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Quantitative Determination by Thin-Layer Chromatography of

Anhydrotetracyclines in Degraded Tetracycline Tablets

By D. L. SIMMONS, H. S. L. WOO, C. M. KOORENGEVEL, and P. SEERS

A two-dimensional thin-layer chromatography (TLC) procedure on microcrystalline
cellulose is presented for the quantitative determination of anhydrotetracycline and

epianhydrotetracycline in degraded tetracycline tablets.

Initial development is

performed with 0.1 M EDTA-0.1 per cent ammonium chloride solution to separate
the anhydrotetracyclines (R; 0.34-0.38) from the tetracycline (R, 0.72) and

methanol-soluble excipients.

Anhydrotetracycline (R; 1.0) and epianhydrotetra-

cycline (R; 0.52) are then resolved by developing the chromatogram with chloro-
form which has been saturated with the same EDTA-ammonium chloride solution.
A complete assay for these anhydro compounds can be performed in less than 2 hr.

PooR RESOLUTION and/or cxcessive development
time has characterized previous chromato-
graphic attempts to separate tetracycline (TC) and
its major degradation products, anhydrotetracycline
(ATC) and 4-epianhyvdrotetracycline (EATC). The
latter was recently incriminated in the reversible
renal dysfunction (Fanconi-type syndrome) caused
by the ingestion of degraded TC products (1-7).

[u a qualitative examination of TC and its an-
hydro derivatives by radial chromatography, using
water-saturated butanol on silica gel, Rustiei and
Ferappi (8) obtained the following similar Ry values
after 2 hr. of development: TC (0.36), ATC (0.50),
and EATC (0.40). When Kelly and Buyske (9)
employed paper which had been impregnated with
0.1 M EDTA solution and the solvent system #-
butanol-ammonium hydroxide-water (4:1:5), they
obtained the following 16 hr. R values: TC (0.39),
ATC (0.62), and EATC (0.40). In a recent paper
(10) the authors reported the quantitative analysis
of ATC from TC test mixtures by TLC on micro-
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crystalline cellulose. This method required only 20
min, develnpment with 0.19, ammotium chloride
solution to give Ry values of 0.38 and 0.72 for the
ATC and TC, respectively. Subsequent experi-
ments revealed that mixtures of EATC, ATC, and
TC are partially resolved by the same chromato-
graphiec system, but overlapping of the ATC (0.38)
and EATC (0.34) occurred. In order to completely
resolve the two anhydro-compounds, two-dimen-
sional chromatography was attempted. The find-
ings of Kelly (11) that ATC and EATC can be sep-
arated by partition chromatography employing
buffered 0.1 M EDTA solution (pH 7.8) as stationary
phase and buffer saturated chloroform as moving
phase, prompted the authors to utilize these findings
in their search for a suitable second solvent system.
By developing the chromatogram with 0.1 A EDTA
(disodium salt)-0.1%, ammonium chloride solution
(pH 4.5), followed by chloroform which had been
saturated with the samme EDTA-ammonium chloride
solution, complete resolution of the ATC (1.0)
and EATC (0.52) occurred. Omn altering the
pH of the aqueous phase between 3.5 and 8.0, Ry
values for ATC (1.0) and TC (0.17) were observed
to remain constant in the second development;
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Fig. 2.—Absorbance of EATC as a function of

concentration. Key: @, direct dilutions; Q, dilu-  concentration. Key: @, direct dilutions; ©Q, dilu-
tions after TLC. tions after TLC.
TABLE I.—ANALYSIS?® OF TETRACYCLINE TABLET TEST MIXTURES
B Dilutions
—————ATC, mg./Tablet EATC, mg./Tablet Spot of TLC
e- Re- Load, Extracts,
Added Found covery, %, Added Found covery, % ml. mi.
Q 1.08 &= 0.06 0 0.28 = 0.02 0.2 5
0.5 1.54 +0.11 97 .4 0.5 0.76 £0.13 97.4 0.2 5
1.0 1.99 = 0.16 99.0 1.0 1.35 &= 0.08 105.5 0.1 5
5.0 6.09 + 0.10 100.2 5.0 5.16 £ 0.12 97.8 0.1 10
10.0 10.95 £ 0.08 98.8 10.0 10.32 £ 0.24 100.4 0.05 10
¢ + = standard deviation. The average of five determinutions. The blank value for EATC (0.23 mg.) was obtained

from the difference between total anhydro content and ATC only.

on the other hand, the Ry value for EATC varied
between 0.60 and 0.30. In contrast to Kelly's
procedure (11) the results demonstrate that pre-
cise pH requirements are not necessary for the sys-
tem to be operative. Such a large difference be-
tween the Ry values for ATC and EATC led to their
easy isolation and determination.

EXPERIMENTAL

Preparation of Anhydrotetracycline Hydrochlo-
ride.—A modified procedure of McCormick et al.
(12) was used. Tetracycline hydrochloride was
heated in methanol-concentrated hydrochloric acid
(1:4) on a steam bath for 30 min. The solution
was cooled and diluted with ice water; the resulting
precipitate was collected by filtration. Purifica-
tion was achieved by dissolving the precipitate in
hot methanol-concentrated hydrochloric acid (30:1),
treating the solution with charcoal, and filtering it
through Celite. Crystallization occurred when the
filtrate was cooled, and a small amount of concen-
trated hydrochloric acid was added. By repeating
this procedure 6 times, a product was obtained with

the melting point and ultraviolet absorption spec-
trum (0.1 N sodium hydroxide solution) of pure
anhydrotetracycline hydrochloride.

Preparation of Epianhydrotetracycline Hydro-
chloride.—By employing the ammonium salt of
epi-tetracycline (12) in the foregoing procedure
instead of tetracycline, a pure sample of epian-
hydrotetracyclinc hydrochloride was prepared.

Preparation of Standards.—Standard solutions
(2 mg./ml) of ATC and EATC in methanol were
prepared and aliquots (5, 10, .. .25 ul.) were re-
moved and diluted to volume with methanol in 10-
ml. volumetric flasks. Dilution absorbances were
determined at 428 my on a Beckmman DU spectro-
photometer. The results are illustrated in Figs. 1
and 2.

ldentical aliquots of the two foregoing standard
solutions were subjected to the two-dimensional
chromatographic procedures described below for
TC tablet test mixtures. The methanolic TLC
extracts were diluted to volume with 10 ml. of
methanol and dilution absorbances were dcter-
mined spectrophotometrically at 428 mu. Standard
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TABLE I].—ANALYSIS® OF DEGRADED TETRACYCLINE

TABLETS
Spot
f.oad,
Sample Vol ml ATC, mg./Tablet LATC, mg./Tablet
A 0.02 16.23 £ 0.48 15.28 &= 0.66
B 0.04 8.10 +0.29 5.89 = 0.37

* + standard deviation. The average of five determina-

tions.

curves, comparing dilutions after TLC with direct
dilutions, are illustrated for ATC and EATC in
Figs. 1 and 2, respectively.

Procedure.—7IC Tablet Test Mixtures—TC tab-
lets! each containing 250 mg. of tetracycline hy-
drochloride were crushed by mortar and pestle.
The resulting powder was deliberately contaminated
with known quantities of ATC and EATC. Pow-
der equivalent to one tablet was transferred to a
3-ml. sintered-glass funnel and vacuum extracted
with approximately 20 ml. of hot methanol. The
extract volumes were adjusted to 25 ml. in volumetric
flasks and appropriate aliquots spotted for two-
dimensional chromatography (13) on microcrystal-
linc cellulose plates (10). The chromatograms were
developed for 20 min. in a chamber containing 0.1
M EDTA—0.19, ammonium chloride solution
(pH 4.5). Development was followed by drying
the plates under ambient conditions for 25 min.
The plates were then placed for two-dimensional
chromatography in a second chamber which con-
tained chloroform saturated with the EDTA--
ammonium chloride solution as used previously.
Development for 20 min. was then permitted. Ry
values of 1.0 and 0.60 were obtained for ATC and
EATC, respectively. After removing and thor-
oughly drying the plates, the visible spots were
scraped into 3-ml. sintered-glass funnels and vacuum
extracted with hot methanol. Care was taken to
ensure that complete drying of the microcrystalline
cellulose occurred prior to extraction with methanol.
When the adsorbent was too wet, EDTA was found
to be extracted and caused characteristic increases
(0.008) in absorbance at 428 mu. These results
were confirmed by deliberate addition of EDTA
solution to test samples. A drying period of not
less than 3 min. under a gentle stream of air? proved
to be satisfactory.

1 Marketed as Tetrosol Tablets by Frank W. Horner Ltd.,
Montreal, Quebec, Canada (July 1965).

2 QOster “‘airjet” hair dryer, John Oster Manufacturing Co.,
Milwaukee, Wis.
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As previously described by the authors (10),
quantitative isolation and determination of an-
hydrotetracycline from microcrystalline cellulose
is only possible in the 10-40 meg./spot range. To
keep within this rauge when working with samples
containing unknown quantitics of anhydro- com-
pounds, the authors used the separation of the initial
plate load as an indication of the quantitics involved
in the analysis, Suitable absorbance readings for
ATC and EATC solutions were obtained by diluting
the extracts of the plate scrapings with appropriate
quantities of methanol. The spot load volumes and
TLC extract dilutions which were used experi-
mentally are indicated in Table I for casy reference.

Degraded Tetracycline Tablets.—Having es-
tablished the validity of the foregoing procedures
in the analysis of TC samples to which anhydro-
tetracyclines had been added, the authors applied
the procedure to the analysis of degraded TC tab-
lets. Sample 4 had been subjected to a 6-week
thermal degradation study at 70° (14) followed by
a storage period of 4 years at room temperature
in screw-cap vials. Sample B had been stored
in plug-cap glass vials, under tropical conditions
for 4 years. The results are given in Table IT.

DISCUSSION

A simple, rapid, and quantitative analysis for
ATC and EATC has been petformed by two-
dimensional TLC on microcrystalline cellulose.
The procedure is not affected by tablet excipients,
and permits easy separation and quantitative re-
covery of minute (0.5 mg.) quantities of the harmful
impurity, EATC. The method can be adopted for
routine control quantitative or qualitative analysis
of TC raw materials and solid dosage forms.
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