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SUMMARY

In order to examine the suitability of our four established methods for the
analysis of tetracyclines (high-performance liquid chromatography, reversed-phase
thin-layer chromatographic densitometry, reversed-phase thin-layer chromatograph-
ic spray reagents and silica gel high-performance thin-layer chromatographic densi-
tometry) for the determination of impurities in tetracycline pharmaceutical prepa-
rations, sixteen samples available on the Japanese market were analysed. Because
these methods did not always give satisfactory results, their analytical conditions
were modified. The comparative studies indicated these methods were accurate and
reliable. Therefore, we recommend a combination of these methods for the analysis
of impurities, in which the spray reagents are used first as a screening method, and
then if the results exceed the limits, a precise determination is carried out using either
high-performance liquid chromatography or reversed-phase thin-layer chromato-
graphic densitometry.

INTRODUCTION

Tetracycline (TC) is extensively used in humans and animals for therapeutic
and prophylactic purposes. Small amounts of impurities are contained in TC phar-
maceutical preparations: most commonly, these are 4-epitetracycline (ETC), chlor-
tetracycline (CTC), anhydrotetracycline (ATC) and 4-epianhydrotetracycline
(EATC). EATC in particular possesses renal toxicity!~3, so the permitted concentra-
tion of EATC is fixed by the Code of Federal Regulation (CFR)*. The British Phar-
macopoeia (BP) sets limits for ETC, CTC, ATC and EATC in TC pharmaceutical

* For Part VI, see ref. 8.
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preparations®, but, the Japanese government does not. The CFR prescribes a spec-
trophotometric screening test for total anhydrotetracyclines in TC pharmaceutical
preparations, and if the results exceed the limits, a determination of EATC using
column chromatography followed by spectrophotometry is required. In the BP, these
impurities are determined by thin-layer chromatography (TLC). Because column
chromatography and the preparation of the necessary TLC plates are time-consum-
ing and complicated, a simpler and more precise analytical method is described.

In previous reports, we have established four methods for the determination
of TCs: (A) high-performance liquid chromatography (HPLC)S; (B) reversed-phase
thin-layer chromatography (RP-TLC) followed by densitometry’; (C) RP-TLC fol-
lowed by detection with spray reagents®; (D) silica gel high-performance thin-layer
chromatography (HPTLC) followed by densitometry®.

Because these methods gave good results for the determination of TCs, we
consider them suitable for the above purpose. Therefore, we used them for a com-
parative analysis of TC pharmaceutical preparations available on the Japanese mar-
ket. This paper describes the optimal conditions and analytical results for the deter-
mination of impurities in TC pharmaceutical preparations.

EXPERIMENTAL

Chemicals

Methanol, acetonitrile, acetone, oxalic acid, disodium ethylenediaminetetra-
acetate (Na,EDTA) and pyridine were analytical grade reagents.

TC and CTC, as their hydrochlorides, were supplied by Pfizer Taito. ETC,
ATC and EATC, as their hydrochlorides, were prepared according to the methods
of Simmon et al.'° and McCormick et al.11.

Preparation of standard tetracycline solutions

Each TC (100 mg) was weighed accurately into a 10 ml volumetric flask, and
diluted to volume in methanol. Further dilution was sometimes necessary before
application.

Preparation of sample solutions

For a TC in tablet or capsule form, twenty tablets or capsules of TC - HCI,
selected at random, were combined and finely powdered when required. A 100-mg
amount of the powder or syrup was dissolved and made up to volume with methanol
in a 10-ml volumetric flask.

Thin-layer chromatography

A silica gel HPTLC (E. Merck, 5641) was predeveloped with saturated
Na,EDTA aqueous solution and then dried in air at room temperature for 1 h and
activated at 130°C for 2 h. Following the application of 1-5 ul of standard and sample
solutions, the plate was developed with acetone-5% Na,EDTA aqueous solution
(10:1). For RP-TLC, following the application of sample and standard solutions a
plate (C,s-modified silica gel, E. Merck, 15423) was developed with methanol-
acetonitrile-0.5 M aqueous oxalic acid solution, pH 2.0 in the ratios 1:1:5 and 1:1:2
for the determination of ETC and the others, respectively.
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UV -densitometry

The developed TLC plate was placed under a Shimadzu CS-910 chromatogram
scanner, and the components were determined by UV absorption spectrophotometry.
The operating conditions were as follows: dual-wavelength mode, Asampie = 360 nm
and Areference = 600 nm for CTC and ETC; Agmpie = 425 nm and Ayererence = 650 nm
for ATC and EATC,; linear scanning was in the reflection mode and the size of the
beam was 0.25 x 9.0 mm; the working linearizer was LIN SX = 3 program; the
background correction was on.

Detection with spray reagents

As described previously®, the developed RP-TLC plate was sprayed evenly
with 0.5% Fast Violet B aqueous solution and pyridine, and then heated at 120°C
to evaporate pyridine. Amounts of TCs on the plates were estimated immediately by
visual comparision of the colour intensity with that of standards after heating TLC
plates.

High-performance liquid chromatography

A high-performance liquid chromatograph equipped with a constant-flow
pump (Shimadzu LC-5A, Kyoto, Japan) was used, with variable-wavelength detector
(UVIDEC-100-1V, Tokyo, Japan) operated at 400 nm. The separation was performed
on Nucleosil 5Cig (5 um, 150 x 4.6 mm L.D., M. Nagel) with methanol-
acetonitrile-0.2 M aqueous oxalic acid solution, pH 2.0 (1:1:5) at a flow-rate of 2
ml/min as the mobile phase at room temperature. For determination of the impuri-
ties, 2 ul each of sample and standard solution were injected.

RESULTS AND DISCUSSIONS

Chromatographic conditions

Our established analytical methods for TCs and their optimal conditions are
summarized in Table I9°. Although the chromatograms exhibited excellent proper-
ties, the methods did not always give satisfactory results for the analysis of impurities
in TC pharmaceutical preparations. Modified optimal conditions for the latter analy-
sis are listed in Table II.

Using our previously reported method A, we could not accurately determine
ETC because a large amount of TC in the sample solution interfered with a small
amount of ETC in the chromatograms. Under the modified conditions shown in
Table II, a precise determination of ETC was obtained. Typical chromatograms of
TC pharmaceutical preparations under these conditions are shown in Fig. 1. The
detection limit for impurities in TC pharmaceutical preparations was 0.05%. Al-
though the determination of impurities in TC pharmaceutical preparations was
achieved using the conditions of method B listed in Table I, we found that the slightly
modified conditions shown in Table II gave better separation of ETC from a large
amount of TC. Other impurities (CTC, EATC and ATC) were completely determined
under the conditions in Table I. Typical densitometric profiles are shown in Fig. 2.
Detection limits were 0.5% and 0.1% for ETC and the other impurities, respectively.
The modified method C led to the determination of the impurities in a similar manner;
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Fig. 1. Typical high-performance liquid chromatograms of tetracycline pharmaceutical preparations. (A)
Standard of TCs (300 ng); (B) capsule E; (C) powder C; (D) tablet. For analytical conditions see Exper-

imental.

detection limits on RP-TLC were 0.3% and 0.06% for ETC and other impurities,
respectively.

The modified method D showed good separation of ETC from a large amount
of TC, but the analytical values of ETC were uncommonly large. We suppose that
these results are due to contamination by an unknown substance which shows the
same Ry value as ETC on HPTLC plates, and we are investigating further. Therefore,
method D would seem at present to be unsuitable for practical application.

(A) (B) e ©) fire
ETC
ETC T ETC
10 05 10 05 10 05
Re Rp Re
(D) (E)
EATC

— [ T r
10 05 10 05 10 05

Fig. 2. Typical densitometric profiles of tetracycline pharmaceutical preparations. (A) Standard of TCs
(0.2 pg); (B) tablet; (C) capsule E; (D) standard of TCs (0.25 ug); (E) tablet; (F) powder C. For analytical
conditions see Experimental.
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Fig. 3. Correlation of quantitative data for HPLC and RP-TLC densitometry. Points represent the values
listed in Table III.

Comparison of analytical results

The TC pharmaceutical preparations analysed were capsules (7), tablets (1),
syrups (3), powders (3) and for animals (2) available on the Japanese market (Table
III). The results from method A show better a coefficient of variation than those
from method B. When the analytical values are close to 0.1%, even the coefficient of
variation for method A is not so good. However, as the coefficients of variation for
both methods are within 10%, it is considered that both are suitable in practice.

Fig. 3 shows a correlation of the quantitative data from methods A and B,
using the least-squares method. The corresponding parameters, method B value =
a (method A value) + b, are ¢ = 1.007, b = 0.049 and r = 0.993. Points represent
the values listed in Table III. If the values from either method A or method B were
not determined, this point is omitted. If such values were assigned at half the detec-
tion limit, the parameters were 1.006, 0.051 and 0.992 for a, b and r, respectively.
The values of both parameters @ and b indicate that the accuracies of the two methods
are almost identical, so we conclude that these analytical results are very reliable.

Method C is not as accurate as other methods but it has some advantages,
namely that it does not require special instruments, it shows better detection limits
than method B and it is the quickest of these methods (the analytical times per five
samples are 2.5 h, 2.5 h and 2.0 h by methods A, B and C, respectively). As method
C shows analytical values close to the others (Table III), it is concluded to be very
effective as a screening method.

Therefore, we recommend a combination of method C and either method A
or method B as a simple and rapid analytical system for impurities in TC pharma-
ceutical preparations. A screening test of the impurities using method Cis first carried
out and, if the results exceed the limits, a precise determination using method A or
B should follow.

Because no limits for the impurities in TC pharmaceutical preparations are
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laid down in the Japanese Pharmacopoeia, we cannot directly evaluate these results.
However, our results do not exceed the BP limits. In the near future, we hope to set
the limits for the impurities in TC pharmaceutical preparations in Japan.

CONCLUSION

The comparative studies using these methods indicate that methods A and B
showed good accuracy and their analytical values were very reliable, and that method
C gave also analytical values close to the others and required the shortest analysis
time. Some of the advantages are as follows: the usage of an isocratic solvent system
for method A and the usage of commercially available precoated TLC plates for
methods B and C. Further, method C does not require special instruments.

We recommend a combination of method C and either method A or method
B for analysis of the impurities. Method C is used as an initial screening method; if
the results exceed the limits, a precise determination should be carried out using
method A or B. Because this system can be readily achieved everywhere, we consider
that it is suitable for a replacement of the official methods.
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