(II), Fe(III), 

Co(II), Mn(II), Ni(II). It was achieved by determining their melting point, UV-

VIS and IR spectra, molecular weight, and the metal-ligand combination ratio. 

 evaluating the Schiff bases and bis Schiff bases and their complexes regarding 

their toxicity, median lethal dose - LD50, their anti-microbiological and anti-

inflammatory effects. 

By fulfilling those objectives we have opened a new research direction in the field of 

analytical reagents - the qualitative and quantitative determination of cations with therapeutic 

or toxic effects from pharmaceutical products or biological fluids. Thus, the determination of 

several metal ions (Al(III), Zn(II), Cd(II), Pb(II), As(III), and Ca(II)), was carried out on wine 

produced by S.C. Vinia S.A, during Contract No 6407/26.04.2005. That research direction on 

new methods for quantitative determination of metal ion, has been carried out since through 

studies completed and published in scientific papers with impact factor. 

The analytical researches done in order to establish new methods of physico-chemical 

control of pharmaceutical substances active on histamine H2 receptors has been included in 

Contract No 1290/1996 signed with the Romanian Ministry of Research and Technology for 

the period 1997-1999. An original bromatometric method for the determination of cimetidine 

was applied to its determination from Tagamet® and Cimetidina®. 

Another research direction was the identification of new analytical reagents for the 

analysis of Se(IV) and the results were published in an ISI article. 
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We have investigated the influence of complexation of the Schiff bases and bis Schiff 

bases with several cations on their anti-microbial and anti-inflammatory activity, and the 

results were published in Romanian and international scientific journals. 

Because Schiff bases can form complexes with ions with important roles in the body 

thus blocking their action, we undertook a study on the complexation reaction of hydroxyurea 

with Fe(II), that determines feriprive anemia in patients under hydroxyurea long-term 

treatment. 

A collaboration was developed with researchers from the “Petru Poni” Institute of 

Macromolecular Chemistry from Iași regarding the antibacterial activity of several Schiff 

bases derived from aniline. 

The study directions have included the research of the low solubility of amiodarone a 

pharmaceutical substance classified in the II CBS group of biopharmaceutical classification of 

pharmaceutical substances with the low bioavailability. Amiodarone by complexation with 

hydroxypropyl-β-cyclodextrin in the 1:1 combination ratio forms an inclusion complex that 

resulted in a three-fold increase in solubility for amiodarone. The complex was obtained in 

collaboration with the group led by researcher Cornelia Vasile from the “Petru Poni” Institute 

of Macromolecular Chemistry from Iași. The amiodarone inclusion complex was incorporated 

by direct compression with Kollidon®SR, chitosan, Avicel® and magnesium stearate into 

modified-release tablets obtained at the Pharmaceutical Technology Discipline of the Faculty 

of Pharmacy. The analytical research was included the following stages: 

 physico-chemical characterization of the inclusion complex; 

 study of the physico-chemical stability of amiodarone in the presence of 

adjuvants during the compression process, through IR-TF and DSC studies. 

 development and validation of a new HPLC method with UV detection for the 

quantitative determination of amiodarone in modified-release tablets, inclusion 

complex, and serum during pharmacokinetic studies. 

The results of those researches were published in several ISI articles and two patents 

(No 131194 and 131195 in 2019) that received a silver and a bronze medal at the 8th Edition of 

the European Exhibition of Creativity and Innovation - Euroinvent on 21st of May, 2016. 

The ability to work as a team and the efficiency of the scientific collaborations were 

demonstrated by the results that were the basis for the elaboration of the scientific studies 

published nationally or abroad, and the activity carried out during three research contracts as 

research team member: 

 62-065/2008 PNCDI (PC program 4) - ”The complex characterization of some 

cytostatic active extracts from Claviceps purpurea strains obtained by 

parasexual hybridization biotechnologies, in order to be used in veterinary 

therapy”. The objectives of the project were the development of 

biopreparations with cytostatic - antitumor effect and reduced toxicity for use 

in veterinary therapy. The results were disseminated through articles published 

in scientific journals, participations to scientific events and a patent. The article 

”Antineoplastic clavinic alkaloid type product of veterinary use and 

preparation process thereof” received the bronze medal at Euroinvent 2012, 

Iasi. 

 Internal Grant Contract 20242/20.12.2013 of ”Grigore T. Popa” University of 

Medicine and Pharmacy from Iași - ”Optimization of the in vitro availability of 

sodium alendronate in different particulate systems”. The objectives of the 

project were the formulation, characterization and evaluation of the in vitro 

availability of sodium alendronate from solid particulate systems (solid 

particles based on self-emulsifying lipids and particles based on mesoporous 

silica). The project was carried out between January 2014 and June 2015. 
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 International project PN3-P3-227 No 30/BM/2016 of bilateral cooperation 

Romania-Republic of Moldova – ”Topical mesoporous silica nanotransporter 

systems for local skin cancer therapy” coordinated by ”Grigore T. Popa” 

University of Medicine and Pharmacy from Iași. The project was carried out 

between 2016 and 2018. 

The ability to lead research and development projects was highlighted by the manager 

position in the COST FP1205 International Project committee - “Innovative applications of 

regenerated wood cellulose fibers”. The objectives of the project included the processing of 

cellulose in the form of nanoparticles in order to obtain films and sponges with applications in 

the medical field, as well as overcoming the challenges faced when shifting from laboratory 

applications to industrial scale production, in order to develop emerging sustainable 

technologies. The project was carried out between 2013 and 2016. 

In conclusion, my research activity, carried out could be quantified in: 

 32 articles published in ISI indexed journals, (19 as main author), with 13 of 

those published since the last promotion (12 as main author); 

 30 articles published in journals indexed in international databases (10 as 

author main); 

 33 studies published in the volumes of scientific events with ISBN/ISSN; 

 45 posters and communications presented at national and international 

scientific events: 27 international (15 as main author) and 18 national (10 as 

main author). 

 

Professional activity development 

 

The development of the educational activity aimed at the continuous improvement of 

the teaching methodology, by helping and involving the students in the learning and research 

process and by ensuring an exchange of information at national and international level. 

In order to increase the quality of the educational act, I am considering: 

 modernizing the teaching process by identifying new methods and technologies for 

preparing, transmitting, assimilating and verifying the acquisition of knowledge; 

 the interest for novelties in the field of Analytical Chemistry will be transposed 

into the educational activity by permanently updating the courses presented to the 

students; 

 the continuation and development of the interactive teaching mode with the 

involvement of students in various topics through practical and theoretical 

correlations between the concepts of the course and the application activities; 

 modernization of teaching techniques in accordance with the latest methods of 

university pedagogy; 

 diversification of the analytical program at the proposal of the students following 

the experience of the practical activity; 

 active involvement of students in the development of courses and applications 

using teaching methods focused on discovery learning and team study; 

 supporting and encouraging students to participate in research activities, 

conferences and symposiums; 

 organizing activities to coordinate the graduation thesis and master's degree studies 

that comply with European standards and recommending students for scholarships; 

 reflection of the research results in the didactic activity; 

 involvement in all relevant didactic and scientific activities of the department, 

faculty and university; 
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 increasing the supply of postgraduate courses and orienting them towards the 

pharmacist's requirements. 

 

Future directions in scientific activity 

 

The development of the research activity will be based on multi-disciplinary and inter-

disciplinary collaboration and research, in order to generate recognized results that will 

maximize the opportunities for concluding partnerships in order to capitalize on all forms of 

research funding. 

The main topics we have addressed in the scientific research activity carried out so far 

are: 

 elaboration and validation of new methods of analysis for CBS category II drug 

substances, modified-release pharmaceutical products, micro-nanoparticulate 

therapeutic systems; 

 introduction of new analytical reagents and electrochemical sensors for the 

determination of ions and pharmaceutical substances. 

 modeling and correlating the physico-chemical parameters of some newly 

synthesized chemical entities with their structure in order to identify their 

usefulness in pharmaceutical analysis or in the development of pharmaceutical 

formulations. 

 exploring the particular aspects of modern methods of analysis, such as gas 

chromatography, liquid chromatography, capillary electrophoresis, atomic 

absorption spectroscopy, to highlight new possibilities for their use in analyzing in 

vivo availability and correlating in vitro - in vivo results for a more accurate 

prediction of the pharmacokinetics of the active principle. 
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