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Abstract: A plastic membrane electrode for the determination of methacycline
hydrochloride was fabricated based on the use of methacycline-tetraphenylborate as the
electroactive substance, and dioctylphtalate as the plasticizing agent. It was found that the
potential responses of the electrode were influenced by pH of the tested solution when
pH>3. Under the condition of pH 2.6, the linear response range, slope (25°C) and detection
limit obtained were 3.0x1072~6.0x10°M, 52.9mv per decade and 3.4x10°M respectively.
The response time of the electrodes was <15 seconds. The values of recovery obtained were
99.2~101.2%. The electrode was successfully applied to determination of methacycline
hydrochloride in tablet by direct potentiometric method. The result obtained with the
electrode was in good agreement with the value obtained by using the official method (high-
performance liquid chromatography).
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Introduction

Tetracyclines are widely used as broad spectrum antibiotics for high activity against nearly all
gram-positive and gram-negative bacteria. Moreover, it is found that tetracyclines could be applied to
diagnosis and therapeutics of carcinomas [1]. Therefore, the study of analytical methods for
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determination of tetracyclines has been a noticeable project in the field of drug analysis [2-7].

Methacycline hydrochloride (MC.C)D), 4-(dimethylamino)-1,4,4a,5,5a,6,11,12a-octahydro-
3,5,10,12,12a-pentahydroxy-6-methylene-1,11-dioxo-2-naphthacenecarboxamide monohydrochloride,
is an intermediate during the synthesis of oxytetracycline, and possesses higher activity against the
bacteria in comparison to tetracycline and oxytetracycline. For the determination of methacycline
hydrochloride, high performance liquid chromatography [8] and antibiotics-microbial assay [9] were
recommended in some pharmacopoeias. Only few studies on the method for determination of
methacycline(MC) in pharmaceutical analysis are reported, including high performance liquid
chromatography [10], spectrophotometry [11], phosphorimetry [12] and thin-layer chromatography
[13-14]. Ion-selective electrodes are playing an important role in pharmaceutical analysis [15-17] due
to its simplicity, rapidity and accuracy over some other analytical methods. Recently, it is realized to
show dramatically improved detection limits, which can only be achieved by using any other
electrochemical technologies [18]. To the best of our knowledge, however, no methacycline ion-
selective membrane electrode has been reported. In present paper, a methacycline ion-selective PVC
membrane electrode is developed based on the use of ion-pair compound of methacycline-
tetraphenylbroate (MC-TPB) as the electroactive substance, and dioctylphthalate(DOP) used as
plasticizer. The performances of the electrode along with the other related methacycline-selective
electrodes which were fabricated by using the respective ion-pair compounds,methacycline-
silicotungstate (MC-SiT) and methacycline-phosphotungatate (MC-PT),as the corresponding
electroactive substance in the membrane are investigated experimentally, and the proposed electrode
was successfully applied for the determination of MC.Cl in the pharmaceutical tablet formulations.

Experimental
Reagents

Sodium tetraphenylborate, phosphotungstic acid, silicotungstic acid were commercially available
(Fluka, Buchs, Switzerland). Dioctyl phthalate (DOP), dibutyl phthalate (DBP), poly (vinyl chloride)
(PVC) of relatively high molecular weight were used. Methacycline hydrochloride (MC.Cl) was
obtained in the pure raw material, which was of Chinese pharmacopoeia grade [8], and the
pharmaceutical formulation from a local pharmaceutical company. All the reagents and solvents were
of analytical reagent grade. Deionized water was used throughout the study.

Diluted hydrochloride acid (pH 2.6) was prepared which was used as a background solution for
preparation of standard solution of MC.CI or sample solutions.

A 0.1M stock solution of MC.CI was prepared by dissolving the appropriate, accurate amount of the
pure drug in the background solution. A 1.0x102~1.0x10°M solution of MC.Cl were prepared daily
by sequential dilution of the appropriate stock solution with the background solution. All solutions of
MC.CI were kept in brown bottles.

Preparation of lon-pair Compound

Ion-Pair Compound of Methacycline - Tetraphenylborate (MC-TPB): About 20 mL of 0.01 M
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solution of MC was mixed with 25 mL of 0.01M solution of tetraphenylborate under stirring. The
resulting precipitates were filtered off, washed with water, dried at 60°C.The preparation of the ion-
pair compound, methacycline-silicotungstate (MC-SiT),was conduced with the similar procedures but
using 0.01 M silicotungestic acid.

lon-Pair compound of Methacycline —Phosphotungstate: The preparation of methacycline-
phosphotungstate(MC-PT) was carried out by mixing the two solutions at the ratio of
volume,65:20.,1.e.,65mL of 0.01M solution of MC was mixed with 20 mL of 0.01M solution of PT.
The other procedures are similar to the one state above. The composition of the ion-pair compound,
(MC)sPT, was confirmed by elemental analysis data. Hereafter this ion pair compound was still
represented as MC-PT.

Preparation of the Electrode

For MC-TPB electrode (electrode A), the mixture of PVC cocktail was prepared by dissolving
0.5mg of MC-TPB,31.5mg of PVC,68.0mg of DOP in 2.5mL of tetrahydrofuran. The sensing
membrane was prepared by pouring the mixture onto a glass dish (ca.4cm diameter) and allowed to dry
at room temperature. The cocktails and sensing membranes for both MC-SiT electrode (electrode B)
and MC-PT electrode (electrode C) were prepared analogously, the compositions of the sensing
membrane prepared were 1.0 wt% MC-SiT,57.2 wt% DOP, 41.8 wt% of PVC for the electrode B, and
10.0 wt% of MC-PT,45.0 wt % of DBP, 45.0 wt % of PVC for the electrode C, respectively.

The PVC membrane electrodes were constructed using similar procedures described previously
[19]. A membrane (ca.16-mm diameter) was cut out and glued to the polished end of a PVC tube by
using a PVC (ca. 5 wt % )- THF solution. The Ag-AgCl electrode and 1.0 %10 M of MC.ClI solution
were used as the reference electrode and the internal filling solution of electrode, respectively.

The assembled electrodes were conditioned by soaking into 1.0 x10° M of methacycline
hydrochloride solution for 2h before the use of electrodes. When not in use, the electrodes were stored
in air.

Measurement of Electromotive Force (emf)

A methacycline-selective PVC electrode and a saturated calomel electrode(SCE) were used as the
indicating electrode and the reference electrode, respectively. The emf measurements were carried out
at room temperature with a Model pHs-2 precision pH-meter in the following cell:

S.C.E. / test solution / ISE

The test solution were constantly stirred with magnetic stirring.

Analytical Method for Pharmaceutical Formulation

Two methacycline hydrochloride tablets were weighted accurately, crushed and mixed in a mortar,
and dissolved in 30mL of the background solution under stirring condition. The solution was
transferred into a 50-mL volumetric flask, then completed to the mark with the background solution. 5
mL of this solution was taken and transferred into an another 50-mL volumetric flask, completed to
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volume with the background solution. The methacycline selective PVC membrane electrode and the
reference electrode were immersed into the test solution. The content of MC in the tablets was
determined by using the direct potentiometric method.

Results and Discussion
Optimization of the Membrane Composition

In the previous experimental investigations [19-21], it is obvious that both kind of plasticizer
selected and the membrane composition used can influence the response performances (such as the
sensitivity, linear concentration range, the detection limit, the response time etc.) of a PVC membrane
ion-selective electrode, if other properties of the electrode, e.g. selectivity or the pH response, are
omitted. In this study, three plasticizers, DOP, DBP and DNP, were used to examine the optimization
of the membrane with plasticizer entailed the use of plasticizer content (ratio) of 60.0,64.0,68.0 wt %,
and the use of PVC contents of 39.0,35.0,and 30.0 wt %. The electroactive compound (MC-TPB)
contents of 0.5,1.0,1.5 wt % were used and the sum of percentage for the three components was
adjusted to 100 %.The results obtained showed that the response performances of the electrode
prepared were rather different depending on the use of plasticizer, the proportion of the plasticizer
toward PVC and of the electroactive compound. The typical potential responses of the electrodes
constructed with three plasticizers were given in Figure 1. As shown in Fig.1,the DOP-PVC electrodes
were superior to DBP- and DNP- PVC electrodes in both the response slope and linear concentration
range. So DOP was selected as the plasticizer of liquid membrane electrode. The best membrane
composition of the DOP-PVC electrode was 31.5(w/w) % DOP,67.8(w/w) % PVC and 0.7(w/w) %
ion-pair which is used in this study.
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Figure 1. Optimization of plasticizers. DBP(m)(the PVC membrane composition: DBP 64.0
wt%, PVC 34.5 wt%, MC-TPB 1.5wt%);DOP(e) (DOP 68.0 wt%, PVC 31.5 wt %, MC-TPB
0.5 wt%); DNP(A) (DNP 60.0 wt%, PVC 39.0 wt%, MC-TPB 1.0 wt%).
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Response Characteristics of Electrode

The response characteristics of the MC-TPB electrode (electrode A), MC-SiT electrode (electrode
B) and MC- PT electrode (electrode C) are summarized in Table 1 and shown in Figure 2. As can be
seen, the potential response of the proposed electrode (electrode A) at varying concentration of
methacycline hydrochloride displays the widest linear response
concentration range of 6.0x10° to 3.0x10” M with a Nernstian slope of 52.9 + 0.2mV per decade. The

range toward MC, being in the

limit of detection was 3.4 x10°M. All the electrodes show a very short response time (<15s) over a
MC concentration range of 1.0x10" to 1.0x10™ M. The stability of electrode A was monitored
continuously at 1.0x10° M of MC solution and evaluated for a period of 6h, the potential drift
obtained was <0.13 mV/h.
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Figure 2. Calibration curves of the electrodes. Electrode A(e®);Electrode B(O);Electrode C(A).

The repeatability of the potential reading for electrode A was examined by subsequent
measurements in 1.0x10° M of MC solution immediately after measuring the first set of solution at
1.0x10™* M of MC solution. The standard deviations of measuring emf for 5 replicate measurements
obtained are 0.20 mV for the solution of 1.0x10™* M and 0.11mV for the solution of 1.0x10™ M. This
means that the repeatability of potential response of the electrode is good. The response properties of

the proposed electrode did not change obviously after the use of the electrode for two months.

Table 1. Response Characteristics of the Electrodes.

Parameter Electrode A Electrode B Electrode C
Slope (mV per decade) 52.9 50.2 46.5
Linearity range (M) 3.0x107~6.0x10° 5.0x10°~1.0x107 6.0x10°~2.0x10”
Correlation coefficient 0.9998 0.9995 0.9874
Detection limit (M) 3.4x10° 3.4x10° 1.0x107
Response time * (s) <10 <15 <15

* The concentration ranges of MC tested were 1.0x10™'~1.0x10™ M.
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Effect of pH

The effects of pH on the responses of the electrodes were examined by measuring the potential
variation in the emf over the pH range of 1.0-11.5 and the results were shown in Fig. 3. For the
electrode A ,as can be seen, the smaller changes in the potentials occurred in the pH ranges of both
2.0-3.0 and 5.0-6.0, beyond which the change of the potential was considerable. It is known that
tetracyclines are unstable due to either forming the isomeric compounds containing inner ether at basic
solution or undergo dehydration at acidic solution (pH <2 ) [20] .So a pH range of 2.0-3.0 can be used
as the pH working range for the methacycline-selective electrode. To enable a simple measurement
protocol and keep the pH value of all the test solutions within the desired range (pH2.0-3.0), as those
of methacycline hydrochloride standard solutions, a diluted hydrochloric acid at which a pH value is
fixed between 2.0-3.0 was used as the background solution in this study. It is obvious that the
advantage of the background solution used eliminate the pH adjustment.

E/mY

Figure 3. Effect of pH on the potential of the electrode. Electrode A(o); Electrode B(m);
Electrode C(0).

Selectivity of the Electrode

The selectivities of electrodes were investigated by the separate solution method (a;= aj=10'3M) and
the potentiometric selective coefficients, which were calculated by the similar equation as described
previously [21], summarized in Table 2. As be seen from Table 2, the inorganic cations such as
K*,Na*,Ca**,Mg** etc. and the organic compounds tested , citric acid and L-glutamic acid do not
interfere. Moreover, the excipients, such as corn starch, gelatin, magnesium stearate etc., in the
methacycline hydrochloride tablets do not interfere with the determination of methacycline. In
addition, it is also seen that the electrode B possesses the better selectivity over the other electrodes
(see Table 2). This attributed probably to the large difference in the mobilities and permeabilities of the
ions in MC-SiT electrode membrane as compared to the primary ion (MC.Cl).
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Table 2. Selectivity Coefficients of Electrodes.

Log K™y,
Interfering species(j) Electrode A Electrode B Electrode C
Na* 1.01 2.02 1.12
K" 1.11 2.20 1.32
NH", 1.11 2.31 1.49
Ca™ 2.49 3.72 2.60
Mg™* 2.50 3.80 2.20
Al 2.80 3.89 2.72
Citric acid 1.12 2.32 1.20
L-Glutamic acid 1.15 2.32 1.02

Analytical Application of the Electrode

With the electrode A, accuracy of the proposed method for determination of methacycline
hydrochloride was assessed by determining 95~385 pg /mL methacycline hydrochloride solutions
using the direct potential method and the data obtained showed in Table 3 which indicates the average
recovery and standard deviation to be 99.8% and 0.8%, respectively. The direct potential method was
applied to the determination of methacycline hydrochloride in pharmaceutical tablets (ca.100mg
methacycline hydrochloride/tablet, Huai Yin Pharmaceutical Works, batch number: 20000113B) and
compared with the pharmacopoeia method (High-performance liquid chromatography) [8]. The mean
value and the relative standard deviation obtained by using methacycline selective PVC membrane
electrode method was 96.1 mg/tablet and 0.5% (n=6) respectively while the mean value obtained with
the pharmacopoeia method was 96.4 mg/tablet.

Table 3. Recovery of Metacycline Hydrochloride.

Added °/ mg Found " /mg Recovery “/ %
4.79 4.78 99.8 +£0.6
9.58 9.54 99.6 +0.8
19.16 19.15 999 + 1.1

* Total volume of the tested solutions was 50.0 mL.
® Average of five determinations.
¢ Mean of recoveries =+ standard deviation.

Conclusion

A Methacycline-selective PVC membrane electrode based on the ion-pair compound of MC-TPB
and DOP as plasticizer was developed . Its linear range, slope and limit of detection were 3.0x10°
226.0x10° M ,52.9mV per decade and 3.4x10° M, respectively. The effect of pH on the potential
response indicated that larger influence of pH occurred when pH of the solution was in the range of
3~5. The response properties of electrodes based on the ion-pair compounds, MC-PT and MC-SiT,
were also investigated experimentally. The linear range of MC concentration for electrode constructed
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with the ion-pair compound MC-TPB was wider than that of electrodes based on the ion-pair
compound MC-PT or MC-SiT. The proposed electrode was successfully applied to the determination
of methacycline hydrochloride in pharmaceutical preparation. The analytical method proposed proved
to be a simple, rapid and accurate method.
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