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1. Abstrakt 

Gentamicin je aminoglykosidové antibiotikum, které se využívá k léčbě řady 

onemocnění zejména způsobené gramnegativními bakteriemi. 

Tradičně je tato látka analyzována především s využitím chromatografických metod. 

Současně byly popsány další metody jako je spektrofotometrie, průtoková injekční 

analýza (FIA) s chemiluminiscenční detekcí. 

V této práci je uvedena citlivá, rychlá a ekonomicky výhodná potenciometrická metoda 

pro stanovení gentamicinu. Byla vyvinuta iontově selektivní elektroda s PVC 

membránou, která využívá jako ionoforů různé druhy cyklodextrinů a jejich derivátů 

nebo komplex Evansovy modři s gentamicinem. Při vývoji elektrod byla  testována 

různá rozpouštědla mediátorů a další pomocné látky pro dosažení optimálních 

charakteristik membrán. Vyvinuté ISE byly použity pro potenciometrické stanovení 

obsahu gentamicinu ve farmaceutických přípravcích. 

 

Gentamicin is an aminoglycoside antibiotic, and can treat many types of 

bacterial infections, particularly Gram-negative infection.  It is one of the heat-stable 

antibiotics that remain active after autoclaving, which make it particularly useful in the 

preparation in the certain microbiological growth media. 

Traditionally, pharmaceutical analysis of these compounds relies heavily on 

chromatography, yet also frequently requiring the use of reagent-based detection 

principles like spectrophotometric, chemiluminescent detection in flow-injection 

analysis , capillary electrophoresis, a novel LC/ELSD, thin-layer chromatography, 

HPLC.A simple and sensitive potentiometric procedure for the determination of 

gentamicin is presented, after development of selective electrodes based on PVC 

membranes using  different type of cyclodextrins and its derivatives, or Evans Blue 

complex with gentamicin as ionophers. Several mediator solvents and lipophilic ionic 

species were also used in order to optimize the characteristics of the membranes.  

The evaluation of the general characteristics for all the units prepared revealed 

an analytical linear range of about 2x10-4; 5x10-3 mol L-1, slopes of about 50 mV/dec, 

good reproducibility and low response times. The evaluation of Potentiometric 

selectivity coefficients will permit to choose the best electrode for gentamicin control in 

pharmaceutical preparations. 
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2. Introduction 

Potentiometry using ion-selective electrodes is a well established technic and 

provides rapid, accurate results and low-cost analysis. 

In many frequently preformed analyses, such as the determination of nitrate in 

drinking water, the electrodes and probes are replacing existing techniques, in other 

cases, such as the on-line monitoring of fluoride in drinking water or sodium ions in 

boiler feed waters, the use of potentiometric sensor has made feasible measurements, 

which are otherwise almost impossible. 

One of the most attractive features of the electrodes and probes is the speed with 

which they permit a sample to be analysed, and the ease with which the methods may be 

made semi-automatic or fully automatic. 

Next advantage is that the methods may be non-destructive and are adaptable to 

very small sample volume ( 10µl). Furthemore analyses can be made without difficulty 

of highly coloured, viscous samples containing a high concentration of suspended 

solids. However, problems do arise in the analysis of some non-aqueous and partially 

non-aqueous samples.      

In this work potentiometric sensors for gentamicin were developed and used for 

application in pharmaceutical products. 

Gentamicin is widely used as broad spectrum aminoglycoside antibiotic that 

inhibits both the gram-positive and gram-negative bacteria. 
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3. Theory 

3.1.  Potentiometry with ion selective electrodes 

Potentiometry is the field of electroanalytical chemistry in which potential of a 

cell (Ecell) is measured under the conditions of no current flow. The measured potential 

may then be used to determine the analytical quantity of interest, generally the 

concentration of some component of the analyte solution. The potential that develops in 

the electrochemical cell is the result of the free energy change that would occur if the 

chemical phenomena were to proceed until the equilibrium condition has been satisfied.  

rxnrxn nFEG −=∆  

This concept is typically introduced in quantitative analysis courses in relation to 

electrochemical cells that contain an anode and a cathode. For these electrochemical 

cells, the potential difference between the cathode electrode potential and the anode 

electrode potential is the potential of the electrochemical cell. [1] 

Ecell=Ecathode-Eanode 

 

Potentiometry is a kind of electroanalytical technic that can use ion selective electrodes 

as detectors.  

Ion-selective electrode is an electrochemical sensor, based on thin films or 

selective membranes as recognition elements in contact with an electrochemical 

transducer. In fact an ion selective electrode is an electrochemical half-cell equivalent to 

other half-cells of the zeroth (inert metal in a redox elektrolyt), 1st, 2nd and 3rd kinds. 

These device are distinct from these refered systems which involve redox reactions 

(electrodes of zeroth, 1st, 2nd and 3rd kinds). The produced potencial results from the 

difference of chemical potencial between the concentration ions in solution and in the 

electrode membrane. However the ion selective electrode includes a 2nd kind electrode 

as the „inner“ or „internal“ reference electrode.[3]  

 

Ion-selective electrodes sense the activities of ions in solutions, and the 

developed potential is related with the activitie of the main ion. Neverthless if the ionic 

strenght of the solution is constant the electrode response is related with the main ion 

concentration.  
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The activity, ax, of an ion X in solution is related to its concentration, cx, 

expressed as a molarity (moles of X per liter of solution), by the equation: 

   ax = yxcx 

yx- the activity coefficient 

Since the ions are not isolated in solution, is dificcult to determine their activity 

coefficient. In general case of the ion X in solution with a counter ion Y the mean 

activity coefficient, yxy, is dependent upon the ionic strength of the solution. Acording 

to Debye-Hükel theory, this dependence may be expressed in the form 
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A and B – conditional constants depending upon such variables as temperature, 

the density and dielectric constant of the solvent 

nx and ny – the charges on ions X and Y 

d – termed the average effective diameter of the ions 

I – the ionic strength    is defined by   
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where the summation is taken over all the ions in the solution. 

In analytical work it is usual to measure concentrations on the molar scale ([X], 

moles of X per litre of solution) or in related units (milligrams of X per litre of solution, 

i. e. ppm). Concentrations on the molal and molar scales are virtually identical except in 

very strong solutions of X, thus, ax may be expressed by the equation 

ax = yx [X] 

If the relationship between the activity and concentration of a determinand can 

be fixed by adding a constant concentration of an inert electrolyte to all samples to 

swamp out minor variations in sample composition, then an electode may be used 

directly for concentration measuremetns. 

Ion-selective electrodes should ideally respond to determinands according to the 

Nernst equation. For a determinand X, the Nernst equation for the response of a cell 

containing an X-selective electrode may be written.[6] 
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xa
zF

RT
EE ln0 ±=  

E0 - the standard potential of the cell 

ax - activity of ion X 

z - number of charges on X 

R, T, F have thein convential meanings 

Equation describes the pure response of the electrode to X and thus assumes that 

there is no other ion in the solution to which the electrode can respond. Futhemore, the 

range over which an electorde will give a Nernstian response to the determinand X is 

limited in practice, even in the absence of other, interfering ions to which electrode 

responds (interferents). It may be noted also that it has become common to refer to the 

response of an electrode or probe as Nernstian whenever the electrode potential is 

proportional to the logarithm of the determinand ion activity, ln ax, even if the constant 

of proportionality is not exactly RT/zF. For z=1, RT/zf is equal to 59mV at 25 degree of 

Celsia, but values down to even 55mV are frequently referred to as Nerstian, although 

strictly this is incorrect. The term ‚sub-Nernstian‘ is used to describe electrode 

responses when the potential is proportional to ln ax, but the proportionality constant is 

even lower than about 55mV. Such low slopes values usually correlated with a non 

reversible thermodinamic reaction on memebrane level.  For pure solutions of XY, of 

concentration less than about 10-4M, the activity coefficient is close to unity, and 

differences between activity and concentration may be ignored. However, as the 

concetration increases above 10-4M the activity coefficient decreases and these 

differences become progressively larger. In this case the adjustment of ionic strength of 

the solutrion is necessary in order to correlate the potentiometric response with 

concentrations instead activity. 

However, the accuracy and prercision of the determinations may remain 

essentially unaltered over several decades of activity. The accuracy and precision 

depend on the degree of control exercised over the experimental conditions, such as 

temperature and stirring rate, and on the measurement technique. 

In direct determinations the ion-selective electrode and a reference electrode are 

immersed in a stirred sample and the resultant cell potential related with the main ion 

activity or concentration by means of a calibration graph; the expected accuracy and 

precision for such a straightforward method should be comparable to those of a pH 

measurement. 



9 

 

In conclusion ion-selective electrodes may be simply defined as electrochemical 

sensors, which respond to ionic activities according to Nernst equation, sometimes with 

subtheoretical slopes.  

 Ion selective electrode membrane 

This general term refers to a continuous layer, usually consisting of a semi-

permeable material, with controlled permeability covering a structure, such as carbon or 

an inert metal, or separating two electrolyte solutions (external and internal) . This latter 

case is the most general construction mode for conventionally-shaped ion selective 

electrodes (ISE). The membrane separates the internal components of the ISE from the 

test solution. Membranes of ion selective electrodes are thought to be practically 

homogeneous, but they may contain inhomogeneous regions (if it is constitued by 

crystalline membranes), often at surfaces, and connected with material and preparation 

methods used.[3]  

Ionic-strengh or/and pH adjustment solution 

These are solutions of high ionic stength added to calibration solutions before 

measurement in order to kept constant the ioni strength of solutions. Often a fixed pH 

buffer solution as well as an solution from a pure salt is used. In addition sometimes is 

necessary to perform the ionic strength adjustment using solutions of complexing agents 

and other components in order to to minimize or to mask the effects of certain 

interferences.[3] 

3.1.1. Classification of ion selective electrodes 

The most logical classification is based on the type of active material used to 

make the membrane.  

• Glass electrodes-electrodes with glass membranes were well known long 

before the recent development of the other classes of ion-selective 

electrode. Between these electrodes belongs hydrogen ion-selective 

electrode, it is the most often use. Subsequently, glass electrodes for the 

measurement of Na+, K+, NH4
+, Fe3+ and Cu2+. 

• Electrode based on inorganic salts. Into this class fall the electrodes 

based on the silver halides, silver sulfide, lantanum fluoride and heavy 

metal sulfides. The membranes of these electrodes have been produced in 

a variety of homogeneous and heterogeneous forms ranging from single 
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crystals to dispersions of the active material in an inert matrix such as 

silicone rubber or polyethylene. Ions measured by electrodes in this class 

include F-, Cl -, Br -, I -, CN -, S2-, Ag+, Cu2+ and Pb2+.  

• Electrodes based on organic ion exchangeers and neutral carriers. 

Organic ion exchangers are used to make electrodes with liquid or 

polymeric membarnes which are selective to ions such as Ca2+, NO3
- and 

ClO4
-. The cation-selective electrodes use cation exchangers or 

complexing agents as active material, whereas the anion-selective 

electrodes use anion exchangers. Electrodes based on neutral carriers 

generally have higher selectivity and are better-behaved than the other 

electrodes in this class.  The most widely applied of these electrodes are 

those selective to K+ and NH4
+ .  

 

3.1.2. Reference Cells and reference electrodes 

Non reference electrode adopts an absolutely constant potential in all conditions 

and thus one must be chosen which behaves sufficiently ideally for the required 

measurement.   

3.1.3.  Cells without liquid junctions 

For the most accurate work cells without liquid junctions should be used to 

avoid uncertainties associated with liquid junctions and contamination of samples with 

interfering ions provided by the junction liquid and the development of liquid junction 

potentials. The ion selective potentiometry has considerable advantages over 

conventional technique in terms of soft precision of measurement.  

A practical limitation, however, is that most ion selective electrodes have a high 

impedance and most pH meters have only one high-impedance input, that is why a 

special pH meter with two high-impedance inputs must be used or it must be ensured 

that one of the electrodes has a low impedance. A futher limitation is that sample must 

be free from substance that interferes with ether electrode. 

Tthe silver/silver chloride electrode has been commonly used as reference 

electrode. in cells with samples containing a constant background activity of chloride 

ions. In the most-studied system, used to establish the pH scale, the ion-selective 
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electrode was a hydrogen ion-selective electrode, such as the hydrogen electrode or the 

glass electrode. [6] 

3.1.4. Cells with liquid junctions 

In cells with liquid junctions, in contrast to cells without liquid junctions, the 

reference electrode assembly adopts a potential which is assumed to be independent of 

the composition of the simple. This involves the assumptions that the potentials of 

reference electrode and liquid junctions are constant. 

Cells with liquid junction electrodes were used in the pass by nowdays the 

researchers prefer to use references without liquid junction because can eliminate the 

interference from the ion of the liquid junction. For that a double junction reference 

electrode is commonly used today.[6]  

3.2. Reference electrodes 

The function of the electrode is to act as a half-cell of constant potential of the 

ion/selective electrode The essentials characteristics of a satisfactory reference electrode 

are stability, reproducibility and reversibility. 

The stability of the reference electrode will be affected by both chemical and 

physical factors. Ideally, the chemical components of the electrode should be stable 

within the ansembly and should not react with species in the sample.[6] 

For high stability, the reference electrode should have a low temperature 

coefficient and be insensitive to variations of incident light, pressure and other physical 

parameters. 

The reproducibility of an reference electrode is closely associated with its 

thermodynamic reversibility and the magnitude of the exchange current of the electrode 

reaction. A perfectly reproducible electrode should obey the Nernst equation, show the 

temperature or concentration hysteresis and regain equilibrium rapidly after polarization 

(i.e. after passage of current). Polarization, however, is not a problem when the 

electrode is connected to a modern pH meter, with input impedance, since the current 

flowing is extremely small. 

The commonest of all reference electrodes is the calomel reference electrode. It 

consists of a pool of mercury covered by layer of mercurous chloride (calomel) in 

contact with a reference solution containing chloride ions and saturated with mercurous 

chloride. The solution chosen is always of potassium chloride, although hydrochloric 
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acid has been used in fundamental studies of the electrode. The electrode gives a 

Nernstian response to chloride ions. 

The most satisfactory of all reference electrodes and certainly the simplest is the 

silver/silver chloride electrode. 

It can be used also mercury/mercous sulfate electrode and thallium 

amalgam/thallous chloride electrode. 

At the junction between two electrolyte solutions, ions from the two solutions 

diffuse two each other. Different ions have different mobilities and will diffuse at 

different rates. A charge separation produces a potential difference across the junction 

called the liquid junction potential. 

Any change in the liquid junction potential appears as a change in the potential 

of the assembly since: 

Eref = Er + Ej  

Eref – potential of the assembly 

Er – potential of the reference electrode in the bridge solution 

Ej – the liquid junction potential 

An extra liquid junction potential must be included if a double junction reference 

electrode is considered. 

When an analysis using a cell with an ion selective electrode is carried out, it is 

assumed that the liquid junction potential in the standard solutions used to calibrate the 

ISE remains constant in all later measurements. Constancy may be approached by a 

suitable use of the most satisfactory bridge solution and the best physical form of the 

liquid junction. 

In double junction reference electrodes the second junction is between the bridge 

solution and the reference solution. 

The choice of the type of junction to be used must be made from a range of 

devices ranging from the best in terms of stability and reproducibility, which are 

complicated to realize in practice, to the worst, which are easy to use but much less 

stable and reproducible. 

Serious errors may be introduced due to residual liquid junctions potentials if the 

sample has an extreme pH value, either high or low. Changes in the activity of hydrogen 

or hydroxyl ions in a sample have a much greater effect on the liquid junction potential 

than changes in other ionic activities. 
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The problem of measurements in samples of extreme pH with an ion-selective 

electrode may usually be solved by buffering the sample to a neutral pH in a 

pretreatment stage. When such pretreatment is not possible (e.g. to prevent upsetting 

chemical equilibria) and the concentration of acidic or basic constituents in the sample 

remains constant, the salt bridge may be changed to match the sample. 

The bridge solution, often called the salt bridge, should be selected to minimize 

the liquid junction potential and also to minimize contamination of the sample by, for 

example, extra determinant or species which can interfere with the response of the ion-

selective electrode.[6] 

 
Fig.  1 ISE and reference electrode 1[30] 

3.2.1. Liquid membrane electrodes 

The membrane components usualy include the ionophore, as recognition 

molecule (sensor molecule) a mediator solvent as platicizing agent and an inert support 

like PVC. The membrane components further may also include an additive such as, a 

lipophilica anion or cation salt in order to decrease the electrical membrane resistence 

and also to prevent co- extraction of interfering species. 

The method of the invention may further include contacting a surface of the 

membrane with an aqueous material that may contain a biomolecule, to form a two-

layer ion-selective membrane having a solvent-free layer and an aqueous layer. In this 
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aspect of the invention, the biomolecules may be, for example, enzymes, receptors, 

hormones, nucleic acids and antibodies.  

In another aspect of the invention is provided a solvent-free ion-selective 

membrane made of a polymer and at least one additive, wherein the membrane is 

formed without a solvent. The polymer of the membrane may be, for example, vinyl 

chloride, polyvinyl chloride, or a copolymer of vinyl chloride, such as vinyl acetate 

andlor vinyl alcohol.  

The additive may be a plasticizer. Useful plasticizers include, for example, 

aromatic ethers, aliphatic-aromatic ethers, adipic acid esters, sebasic acid esters, 

phthalic acid esters, lauric acid esters, glutaric acid esters, and phosphoric acid esters. 

The additive also may be an ion-selective agent. Membrane components may also 

include more than one additive, such as a plasticizer and an ion-selective agent. The 

membrane components further may include one or more additives such as, for example, 

plasticizer modifiers, active ingredients, ion mobility enhancers, heat stabiiizers, light 

stabilizers, surface activity modifiers, lipophilizers, and intermediary immobilizers.  

It is noted that plasticizers are capable of solubilizing polymers in many cases. 

Accordingly, in some publications (e. g. Suzuki, et al., Anal. Chem. 1989,61: 382-384) 

plasticizers themselves have been misdesignated as solvents. More correctly, and for the 

purposes of this application, a distinction is drawn between a true solvent and a 

plasticizer in membrane production. A true (extraneous) solvent is used to dissolve the 

components of the membrane and is then, either in whole or in part, removed from the 

membrane as it cures. The removal of the solvent generally is accomplished by means 

of evaporation. Examples of true solvents that commonly have been used in solvent-

based polymeric membranes of the prior art include cyclohexanone, methylene chloride, 

propylene carbonate, tetrahydrofuran, toluene, methanol, and water. The membranes of 

the present invention are thus made without addition of these or any other extraneous 

solvents, and have the benefit of being highly resistant to degradation caused by contact 

with water or solutions containing water. 

The membranes of the present invention may contain a polymer, typically 

polyvinylchloride (PVC) or a PVC copolymer; plasticizers; plasticizer modifiers; active 

ingredients; ion mobility enhancers; heat stabilizers; light stabilizers; surface activity 

modifiers; lipophilizers; intermediary immobilizers; andlor other components. PVC 

polymers or copoiymers include low, medium, high and ultra-high molecular weight 
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PVC. Also useful are copoiymers of vinyl chloride such as vinyl chloridelvinyl acetate, 

vinyl chloridelvinyl alcool, and vinyl chloridelvinyl acetatelvinyl alcohol.  

Another suitable polymer is carboxylated polyvinyl chloride.  

Active ingredients that may be used in membranes of the present invention 

include, among others, antibiotics, liquid ion exchangers, neutral carriers. Ion 

substituted amines, organo-ammonium salts, crown ethers, hormones, enzymes, 

antigens, antibodies, DNA binding 

Examples of useful heat stabilizers are salts of stearic acid, organo-metallic 

compounds, and chlorine receptors. Light stabilizers can include both UV absorbers and 

light-to-heat converters. Examples of surface activity modifiers are cellulose triacetate, 

polyacrylamide, organo-ammonium salts, and the like factors, nucleic acids, and the 

like. mobility enhancers include, for example, salts of stearic acid, long chain alcools, 

and waxes including but not limited to paraffin waxes.[31] 

.Data presented by various authors relating the effect of membrane composition 

of liquid-state membrane electrodes to the selectivity of electrodes are often 

controversial. This is certainly not due to improperly performed experiments, but in our 

opinion a reflection of the complexity of the problem. It is obvious that interaction of 

the aqueous solution (external and internal) with an essentially hydrophobic membrane 

can lead to changes of membrane composition. The diversity of membrane 

compositions and interacting solutions produces a variety of effects. 

When in liquid ion-exchanger electrodes there is no strong the analyte ion, the 

selectivity pattern follows the Hofmeister series for anions. This has been confirmed for 

many solvents with electric permittivity greater than 10 such as o-nitropehenyloctyl 

ether, 1,2-dichloroethane, but this does not hold for chloroform and n-decanol. In the 

case of anion selective electrodes the change of mediator (2-nitrophenyloctyl ether, 2-

nitrophenyl phenyl ether), as long as its electric permittivity is above 10, does not 

introduce any differences of selectivity coefficient beyond those arising from 

measurements at various concentration levels. Generally, it can be stated that the less 

polar is solvent used, the poorer is the selectivity.  

On the other hand, additions such as those of phenol derivatives to membranes 

selective for organic sulpohonates may change the selectivity by suppressing 

intereferences by inorganic anions. This behavior may serve as an example of specific 

interaction in the membrane phase trough hydrogen bonding modifies the selectivity. 
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 The addition of lipophilic anions, such as tentraarylborates, is well known and 

has been exploited reversibility in the practical construction of electrodes. Such addition 

improves resistivity characteristics and response time and eliminates the interference of 

lipophilic anions during cation determination. They also increase the preference of 

neutral carriers towards divalent ions. As long as the concentration of such addition is 

below the amount equivalent to the carrier the effect is not significant. It drastically 

alters the selectivity sequence when present in molar excess.[7] 

Electrode based on neutral carrier electrodes 

The neutral carriers used in these electrodes are usually macrotetrolide, 

antibiotics, depsipeptide antibiotics or sometimes, cyclic polyethers (crown 

compounds). These molecules all have closely knit structures with a central cavity, and 

tend to favour complexation with ions which are similar in size to the cavity. Thus, by 

correct choice of carrier and solvent , electrodes have been made with high selectivity 

for the determinand, also where no suitable carrier was already available, neutral 

carriers have been tailored to give the correct cavity size for a particular determinand.[6] 

3.3. Evaluation of potentiometric sensors 

3.3.1. Calibration of electrodes 

Calibration curve is a plot of the cell emf (electromotive force measured as ion-

selective electrode potential minus external reference electrode potential of a given ion-

selective eletrode cell assembly (ISE combined with an identified external reference 

electrode) vs. the logarithm of ionic activity (concentration) of a given specie. For 

uniformity, it is recommended that the cell emf be plotter of the ordinate (vertical axis) 

with the more positive emfs at the top of the graph and that paA (-log activity of the 

specie measured, A), of pcA (- log  concetration of the species measured, A) be plotter 

on the abscisa ( horizontal axis ) with increasing activity to the right. When referring to 

the potential diference at an ISE membrane interface, or across the ISE membrane 

including bulk and two interfaces, the terms interfacial potential diference, and ISE or 

membrane potential diference should be used to distinguish a portmon of the cell emf 

under study.[3] 

An ion-selective electrode can be calibrated either with solutions of known 

determinand activity or with solutions of known determinand concentration, according 
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to which parameter is to be measured in the samples. The calibration curve is showen in 

Figure Determination of the detection limit and calibration. 

3.3.2. Detection limit  

The detection limit of an ion-selective electrode has been defined for every 

existing electrode using the definition proposed by IUPAC [3] . The lower limit of 

Nernstian response, or Nernstian limit, in contrast, is less ambiguous, it may be defined 

as a lower activity of the determinand, A, at which the Nernstian plot of electrode 

potential against –logaA begins to depart from linearity. It may thus be determined 

directly from the calibration graph. This Nernstian limit is the more important criterion 

of electrode performance as it specifies the lower limit of the most useful range of the 

electrode. Below this limit, electrode response becomes progressively more and more 

irreproducible and regular use of the electrodes in this region, between the Nernstian 

limit and the limit of detection, is progressively less satisfactory.  Exceptions include 

the case of such very well-behaved electrodes as the silver chloride-based electrode 

electrode which may be used satisfactory down to very close to the limit of detection 

but using special experimental conditions. 

IUPAC provisonial recommend that the detection limit be defined as the 

concentration of the determinand, A, at which the electrode potential deviates by 18/nA 

mV from the extrapolation of the linear portion of the calibration graph. [2] 

The detection limit and the Nernstian limit depends on both the properties of the 

electrode and the conditions of measurement. 

When the electrodes are immersed in a sample, the membrane material dissolves 

into the sample until the equilibrium indicated by the solubility product is reached. 

The detection limit may also be set by the activity of defect ions in the 

membrane material. This paragraph and the last one are true only if the membrane of 

the electrode is crystalline or heterogeneous. If they are liquid membranes the limit of 

detection is a function of membrane properties, such as solubility of the ion exchanger 

or the ionophore, percentage of ionophore, presense or not of interfering species and the 

concentration of ionic specie inside of membrane.  

The apparent limit of detection of electrodes when used in anion or cation 

buffers is often many orders of magnitude lower than when the electrodes are used in 
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diluted solution, hence, in these cases the measured limits of detection again depend on 

the conditions of measurement. 

The practical lower limit of detection may be taken as the activity (or 

concentration) of substance A at the point of intersection of the extrapolated linear 

midrange and final low concentration level segment of the calibration plot. The 

reliability depends on: 

1. The standard deviation of a single potential measurement in both linear 

regions (it needs not to be the same in the Nernstian and concentration-

independent regions) 

2. The number of data points taken into account to determine the 

parameters of the linear sections 

3. The concetration range used to determine the parameters of the linear 

sections.[3] 

 

 
Fig.  2 Determination of the detection limit and calibration  [8] 

 

Response limits are also dependent on temperature and solvent. 
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The response range and slope 

The analytical response range of ion-selective electrodes is very large compared 

with that of most analytical methods. Nearly all electrodes respond over at least four 

decades of concentration in a virtually theoretical manner and some, such as the sodium 

electrode respond over eight decades of concentration.  

For this type of evaluation is usually to do a mean of 3 or 4 results obtained with 

different electrodes  

Range and span: The cell is said to have a range response (in activity or 

concentration) between the lower and upper detection limits, determined from a plot of 

the cell potential difference vs. the log of activity. The span is the corresponding emf 

difference (potential range in contrast to activity range) determined by projecting the 

lower (initial) and the upper (final) concentrations to the potential axis. [3] 

Analytical range: of a technique or method is the concentration range over 

which valid data can be collected within pre-determined statistical parameters. 

Analytical range is affected by such instrumental factors as pre-concentration factors, 

and solution matrix (changes of matrix, especially, will vary analytical ranges by orders 

of magnitude). [5] 

Slope Intercept Form Definition: 

     Slope intercept form is also called as gradient, y-intercept form. Slope Intercept 

Form is used to generate the Equation of a straight line with a slope m and y - intercept 

c of the line. 

  

3.3.3. Selectivity of electrodes 

No ion-selective electrode responds exclusively to the ion which it is designed to 

measure, although it is often more responsive to this primary ion than to others. If 

another interfering ion is present at a concentration which is large with respect to the 

primary ion, the electrode response will have contributions from both the primary and 

interfering ions. The degree of selectivity of the electrode for the primary ion , A, with 

respect to an interfering ion, B, is expressed by the selectivity coefficient, kAB; this is 

defined by the general equation for the electrode potential : 
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nA, nB – charges on ions A and B  

E0 – standard potential of the electrode 

F – Farraday constant 

This equation is applicable to nearly all electrodes. 

When an electrode is very selective for A in comparison with B, then kA,B will 

be much less than unity. Conversely, if as occasionally happens, the electrode responds 

preferentially to B rather than A, kA,B will be greater than unity. To generalize, the 

electrodes with membranes based on ionorganic salts and glass membranes have more 

extreme values of kA,B (i.e. <<1 or 1>>) than the electrodes with membranes based on 

the organic ion exchangers. Variations in kA,B are associated with the mechanism of the 

electrode response and with the changing environment of the ions in solutions. These 

factors also cause kA,B to depend on the method used to determine it . Hence, it is 

essential, especially for the electrodes based on ion exchangers, to know the details of 

the method of determining any quoted values of kA,B. 

Several methods have been described for the experimental determination of 

selectivity coefficients. The methods fall into two categories : 

1. separate solution methods 

2. mixed solution methods 

In first method the potential of the electrode under investigation is measured firstly in 

solutions containing the primary ion A with no B present and then in solutions 

containing the interfering ion B with no A present. KA,B is calculated from the activities 

of A and B, in the different solutions, and the electrode potentials. These separate 

solution methods of measuring kA,B cannot be recommended, as they do not give 

reliable results. The potential-determining processes at the surface of the electrode 

membrane are often substantially different in the separate pure solutions of A and B 

from those in mixed solutions of A and B. The method is unsatisfactory because the 

conditions of measurement of kA,B do not reproduce sufficiently closely the electrode 

environment in samples, which typically contain both A and B. 

Mixed solution methods for determining kA,B 

These methods are always preferred to the separate solution methods. They 

entail the measurement of the electrode potential in a range of solutions containing 
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different activities of A and B. For simplicity in interpreting the results, it is usual to 

prepare solutions either with a constant aB and varying aB . 

This method has been used particularly when H+ is the interfering ion B. In this 

case curves are produced showing the electrode potential in solutions of constant aA but 

varying pH. Although values of kAH may be calculated for each curve, since kAH is not 

constant it is more usual to use curves directly to determine the working range of an 

electrode in samples of different pH. 

Matched potential method (MPM) 

This method does not depend on the Nicolsky-Eisenman equation at all. In this 

method, the potentiometric selectivity coefficient is defined as the activity ratio of 

primary and interfering ions that give the same potential change under identical 

conditions. At first, a known activity (aA’) of the primary ion solution is added into a 

reference solution that contains a fixed activity (aA) of primary ions, and the 

corresponding potential change (∆E) is recorded. Next a solution of an interfering ion is 

added to the reference solution until the same potential change (∆E) is recorded. The 

change in potential produced at the constant background of the primary ion must be the 

same in both cases.  

Kpot
AB= (aA’- aA)/aB 

 

The selectivity 

Before purchasing or using any electrode, the user should always be aware of the 

species which interfere with the electrode response, electrodes offered for sale without 

either these data or sufficient information on the electrode formulation to enable the 

data to be deduced, should be viewed with extreme caution by those analysts who wish 

to analyse samples and who are not interested in ion-selective electrode technology for 

its own sake. 

In addition to the reversible interference, some interfering species react 

irreversibly with the electrode membrane and poison it.  

High concentration of interferening presents problems, especially with the 

electrodes base on organic ion exchangers. Even if the elctrodes are immersed in the 

interfering for a short time, these ions migrate into the membrane and cause a shift in E0 

or eventually the demadge of the membrane. 
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Interferents 

Interfering substance may be any substance, other than the ion being measured, 

whose presence in the sample solution affects the measured emf to a cell. Interfering 

substance fall into two classes: “electrode/electrochemical” interferences and 

“chemical” interferences. Examples of the first class include: 

• Those substances which give a similar response to the ion being 

measured and whose presence generally results in an apparent increase in 

the activity ( or concentration ) of the ion to be determined. 

• Electrolytes present at a high concentration that give rise to appreciable 

liquid junction potential differences or results in a significant activity 

coefficient decrease, or incipient Donnan exclusion failure. 

The second class of substances that should be recognized as chemical 

interferences includes: 

• Species that interact with the ion being measured so as to decrease its 

activity or apparent concentration. The electrode continues to report the 

true activity (w.g. CN- present in the measurement of Ag+), but a 

considerable gap will occur between the activity and concentration of the 

ions even in very dilute solutions. Under these circunstances the 

determination of ionic concentration may be problematic 

• Substances interfacing with the membrane itself, blocking the surface or 

changing its chemical composition ( i.e., organic solvents for the liquid 

or poly(vinyl chloride) ( PVC) membrane electrodes) are grouped as 

interferences or electrode poisons. 

Interferents were measured using A match potential method (MPM) independent 

of the Nicolsky-Eisenman equation. This method is totally independent of the N-E 

equation, to overcome the above-stated difficulty in obtaining accurate selectivity 

coefficients when ion solutions unequal charge are involved. To determine the 

selectivity coefficient, one would measure the change in potential upon changing the 

primary ion activity (concentration). The interfering ion then is added to an identical 

reference solution until the same potential change is obtained. The change in potential 

must be produced in a constant initial background of the primary ion and must be the 

same in both cases. 



23 

 

3.3.3.1. Response time 

The time which elapses between the instant when an ion-selective electrode and 

a reference electrode ( ISE cell) are brought in contact with a sample solution ( or at 

which the activity of the ion of interest in a solution with a ion strength adjusted) and 

the first instant at which the emf/time slope (∆E/∆t) becomes equal to a limiting value 

selected on the basis of the experimental conditions and /or requierements concerning 

the accuracy (0.6mV/min). This is a convenient definition. In clinical applications ( the 

physiological activity range corresponds to a small emf span), a smaller slope e.g. 0,1 

mV/min may be chosen, provided the standard deviation of the response is less than the 

required slope. The previously defined response times t95 ( to 95% of the activity change 

corresponding span) and t* ( to 1mV from the steady value) require prior knowledge of 

steady-state E values that may not be available. These descriptive quantities 

underestimate practical response times of ion-selective electrodes in clinical 

applications where the total span may by less then 10 mV. To define the response time 

with ∆E/∆t (a rate of emf variation) seems to be the best choice among the non-ideal 

options. It can be related to t95 and t* through mathematical models, provided the long-

time potential determining processes have been identified.[3] 

3.3.4. Calculation of concentration in sample 

3.3.4.1. Direct determination  

Direct potentiometry is the simplest and most widely used method of using ISEs 

as described above in the Basic Theory and Calibration sections of this work. Simply 

measure the electrode response in an unknown solution and read the concentration 

directly from the calibration graph (either manually or using special computer graphics 

and calculations - see later) or from the meter display on a self-calibrating ion meter. A 

big advantage of this method is that it can be used to measure large batches of samples 

covering a wide range of concentrations very rapidly without having to change range, 

recalibrate or make any complicated calculations. Quite acceptable results can be 

obtained for some elements by simply dangling the electrodes in a river or pond or 

effluent outflow without the need to take samples in small beakers.[4] 
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3.3.4.2. Titration 

Potentiometry is generally valuable as a technique for detecting the end-point of 

titrations where there is often a drastic change in the concentrations of the reactants and 

thus a big shift in the electrode potential. These end point determinations can often be 

made more precisely than other ISE methods because they depend on the accuracy of 

the volumetric measurements rather than the measurement of the electrode potential. 

For example, when a calcium solution is titrated against the complexing reagent EDTA 

there is a gradual decrease in the Ca concentration as more EDTA is added until the end 

point when all the Ca disappears from solution. The progress of this titration can be 

monitored using a calcium electrode. 

This method can also be used to extend the range of ions measurable by ISEs. 

For example aluminium cannot be measured by direct potentiometry but it can be 

titrated by reacting with sodium fluoride and monitoring the reaction using a fluoride 

electrode. It can also be used for elements for which it is difficult to maintain stable 

standard solutions or which are toxic and it is undesirable to handle concentrated 

standard solutions. For example, cyanide solutions can be titrated against a hypochlorite 

solution which forms a complex with the cyanide ions and effectively removes them 

from solution. The amount of cyanide in the original solution is proportional to the 

amount of hypochlorite used from the start of the titration until the end-point when there 

is no further change in the cyanide electrode potential.[4] 

3.3.4.3. Standard addition or known addition method  

This is a procedure for the determination of the concentration of a particular 

species in a sample by adding known amounts of that species to the sample solution and 

recording the change potential difference of an ion-selective electrode and suitable 

reference electrode cell. A variations of this method, uses sequential addition of the 

unknown-concentration sample to a standard while recoding cell emf changes. A 

method for data treatment  (plotting the apparent concentration as derived from the cell 

emf versus the volume of standard or reagent added to the sample) and the standard 

addition is known as Gran addition.[3] 

3.3.4.4. Gran’s Plot 

The most precise incremental method available with ion-selective electrodes is a 

multiple standard addition or substraction technique. The graphical representation of the 
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results was developed by G. Gran in 1952 and has subsequently taken the name Gran’s 

Plot. The technique can be applied to both complexometric and precipitation reactions, 

i.e. multiple standard substraction. The experimental procedure and theory follows 

closely the standard addition or substraction methods. The initial electrode slope (S) is 

determined by a calibration plot using two or more standards. The total change in 

potential (∆E) is recorded after each several additions of a standard solution. Normally 

between 3 and 10 additions of a fixed volume of standard are employed. 

If the equation A is considered for strandard addition, then: 
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Where: 

∆E is potential change (mV) 

S is electrode slope 

Cx and Vx are concentration and volume of sample 

Cst is concentration of standard solution 

Vst is the total volume of standard added 

 

Reerangement of A gives: 
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A plot of (Vx+Vst)*10∆E/S against the volume of standard addition (Vst) is 

linear. 

Calculation of Concentration Cx 

Three methods are commonly used to calculate Cx rapidly for repeated 

measurements. 

1. The product (Vx+Vst)*10∆E/S is plotted against total volume added Vst and the 

value of Cx calculated from the intercept (Ve) when the ordinate is zero. 

Therefore: 

x

st
stx V

V
CC −=  

 

Or from the slope of the straight line, where : 
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The best precision and accuracy in evaluation of the linear plots can be achieved 

by linear regression analysis using a table-top computer. 

2. A convenient method of plotting Gran’s plotdata is to use special Gran’s plot 

paper (antiolog – linear paper). Quite often a reduced form of equation 3 is used 

which does not allow for dilution of the sample and uses a theoretical Nernstian 

slope value. Recently, A Gran Rule was published by Westcott to provide rapid 

calculation of Cx Ref. Anal. Chem.Acta, 86, 269, (1976). However, the 

approximations and errors involved with these graphical calculations do not 

allow the full precision of the method to be attained.  

3. With the introduction of the Pholips PW9416 Ion-selective Analyser, Gran’s 

plot determinations are precessed automatically and displayed immediately. 

 

Applications of Gran’s Plot Method 

Gran’s Plot is used to improve accuracy, precision and limit of detection of an 

analysis. The maximum accuracy (< 0,5%) can be achieved with this technique if the 

following points are considered. 

1. At least five additions of standard are required. 

2. A total potential change ∆E within the range 20-50mV for univalent ions 

and 10-25 for divalent ions. 

3. The electrode slope is determined by calibration over the range of 

concetation of sample. 

4. Samples must be pre-treated for constant ionic strength and correct pH 

using a TISAB. 

3.3.4.5. Sample addition and substraction 

Sample (or Analate) addition and subtraction are two methods which involve the 

addition of a small volume of sample solution to a large volume of standard solution. 

Initially the electrode is calibrated and the slope determined. Then the electrode 

potential change ∆E after addition of the sample (Cx) is determined from the following 

expressions : 

Sample addition: 



27 

 








 −






 += ∆ 1110 /

Vst

Vx

Vx

Vst
CstCx SE  

Sample subtraction: 
















 +−= ∆ 1101 /

Vst

Vx

Vx

Vst
CstCx SE  

Cst and Vst are respectively the concentration and volume of the standard 

solution and Vx the volume of the sample. Both equations may be reduced to a simpler 

form provided volume of sample is significantly less than volume of standard. 

Thus for Sample addition: 
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and Sample subtraction: 
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With sample addition the standard solution contains the measured ion. While 

with the subtraction method the standard solution contains an ion which undergoes a 

stoichiometric complexation or precipitation reaction with the sample. In fact the ion 

activity measured by the electrode is not the ion being determined in the sample. Both 

accuracy of measurement and method of calculation of Cx follow closely those of 

standard addition and subtraction.  

Applications and advantages of Sample addition and subtraction method 

The sample addition and subtraction methods are particularly important in a 

number of applications. 

1. Analysis of small sample volumes and where the sample cannot be 

diluted or contaminated, a useful microtechnique. 

2. For analyses where the sample temperature may vary widely. The 

addition of a small volume of sample to a large volume of standard will 

result in only a small temperature change. 

3. A fast and more precise technique because the ISA or TISAB can be 

combined in advance with the standard solution eliminating the need to 

treat each sample. 

4. Sample subtraction enables substances not sensed by the electrode to be 

determined if they undergo a stoichiometric reaction with the sensed ion. 
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3.4. Antibiotics generally 

Antibiotics are molecules that stop microbes, both bacteria and fungi, from growing 

or kill them outright. 

Antibiotics, agents “against life”, can either be natural products or made 

synthetic chemicals, designed to block some crucial process in microbial cells 

selectivity. 

Antibiotic natural products are produced by both bacteria and fungi, with the 

major group of antibiotic-producing bacteria being the actinomycetes. Natural products 

with antibiotic activities are almost all products of secondary metabolic pathways, 

pathways dispensable under many growth conditions and secondary to the primary 

routes and life-sustaining functions of metabolism while microorganisms are in active 

growth phases. But when antibiotic producers enter stationary phases and face 

competition for space and/or nutrients, they turn on the genes that encode the antibiotic 

molecules and use them to regulate the growth of, or perhaps more actively wage 

chemical war on, their neighbors. 

Some antibiotics, such as aminoglycoside streptomycin and the macrolide 

oleandomycin, are exported while still inactive and one step away from the final 

enzymatic maturation, which happens extracellulary. Other antibiotic producers alter the 

structure of their own cell walls, modify the peptidyltransferase component of the 

protein synthesis machinery on the bacterial ribosomes, or produce desensitizing 

structural mutations in DNA replication enzymes to provide protection from self-

destruction. 

The large number of bacterial cells in a population and the short generation 

times facilitate the development of mutants. If there are 1011 bacteria in a population, 

e.g. in a patient being treated for a systematic blood-borne bacterial infection, then there 

may be 1000 mutant variants. The more widely used the antibiotic, the more probable 

the resistance, unless multiple mutations are required. 

The second requirement, beyond the statistical likelihood of selection, for 

bacterial resistance to antibiotics is the availability of mechanism. We shall note, that 

for natural product antibiotics, most of various resistance mechanisms in pathogenic 

bacteria that cause human disease seem to be acquired resistance determinants and 

machinery from antibiotic-producing bacteria. The intrinsic self-protection devices of 
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the antibiotic producers have been acquired by the pathogens under pressure to adapt or 

die. [9] 

Antibiotics classes and targets 

Antibiotics are grouped into classes according to their targets at the bacterial cell 

surface or inside the cell. Four major targets are examined. 

1. bacterial cell wall biosynthesis is inhibited by β-lactam antibiotics and 

the vancomycin class of glycopeptides 

2. bacterial ribosomes are selectively blocked at the 30S subunits by 

aminoglycosides and tetracyclines and the 50S subunits by the macrolide 

family of antibiotics 

3. the quinolone family of antibacterial drugs, exemplified by ciprofloxacin, 

act to block bacterial DNA replication by derailing catalytic 

intermediates in the reactions catalyzed by DNA topoisomerases 

4. the folate coenzyme biosynthetic pathway, essential for providing 

monomer units for DNA synthesis, is blocked by sulfa drugs and 

trimethoprim, while cationic peptides disrupt membrane integrity 

3.4.1. Antibiotics that block bacterial protein biosynthesis 

Antibiotics could interrupt the timing and specifity of any of steps in protein 

synthesis, and such disruptions are likely to slow down growth and/or be lethal to the 

bacteria. For example of major classes of antibiotics targeted to the 30S subunit 

(spectinomycin, the aminoglycosides kanamycin and streptomycin, tetracycline) or to 

the 50S subunit (clindamycin, chloramphenicol, lincomycin, and macrolides such as 

erythromycin, azitromycin, and tylosin).[9] 

3.5. Aminoglycoside antibiotics 

 

Aminoglycoside antibiotics have been widely used for decades, following the 

discovery of streptomycin in 1944, in many clinical settings for antibacterial infections 

due to their action and their observed synergy with other antibiotics. It has been 

suggested that the alternate term aminocyclitols should be used to encompass the broad 

variation of structures in this antibiotic class. They are hydrophilic sugars with multiple 

amino groups, protonated by physiological pH to function as polycations and target 
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accessible regions of polyionic 16S rRNA on the 30S ribosome, notably the A site for 

aminoacyl-tRNA binding. Several generations of aminoglycosides have been tested 

clinically, with tobramycin, gentamicin and amikacin prominent family members in 

contemporary clinical use. The aminoglycosides show renal toxicity and ototoxicity, 

which is a limiting constaint. The ototoxicity is thought be through aminoglycoside-iron 

chelates which reduce O2 to oxygen radicals that destroy hair cells in the ear.[[9]] 

Intrathecal or intraventicular administration may cause local inflammation and can 

result in radiculitis and other complications and therefore is rarely used.[[9]] 

Aminoglycosides are potent drugs against gram-negative bacteria but not very effective 

against gram-positive organisms, although the combination of aminoglycosides and β-

lactams is used to treat enterococcal infections. Synergy with lactam antibiotics is 

observed, and combinations of gentamicin, tobramycin, or amikacin with ticarcillin or 

piperacillin are effective against infections caused by Pseudomonas aeruginonsa. There 

are several routes of enzymatic deactivation in resistant bacteria. 

The structure of an aminocyclitol, hygromycin B, bound to the T.thermophilus 

ribosome 30S subunit has been solved by X-ray analysis and a single binding site at the 

top of helix 44, near the A, P, and E sites for tRNA, has been observed. The contacts are 

to the RNA bases rather than backbone atoms, leading to high sequence specificity, in 

an extended array. [9] 

3.5.1. Chemistry of Aminoglycosides 

The aminoglycosides consist of two or more amino sugars joined in glcosidic 

linkage to a hexose nucleus, which is usually in a central position. This hexose, or 

aminocyclitol, is either streptidine (found in streptomycin) or 2-deoxystreptamine (all 

other available aminoglycosides). These compounds are thus aminoglycosidic 

aminocyclitols, although the simpler term aminoglycoside is commonly used to describe 

them. An additional drug, spectinomycin, is an aminocyclitol that does not contain 

amino sugars. 

The aminoglycoside families are distinguished by the amino sugars attached to 

the aminocyclitol. In the neomycin family, which includes neomycin B and 

paronomycin, an aminoglycoside used orally for the treatment of intestinal parasitic 

infections, there are three amino sugars attached to the central 2-deoxystreptamine. The 

kanamycin and gentamicin families have only two such amino sugars. 
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In the kanamycin family which includes kanamycins A and B, amikacin and 

tobramycin, two amino sugars are linked to a centrally located 2-deoxystreptamine 

moiety, one of these is a 3-aminohexose.  

Amikacin is a semisynthetic derivative prepared from kanamycin A by acylation 

of the 1-amino group of the 2-deoxysptreptamine moiety with 2-hydroxy-4-aminoutyric 

acid. 

The gentamicin family, which includes gentamicin C1, C1a and C2, sisomicin, 

and netilmicin, contains a different 3-aminosugar (garosamine). Variations in 

methylation of the other amino sugar result in the different components of gentamicin. 

These modifications appear to have a little effect on biological activity. 

Streptomycin and dihydrostreptomycin differ from the other aminoglycoside 

antibiotics in that they contain streptidine rather than 2-deoxystreptamine, and teir 

aminocyclitol is not in a central position.[10] 

3.6. Antibiotic resistance 

Resistance is produced by microbes to protect themselves against self-

destruction during antibiotic production. The three main intrinsic mechanisms in 

antibiotic producers are in 

1. efflux of the antibiotic 

2. modification of the susceptible molecular target 

These mechanisms presage the resistances that are acquired as susceptible bacterial 

pathogens become resistant. 

The most widespread mode of clinical resistance development to β-lactam 

antibiotics is the expression of β-lactamases that hydrolyze the antibiotic.[10] 

3.6.1. Resistance to the aminoglycosides 

Three mechanism of aminoglycoside resistance have been identified in clinical 

isolates: (1) ribosomal resistance, (2) resistance due to decreased drug uptake, and (3) 

resistance caused by aminoglycoside modifying enzymes. This third mechamism is the 

most important explanation for the acquired microbial resistance that is encountered 

clinically. 

Ribosomal resistance refers to resistance arising from mutations in genes coding 

for ribosomal proteins. The best known of these occur at the strain A locus and confer a 

high degree of resistance to streptomycin. Ribosomal resistance to streptomycin occurs 
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occasionally but ribosomal resistance to other aminoglycosides has not been found in 

clinical isolates. [12] 

This type of resistance is less relevant clinically for most bacterial infections, but in 

mycobacteria, ribosomal resistance may be the only kind of resistance. Diminished drug 

uptake due to altered components of the membrane transport system is responsible for a 

low level of aminoglycoside resistance frequency in strains of Psedomonas aeruginosa 

isolated from nosocomial infections.[13]  Most aminoglycoside resistance in clinical 

isolates results from the production of enzymes that modify these anticiotics.[14] 

In order to be susceptible to an minoglycoside, the bacterium must take up the drug by 

an active process. Aminoglycosides are caionic, hydrophilic compounds that do not 

readily pass across membranes by simple passive diffusion. Bacterial uptake of 

aminoglycosides appears to occur in three phases.[13] 

Anaerobic bacteria are naturally resistant to these drugs because the transport of 

aminoglycosides across the cytoplasmic membrane is an oxygen-dependent, active 

process. These organisms thus lack the ability to take up these drugs. Similarly, 

facultative bacteria generally are much more resistant when they are grown under 

anaerobic conditions.[16] 

3.6.2. Mechanism of Action 

The aminoglycosides read specific regions of the 16S rRNA in the 30S ribosome 

subunit by a hydrogen bonding network, through the various hydroxyl and amino 

substituents on the cyclitok rings to provide a high-affinity docking site for this class of 

antibiotics. The enzymatic destruction strategy for aminoglycoside-resistant bacteria is 

to covalently modify those specifity-conferring OH and NH2 groups in the 

aminoglycosides and thereby interfere with recognition by the 16S rRNA. In some 

bacteria such as the gram-negative pathogenic P. aeruginosa, the outer membrane can 

also be a significant initial barrier to entry of aminoglycosides, both to decrease in the 

number of porin channels in outer membrane and also by modifications to the 

lipopolysaccharide outer leaflet. 

Three kinds of enzymatic modifications of OH and NH2 groups on 

aminoglycosides are common determinants of resistance and represent variants of 

normal electropholic group transfer enzymes that participate in primary metabolism. 

The phosphorylation, adenylation, and acetylation are irreversible. It is likely that the 



33 

 

antibiotic-inactivating enzymes will have evolved from adenyltransferases, 

phosphotranserases, and N-acetyltransferases that had been utilized for normal 

biosynthetic processes in the bacterial cells. 

1. efflux pumps 

This is the second major route by which drug resistance is manifested in bacteria 

is by the active export or efflux of antibiotics such that therapeutic concentration are not 

attained in the bacterial cytoplasm. 

The active efflux is mediated by transmembranes of gram-negative proteins, 

both in the cytoplasmic membranes and also in the outer membranes of gram-negative 

bacteria, with the transmembrane proteins acting as pumps that export the antibiotics, 

often against concentration gradient. Some efflux pumps have relatively narrow 

specificity, e.g., the tetracycline pumps, while others have broad tolerance and confer 

multidrug resistance phenotypes. 

 

Antibiotic Resistance by replacement or modification of the antibiotic target 

Modification of target can be achieved by mutation at one or more sites in the 

target gene or by importation of a gene that specifies a new replacement enzyme that 

has markedly decreased sensitivity to the drug.[9] 

Bovine mastitis is one of the most common production diseases in dairy herds 

worldwide that cause significant economic losses. Above 90% of the bovine mastitis 

cases were due to pathogenic microorganism including Escherichia coli. So it is 

important for the treatment of BM to determine the antimicrobial susceptibility of 

clinical isolates and study molecular epidemiology of their resistence.[18]  

3.6.3. Biosynthesis of some aminoglycosides 

The aminoglycoside, or aminocyclitol, antibiotics represent products of 

secondary carbohydrate metabolism and are prevalent among actinomycetes. Starting 

with the isolation of streptomycin in 1944, various family members were discovered 

over the following 25 years, including tobramycin in 1970. Novel aminocyclitols 

continued to be reported into the 1990s. Two main categories of these carbohydrate 

antibiotics are exemplified by the streptomycin class and by the 2-deoxystreptamine-

containing antibiotics that include neomycins, kanamycins, and gentamicins. In 

antibiotics of the 2-deoxystreptamine class such as kanamycin and gentamicin A, the 
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aminocyclitol is the central ring. The glycoside-to-cyclitol conversion, central to this 

antibiotic biosynthetic pathway logic, is found in primary metabolism for the generation 

of inositol-phosphate from glucose-6-phosphate (glucose-6-P) on the way to 

phosphoinositide membrane lipid biosynthesis. For example biosynthesis of 

streptomycin has 27 enzymatic steps. 

In gentamicin producers an additional layer of self-defense is provided by 

enzymatic N-methylation of the high-affinity binding site in 16S rRNA to lower affinity 

for aminoglycosides at the ribosomes.[9] 

3.7. Using of aminoglycosides 

The aminoglycosides are potent gram-negative antimicrobial drugs. Kanamycin, 

gentamicin, tobramycin, amikacin and netilmicin are used most commonly to treat 

infection by aerobic gram-negative bacilli. Kanamycin, like streptomycin, has a more 

limited spectrum compared to the other aminoglycosides. It should be noted that in vitro 

activity of aminoglycosides is strongly dependent on tha cation content and pH of the 

growth medium because these factors modify the ability of bacteria to actively take up 

the drugs.[10] The aminoglycosides are not very active against gram-positive bacteria, 

except for most strains of staphylococci which are quite sensitive to gentamicin and 

tobramycin in vitro.[18] Aminoglycosides are not active against most gram-positive 

bacteria when are used alone, either streptomycin or gentamicin in combination with a 

cell wall-active agent, such as a penicillin or vancomycin, is active against “sensitive” 

strains of enterococci and streptococci at concetrations that can be achieved clinically. 

Such combinations result in a more rapid bactericidal effect than is produced by drug 

alone (i.e., they are synergistic). The clinical efficacy of aminoglycosides alone in the 

treatment of serious staphylococcal infections has not been documented and they should 

not been used. Moreover, staphylococcal resistance that is mediated by conjugative 

plasmids that code for aminoglycoside-modyfying enzymes is common among 

meticilin-resistant strasins of staphylococci.Tobramycin and gentamicin exhibit similar 

activity against most gram-negative bacilli, although tobramycin usually is more active 

against P.aeruginosa and against some strains of Proteus species. Nosocomial flora has 

shown a gradual increase in resistance to gentamicin and tobramycin over the last 20 to 

30 years. Fortunately, amikacin and in some instances netilmicin have retained their 

activity in this setting, probably due to resistance of the drugs to many of the 
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aminoglycoside-inactivating enzymes. These agents thus have a broad spectrum of 

activity and are particularly valuable in treating nosocomial infections.[10] 

3.8. Gentamicin 

Flowing figure represents the structural formula of gentamicine 

2-[4,6-diamino-3-[3-amino-6-(1-methylaminoethyl)oxan-2-yl]oxy-2-
hydroxycyclohexyl]oxy-5-methyl-4-methylaminooxane-3,5-diol 

 

  

 
Fig.  3 Structure of gentamicin 1 

 

Gentamicin has two amino sugars joined in a glycosidic linkage to a hexose 

nucleus.  The hexose in this case is 2-deoxystreptamine. Hence the compound is an 

aminoglycosidic  aminocyclitol. Highly water soluble polar cation with an optimum pH 

of 6 to 8.  Antibiotic activity is inhibited by acid pH and divalent cations.  Gentamicin 

sulphate is a white to buff colorless, odourless, hygroscopic powder containing no more 

than 15% water.  Melts with decomposition  between 200 and 250°C.  Moderately 

soluble in ethanol, methanol and acetone.  Practically insoluble  in  benzene and 

halogenated hydrocarbons.  A solution in water is dextrorotatory.[15] 

3.8.1. Using of gentamicin 

Gentamicin is an important agent for the treatment of many serious gram-

negative bacillary infections. It is the aminoglycoside of the first choice because of its 
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low cost and its reliable activity against all but the most resistant gram-negative 

aerobes.  

Gentamicin frequently is used (often in combinations with a penicillin or a 

cephalosporin) for therapy of proven or suspected serious gram-negative microbial 

infections – especially those due to P. aeruginosa, Enterobacter, Klebsiella, Serratia and 

other species resistant to less toxic antibiotics – urinary tract infections, bacteremia, 

infected burns, osteomyelitis, pneumonia, peritonitis, and otitis. 

The antibacterial activity of aminoglycosides is markedly reduced by low pH 

and hyperosmolalrity. 

The frequency of pneumonia caused by various gram-negative bacilli is 

increasing, especially in hospitalized patients, patients on respirators, and those with 

impaired defenses.  

The therapy of pneumonia with alone aminoglycoside is not very effective because 

therapeutic concentrations are difficult to achieve owing to relatively poor penetration 

of drug into iflamed tissues and the associated conditions of low oxygen tension and 

low pH, both of which interfere with aminoglycoside antibacterial activity. An 

aminoglycoside in combination with a β-lactam antibiotic is indicated for empirical 

therapy of hospital-acquired pneumonia in which multiple-drug-resistant, gram-negative 

aerobes are a likely causative agent. Combination therapy also is recommended for 

treatment of pneumonia caused by P. aeruginosa. 

Also patients who develop peritonitis as a result of peritoneal dialysis may 

benefit from therapy with an aminoglycoside. 

Although there are very few indications for the use of aminoglycosides for 

gram-positive bacterial infections, at times it may be necessary and lifesaving. In cases 

of enterocaccal endocarditis, up to 50% of isolates of enterococci are not killed by 

penicillin plus streptomycin, these strains, however are nearly always sensitive to 

penicillin plus gentamicin. 

When a patient has granulocytopenia and infection (sepsis) with P.aeruginosa is 

suspected, the administration of antipseudomonal penicillin in combination with 

gentamicin, tobramycin, amikacin, or netilmicin is recommended.[10] 

Oral gentamicin (GM) therapy has been challenged by formulating GM in oral 

solid preparation. GM was dispersed with a surfactant used for the self-
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microemulsifying drug delivery system (SMEDDS), PEG-8 caprylic/capric glycerides 

(Labrasol), and the mixture was solidified with several kinds of adsorbents.[19] 

Using gentamicin for the treatment of Pseudomonas keratitis in the rabbit 

cornea.[14] 

Methicilin-resistant Staphylococcus aureus septic arthritis occurred in a dog 

following elective joint surgery for cranial cruciate ligament rupture. Resolution of the 

infection was assisted by using a surgically implanted absorbable gentamicin-

impregnated sponge. [16] 

3.8.2. Methods used to detection of gentamicin 

Traditionally, pharmaceutical analysis of these compounds relies heavily on 

chromatography, yet also frequently requiring the use of reagent-based detection 

principles like spectrophotometric [22,23],chemiluminescent detection in flow-injection 

analysis [24], capillary electrophoresis [25], novel LC/ELSD [26], thin-layer 

chromatography [27], HPLC [32], microbiological assay [33],  gas chromatographic 

method [35]. There are not described potentiometric determinations of gentamicin and 

the use of ion selective electrodes is advantageus because the molecule of gentamicin is 

unstabled in water, and during measuring it changes its properties. This work should 

recover these problems. It should determine the gentamicin in pharmaceutical products 

in a short time, with economical method. 

 



38 

 

4.  Experimental part 

4.1. Chemical substances and solutions 

4.1.1. Reagents 

• Gentamicina Sulfate, p.a., Sigma -Aldrich Chemie GmbH, Germany 

• Tris-(hydroxymethyl)-methylamine (TRIS), BDH Chemicals Ltd Poole England   

• α-Cyklodextrin p. a., ( α-CD),  Sigma-Aldrich Chemie GmbH, Germany 

• β-Cyklodextrin p. a., (β-CD ),  Sigma-Aldrich Chemie GmbH, Germany 

• Tetrahydrazoline hydrochloride, p.a., Sigma-Aldrich Chemie, Czech Republic 

• Indometacin, minimum 99% TLC, Sigma-Aldrich Chemie, Italy 

• Tetrahydrofuran (THF), Fluka, Sigma-Aldrich Chemie, Switzerland   

• Polyvinyl chloride carboxylated (PVC_COOH), Janesen Chimica, Belgium 

• Polyvinyl chloride (PVC), Janesen Chimica, Belgium 

• Dibutylphtalate, (DBP ), Sigma-Aldrich Chemie GmbH, Germany 

• Dexamethasone Sigma-Aldrich Chemie GmbH, Germany 

• Potassium tetrakis(4-chlorophenyl)borate, (KTpClPB), Fluka, Switzerland 

• Poly(vinyl chloride) high molecular wight, (PVC), Fluka, Switzerland 

• 2-fluorophenyl 2-nitrophenyl ether, (FNDPE ), Sigma-Aldrich Chemie GmbH, 

Germany 

• Sulfuric acid, Merck KGaA, Germany 

• Sodium hydroxide, Fluka, Switzerland 

• Potassium dihydrogen phosphate, Riedel-de Haen, Germany 

• Chloride acid, Merck KGaA, Germany 

• Evans blue, p. microscopy, Fluka 

• Metyl-β-cyclodextrin, (M-β-CD ), Sigma-Aldrich Chemie GmbH, Germany 

• (2-hydroxypropyl )- β-cyclodextrin, (2HP- β-CD),  Fluka, Japan 

• 2-nitrophenyl-octyl ether, (oNPOE ), Fluka, Switzerland 

• L-arginine, Fluka, Switzerland 

• Benzalconium chlorite, Sigma-Aldrich Chemie GmbH, Germany 

• Cetrimide, Sigma-Aldrich Chemie GmbH, Germany 

• Amonium, Merck KGaA, Germany 
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4.1.2. Procedures 

4.1.2.1. Solutions 

The buffer solution, with ionic strength adjusted to 0,1 mol L-1,  was prepared by 

weighing 12,1 g of TRIS into a 1,00 L volumetric flask. 

A stock solution of gentamicin were prepared every 4 hours by weighing about 

0,4636 g and subsequent dilution to 100ml with TRIS solution.  

Deionised water was used for solutions preparation. 

4.1.2.2. Apparatus 

A Crison 2002 pH potentiometer ( sensitivity: ± 0,1 mV) coupled to an Orion 

605 electrode switcher was used for measuring the potential differences between the 

Orion 90-02-00 doubled junction AgCl/Ag reference electrode and the gentamicine-

selective electrodes. The potentiometric measurements were recorded with a Kipp & 

Zonen BD111 recorder coupled to the decimillivoltammeter. The pH values of all 

solutions and the operational pH range characteristics of the electrodes were determined 

with a Phillips GAH 110 glass electrode. 

4.1.2.3. Electrodes Membrane Preparation and Electr ode 

Construction 

In order to optimize the electrode characteristics different sensor solutions were 

prepared using either ionic exchangers and cyclodextrins 

Preparation of complex Evans Blue and gentamicin 

 
Fig.  4 Structure of Evans Blue 

 

It was found, that the ion-association complexes of Evans Blue with 

aminoglycoside antiobiotics have intensive RRS signal. [28] It was prepared different 

mixtures of gentamicine and Evans blue solution in order to get a precipitant. The 

concentration of both solution (gentamicin and Evans Blue) had concentrated 10-4 M. 

One hour later in these solutions appeared precipitation. The first precipitation appeared 
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in beaker where the proportion was 60% of genatmicin solution and 40% of Evans Blue 

solution. Methanol, dimethylsulfoxid, chlorophorm, ethanol, acetonitril were used for 

attempt to dissolved the precipitate. It wasn’t possible to dissolve in any of these 

solvents. For preparation of bigger amount of this precipitation were used 25 ml 

solutions of gentamicin and Evans Blue about concentration 10-2 M. The proportion of 

Evans Blue and gentamicin solutions was 40:60 V/V. The precipitation appeared after 5 

minutes. I divided to solution to centrifuge tubes. It was centrifuged in speed of 2000 

RPM for 10 minutes. The precipitatie was dried for 4 days in dryer in temperature 40 

degree of Celsia. The hard-dried precipitation was crushed into powder. This powder 

was used for preparing membranes. 

It was prepared also a sensor solution using cyclodextrin. The complexation of 

these two substances were documented in patent a Method of increasing the efficacy of 

antibiotics by compexing with cyclodextrins,[29] 

 

 

 
Fig.  5 3D structure of cyclodextrins 1 
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Fig.  6 Structure of cyclodextrins 2 

 

Different PVC membranes for electrode construction were prepared according 

the Table I. Regular PVC or PVC-COOH was previously dissolved in 6ml of THF for 

one hour. After that the sensors solution containing different types of cyclodextrin and 

potassium tetrakis (4-chlorophenyl) or complex Evans Blue/gentamicin were mixed 

with the polymer solution in order to obtain the electrode membrane. These membranes 

were dropped directly on the conductive surface of the electrode made up with a 

mixture of epoxi resin (Araldite) with graphite powder. Drying was accomplished at 

room temperature for one day. The electrodes were then soaked in deionised water for 

30 minutes before calibration.[36] 

Table 1 Membrane composition (% w/w) of the constructed electrodes for gentamicin 

 

Type KTpClPB FNDPE DBP oNPO α-CD M- β-CD 2HP- β-CD Com.E PVC PVC-

COOH 

I 2.0  67.0  1.0    30.0  

II 2.0  67,0    1.0   30,0 

III 0,3   68.0    1.0  30,6 

IV 0.3 68.0      1.0  30,6 

V 0.2  68.8   1.0    30,7 
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KTpClPB – potassium tetrakis (p-chlorophenyl) borate, FNDPE – 2-

fluorophenyl 2-nitrophenyl ether, oNPOE – 2-nitrophenyl octyl ether, DBP – 

dibutylphtalate, α-CD – α- cyclodextrin, M-β-CD – methyl-β-cyclodextrin, 2HP- β-CD 

– (2-hydroxypropyl)-β-cyclodextrin, Com.EG – complex Evans Blue and gentamicin, 

PVC – polyvinyl chloride, PVC-COOH - carboxylated polyvinyl chloride 

4.1.2.4. Electrode characterization 

To proceed with the conventional evaluation of the gentamicin-selective 

electrodes, calibration curves were obtained in Tris (I=0,1 mol L-1) varying the 

gentamicin concentration between 8x10-6 and 5x10-3.M. For evaluation the influence of 

pH in the electrode response. Reilley diagrams were performed by using concentrated 

H2SO4 and concentrated NaOH for pH variation. The experiments were carried out in 

solutions of gentamicin with concentrations of 1x10-4M and 1x10-3M covering a range o 

pH of  2-11. Therefore the pH value of 200 ml of solution, with adjusted ionic strength 

(I=0,1mol/L) varied according to the addition of NaOH or H2SO4 concentrated 

solutions.  

After each measurement the electrodes were clean in water for 20 minutes. 

4.1.2.5. Interference Determination 

To evaluate the interference from different organic and inorganic species the 

matched potention method was followed. The concentratin for interfereces were  Na+ 

0,154 M,  cetrimide 1,75x10-5 M, benzalkonium 2,36x10-3 M, indometacine 2,80x10-3 

M, hydroxypropyl.β- cyclodextrin. 1,078x10-2 M, tetrazoline 2,12x10-3 M, arginine 

6,89x10-3 M, K+ 4,50x10-3 M,  Li+ 2,36x10-2 M, dexamethasone 2,55x10-3 M.  

 Interference evaluation presented in the sample matrices was performed using 

the matched potential method (MPM) [2] in order to assess the effect of these 

interferents in the optmized analytical procedure. The selectivity coefficient is defined 

as the activity (concentration) ratio of the primary ion and the interfering ion which 

gives the same potential change in a reference solution.[2] 

 

4.1.2.6. Preparation of sample 

Commercially pharmaceutical formulation samples Indobiotic® (Colirium 

solution), ophthalmic drops and Labesfal 160mg/2ml Solution injection, Labesfal 
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80mg/2mlSolution injection intermuscular/intervenous injections were obtained from 

local pharmacy stores.It was done calibration curve for solution of 10-2 M of 

gentamicin. Then was measured the gentamicin solution about concentration which was 

in the linear range. It was 8x10-4 M. Immidiately after this measuring was added 0,1ml 

of Indobiotic solution. The potential of gentamicin solution 8x10-4 M was recorded and 

then the potential of solution with added sample of Indobiotic was measured. Fom 

Labesfal injectables 160mg/2ml solution injection was added to solution of gentamicin 

0,3 of this sample. For Labesfal 80mg/2mlSolution was addition 0,6ml. The 

concentration of gentamicine in samples was determined using the Sample Addition 

Method. [7] 

4.2. Discussion 

4.2.1. Evaluation of conventionally electrodes 

It was started with the reilley diagrams. It means it was used 200ml of 

gentamicin solution 10-4 M. It was given to beaker and to this volume of gentamicin 

solution was added small amount of concentrate solution of H2SO4 till the value of mV, 

which weren’t possible to change more. Then was added small amount of NaOH to 

change potential about 10mVs. The potential was recorded and from the points was 

done reilley. 

We could see, that in the range when the different of potential wasn’t higher than 

5mV, that in this range the measuring it is not dependent on the pH. 

Reilley for membrane III. gen 10-e4 M and 10-e3M
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Fig.  7 Reilley for membrane III. 1 in Tris buffer solution 

 

In the first reilley we could see, that good answer was around pH 8 and the 

decade was 25-30 mV. That is why was tryed to measure calibration in buffer of 

KH2PO4/ NaOH (I=0,1molL-1), NH3/HCl pH9 (I=0,1molL-1), Tris/HCl pH 8 
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(I=0,1molL-1), LiCl (I=0,1molL-1),MES pH 9,26 (I=0,1molL-1) but in the calibration 

curves the slopes were around 10 or 20 mV. Finally buffer solution of Tris pH 10,15 

(I=0,1molL-1) was treyd and in this was reached the slope in calibration curve the 

average is 50,1 ± 2,5 mV/dec. For the next measuring the Tris solution was used. It was 

tried different membranes and was found that the slopes are very similar, but the reilley 

were different. It was chosen membrane number III, IV and V for next experiments. 

During measuring the interference was found, that the membrane number IV has the 

lowest interferences. The values of PDL and LLLR are similar in membrane III, IV and 

V also and the best slope is in membrane IV.  
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Fig.  8 Calibration curve of the electrode IV. I, based on complex Evans Blue with 

gentamicin 

 

Nernstian slopes were found around 50,1 mV/dec in concentration range 1,2x10-4 – 

4,9x10-3 M. The slope is smaller then theoretical (59mV/dec) probably due to the 

different enantiomers and respectively charge. We could see on the structure of 

molecule of gentamicin, that there are some primary amino groups and also secondary 

amino groups. We can also suppose that in reactions can be the proton from hydroxyl 

group. There are differences between molecule gentamicin C1 and C1a. From these 

structures we can suppose that in the mixture of these enantiomers will be different 

answer than only in one of them. During measuring of pharmaceutical products was 

found, that if the electrodes are hydrated in TRIS, the slope can be higher and the 

average is around 60mV/dec. 

The LLLR was nearly the same for electrodes based on cyclodextrins, and lower 

for electrodes based on Complex. Evans Blue/Gentamicin 
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Response time is different in the beginning on calibration and in the middle. In 

the beginning it was around 15s, but in the middle the reponse time is smaller and 

usually is under 8s. Better time response is for electrodes based on Complex Evans 

Blue/Gentamicin.  The response after 4 addition of mather solution is around 5s. 

Time response during measurement of sample was usually 3 seconds. 

According Reiley was found, in which pH is good answer of electrodes. We can 

use all pH value for electrodes II. and V.. The smaller range for pH has membrane IV. 

The developed membranes with Evans Blue/Gentamicin Complex based 

electrodes, with FNDPE as solvent mediator presents a Nernstian response, with a 

smaller response time. The appropriate choice of the mediator solvent revealed to be 

important to get high sensitivity  once the electrode based on  the oNPOE has smaller 

slope Membranes based on cyclodextrine generally presents lower slopes, but with a 

similar linear range than the Evans Blue /Gentamicin Complex.   

 

Table 2 Major electrode characteristics of gentamicin electrodes 

Membrane 

Type 

I II III IV V 

Slope 

(mV/dec) 

48,2 ± 0,2 47,9 ± 0,7 52,7 ± 0,3 60,3 ± 1,2 48,1 ± 0,8 

LLLR 

(molL-1) 

3,9 x 10-4 3,9 x 10-4 1,2 x 10-4 1,7 x 10-4 2,0 x 10-4 

PDL 

(gL-1) 

2,0 x 10-4 ±  

4.7 x 10-5 

1,6 x 10-5  ±  

2,8 x 10-6 

4,8 x 10-5 ± 

2,2 x 10-6 

4,2 x 10-5 ± 

3,7 x 10-6 

1,3 x 10-5 ± 

2.0 x 10-7 

Response 

Time 

(seconds) 

 

<15 

 

<15 

 

<8 

 

<6 

 

<15 

pHoperational 4-11 2-11 2-11 7-11 2-11 

 

4.2.1.1. Selectivity of electrodes 

The degree of interference was calculated by the matched potential Metod 

(MPM).[2] It was measured in one gentamicin concentration 3x10-4 M. The species 

present in pharmaceutical formulations as excipients are sodium, cetrimide, 

benzalkonium, indometacin, hydroxypropyl beta cyclodextrin, tetrazoline, 
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dexamethasone, potassium, lithium and arginine. Selective coefficients, using matched 

Method, were defined as the activity ratio of the primary ion and the interfering ion 

which gave the same potential change in a reference solution.  

 The interference of cetrimide and benzalkonium were too high. Higher interference has 

also sodium, arginine and tetrazoline. Interferents depend also on the type of using 

membrane. 

All these interfearents don’t do permanent changes on membranes. 

I calculated Kpot according A Method independent of the N-E equation.[2] 

 

Table 3 The interfearents 

Mem I. Mem. II. Mem. III. Mem IV. Mem. V. interferent 

3,1 2,2 0,1 3,0 x 10-2 4,7 Na+ 

Interferes Interferes Interferes Interferes Interferes cetrimide 

Interferes Interferes Interferes Interferes Interferes benzalkonium 

1,8 x 10-7 2,5 x 10-7 1,7 x 10-7 1,6 x 10-7 2,2 x 10-7 indometacine 

7,0 x 10-7 1,8 x 10-7 2,5 x 10-6 2,2 x 10-7 8,4 x 10-7 hydroxypropyl.βcycl. 

5,9 0,4 1,9 0,5 1,1 tetrazoline 

1,3 x 10-8 1,2 x 10-8 1,3 x 10-8 1,2 x 10-8 7,2 x 10-9 arginine 

2,0 x 10-5 1,4 x 10-5 2,9 x 10-6 1,2 x 10-6 2,4 x 10-6 K+ 

7,9 x 10-5 5,6 x 10-5 1,5 x 10-6 1,7 x 10-6 1,8 x 10-5 Li+ 

4,2 x 10-8 -3,00 3,7 x 10-5 3,1 x 10-8 2,3 x 10-8 dexamethasone 

 

4.3. Results from pharmaceutical products 

The gentamicin concentration in pharmaceutical formulation was determined 

using the membrane IV. Based on Com.EG, because, has the lower interfearance. 

The pharmaceutical formulation for using were chosen according composition 

and known interferences. Indobiotic and Labesfal were chosen.  

The labeled concentration of gentamicin was 300 000 IU per 100ml of 

Indobiotic drops, which means 2,19x10-4 mol/L for measured 0,4ml. For Indobiotic the 

obtained results were 2,50 x10-4 mol/L with an RSD of 13,7% (n=6). 

For Labesfal the obtained concentration of gentamicin in sample was good, but 

the recovery was very low. That means that in sample is some substance that influences 

membrane. After cleaning electrodes and theirs new hydrating the calibration slope was 
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again around 58mV/dec. It means those substances don’t have permanent influence on 

membrane. In the first measuring was used only 0,1ml like addition. The obtained 

concentration was 166% for Labesfal 80mg/2ml, and the recovery was 95%. When 

0,6ml was added, obtained concentration was better 115% but the recovery decreased a 

lot. The same tendency was in second Labesfal sample 160mg/2ml.  

 Those results were obtained by Sample addition method. [6] 

For comparison purpose it wasn’t possible to use pharmacopeia methods, 

because the microbiological assays it is not possible to compare with potentiometry. For 

validation of method was used recovery.  For Indobiotic it was between 90% and 94 %. 

 

Table 4 Analysis of pharmaceutical products 

Gentamicin 

Sample 

 

Labelled 

concentration 

(mol/L) 

Measured 

concentration 

(mol/L) 

Relative 

deviation 

% 

Recovery 

[%] 

Indobiotic® 

(Colirium solution) 

 

2,19x10-4 

 

(2,5±0,06)x10-4 

 

113±0,03 

 

91,3±1,6 

Labesfal 

160mg/2ml 

Solution injection 

 

2,59x10-3 

 

(3,0±0,06) x10-3 

 

115±2 

 

40±0,06 

Labesfal 

80mg/2ml 

Solution injection 

2,59x10-3 (3,2±0,01)x10-3 124±1 39,3 

 

4.4. Conclusion 

In this work the construction of a new potentiometric sensor for gentamicine was 

possible. The adequate choice of the ionophore and also the mediator solvent gives rise 

the obtention of an potentiometric sensor with good characteristics for analytical 

purposes.  
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5. Závěr 

V  práci je popsán vývoj a využití potenciometrického senzoru pro stanovení 

gentamicinu . 

Během experimentální práce byly e změřeny závislosti změn potenciálu 

elektrody na pH k vymezení optimálního pH pro měření. 

Byly připraveny pufry s pH 8 a c = 100 mM (např. KH2PO4/ NaOH, 

NH4OH/HCl, Tris/HCl, MES/NaOH). Při měření kalibračních závislostí bylo zjištěno, 

že změna elektrického potenciálu během měření nebyla odpovídající. Byly proto 

vyzkoušeny jiné membrány s použitím různých ionoforů a různých rozpouštědel. Mezi 

ionofory byly zkoušeny především cyklodextriny a jejich deriváty a dále complex Evans 

Blue/gentamicin, který se podařilo vyvořit při měření spectra Gentamicinu.  

Úspěšné kalibrace se  dosáhlo v pufru Tris s  pH 10,15. Směrnice kalibrační 

křivky je 50mV/dek.  

Při měření interference kationtů, které jsou obsaženy ve farmaceutických 

přípravcích, byla zjištěna u některých kationtů vysokáinterference znemožňující 

stanovení gentamicinu.  Jako optimální z hlediska nízké interference a vyhovující 

kalibrační závislosti byla vybraná pro další práci membrána IV. 

Byly analyzovány farmaceutické přípravky Indobiotic®-oční kapky a 

intramuskulární injekce od firmy Labesfal s deklarovaným obsahem gentamicinu 

160mg/2ml a 80mg/2ml. Pro stanovení obsahugentamicinu byla použita metoda 

přídavku standardu ke vzorku [7].U přípravků byl stanoven obsah gentamicinu, který je 

v souladu s požadavky USP 31-NF 26 (pro oční kapky 90-135% deklarovaného 

obsahu); výsledek stanovení u kapek firmy Indobiotic je 113±0,03 %. Pro 

intramuskulární přípravky obsah gentamicinu nesmí být nižší než 90% a vyšší než 

125%. U přípravků firmy Labesfal byl zjištěný obsah gentamicinu 115±2% 

(deklarovaný obsah160mg/2ml), resp. 124±1% (pro Labesfal 80mg/2ml). 

Pro kontrolu metody neexistuje referenční metoda, protože metoda uvedená v 

USP 31-NF 26, která je mikrobiologická, se s metodou potenciometrickou nedá srovnat. 

Ověření správnosti metody bylo provedeno přídavkem známého množství standardní 

látky ke vzorku. Bohužel u injekčních přípravků  získaná hodnota recovery nebyla 

vyhovující, pravděpodobně z důvodů   interferenc Ani u těchto přípravků. Recovery 

vyšla pouze u očních kapek. 



49 

 

Vyvinutá metoda je rychlá, levná a lehko proveditelná v každé laboratoři. Bohužel u 

některých farmaceutických přípravků interference doprovodných součástí přípravků 

znemožňují selektivní potenciometrické stanovení gentamcinu.  
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