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Abstract: Problem statement: Several studies were carried out to develop and validate a simple,
rapid and accurate spectrophotometric method for the analysis of tetracycline (TC) and oxytetracycline
(OTC) in the pure form and in pharmaceutical dosage forms, despite the varieties of these analytical
techniques, the literature revealed that no spectrophotometric method for determination of tetracycline
and oxytetracycline using charge transfer complexation with chloranilic acid has been reported.
Approach: In the present study, a new and simple spectrophotometric method is described for the
determinations of tetracycline (TC) and oxytetracycline (OTC), the method is based on the molecular
interaction between the tetracyclines and Chloranilic Acid (CA), to form a charge-transfer complex in
which the drugs acts as n-donor and chloranilic acid as m-acceptor in acetonitrile. The spectra, various
experimental parameters for the reaction, the stability of the complex and the validty of the method
were investigated. Results: The formed complex was found to absorb maximally at 540nm, Beer’s law
is obeyed in the concentration ranges 2.5-30 ug mL™' and 5.0-40 ug mL™' for TC and OTC,
respectively. The limits of detection (S/N = 3) were 0.40 pug mL™" for tetracycline and 0.50 ug mL™" for
oxytetracycline. The molar ratio was found to be approximately 1:1, confirming that one molecule of
tetracycline or oxytetracycline combines with one molecule of chloranilic acid. Conclusions and
Recommendations: The proposed method was found to be rapid, accurate and sensitive and may be
applied for estimation of named drugs in pharmaceutical dosage forms without interferences from the
common additives encountered. Percentage recoveries ranged from 99.17%=+0.95-100.38%=0.82.
From the statistical analysis of the obtained results one can conclude that no significant difference
between the proposed method and other official methods as evident from the #-test and variance ratio.
These findings recommend the utility of the proposed method in the quality control analysis of TC and
OTC in the pure form and pharmaceutical dosage forms.
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INTRODUCTION

Tetracyclines possess a wide range of antimicrobial
activity against gram-positive and gram-negative
bacteria; they have been used not only in human
medicine for the treatment of infectious disease but also
as an additive in animal feed to promote growth.
Although the development of new antimicrobial agents
that are more effective for specific infections and less
toxic have declined the indications for their use,
tetracyclines are still used widely in both human and
veterinary medicine!.

Both the British Pharmacopoeia® and the United
States Pharmacopoeia”! recommend the use of HPLC
for the bulk drugs and their formulations. The literature
is enriched with various methods for the determination
of the drugs in pharmaceutical preparations and
biological fluids, viz ﬂuorometry[4’7], HPLC[S’M], Flow-
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Injection Analysis (FIA)-chemiluminescence’s'>'® and
FIA/amperometric detection!’”, in  addition to
electrochemical methods!'**",

UV-Visible spectrophotometry is still considered to
be as a convenient and low cost method for the
determination of pharmaceuticals in bulk and dosage
forms. Several spectrophotometric and colorimetric
methods have been reported for the determination of
tetracyclines in bulk material and dosage forms based
on their reaction with different reagents such as
ammonium vanadate'>'!, cupric chloride!””, Diphenyl-1-
Picrylhydrazyl (DPH)* and sodium molybdate'™*!.

The charge transfer reactions of certain II-
acceptors have been utilized successfully in
pharmaceutical analysis. Chloranilic acid is a 7TT-
acceptor used for the analysis of certain
penicillines'*®!, cephalosporines>”** (29

, imipramine'”",
antimalarials”, antifungal® and propranolol™. A
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review of literature revealed that no spectrophotometric
method for determination of tetracycline and
oxytetracycline through charge transfer complexation
with chloranilic acid has been reported. This led us to
study the reaction of chloranilic acid with those drugs
in an attempt to develop a simple and reliable
spectrophotometric method for their determination
either pure form or in formulations.

MATERIALS AND METHODS

Apparatus: A Beckman model DU 52 UV-Visible
spectrophotometer, with 1-cm quartz cell was used to
measure the absorbance values and A Thermo Orion pH
meter-model 210 was used in measurement of pH
values.

Materials and reagents: Double-distilled water and
analytical grade reagents were used to prepare all
solutions.

Acetonitrile and methanol were obtained from
BDH; Poole, England, chloranilic acid (Merck,
Darmstadt, Germany) was prepared as 0.2% w/v
solution in acetonitrile.

Pharmaceutical grade tetracycline and
oxytetracycline were obtained from El-Nasser
Chemical Co., Egypt and their standard solutions were
prepared as 0.05% w/v in methanol, all solutions
containing TC and OTC were protected from direct
sunlight and artificial light throughout the analysis,
because of the photosensitivity of tetracyclines to light.

Different dosage forms containing tetracycline and
oxytetracycline were obtained commercially from
different sources.

Borate buffer 0.05M (pH 9.0) was prepared by
dissolving 4.7675 g of borax in distilled water and
completed into a 250 mL.

Acetate buffer pH 3.0 was prepared by dissolving
4 g of anhydrous sodium acetate in 840 mL of water.
Sufficient amount of glacial acetic acid (about 155 mL)
was added to adjust pH. The solution was transferred
into a 1000 mL volumetric flask & diluted to1000 mL
with distilled water.

Calibration curves: Serial volumes of standard
solutions ranging from 0.2-1.0 mL (TC) or
0.25-1.25 (OTC) were transferred into a 10 mL
volumetric flask, followed by addition of 2 mL of
borate buffer then 1mL of 0.2% chloranilic acid and the
volume was brought to the volume with acetonitrile and
the absorbance was measured at 540 nm against a
reagent blank prepared simultaneously. The absorbance
is plotted against final concentration to get the
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calibration graphs. Alternatively, the corresponding
regression equations were derived.

Procedures for tetracycline and oxytetracycline raw
materials: An accurately weighed amount (0.05 g) of
each of TC and OTC raw material was dissolved in
100 mL of methanol. Two mL of these solutions were
transferred into 10 mL volumetric flask, followed by
addition of 2 mL of borate buffer and 1 mL of
chloranilic acid, the solutions were diluted into 10 mL
acetonitrile and the absorbance values were measured
against a reagent blank at 540 nm. The % purity was
calculated either from the calibration graph or using the
corresponding regression equation.

Procedures for capsules: From a quantity of the mixed
contents of 20 capsules of TC or OTC, an accurately
weighed quantity equivalent to 0.5 g of drug was
transferred into 100 mL volumetric flask and dissolved
in 50 mL of methanol. The contents were shaken and
then completed to volume with methanol. After the
solutions were filtered, 10 mL of the filtrate were
completed to 100 mL with methanol, in order to get
0.05%w/v solution and then the procedure was
completed as described under raw material. The
concentration was determined using the corresponding
regression equation.

Procedures for oxytetracycline ampoules: The
volumes of 10 ampoules were transferred to a
measuring cylinder. An accurately measured volume
containing 0.5 g of oxytetracycline was transferred to
100 mL volumetric flask, followed by the addition of
50 mL of methanol, the contents were shaken and
completed to volume with methanol. After filtering the
solution if necessary, 10 mL of the filtrate were
completed to 100 mL. with methanol and the procedure
was completed as described under raw material and the
derived regression equation was used for the
determination of the concentration.

RESULTS

The absorption spectrum of p-chloranilic acid in
acetonitrile exhibits an absorption band at 390nm, the
addition of TC and OTC to this solution produces an
immediate change of the yellowish-pink color of
chloranilic acid into violet color forming a new
characteristic absorption band at 540 nm (Fig. 1). The
addition of chloranilic acid to tetracycline having a lone
pair of electrons results in the formation of a charge
transfer complex of the n-m type. This compound is
supposed to be an intermediate molecular association
complex, which produces the corresponding radical
ions in acetonitrile and an absorption band at 540 nm.
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Fig. 1: Absorption spectra of the products of
tetracycline (30 pg mL™")  oxytetracycline
(15 ug mL™") and p chloranilic acid

The color intensity reaches its maximum at room
temperature and remains stable up to 20 min.

The effect of the volume of chloranilic acid on the
formation of the charge transfer complex was studied
by taking 0.5 ml of 0.05% tetracycline and
oxytetracycline respectively, followed by addition of
different volumes of 0.2% p-chloranilic acid in
acetonitrile; the purple color was formed instantly.
After the dilution of the reaction mixture to 5 mL with
acetonitrile, the absorbencies were recorded. The results
show that the highest absorbance was obtained with
1 mL p-chloranilic acid solution (Fig. 2).

Under the optimum experimental conditions, the
absorbance responses were linear to the concentration
in relation to concentration of TC over the range
2.5-30 ug mL™' and OTC over the range 5.0-40 pg
mL™". Beer's law range and detection limits are given in
Table 1. Regression analysis of the data indicates that
the values of the intercepts were small; the values were
0.0076 for TC and 0.0095 for OTC and the correlation
coefficient values were 0.9997 and 0.9989 for TC and
OTC respectively.

Table 2, shows the accuracy and precision of the
method as described by; the values for the range,
percent error, Standard Deviations (SD) and the
Relative Standard Deviation (RSD %) for TC and OTC
determined by the proposed method.

Table 1: Analytical parameters for the charge transfer complexes of
TC and OTC with p-chloranilic acid

Parameter TC OTC
Beer's law limits ug mL™ 2.5-20 5-25
Limit of detection ug mL™ 0.40 0.50
Linear regression results*

Intercept a 0.0076 0.0095
Slope b 0.0296 0.0433
Correlation coefficient 0.9997 0.9989
*Y =a+bX

where, Y is the absorbance for the concentration X in pg mL™
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Fig. 2: The effect of chloranilic acid volume on the
charge complex reaction with tetracyclines
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Fig. 3: The continuous variation method for the
stoichiometry of the reaction of chloranilic acid
and tetracycline

The results of the analysis of tetracycline and
oxytetracycline capsules using the proposed and USP
official methods were described in Table 3.

The continuous variation method for the
stoichiometry of the reaction of p-chloranilic acid with
TC and OTC are shown in Fig. 3 and 4.
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Table 2: Accuracy and precision evaluation parameters for the proposed method

Concentration
Drug Taken, ug mL™"  Found, ug mL™ Range, ug mL™ Error % S, pg mL™! RSD % (n=17) X-u
TC 5 5.04 0.16 1 0.06 1.19 0.04
10 10.1 0.24 0.9 0.06 0.55 0.1
15 15.11 0.22 0.73 0.08 0.53 0.11
OTC 5 4.94 0.18 12 0.06 1.28 0.06
10 9.99 0.25 0.1 0.09 0.9 0.01
15 14.96 0.27 0.26 0.09 0.6 0.04

Table 3: Analysis of tetracycline and oxytetracycline capsules using
the proposed and USP official methods

Dosage form Proposed method* USP official method**
% Recovery % Recovery (Ref.)
Tetraco® capsules 99.65+0.78 98.96+0.85

250 mg tetracycline/
capsule

Tetracycline capsule
(Julphar-UAE)

250 mg tetracycline/
capsules
Oxytetracycline capsules
(Julphar-UAE)

250 mg oxytetracycline/
capsules

Terramycin® Injection
250 mg oxytetracycline
per 2 mL

t=0.845 (3.306)***  F=1.178 (6.39)***

100.380.82 100.20£0.95
t=0.102 (3.306) F = 1342 (6.39)
99.17+0.95 99.51+1.13
t=0.165 (3.306) F=1415 (6.39)

99.23+1.25
t=0.711 (3.306)

101.10«1.16
F=1.161 (6.39)

*: Average of at least three triplicate determinations calculated

relative to nominal content; **: The United State Pharmacopoeial3 I

*#%: Values in parentheses are theoretical values of t and Fat p = 0.5
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Fig. 4: The continuous variation method for the
stoichiometry of the reaction of chloranilic acid
and oxytetracycline

DISCUSSION

It has been reported that p-chloranilic acid exists in
three forms"*”, the neutral yellow H,A at very low pH:
the dark violet HA™ which is stable at pH 2; and the
pale-violet A, is stable at high pH value. In order to
study the suitable conditions for the complexation to
occur, the procedure was performed using two different
media; pH 3.0 (using acetate buffer) and pH 9 (using
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borate buffer). At pH 3.0 no complexation has
occurred, while at pH 9 complexation and the formation
of purple color was immediately noticed.

For the complexation to occur, free electrons are
required, but at low pH medium these free electrons,
are involved in protonation reactions in acidic media
hence there will be no free electrons to form a complex
with chloranilic acid. At high basic medium, pH 9 the
electrons of dimethylamine group get involved in the
complexation reaction with the chloranilic acid
(Scheme 1).

Tetracyclines

Cl
Cl O H
(@)

Analytical performance: The correlation coefficient
values for TC and OTC respectively, indicating a
perfect linearity between absorbance and concentration
of the drugs within the Beer's law studied limits.

Accuracy and precision: The accuracy of the method
was established by performing seven replicate analyses
on solutions containing three different amounts (within
the Beer's law limits) for TC and OTC and calculating
the percentage error. The precision of the method was
achieved by calculating the Relative Standard Deviation
(RSD) for seven determinations at each level. It is clear
from the results that, the values obtained for SD, RSD
and % Error, indicate the higher accuracy and precision
for the proposed method.

Analysis of TC and OTC in pharmaceutical
formulations: The proposed method, when compared
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to the official ones, offers advantages with regards to,
accuracy and precision”®”. The calculated student’s t
test and Variance ratio F test were less than the
respective tabulated ones at p = 0.05, indicating that the
results obtained by the proposed method is in good
agreement with those obtained by the official method.
Regarding the sensitivity the proposed procedure is as
sensitive as the official ones. However the proposed
method is simpler and rapid. Moreover results of the
determination of in different dosage forms by the
proposed method indicate that ingredients other than
tetracyclines such as additives, stabilizers and
antioxidants of tablets and ampoules did not interfere
with the recommended method.

The Molar reactivity of chloranilic acid with TC and OTC
The molar reactivity of chloranilic acid with both drugs
in the reaction product was determined by the molar
ratio method”' limiting logarithmic method”® and
continuous variation method. The molar ratio was
found to be approximately 1:1, confirming that one
molecule of tetracycline or oxytetracycline combines
with one molecule of chloranilic acid. Figure 3 and 4
Show continuous variation method for TC and OTC
respectively, other two methods gave the same results.
The formation constant of the reaction product Ky was
calculated adopting the following formula*:

K= A/Am/[1-A/Am)™' C"n

A = Maximum absorbance
Am = The absorbance corresponding to intersection of
the two tangents of the curve in Fig. 3 and 4

C = The concentration corresponding to maximum
absorbance
N = The amount of the drug in reaction product.

Using this equation
K¢ = Found to be equal to 2307 and 2883for TC and
OTC respectively

The Gibbs free energy of the reaction was also
calculated adopting the equation®*':

AG =-2.303 RT log K¢

Where:
AG = Gibbs free energy of the reaction

R = The universal gas constant
T = The absolute temperature
K; = Formation constant of the reaction

The value of AG is found to be-742.7 and-
745 Kcal mole™', for TC and OTC respectively. The

negative value of AG point out to the spontaneous
nature of the reaction.

CONCLUSION

From the foregoing discussion charge transfer
technique using p-chloranilic acid succeeded for the
determination of tetracycline and oxytetracycline in
pure form and in pharmaceutical preparations.
Pharmaceutical additives did not interfere with the
assay.
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