
In the mass spectrum, the highest mass ion was found at 615 and 
the base peak at 532 m/e. Although the material fragmented into a 
great many ions, the highest concentration of them clustered into 
two groups: one ranged from 530 to 536 and the other from 262 to 
270 m/e. Since the starting material has a molecular weight of 302, 
the possibility that the ion at 615 m/e is the parent ion of a dimer 
of the starting material may be ruled out. The ion could possibly 
arise, however, from the fragmentation of a trimer formed from an 
intermediate generated during the reaction. The ions in the groups 
at rnle 530-536 and 262-270 could then be due to dimers and 
monomers, respectively, fragmenting from the trimers or present in 
the mixture obtained from the reaction. 

Of the many structures possible, three monomeric ones that can 
be written for the ions and that appear to be consistent with the 
various spectral data and with the starting material are shown in 
IX, X, and XI. 

Structures such as X and XI can arise from a rearrangement 
similar to that given for tbe dienol-benzene rearrangement (1 1). 

It seems, therefore, that the initial reaction is a Friedel-Crafts 
reaction on the allylic alcohol group of I with the formation of an 
ally1 carbonium ion. This carbonium ion can be stabilized not only 
by the excess aluminum chloride but also by the nitrobenzene (12, 
13). The stabilized carbonium-ion complex, conjugated with one 
or more double bonds, results in the red color observed in the an- 
alytical reaction. Red oils were reported previously in reactions of 
aluminum chloride, or bromide, with aromatic hydrocarbons (14). 
When the complex is destroyed by the addition of water, polymeric 
material is formed by attack of the carbonium ions on the various 
double bonds initially present in the molecule or generated during 
the reaction. 
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Paper Chromatographic Determination of Oxytetracycline 

A. SINA”, M. K. YOUSSEFt, A. A. KASSEMS, and I. A. ATTIA 

Abstract 0 A paper chromatographic method for the quantita- 
tive separation and determination of oxytetracycline in the pres- 
ence of its degradation products is presented. The separation of the 
antibiotic was carried out by making use of its complexation with 
urea on the chromatographic paper. Oxytetracycline and its deg- 
radation products gave characteristic fluorescence under UV light, 
and their respective At values were given. The recovery of this 
method was satisfactory (mean deviation = -3.0%) and was suc- 
cessfully applied to the assay of oxytetracycline in bulk and other 
pharmaceutical dosage forms. Hydrocortisone acetate and poly- 
myxin B sulfate did not interfere with the chromatographic separa- 
tion. 
Keyphrases Oxytetracycline-separation, analysis from degrada- 
tion products, urea-impregnated chromatographic paper 0 Paper 
chromatography-separation, analysis, oxytetracycline 0 Urea 
complexes-separation, analysis of oxytetracycline 0 UV spectro- 
photometry-identification, oxytetracycline 

The microbiological methods widely used for the 
determination of tetracycline antibiotics are not satis- 
factory, since some degradation products of these anti- 
biotics proved to have antibacterial activity (1, 2). In 
view of the findings that relate a reversible fanconi-type 
syndrome to the ingestion of degraded tetracycline 
capsules (3-7), interest has developed in the analytical 
determination of tetracycline antibiotics in the presence 
of their degradation products. 

Novelli et al. (8) pointed out the need of applying 
experimental correction factors, which are different 

for each component, in the spectrophotometric deter- 
mination of tetracycline and its degradation products. 
This is necessary to make the results coincide with the 
theories and with the microbiological determinations. 

A review of the literature dealing with the quantita- 
tive paper chromatographic determination of oxy- 
tetracycline revealed that there are only scanty pub- 
lications concerning this aspect. 

Selzer and Wright (9) separated different tetracyclines 
and their epimers on a paper chromatogram, pre- 
viously impregnated with McIlvaine’s buffer, pH 3.5. 
Sztaricskai (10) described a circular paper chromato- 
graphic method for determining oxytetracycline in the 
presence of its acidic decomposition products, using 
Whatman No. 1 chromatographic paper previously 
impregnated with phosphate buffer, pH 3.0, and a 
butanol-acetic acid-water (4: 1 : 5 )  solvent system over- 
night. This method was claimed to be useful for estimat- 
ing oxytetracycline in intermediary products and animal 
nutrients, but it was not reported to be applicable for the 
determination of oxytetracycline in pharmaceutical 
preparations. On applying this method to a sample of 
degraded oxytetracycline, we were unable to detect the 
fluorescent zones under UV lamp according to the 
description of the author; furthermore, no sharp 
separation of the degradation products was observed, 
and the experiment was time consuming (overnight 
running). 
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Higuchi and Bolton (1 1) reported that urea formed a 
complex with oxytetracycline and increased its solubility 
in buffer solution, pH 5.0. Based on this finding, it seemed 
valuable to use urea solution as an immobile phase for 
establishing a paper chromatographic method which 
allows separation and subsequent determination of oxy- 
tetracycline in the presence of its degradation products. 
The purpose of the present study is to establish an 
accurate procedure for the determination of oxytetra- 
cycline in different pharmaceutical preparations in the 
presence of its degradation products. 

EXPERIMENTAL' 

Separation of Oxytetracycline from Its Degradation Products- 
Preparation of Chromatogram-A series of chromatographic papers 
was impregnated with McIlvaine's buffer, pH 5.0. Other series of 
papers were impregnated with the same buffer containing 10% w/v 
of urea. The papers were then blotted between sheets of absorbent 
papers. 

Solvents-A mixture of chloroform-ethyl acetate-pyridine 
(1 : 1 : l), was used with papers impregnated with the buffer alone; 
the same solvent, previously saturated with urea, also was used with 
the papers impregnated with the buffer containing urea. 

Method-Ten microliters from each freshly prepared methanolic 
solution, containing 1 mg./ml. of oxytetracycline base (international 
standard), and 10 111. of the same solution after 1 month of storage 
at room temperature (34") were separately spotted on each series of 
papers. The chromatograms were then partially dried in air; while 
still damp, they were subjected to ascending running by being hung in 
thechromatographic jars, each containing 100 ml. of the correspond- 
ing solvent. When the solvent front reached about 22 cm. above the 
starting line, the papers were removed and dried in air. They were 
then exposed to ammonia vapor for 5-15 sec., and the separated 
spots were identified under UV light. The oxytetracycline and its 
degradation products separated on the chromatogram were identi- 
fied by analogy to the Chas. Hzer  test procedure (12). The mean 
Rf values of these components were calculated and are presented 
in Figs. 1 and 2. 

Quantitative Analysis along a Horizontal Line-Two hundred 
microliters of a freshly prepared methanolic solution of oxytetra- 
cycline base was spotted along a horizontal line (10 cm.) on the 
chromatographic paper, previously impregnated with 10 w/v 
urea in Mcllvaine's buffer, pH 5.0. Ten microliters of freshly pre- 
pared oxytetracycline (international standard) solution in methanol 
was spotted at the same level of the previously applied line at a 
distance 2.5 cm. away from the edge of paper. The chromatogram 
was then transferred to the chromatographic jar containing the 
corresponding, previously mentioned solvent. When the solvent 
front reached about 22 cm. above the starting line, the chromatw 
gram was removed and dried in air. It was then exposed to ammonia 
vapor for the specified time and examined under UV light. The 
horizontal area at the level of the standard spot (yellow fluores- 
cence) was cut off and then eluted with 20 ml. of dilute HCl (pH 1.8). 
The absorbance of oxytetracycline present in the eluate was deter- 
mined spectrophotometrically at 352 nm. for 1 hr. against oxytetra- 
cycline base (international standard), which was chromatographed 
and eluted in the same manner. A blank for spectrophotometric 
determination was prepared by eluting an equal area from a chro- 
matographic paper similarly treated without antibiotic. A series of 
chromatographic determinations was conducted on oxytetracycline 
(international standard) to calculate the percent recovery of the 
antibiotic (Table I). 

Chromatographic Determination of Oxytetracycline in Different 
Pharmaceutical Preparations-The previously mentioned method 
was applied to determine the oxytetracycline content of capsules, 

1 The following apparatus and reagents were used: (a) spectropho- 
tometer, Carl Zeiss Jena; (b) UV lamp, HPW-l25W, Typ. 57202 E/7, 
Philips; (c) chromatographic jars (20 X 25 X 35 cm.), with ground- 
glass lid; (d) Whatman No. 1 chromatographic,papers (17.5 X 28 cm.); 
(e) methanol, chloroform, ethyl acetate, pyridme, urea, phosphoric 
acid, and hydrochloric acid, all analytical grade; (f) oxytetracycline base 
dihydrate USP XVII; and (9) international standard of oxytetracycline 
base dihydrate (900 I.U./mg.), provided by the World Health Organiza- 
tion. 

Table I-Percent Recovery of Oxytetracycline (International 
Standard) after Chromatography 

Oxytetra- 
Oxytetra- cycline 

cycline Found 
in 0.2 ml. after 

Number Methanolic Chroma- -Deviation---- 
of Ex- Solution, tography, Micro- Percent 

periment mcg. mcg. grams wlv 

1 200.0 197 -3  - 1 . 5  
2 200.0 192 -8 - 4 . 0  
3 200.0 193 -7 -3.5 
4 200.0 195 -5 -2.5 
5 200.0 194 -6 -3 .0  
6 200.0 195 -5 - 2 . 5  
7 200.0 192 - 8  - 4 . 0  

Mean = -6 -3 .0  

tablets, injections, suspensions, pediatric drops, and ointments. The 
procedure adopted for preparing the sample before applying on the 
chromatographic paper was varied according to  the nature of the 
dosage form used. 

Capsules and T a b l e t s A n  exact weight, corresponding to 100 mg. 
oxytetracycline, from the pooled contents of five capsules or five 
powdered tablets was dissolved in a sufficient amount of methanol, 
and the volume was completed to 100 ml. The resulting turbid 
solution was centrifuged before being applied onto the chromato- 
graphic paper, and then 200 pl. of the methanolic clear solution was 
measured. The procedure was completed as previously described. 

Suspensions and Pediatric Drops-An exact volume of the well- 
shaken sample, corresponding to 25 mg. oxytetracycline, was 
measured and diluted to 25 ml. with methanol in a volumetric flask. 
The resulting turbid solution was then centrifuged prior to applica- 

Ink.-St 

Cf-Gr 

Figure I-Chromatogram of degraded oxytetracycline base on paper 
impregnated with buffer, pH 5.0. Key: Gr. (green) = a- or 8-apoter- 
ramycin, Rf 0.95 or 0.2; Ye. (yellow) = oxytetracycline, Rf 0.61; 
Br.-Gr. (brownish-green) = terrinilide, Rf 0.49; Gr.-Br. (greenish- 
brown)' = unknown, Rf 0.08; BI. (blue) = 6~-deoxyoxytetracycline, 
Rf 0.02; and 1nt.-St. = international standard of oxytetracycline 
base dihydrate, Rr 0.61. 
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Table 11-Stated and Found Potency Values of Oxytetracycline in Different Pharmaceutical Preparations 

Dosage Form Stated Potency 

Found Potency 
(Average of Four 
Determinations) 

Standard 
Deviation 

Capsules : 
No. 1 
No. 2 
Tablet 
Suspension 

Pediatric drops: 
No. 1 
No. 2 

Injections: 
No. 1 
No. 2 

Ointments: 
No. 1 
No. 2 
No. 3 (ointment 
base composed of 4% 
polysorbate in vaseline) 

250 mg./capsule 
250 mg./capsule 
250 mg./tablet 
125 mg./5 ml. 

100 mg./ml. 
100 mg./ml. 

100 mg./2 ml. 
250 nig./2 ml. 

30 mg./g. 
5 mg./g. 

30 mg./g. 

250.22 mg./capsule 
248.28 mg./capsule 
219.45 mg./tablet 
115.10 mg./5 ml. 

97.04 mg./ml. 
100.70 mg./ml. 

100.25 mg./2 nil. 
260.77 nig./2 ml. 

30.23 mg./g. 
4.02 mg./g. 

29.47 mg./g. 

1 3 . 4 4  
1 3 . 1 5  
f 2 . 3 8  
+0.55 

1 0 . 8 7  
f0 .46  

1 1 . 0 8  
+ I  .46 

3 z O .  27 
1 0 . 0 2  

*0.01 

tion. In the case of colored suspensions of calcium dioxytetracycline 
pediatric drops, the dye interfered with the chromatographic separa- 
tion and determination. The dye was removed by centrifugation of 
an accurately measured volume of the supension, corresponding to 
200 mg. oxytetracycline (as calcium salt), and subsequent washing of 
the precipitate with successive 5-ml. portions of distilled water. 
The precipitate, which was partially soluble in methanol, was made 
completely soluble by dissolving it in 10% w/v phosphoric acid 
(10 ml.) and completed up to 200 ml. with methanol. Then, 200 rl. 
of the solution was applied directly onto the chromatographic paper, 
and the assay was completed as described. 

Injections-A measured volume (0.2 ml.), corresponding to 5 mg. 
oxytetracycline, was diluted to 5 ml. with methanol; 200 yl. was 
applied directly onto the chromatographic paper. 

Ointments-An exact weight of the ointment, corresponding to 
30 mg. oxytetracycline, was treated with the least amount (6 ml.) of 
petroleum ether (b.p. 6G80"). This solvent was chosen because the 
antibiotic is almost insoluble in it (13). The insoluble antibiotic was 
extracted by shaking in a separator with three, exactly measured, 
successive 5-ml. portions of 0.1 N HCI. The combined anti- 

@ Gr. 

L G r .  

Figure 2-Chromatogram of degraded oxytetracycline base on 
paper impregnated with buffer,pH5.0, containing 10% WIV urea. Key: 
Gr. (green) = a- or j3-apoterramycin, Rr 0.76 orO.1; Ye.(yellow) = 
oxytetracycline or epiterramycin, Rr 0.48 or 0.01; Br.-Gr. (brownish- 
green) = terrinilide, Rf 0.28; Gr.-Br. (greenish-brown) = unknown, 
Rr 0.04; and Int.-St. = international standard of oxytetracycline 
base dihydrate, R f 0.48. 

biotic-acidic solutions were then diluted with a further 15 ml. of 
methanol; 200 pl. was applied onto the chromatographic paper. 

In the presence of a nonionic surface-active agent2, the difficulty 
produced by emulsion formation, during extraction of the anti- 
biotic, was overcome by centrifugation of the formed emulsion. 

Hydrocortisone acetate and polymyxin B sulfate were found 
not to interfere with the chromatographic separation. The results 
obtained are presented in Table 11. Each potency reported in the 
table represents the average of four determinations. 

The oxytetracycline contents of oxytetracycline suspension and 
pediatric drops No. 1 were determined by the prescribed method 
after 14 days of storage at room temperature and then after a further 
5 days subsequent to the latter period at 50". 

RESULTS AND DISCUSSION 

Results obtained by impregnating the chromatographic paper 
with McIlvaine's buffer, having different pH values, revealed that 
pH 5.0 was the most suitable for the separation of oxytetracycline 
from its degradation products (Fig. 1). 

Figure 2 shows the effect of urea on the Rf values of the anti- 
biotic and its degradation products. 

Figures 1 and 2 reveal that impregnation of the chromatographic 
paper with 10% w/v urea solution in McIlvaine's buffer, pH 5.0, 
gave a sharp and complete separation of oxytetracycline from its 
degradation products. On comparing the R! value of each com- 
ponent in the presence and absence of urea (Figs. 1 and 2), it was 
found that the use of urea resulted in the lowering of the Rf values of 
the separated components. This lowering of the Rf values and the 
sharp separation were parallel with the results obtained by using 

Figure %Chromatogram of oxytetracycline base sample XI using 
horizontal line technique. Key: Ye. (yellow) = oxytetracycline; Gr. 
(green) = a- or j3-apoterramycin; and Gr.-Br. (greenish-brown) = 
unknown. 

9 Tween 20, 
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Table ILI-Microbiological and Paper Chromatographic 
Determinations of Oxytetracycline 

~ _____ ~~~ 

Oxytetracycline Content, 

Microbio- graphic (Chromato- 

-- mcg./mg.--- Stq+rd 
Chromato- Deviation 

Sample logical Method Method graphic) 

XI 820.0 790 f0 .09  
X2 900.0 859 f 2 . 8 8  

edetic acid in the separation of tetracycline antibiotics (14). The 
influence of urea can be explained on the basis that urea forms a 
complex with the antibiotic on the chromatographic paper impreg- 
nated with buffer solution at pH 5.0 (11). The formation of oxy- 
tetracycline-urea complex on the paper chromatogram was con- 
firmed by the authors by observing the shift toward the visible 
range of the spectrum in the maximum absorption of the antibiotic 
eluate, using McIlvaine’s buffer, from the chromatogram previously 
impregnated with urea solution. 

It was found that the application of more than 20 mcg. of the 
antibiotic per spot resulted in incomplete separation. To achieve a 
good quantitative separation, it would be necessary to apply at 
least 200 mcg. of the antibiotic on the chromatographic paper, 
using the horizontal line technique (Fig. 3), to provide a final con- 
centration of about 10 mcg./ml. in the antibiotic eluate. 

The percent recovery of oxytetracycline from the chromatogram 
(Table I) showed that the accuracy of the quantitative determination 
of this antibiotic by the prescribed method is adequate for its 
application in pharmaceutical preparations. The data indicated also 
that the antibiotic was not decomposed during the running time, as 
shown by the absence of degradation spots on the chromatogram of 
oxytetracycline (international standard). The stability of the anti- 
biotic in the eluting solution (dilute HCl, pH 1.8) during the time 
needed for the spectrophotometric determination (1 hr.) was in- 
dicated by the absence of degradation spots on rechromatographing 
the acid eluate of the antibiotic. A further confirmation was carried 
out by observing the unchanged absorbances of the antibiotic acid 
eluate during 1 hr. The recovery losses presented in Table I were 
eliminated to some extent by using a reference standard similarly 
treated for each determination. 

Table I1 clearly shows that the found potencies of the different 
dosage forms tested were nearly similar to  the stated potencies, 
except with the oxytetracycline tablet and suspension. In the latter 
preparations, the number and the area of zones representing the 
degradation products of oxytetracycline were more than in the 
other dosage forms tested. Accordingly, the present method can be 
efficiently applied for determining oxytetracycline in pharmaceutical 
preparations. 

The use of methanol with dilute hydrochloric acid in dissolving 
calcium dioxytetracycline, present in pediatric drops No. 2, prior to 
application on the chromatographic paper interfered with chroma- 
tographic separation. This unexpected observation may be attrib- 
uted to the possible formation of a calcium chloride-oxytetra- 
cycline complex in the presence of hydrochloric acid ( l l ) ,  which in 
turn prevents the formation of oxytetracycline-urea complex on the 
chromatogram. This difficulty was overcome by using dilute ortho- 
phosphoric acid instead of hydrochloric acid. 

Comparing the present method with the official microbiological 
technique, two different samples of oxytetracycline base dihydrate 
(XI and X.) ,  obtained from different manufacturers, were deter- 
mined by both methods. The microbiological determination was 
carried out by using the cup plate method and BaciNus (var. 

Table IV-Stability of Oxytetracycline Suspension and Pediatric Drops 

mycoides, ATCC No. 9643) as a test organism (15). The results 
obtained are compiled in Table 111. The values in the table are the 
averages of four determinations. From the table, it is obvious that 
there was an agreement between the prescribed method and the 
official microbiological procedure within 5 

The present method proved to be useful in following the stability 
of oxytetracycline in different pharmaceutical dosage forms. It is 
obvious that oxytetracycline suspension is less stable than the pe- 
diatric drops (Table IV). 

limits. 

SUMMARY 

1. The separation of oxytetracycline from its degradation 
products was quantitatively effected, using chromatographic paper 
previously impregnated by urea solution at pH 5.0. 

2. The formation of an oxytetracycline-urea complex on the 
paper chromatogram was confirmed by observing the shift in the 
maximum absorption of oxytetracycline. 

3. A quantitative paper chromatographic method is presented 
for the determination of oxytetracycline in bulk and in pharma- 
ceutical dosage forms after separation from its degradation prod- 
ucts. 

4. The agreement of the presented method with the microbio- 
logical assay was discussed. 
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Percent Remainder of Oxytetracycline‘ - 
Room Standard Room Temperature Standard 

Temperature Deviation, (34”) and 5 Deviation, 

After 14 Days at After 14 Days at 

Dosage Form Initial Concentration (34O) z Days at 50” z7 
Suspension 11 5.10 mg.15 ml. 82.97 3rl.12 17.34 &O. 32 
Pediatric 

drops 97.04 mg./ml. 94.12 f 0 . 6 4  69.29 f1.19 

a Average of four determinations. 
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